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Foreword

As a specialty, otolaryngology–head and neck surgery covers
a  diverse  set  of  clin ical  problem s,  m ost  of  w hich  can  be
m anaged  by a  general otolaryngologist. It  seem s that  m ost
pract icing  otolaryngologists  prefer  certain  aspects  of  our
 eld  and  frequently  concentrate  their  pract ice  in  one  or
several of these  areas. Som e  of the  m ore  complicated  pro-
blem s w ith in otolaryngology–head and neck surgery require
additional subspecialization  and  training, advanced  equip-
m ent,  and/or  specialized  facilit ies  to  obtain  the  best  out-
com es. For  m edical students, and  even  colleagues  in  other
 elds, it is frequently dif cult to appreciate the breadth of the
specialty. For residents and fellows, it  can  be in tim idating to
consider  the  m astery  of  otolaryngology-head  and  neck
surgery.

The  editors  of Tota l Otolaryngology–Head and  Neck Sur-
gery have  successfully created  a  single  volum e  covering all
aspects of our  specialty, in  an  accessible  form at  that  is well
organized  and  beautifully illustrated. The book is organized
into sections w hich  include  Em ergency Managem ent , Gen-
eral Otolaryngology, Head  and  Neck  Surgery, Facial Plastic
Surgery, Pediatric  Otolaryngology, Laryngology, Rhinology
and Otology. The chapters are concise and ef cient , contain-
ing the  m ost  relevant  inform ation. Illustrations  w ithin  the

text  are  easy  to  understand, w hile  clin ical pictures  clearly
dem onstrate  the  underlying clin ical condition . Many chap-
ters also contain  algorithm s and tables to help provide quick
overview  of the  accom panying text . Recom m ended  reading
lists  are  also  included, w hich  refer  the  reader  to  the  m ost
im portant  references on  a speci c topic.

Tota l Otolaryngology–Head  and  Neck Surgery provides  a
fram ework  for  understanding  the  extent  and  depth  of our
 eld. This form at provides im portant context for those trying
to m aster the  eld and serves as a great  reference, especially
for  pract itioners  w ho  are  focused  on  other  areas  of  the
specialty  w ho  need  an  update  about  advances  in  other
aspects of the  specialty. Congratulations to  Dr. Sclafani and
his coeditors on creating an up-to-date, well-illustrated, and
com prehensive resource covering otolaryngology–head  and
neck surgery, w hich w ill aid in the train ing of future residents
and fellows and serve as an excellen t reference for pract icing
otolaryngologists.

Ronald B. Kuppersmith, MD, FACS
Texa s ENT and Allergy
College Sta t ion, Texa s
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Preface

Otolaryngology-head  and  neck surgery has  developed  as  a
specialty in  recognition  of the highly focused  attention  nec-
essary to fully comprehend and m aster the in tr icate anatom -
ic  and  physiologic  relationships  of  the  st ructures  located
betw een  the  thoracic in let  and  the  foram en  m agnum . Our
specialty originally developed  out  of a  need  to  m anage  the
intricacies of th is  area  of the  body, but  as  the  depth  of our
knowledge  grew,  subspecialties  w ithin  the  discipline
branched  off. Often, it  m ay seem  that  we are  a collect ion  of
otologists, neurotologists, head  and neck oncologists, laryn-
gologists,  pediatric  otolaryngologists,  rh inologists,  facial
plastic  surgeons, and  general  otolaryngologists. There  are
tim es w hen, as a group, we seem to speak different dialects of
a com m on  tongue.

The  true  otolaryngologist–head  and  neck surgeon, how -
ever, is well-versed in  the broad spect rum  of the  eld and, if
not  an  expert , can  certain ly understand  the issues m anaged
by other subspecialists. The facial plastic surgeon perform ing
m icrot ia  repair  should  understand  the  issues  faced  by  the
otologist  in  providing aural rehabilitation  to the patien t; the
pediatric  otolaryngologist  appreciates  the  im plications  of
airway surgery on the developm ent of voice and speech; the
rhinologist  m ay encounter  m alignant  disease  involving the

anterior  skull base  and  m ay coordinate  treatm ent  w ith  the
head and neck oncologic surgeon. Probably, m ost com m only
and m ost im portant, the pract icing general otolaryngologist
is  faced  w ith  the  dilem m a  of deciding  w hich  patients  and
disease can  be safely and appropriately handled in  a general
hospital and w hich should be referred to trusted subspecialty
colleagues.

The need to pursue continuing education and to m aintain
board certi cation in the  eld is evident. This text is designed
to provide full and com prehensive coverage of the breadth of
our   eld  in  a  concise, yet  thorough  way. The  authors  w ho
have contr ibuted to th is book have dist illed their  topics in to
the m ost  pure and  concentrated  form s, so that  the reader  is
presented  w ith  pract ical  inform ation  on  these  topics  as
concisely as possible. Illustrations have been  lim ited  to only
those w hich illustrate key topics of the each chapter. Chapter
highlights are provided in  “Roundsm anship.” Selected  read-
ings  have  been  provided  for  m ore  in-depth  detail  for  the
reader interested in a speci c topic. This text should serve as
a  concise  yet  pract ical  review  and  reference  textbook  for
anyone  interested  in  the  fu ll scope  of otolaryngology–head
and  neck surgery.

–APS
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1  Head and Neck Em ergencies
Stimson P. Schantz, Jean-Paul Azzi, and James Azzi

1.1  Int roduct ion
The  head  and  neck  contain  a  m ultitude  of vital  structures  in
proxim ity. It  is therefore  vital to identify those  pathologies and
insults  that  m ay  require  em ergent  treatm ent  in  order  to  pre-
vent  death  or  perm anent  disability. This chapter  outlines som e
of  the  possible  etiologies, organized  by  anatom ical  structure,
and  w ill serve  to  provide  a  fram ework  for  the  m anagem ent  of
head and neck em ergencies.

1.2  Oral Cavit y and Oropharynx
Em ergencies
●  Post-tonsillectomy hem orrhage
○  Eschar sloughs o tonsillar fossa 7 to 10 days

postoperat ively
○  Suct ion  clots from  tonsillar fossa; bleeding m ay m inim ize

or stop as bleeding vessel allowed to retract
○  If bleeding cont inues, start  in travenous (IV) line and

adm inister fluids
○  Obtain  stat  hem oglobin  and hem atocrit
○  Pressure packing, hem ostatic agents
○  If unsuccessful, take to operating room  (OR)

●  Infect ions
○  Ludw ig angina

– Bilateral cellulit is involving fascial spaces of floor of
m outh

– Neck swelling and induration, drooling, respiratory
distress

– Upward displacem ent of tongue
– Potent ial rapid  airway comprom ise
– Awake t racheotomy to protect  airway
– Drainage of subm ental space through external skin

incision, IV antibiotics
○  Peritonsillar abscess

– Unilateral otalgia, odynophagia, uvu lar  deviat ion , t r is-
m us, drooling, “hot  potato” voice;  poten t ial airw ay
com prom ise

– Intraoral incision  and drainage w ith  culture
– Antibiotics

1.3  Neck Em ergencies
●  Postoperative complications
○  Hem atom a

– Neck swelling, pain , dyspnea, str idor
– Rem ove bandaging, open  surgical incision  at bedside if

airway comprom ise
– Manage in  OR if signs of act ive expansion

○  Thyroid storm
– Tremor, nausea, altered mental status, progression  to coma.
– Tachycardia, cardiac arrhythm ia, hypertherm ia
– Adm inister β-blockers, propylthiouracil (PTU), sodium

iodide, steroids

– Adm inister cooled IV fluids, place cooling blanket
○  Severe sym ptom atic hypocalcem ia

– Circum oral paresthesias, tetany, seizures, m ental status
changes, laryngospasm

– Chvostek sign  (tapping on  the face an terior to t ragus and
below  zygom atic arch  elicits ipsilateral facial tw itch ing)

– Trousseau sign  (inflating blood pressure cu for several
m inutes elicits w rist , m etacarpophalangeal, and thum b
flexion, in terphalangeal hyperextension)

– QT prolongation, cardiac arrest
– Adm inister IV calcium  gluconate (1 g over 10 m inutes; if

still sym ptom atic, infuse at  1 to 2 m g/kg/h  until sym p-
tom s resolve)

●  Deep space neck infect ion
○  Fascial compartm ents adjacent  to deep m usculature act  as

potential spaces
○  Spread from  oral cavity, dentit ion, pharynx, salivary glands,

sinuses, or  temporal bone
○  Fever, ch ills, neck swelling, posterior pharyngeal swelling,

pain , referred  ear pain , dysphagia, t rism us, tort icollis
○  Culture throat, blood, sputum , aspirate
○  Com puted tomography, anteroposterior (AP) and lateral

neck radiographs
○  Manage airway

– Oxygen saturation  m onitoring
– Tracheotomy tray at bedside

○  Surgical drainage, broad-spect rum  antibiotics
○  If Act inomyces israelii identified on  histology, penicillin  for

6 to 12 m onths
○  Com plicat ion: m ediastin it is

– Severe dyspnea, chest  pain , fever
– Chest X-ray (m ediastinal w idening)
– Aggressive drainage, IV antibiotics

○  Com plicat ion: Lem ierre syndrom e
– Throm bosis of in ternal jugular  vein

○  Com plicat ion: carotid artery rupture
– Bleeding from  nose, m outh, or external auditory canal
– Ipsilateral Horner syndrom e
– Cranial nerve IX, X, XII palsies

●  Penet rating neck t raum a
○  Unstable

– Hypotensive shock, not  responsive to fluid resuscitation
– Airway, breath ing, circulation  (ABC)
– Large-bore IV lines w ith  fluids and blood running
– Proxim al and distal control of bleeding m ajor vessels
– Em ergent explorat ion

○  Stable, zone I
– Angiography
– Consider swallow  studies, direct  laryngoscopy, broncho-

scopy, and esophagoscopy
○  Stable, zone II

– Sym ptom atic: surgical exploration
– Asym ptom atic: 48-hour observation

○  Stable, zone III
– Angiography
– Regular in t raoral exam inat ions

1.3  Neck Emergencies
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– Consider swallow  studies, esophagoscopy, and direct
laryngoscopy

1.4  Trachea and Esophagus
Em ergencies
●  Tracheal foreign  body
○  Persistent , nonproductive cough.
○  Transien t episodes of respiratory distress
○  Inspiratory and expiratory str idor
○  Unequal breath  sounds on  auscultation

– Early: obstruct ive em physem a, hyperinflation, distan t
breath  sounds

– Later: atelectasis, prom inent breath  sounds
○  Most often  right  m ain  bronchus
○  Chest  radiograph

– Hyperaerated lung (m ediastinal shift  away, flat tening of
hem idiaphragm )

– Atelectatic lung (m ediastinal shift  toward, elevation  of
hem idiaphragm )

○  Rigid  bronchoscopy
●  Esophageal foreign  body
○  AP and lateral chest  X-rays
○  Frequently at  cricopharyngeal area
○  Potent ial for aspiration
○  Rigid  esophagoscopy
○  Rule out esophageal injury (observe for several hours before

feeding)
●  Caustic ingestion
○  Lye
○  Liquefying necrosis
○  Prevent developm ent of str icture

– Antibiotics
– Steroids
– Serial dilations

Head and Neck Emergencies
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2  Otologic Em ergencies
Christopher J. Linstrom and Michele M. Gandolfi

2.1  Int roduct ion
Otologic em ergencies  include  foreign  bodies  in  the  ear, certain
infect ions, t raum a that can  destroy ear structure, and idiopath ic
pathologies that  cause hearing loss. This chapter  is m eant  to be
a  guide  for  the  in itial  assessm ent  and  m anagem ent  of  m ajor
otologic em ergencies.

2.2  External Auditory Canal
Foreign Body
Certain  foreign  bodies do require  em ergent  attention, such  as a
but ton  bat tery. These  can  cause  liquefaction  necrosis  and  ero-
sion  of the ear in  a short  t im e.

� Evaluat ion
●  History
○  Object  known or unknow n
○  Duration
○  Otalgia
○  Hearing loss
○  Vertigo
○  Otorrhea
○  Prur itus

●  Physical exam ination
○  External auditory canal: otorrhea, edem a, necrosis
○  Tenderness
○  Tym panic m em brane in tegrity

●  Testing
○  Audiogram  if tym panic m em brane injured and test  im m e-

diately available

� Treatm en t
●  Caustic foreign  bodies like batteries are a t rue em ergency and

m ust be rem oved as soon  as possible.
●  A foreign  body is best rem oved w ith  a looped cerum en  curet

fashioned as an angled hook to get  behind the foreign  body
and pull it  forward. An alligator can  also be used to grasp soft
foreign  bodies. Irrigation  lavage should not be used for beans
or seeds that can  expand in  the external auditory canal w hen
exposed to water.

●  Antibiotics/anti-inflam m atory eardrops can  be given  if the
external auditory canal is abraded/bleeding or if there is a
visible perforation . Water precautions are also necessary in
th is case.

●  If hearing impairm ent persists after rem oval, consider
audiogram .

2.3  Malignant  Ot it is Externa
A potentially life-threatening osteomyelitis of the skull base that
com m only a ects  elderly  diabetic or  im m unocomprom ised  pa-
tients. The m ost  com m on pathogens are  Pseudomona s aerugino-
sa , Staphylococcus aureus, and  rarely Aspergillus and  Proteus.

� Evalu at ion
●  History
○  Mult ip le-weeks course  of severe  ot it is externa  in  an  im -

m unocom prom ised  pat ien t  that  is not  responsive  to the
typical m edical therapy of steroid /an t ibiot ic drops and
oral an t ibiot ics

○  Severe otalgia
○  Pruritus
○  Decreased hearing due to edem a of the external auditory

canal
○  Foul-sm elling discharge
○  Fever is rare
○  Typically, a gradual progression  of disease, w ith  waxing and

waning of sym ptom s possible
●  Physical exam ination
○  Granulation  tissue along the tym panom astoid suture line
○  Possible cranial nerve neuropathies (cranial nerves VII, IX,

X, XI)
○  Exudate in  the external auditory canal w ith  edem a

●  Testing
○  Culture of external auditory canal debris/granulation  tissue

w ith  a calcium  alginate swab
○  Com plete blood cell count (CBC) for w hite blood cells and

erythrocyte sedim entation  rate (ESR)
○  Com puted tomography (CT) to docum ent extent of disease
○  In it ial bone scan  w ith  technetium  Tc 99 m , a sensitive but

nonspecific test  that m ay stay positive for m onths
○  Gallium  67 scintigraphy is m ore specific. Used to m onitor

resolution  of disease during t reatm ent every 4 to 6 weeks

� Treatm en t
●  Prolonged in travenous (IV) an tibiotic treatm ent (6 to 12

weeks); often  two-drug therapy is used (e.g., th ird-generation
cephalosporin  plus a quinolone)

●  Follow -up cultures to m ake sure appropriate an tibiotics are
used, starting w ith  broad-spect rum  antibiotics

●  Fastidious débridem ent of external auditory canal. Clin ical
exam ination  and gallium  scans to assess im provem ent

●  Surgical in tervention  for in tratemporal or extratem poral
abscesses

●  A norm al external auditory canal is not a sensitive indicator
of resolution. Gallium  scan  is m ore sensitive

2.4  Com plicat ions of Acute  Ot it is
Media
2.4.1  Acute Mastoidit is/Subperiosteal
Abscess
Acute  m astoiditis  typically  occurs  w hen  there  is  cont iguous
spread  of an  acute  otit is  m edia  to  the  m astoid  portion  of the
temporal bone. Streptococcus pyogenes (group  B β-hem olytic) is
the  m ost  com m on  cause  of acute  m astoiditis. Other  species in-
clude Streptococcus pneumoniae, Haemophilus influenzae, P. aer-
uginosa , and anaerobes.

2.4  Complicat ions of Acute Ot it is Media
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� Evalu at ion
●  History
○  Onset of sym ptom s
○  Prior an tibiotic course
○  Im provem ent of sym ptom s
○  Any other associated sym ptom s suggesting extracranial/in-

tratemporal disease, such as the follow ing:
– Headache
– Fever/chills
– Retro-orbital pain
– Diplopia
– Cranial nerve paresis/paralysis
– Photophobia
– Altered m ental status/drow siness

●  Physical exam ination
○  Retroauricular pain
○  Ear protrusion  due to postauricular  tenderness to palpation

and edem a
○  Bulging tym panic m em brane w ith  hyperem ia and m iddle

ear serous/purulent e usion
○  Weber and Rinne tests consistent  w ith  a conductive hearing

loss
○  Neck sti ness, Kernig sign, Brudzinski sign

●  Testing
○  CBC
○  CT of temporal bone to evaluate extent of disease, degree of

m astoid osteitis and abscess form ation  (IV contrast  should
be used w henever an  abcess is suspected)

○  Audiogram
○  Culture of m iddle ear e usion  if tym panocentesis or myrin-

gotomy perform ed

� Treatm en t
●  If no m astoid abscess form ation  (coalescence) seen  on  CT,

then  begin  w ith  nonsurgical treatm ent .
●  Noncoalescent  m astoiditis can  be t reated w ith  myringotomy

and drainage of m iddle ear and culture.
●  Before culture results, em piric therapy is begun w ith  a sec-

ond-generat ion  cephalosporin  or an  antipseudom onal am ino-
penicillin  IV.

●  Subsequent antibiotics should be culture-directed.
●  After sym ptom s resolve, oral an tibiotics should continue for

10 to 14 days.
●  If n o  clin ical im provem en t  is  n oted  after  24  to  48  h ours

of an t ibiot ic  th erapy, m astoidectom y sh ou ld  be
con sidered .

●  Indications for surgical in tervention
○  Coalescent  m astoiditis on  CT scan
○  Clin ical nonresponsiveness after 24 to 48 hours of IV

antibiotics
○  Significant abscess (subperiosteal, cervical, occipital, or

temporal)
○  Suspected in tracranial extension

●  Surgery
○  Coalescent  m astoiditis: sim ple m astoidectomy to the level

or the m astoid antrum  w ith  wound drainage
○  Extratemporal abscess form ation: incision  and drainage
○  Additional m astoidectomy if accom panied by coalescent

m astoiditis or if the abscess fails to respond to incision  and
drainage and antibiotics.

2.4.2  Pet rous Apicit is
The internal auditory canal divides the petrous apex into anterior
and  posterior  compartments. The  anterior  compartment  is  then
divided  into the peritubal and  apical regions. Petrous apicitis can
develop  rapidly as a  consequence of acute  otitis  media and  mas-
toiditis. Chronic  petrositis  evolves  as  a  complication  of chronic
serous otitis  media. It  can  be  found  in  asymptomatic patients on
radiographic imaging. For etiology, see Acute Mastoiditis (above).

� Evaluat ion
●  History
○  Deep pain
○  Sym ptom s sim ilar to those of m astoiditis
○  Persisten t aural discharge after m astoidectomy
○  Suboccipital headache and/or retro-orbital pain

●  Physical exam ination
○  Pain  as a result  of tr igem inal nerve involvem ent, and sixth

nerve involved as it  enters the Dorello canal.
○  Gradenigo syndrom e: petrosit is associated w ith  retro-orbi-

tal pain , sixth  nerve palsy, and persisten t otorrhea.
●  Testing
○  CTof the temporal bone: clouding of the petrous apex

region w ith  varying degrees of erosion.
○  Magnet ic resonance (MR) im aging: w hen in tracranial

extension  is suspected.

� Treatm en t
●  Noncoalescent  petrositis m anaged w ith  culture-d irected IV

antibiotics obtained during myringotomy.
●  Indications for surgical in tervention
○  CT reveals coalescence; sym ptom s and clin ical signs such

as fever, leukocytosis, and otorrhea fail to respond to IV
antibiotics.

○  A significant  abscess, especially an  in tracranial abscess, ex-
ists. Consultation w ith  a neurosurgeon is frequently useful
to help m anage the associated in tracranial complications.

2.5  Auricular Traum a
Whether  the  patient  has a  sim ple laceration, avulsion , or  blunt
traum a,  t reatm ent  is  needed  im m ediately.  Injuries  m ay  be
physical  (lacerations, avulsions, or  blunt  t raum a)  and/or  ther-
m al (burns, frostbite).

� Evaluat ion
●  History
○  Mechanism
○  Agent
○  Tim ing

●  Physical exam ination
○  Presence of all structures of auricle, pieces m issing
○  Viability of t issue
○  Foreign  bodies in  wound
○  Signs of infect ion

� Treatm en t
●  Lacerat ions
○  Cleaning and débridem ent (only of devitalized tissue), irr i-

gation w ith  sterile saline

Otologic Emergencies
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○  Three-layer sutur ing of cartilage/perichondrium , skin  on
both  sides of auricle
– Absorbable sutu re to close perichondrium  (5–0 or 6–0

Polyglactin  910; Dem eTech, Miam i Lakes, FL)
– Nonabsorbable sutures to close skin  (5–0 or 6–0 nylon)

○  Prophylactic antibiotic treatm ent: ciprofloxacin , am oxicllin /
clavulanate

●  Avulsions
○  Cleaning and débridem ent
○  Can  require complex closure requiring staging, flap

reconstruct ion
– Superficial defects of the skin  m ay be repaired w ith  the

use of vascularized skin  flaps based on postauricular skin .
This works well in  the presence or absence of the peri-
chondrium . Careful attention  is paid to provide a flap  of
non–hair-bearing skin . Full-th ickness skin  grafts are gen-
erally not  recom m ended for the helical rim .

– Sm all helical rim  defects m ay be am enable to chondrocu-
taneous advancem ent flaps, especially if the defect  is
sm aller  than  2 cm .

– For defects larger than  2 cm , a staged tube flap  from  the
postauricular skin  m ay be necessary.

– For large avulsions, isolate cartilage from  avulsed  seg-
m ent. Incise temporal scalp at  the superior border of the
auricular rem nant. Suture m edial skin  of auricular rem -
nant  to inferior  temporal skin  edge. Place avulsed carti-
lage in  a tem poral pocket dissected above the incision,
and suture the avulsed cart ilage to the rem nant cart ilage
w ith  Polyglactin  910 suture. Close the superior temporal
skin  edge to the lateral skin  of the auricular  rem nant.
After 6 to 8 weeks, elevate temporal skin  and cart ilage,
skin  graft ing the m edial side of the reattached cartilage.

○  Prophylactic antibiotic treatm ent  as above
○  Mastoid dressing to protect  ear

●  Hem atom as
○  Incision  and drainage

– Incision  through the perichondrium  under the helix just
w ithin  the scaphoid fossa along the length  of the hem ato-
m a. If the hem atom a is located w ithin  the conchal bow l,
the incision  can  be m ade on  the conchal side of the anti-
helix. Drain  the hem atom a and irr igate the pocket  w ith
sterile saline.

– Apply a pressure dressing created from  soft  red rubber
catheters on  either side of the scaphoid fossa that are su-
tured together through the auricle w ith  4–0 nylon.

○  Reevaluation  every 24 to 48 hours for the next 3 to 4 days
○  Prophylactic antibiotics for 7 to 10 days

●  Burns
○  Determ ine extent  and depth  of injury.
○  Fluid  resuscitation  for patient
○  Tetanus prophylaxis
○  Wound care and observation

– Topical antibiotics
– No pressure applied

●  Frostbite
○  Bring patien t  to warm  environm ent as soon  as possible.
○  Warm  auricle in  water bath  at  38 to 42°C slow ly (pain  con-

trol needed, as rewarm ing can  be very painful).
○  Delayed surgical débridem ent only if necessary

2.6  Sudden Idiopathic
Sensorineural Hearing Loss
Idiopathic  sudden  sensorineural  hearing  loss  usually  happens
abruptly or  rapidly and  progressively over  m inutes, hours, or  a
few  days. It  is defined as 30 dB or m ore of sensorineural hearing
loss over  at  least  three  contiguous audiom etric frequencies oc-
curring w ith in  3  days or  less. Possible  causes include  infect ion
(m easles, m um ps, rubella, HIV infect ion, herpes, toxoplasm osis,
syphilis,  m enigococcal  infect ion,  cryptococcal  infect ion,  Lym e
disease); autoim m une disease (lupus, Wegener granulom atosis,
polyarterit is nodosa, Cogan syndrom e, relapsing polychondrit is,
ulcerative colit is); vascular disease (diabetes, vertebrobasilar in -
su ciency,  sickle  cell  disease);  neurologic  disease  (m ult iple
sclerosis, pontine ischem ia); neoplastic disease (acoustic neuro-
m a, m etastasis  to  in ternal auditory  canal);  traum a  (perilym ph
fistula,  barotraum a,  otologic  surgery);  and  iatrogenic  causes
(ototoxins).

� Evalu at ion
●  History
○  Tim e course (treatm ent m ost successful w ith in  first  2 weeks

of hearing loss)
○  Associated sym ptom s (t inn itus, ver tigo, aural fullness, otal-

gia, cranial neuropathies)
●  Physical exam ination
○  Signs of infect ion
○  Evaluation  for t raum a
○  Cranial nerve paresis/paralysis

●  Testing
○  Audiogram
○  CTof temporal bone (if t raum a, congenital deform ity sus-

pected)
○  MR im aging w ith  gadolin ium  to evaluate in ternal auditory

canal and cerebellopontine angle for m ass
○  Elect roneurography (ENG)/videonystagm ography (VNG)

w hen associated w ith  vert igo
○  Laboratory testing

– CBC w ith  di erent ial
– ESR
– Fluorescent  treponem al antibody-absorbed (FTA-ABS) or

rapid plasm a reagin  (RPR)
– Thyroid funct ion  testing
– Lipid profile
– Antinuclear an tibody (ANA)
– HIV testing
– Fasting glucose

� Treatm en t
●  Steroids
○  System ic: prednisone 60 to 80 m g daily for 7 days (1 m g/kg/

d), then  begin  slow  taper.
○  In tratym panic inject ions: superior–posterior quadrant

inject ions 1 to 2 t im es a week w ith  audiogram s betw een in-
ject ions to m onitor improvem ent, up to 3 to 4 inject ions
– Dexam ethasone 0.4 to 0.7 m L of 24 m g/m L
– Methylprednisolone 0.4 to 0.7 m L of 62.5 m g/m L

○  Antiretrovirals (acyclovir 1 g 2 t im es daily for 5 to 7 days)

2.6  Sudden Idiopathic Sensorineural Hearing Loss
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○  Diuretics and salt  restriction  if Meniere disease suspected
(hydrochlorothiazide/triam terene 50 m g daily)

○  Medical m anagem ent of suspected underlying cause (diabe-
tes, hypothyroidism , hyperlipidem ia)

2.7  Idiopathic Facial Nerve
Paralysis
Idiopathic facial paralysis (Bell palsy) is the m ost com m on cause
of  acute  facial  paralysis,  w ith  an  incidence  of  15  to  40  per
100,000 per  year. Possible causes include infect ion  (herpes type
1,  herpes  zoster  [Ram say  Hunt  syndrom e],  m ononucleosis,
m um ps, Lym e  disease, severe  complicated  otit is  m edia, m alig-
nant  otit is  externa);  autoim m une  disease  (Guillain-Barré
syndrom e, myasthenia gravis, sarcoidosis, Wegener granulom a-
tosis);  congenital syndrom es (Melkersson-Rosenthal syndrom e
[unilateral facial palsy, facial edem a, fissured  tongue] and  Mo-
bius  syndrom e  [bilateral  facial  and  abducens  palsies]);  neo-
plasm s; and t raum a.

� Evalu at ion
●  History
○  Tim e course
○  Associated sym ptom s: dysgeusia, hyperacusis, decreased

lacrim ation , facial hypesthesia
○  Exposure to pathogen/toxin

●  Physical exam ination
○  Cutaneous vesicles in  external auditory canal and conchal

bow l w ith  otalgia; cochlear and vestibular sym ptom s (Ram -
say Hunt syndrom e)

○  Com plete otolaryngic exam inat ion
○  Cranial nerve exam ination  (House-Brackm ann

classification)
●  Testing
○  Nerve excitability test  (NET) and electroneuronography

(ENOG) should not be done in  the first  3 days.
– ENOG: 90% or greater degeneration  of compound m uscle

action  potentials (CMAPs) suggests poor recovery and is
an  indication  for surgical exploration  and decompression.
ENOG should be perform ed daily until nadir is reached.

– NET: 2.0- to 3.5-m A di erence betw een sides suggests un-
favorable prognosis.

○  Elect romyography (EMG) m easures m otor unit  potentials
(MUPs) and m ay be useful in  first  3 days. MUPs in  4 to 5
groups in  first  3 days associated w ith  return  of funct ion  in
m ore than  90%. EMG is good for assessing reinnervation  po-
tential of the m uscle 2 to 3 weeks after onset of paralysis.
Polyphasic potentials are seen  in  regeneration , w hile fibril-
lation  potent ials portend a poor prognosis.

○  Im aging: MR im aging is perform ed in  cases of progression
of palsy over 3 weeks, recurren t  palsy, facial hyperkinesias,
cranial neuropathies.

� Treatm en t
●  Medical
○  Prednisone (1 m g/kg) divided in to 3 daily doses for 10 days

w ith  a 10-day taper afterward
○  Antiretrovirals

– Acyclovir 800 m g 5 tim es a day for 10 days

– Valacyclovir m ore e ect ive for Ram say Hunt syndrom e
●  Surgical
○  Decompression  from  m astoid to geniculate ganglion  if

ENOG show s m ore than  90% degenerat ion of CMAPs

2.8  Tem poral Bone Traum a
Tem poral  bone  fracture  is  a  frequent  m anifestation  of  head
traum a. In  the adult  population, approxim ately 90% of temporal
bone fractures are  associated  w ith  concurrent  in t racranial inju-
ries and  9% w ith  cervical spine injuries. Motor  vehicle accidents
are  the  cause  of 31% of temporal bone  fractures;  other  causes
include physical assaults, falls, m otorcycle accidents, pedestrian
injuries, bicycle  accidents, and  gunshot  wounds. Two  di eren t
classification  system s are  in  use. Fractures are  often  m ixed  and
oblique and do not  fit  in to one classificat ion .

� Et iology
●  Longitudinal fractures comprise 80% of all temporal bone

fractures. They are frequently caused by a lateral force over
the m astoid or temporal squam a, usually produced by tempo-
ral or parietal blow s. Typically spare otic capsule and run  an-
terolateral to otic capsule.

●  Transverse fractures comprise 20% of all temporal bone frac-
tures. They are usually caused by a frontal or parietal blow
but  m ay result  from  an  occipital blow. Typically run  in to otic
capsule, dam aging cochlear and sem icircular canals.

� Evaluat ion
●  History
○  Etiology of traum a
○  Direct ion  of im pact
○  Tim e course
○  Associated sym ptom s (t innitus, vertigo, hearing loss)

●  Physical exam ination
○  Glasgow  Com a Scale score
○  Associated injuries
○  Battle sign
○  Bloody or clear otorrhea
○  Cranial nerve palsy/paralysis
○  Tym panic m em brane perforation

●  Testing
○  High-resolution  CT of temporal bone; evaluate fracture site
○  Eventual audiogram  (w hen feasible)
○  Eventual VNG/ENG (w hen feasible)
○  NET/ENOG/EMG if facial nerve involved

� Classificat ion
●  Longitudinal (80%)
○  Conduct ive hearing loss due to ossicular chain  disrupt ion  at

the incudostapedial joint. Hem otym panum  and external
auditory canal fractures also possible. Approxim ately 20% of
these pat ien ts have temporary/delayed facial nerve injury,
usually in  the horizontal segm ent.

○  Cerebrospinal fluid (CSF) otorrhea com m on but  temporary
○  Tym panic m em brane perforation  com m on
○  Less in tense vert igo

●  Transverse (20%)
○  Severe sensorineural hearing loss

Otologic Emergencies
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○  Vertigo com m on and in tense
○  Facial nerve injury in  50%, w hich is usually perm anent, se-

vere, and early in  onset
○  Occasional CSF otorrhea
○  Rare to have a tym panic m em brane perforat ion

� Treatm en t
●  Medical: a patient  w ith  delayed facial paralysis is m anaged

conservatively w ith  10 to 14 days of system ic cort icosteroids
unless m edically contraindicated.

●  Surgical: dependent on  facial nerve status

○  A patient  w ith  complete paralysis of im m ediate onset
undergoes in itial testing w ith  the Hilger nerve stim ulator
betw een days 3 and 7. If ability to stim ulate nerve is not
lost, patients are observed.

○  If ability to stim ulate nerve is lost  w ithin  1 week, or m ore
than 90% degeneration  on  ENOG occurs w ithin  2 to 3 weeks,
then  facial nerve decompression  is o ered to the pat ien t.

○  Surgical explorat ion  m ay also be indicated for a CSF fistula
that lasts longer than  14 days and does not  resolve w ith
conservative m anagem ent.

2.8  Temporal Bone Trauma
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3  Pediat ric ENT Em ergencies
Robin A. Dyleski and Moustafa Mourad

3.1  Airway Foreign Body
Assess respiratory status, patency of airway, and ability to m ove
air, as  indicated  by crying or  speaking. If the  pat ien t  is  not  ex-
changing air  well, em ergent  airway control is required. Nonsur-
gical m anagem ent  includes the  Heim lich  m aneuver  or  bedside
direct  laryngoscopy  and  endotracheal  in tubation  followed  by
transfer to the operating room  (OR) for further m anagem ent/re-
m oval of the foreign  body. Surgical m anagem ent  (rarely needed
in  ch ildren, especially young children) includes tracheotomy or
cricothyroidotomy. For  a  patent  airway, proceed  w ith  evalua-
tion  of the pat ient  (Heim lich  m aneuver is contraindicated).

� Evalu at ion
●  History
○  Was the aspiration w itnessed?
○  Type of foreign  body, if know n
○  Duration  of sym ptom s
○  Dyspnea, labored breathing
○  Dysphagia
○  Drooling
○  Cough
○  Pain
○  Ability to cry/speak
○  History of t racheoesophageal or bronchial abnorm alities
○  Previous treatm ent  for sym ptom s (i.e., nonresolving str idor

during t reatm ent of croup, recurrent  pneum onia, recurrent
bronchitis)

●  Physical exam ination
○  Mental status
○  Presence of str idor

– Inspiratory: glottic, subglott ic, or supraglott ic obstruction
– Expiratory: subglottic or bronchial obstruct ion
– Biphasic: glottic obstruction

○  Asym m etric breath  sounds
○  Respiratory distress: paradoxical breathing, cyanosis, use of

accessory m uscles, low  oxygen  saturat ion
○  Wheezing, especially “unilateral” w heezing

� Man agem en t
●  High  clin ical suspicion  of airway foreign  body
○  Witnessed aspirat ion  episode w ith  coughing/choking
○  Asym m etric breath  sounds
○  Loss of voice or vocal changes
○  Wheezing, especially if unilateral
○  Stridor

●  Nondiagnostic h istory and physical exam ination  w ith  m e-
dium  to low  clin ical suspicion of airway foreign  body
○  Chest X-ray show s indirect  evidence of airway obstruct ion

– Hyperinflation  of one lung
– Atelectasis
– Bronchiectasis due to long-standing chronic bronchial ob-

struct ion
– Soft-t issue neck X-ray (usually lateral and anteroposterior

[AP])

○  Com puted tomography (CT): infrequently used but  m ay be
helpful in  the event  that clin ical suspicion  rem ains h igh  but
plain  radiography is nondiagnost ic.

●  Defin itive treatm ent
○  Rigid  bronchoscopy in  operating room  w ith  foreign  body

retrieval
○  Flexible bronchoscopy is not advised w hen there is strong

evidence for a foreign  body. The flexible bronchoscope
working channel is too sm all to perm it  use of appropriate
forceps to grasp the object  in  young children. Flexible
bronchoscopy is a useful diagnostic tool for  the patient  w ho
arrives already in tubated w ith  a quest ionable history of for-
eign  body aspiration. If a foreign  body is seen , then  rigid
bronchoscopy for foreign  body rem oval under general anes-
thesia is recom m ended. Only very sm all foreign  bodies m ay
be able to be rem oved w ith  flexible bronchoscopy.

3.2  Esophageal Foreign Body
� Evaluat ion
●  History
○  Describe object  (blunt, sharp, disk battery)
○  Duration  of ingestion  (< 24 hours vs > 24 hours)
○  Sym ptom s

– Dysphagia
– Odynophagia
– Drooling
– Vom iting
– Chest  pain

○  History of gast rointestinal abnorm alities such as prior tra-
cheoesophageal fistula or esophageal stenosis

○  In take/nutrit ional status (assess need for in travenous [IV]
hydration)

●  Physical exam ination
○  Respiratory status
○  Mental status
○  Com plete cardiovascular, pulm onary, and abdom inal ex-

am ination
●  Testing
○  Chest X-ray: AP and lateral
○  Avoid barium  swallow  because barium  w ill in terfere w ith

subsequent endoscopy

� Man agem en t
●  Blunt-edged foreign  body (not a battery)
○  If foreign  body located at lower esophageal sphincter, pa-

tien t  m ay be m onitored for spontaneous passage w ith  fol-
low -up radiographs 24 hours after ingestion.

○  Thoracic in let  or m idesophageal area, esophagoscopy (flexi-
ble or rigid) w ith  general anesthesia (for airway protect ion)

●  Sharp-edged object
○  Rigid  esophagoscopy w ith  foreign  body rem oval. If possible,

the sharp port ion  of the foreign body m ay be placed w ith in
the lum en of the esophagoscope in  order to protect  the
esophageal m ucosa.
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●  Alkaline disk bat tery
○  A chest  X-ray is often  able to dist inguish  betw een coins and

disk batteries by the appearance of the edge of the object;
disk batteries appear to have a  “ring” around the edge, rais-
ing suspicion that the object  is a battery.

○  Indications for im m ediate endoscopic retrieval
– Any bat tery in  esophagus
– Battery larger than  15 m m  in  stom ach
– Battery sm aller than  15 m m  in  stom ach that has failed to

pass w ithin  48 hours or patien t  becom es sym ptom atic
(abdom inal pain , nausea, vom it ing, or fevers)

●  Esophagoscopy considerat ions
○  Esophagoscopy for foreign body should  always be per-

form ed under general anesthesia for airway protect ion.
○  Always have pediatric bronchoscopy set up and available

during esophagoscopy because of risk for loss of object  in to
airway during retrieval.

○  After rem oving the foreign  body, reinser t  the esophago-
scope to exam ine the site of im paction  and also check for
second foreign  body.

○  Consider steroids and prophylactic antibiotics if sign ificant
edem a noted at  site of im paction.

3.3  Croup
� Evaluat ion
●  History
○  Age: typically younger than  5 years old
○  Sudden onset
○  Barking cough
○  Hoarseness
○  Fevers variable

●  Physical exam ination
○  Aler tness of child
○  Stridor, usually high  pitched and inspiratory
○  Wheezing
○  Signs of im pending respiratory distress

– Accessory m uscle use
– Cyanosis
– Paradoxical breath
– Chest  retract ions

○  Com plete cardiovascular and pulm onary exam ination
●  Testing
○  Anterolateral chest  X-ray: steeple sign  indicates subglottic

narrow ing.
○  Oxygen saturation  (pulse oxim etry) and in  severe cases ar-

terial blood gas

� Man agem en t
●  Mildly sym ptom atic, w ith  stable respiratory status and ad-

equate hydration
○  Support ive hom e care
○  Hum idification  of air: cool m ist

●  Moderately sym ptom atic w ith  m oderately labored breathing
○  In tram uscular dexam ethasone
○  Nebulized racem ic epinephrine

●  Severely sym ptom atic, acute respiratory distress
○  Em ergency support ive respiratory care including treatm ent

w ith  dexam ethasone and nebulized racem ic epinephrine

○  If respiratory distress cont inues or progresses, endotracheal
in tubation is necessary. Use of endotracheal tube 0.5 to
1.0 m m  sm aller than  norm al size for pat ient age.

3.4  Epiglot t it is
Several hours, h istory of h igh  fever, str idor, di culty swallow -
ing, drooling, m u ed  voice, and  di culty  breathing. Patients
m ay present  in  the  “sni ng  position” or  w ith  the  neck  flexed
and head extended.

Typically  patients  have  no  cough, in  contrast  to  those  w ith
croup. The  diagnosis  is  typically based  on  clin ical exam ination
and  history. Radiographs  m ay be  used  show ing an  edem atous
epiglottis  (“thum b prin t” sign) and  obliteration  of the  vallecula
(vallecula  sign). Most  cases  of epiglottit is  are  diagnosed  clini-
cally, and  ultrasound  is em erging as a noninvasive and  accurate
m ethod of diagnosis.

� Evalu at ion
●  History
○  Acute onset  is typical
○  Dysphagia, drooling
○  Increasing respiratory dist ress
○  Acute onset of h igh  fever; up to 40°C is com m on

●  Physical exam ination
○  Posture: sit t ing up w ith  head thrust forward, “tr ipod posi-

tion”
○  Drooling
○  Respiratory status

– Accessory m uscles
– Paradoxical breathing
– Chest  retract ions
– Cyanosis

○  Mental status (obtunded pat ien ts at  h igh  risk for acute res-
piratory failure, requiring airway to be secured)

○  Com plete cardiopulm onary exam ination

� Man agem en t
●  Main tain  a h igh  index of suspicion
○  Avoid upsetting patient; do not separate patient  from

parent/caregiver, m inim ize situations that m ight  induce
crying.

○  Transport  im m ediately to OR for evaluation  and treatm ent
if patient  is in  respiratory distress.

○  Have em ergent t racheostomy tray open and available in  OR.
○  Direct  laryngoscopy and in tubation

– In tubate w ith  endotracheal tube or use rigid
bronchoscope

– Consider  percu taneous t ranst racheal jet  ven t ilat ion  if
ep iglot t is is too edem atous to visualize  the  t rue  vocal
cord.

○  Culture and sensitivity of epiglottis after airway is secured
●  Treatm ent and m onitoring
○  In tensive care unit  sett ing for both  in tubated and nonin tu-

bated pat ients
○  Antibiotic coverage of Streptococcus pneumoniae, Haemo-

philus influenzae, and  Staphylococcus pyogenes
– Third-generation  cephalosporin
– Am oxicillin /clavulanate

3.4  Epiglot t it is
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○  Epiglottal edem a should  be m onitored w ith  flexible
laryngoscopy.

○  Extubation  typically possible after antibiotic treatm ent  for
48 to 72 hours

○  Corticosteroid use controversial

3.5  St ridor w ith Respiratory
Dist ress
� Et iology
●  Foreign  body
●  Infect ious
○  Epiglottit is/supraglott itis
○  Croup
○  Retropharyngeal abscess

●  Mechanical
○  Subglottic stenosis
○  Vocal cord palsy
○  Airway edem a

●  Congenital
○  Airway anom alies such  as laryngom alacia and

tracheom alacia
○  Vascular m alform ations

●  Neoplasm
○  Laryngeal papillom atosis

� Evalu at ion
●  History
○  Age
○  Duration
○  Onset
○  Dysphagia
○  Dyspnea
○  Is fever present?
○  Birth  history, especially prem aturity; m echanical vent ila-

tion; in tracranial, neck, or chest  surgical in tervention
●  Physical exam ination
○  Alertness of patient
○  Cyanosis: presence or absence of congenital cardiac disease

is im portant
○  Accessory m uscle use: indicates degree of respiratory e or t

needed
○  Chest  retract ions, sternal retract ions
○  Paradoxical breathing
○  Full head and neck exam ination, including flexible

laryngoscopy
○  Full cardiopulm onary exam inations, including neck auscul-

tation  for location  of loudest str idor
○  Abdom inal exam ination
○  Vital signs including cont inuous pulse oxim etry, respiratory

rate
●  Testing
○  Laboratory data

– Arterial or  venous blood gas: unusual to require except  in
m ost  severe cases or in tubated cases

– Com plete blood cell count (CBC)
– Blood electrolytes and m etabolic panel

○  Plain  radiographs
– AP and lateral chest  X-rays

– AP and lateral neck X-rays
○  Barium  esophagram  (if suspect  involvem ent of esophagus)
○  CTw ith  contrast: m ay show  vascular anom alies, compres-

sions due to neoplastic m asses, presence of pneum onia.
○  Magnet ic resonance (MR) im aging, MR angiography: m ay

allow  im proved delineation  betw een  neoplastic and vascu-
lar causes.

� Man agem en t
●  Determ ine need for em ergent airway m anagem ent on  the ba-

sis of the respiratory distress and the diagnosis.
○  In tubation
○  Tracheostomy
○  Cricothyroidotomy
○  Percutaneous transt racheal jet  vent ilation

●  Treat  underlying cause of respiratory condition .

3.6  Post -tonsillectomy
Hem orrhage and Other
Oropharyngeal Bleeding
3.6.1  Em ergent  Managem ent
Assess  the  need  for  em ergent  resuscitat ion. Assess  airway:  if
bleeding is  severe  and  there  is  a  comprom ised  airway and  he-
m odynam ic instability, then  pack oral cavity after oral endotra-
cheal in tubat ion , tracheotomy, or cricothyroidotomy.

Assess circulation;  if hem odynam ically unstable, then  secure
two  large-bore  peripheral IV lines  and  adm inister  bolus  fluids
by  weight .  Type  and  cross  m atch,  obtain  CBC, and  assess  for
possible transfusion. Prepare the patient  for  em ergent  return  to
OR to control and stop bleeding.

3.6.2  Nonem ergent  Managem ent
� Evaluat ion
●  History
○  Vital signs: m onitor oxygen saturation, heart  and respira-

tory rates, blood pressure
○  Tim e and date of procedure, t im ing of postoperative

bleeding
○  Onset/durat ion/quantity of bleeding
○  Personal or fam ily history of bleeding or easy bruising:

possible undiagnosed coagulopathy or use of m edications
(nonsteroidal an ti-inflam m atory drugs) impairing platelet
function

○  Fever
○  Recent oral in take, dehydration  status

●  Physical exam ination
○  Signs and sym ptom s of acute blood loss
○  Com plete cardiopulm onary exam ination
○  Oral cavity

– Determ ine if there is localizable area of act ive bleeding.
– Assess for presence of clots
– Is the pat ient still bleeding?

� Man agem en t
●  Not ify OR for possible OR need to control post-tonsillectomy

hem orrhage.
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●  If no gross acute/active bleed, but evidence of old clotted
blood, then  consider in  older patients to gargle w ith  50:50
hydrogen peroxide and water solution, then  reassess oral
cavity.

●  If localizable area of bleeding
○  Attempt to cauterize w ith  silver n itrate (only in  older,

h ighly cooperative pat ients).
○  If bleeding does not stop or patient does not  tolerate, take

to OR for exam inat ion under anesthesia and elect rocautery.
●  Adm it  pat ient  to observe for recurrence of bleeding.

3.7  Ret ropharyngeal Abscess
� Evaluat ion
●  History
○  Precedent upper respiratory infect ion
○  Fever
○  Dysphagia/poor oral in take (in  infants)
○  Lim itation  of neck range of m otion, either from  side to side

or up and dow n; m ay m im ic m eningitis sym ptom s
○  Shortness of breath  or stridor
○  Sore throat
○  Cough
○  Neck swelling

●  Physical exam ination
○  Vital signs
○  Neck lymphadenopathy
○  Posterior pharyngeal swelling/bulge
○  Torticollis
○  Stridor
○  Drooling
○  Agitation
○  Presence of tonsillar or peritonsillar exudates

●  Testing
○  Laboratory data

– CBC
– Blood cultures
– Oral exudate culture

○  Im aging: lateral neck X-ray
– Widening of the retropharyngeal soft  t issues and prever-

tebral space
– Gas–fluid levels in  abscess cavity
– Foreign  body: w hile m ost  retropharyngeal abscesses are

from  suppurated retropharyngeal lymph  nodes, a foreign
body m ay be the etiology.

○  Im aging: CT w ith  IV contrast
– Used in  setting of nondiagnostic radiographs but  h igh

clin ical suspicion
– Dem onstrates typical r im  enhancem ent  w hen abscess

present
– Allow s diagnosis of extent of abscess in to the lower neck/

upper thoracic area (allow s di erent iation  betw een retro-
pharyngeal abscess and prevertebral space abscess)

� Man agem en t
●  Em ergent in tubation  or surgical airway, as indicated
●  Supplem ental oxygen, if needed
●  IV fluids
●  IV antibiotics

●  Operative drainage
●  Most  retropharyngeal abscesses are transoral
○  Use m outh  gag for exposure to the posterior pharyngeal

wall
○  Inject ion  of lidocaine w ith  epinephrine in  the proposed ver-

tical incision  site (low  on  the abscess for enhanced drainage
after incision)

○  Incise the m ucosa ver tically (about a 1-cm  incision), then
using a tonsil clamp, bluntly enter the abscess cavity
(spreading ver tically betw een the m uscle fibers).

○  Sam ple of abscess contents for Gram  stain , culture, and
sensitivity

○  No closure of incision  needed
○  May begin  feeding w ith  clear liquids after operat ion .

3.8  Soft  Palate  Lacerat ions and
Other Oropharyngeal Injuries
� Evalu at ion
●  History
○  Mechanism  of injury

– Fall from  seated position  or w hile running at m axim um
speed

– Grade m ild, m oderate, or severe size of laceration
○  Neurologic complaints: if present  then  need vascular sur-

gery consultation .
○  Fever
○  Torticollis
○  Neck pain
○  Dysphagia
○  Drooling
○  Chest  pain

●  Physical exam ination
○  Prim ary survey: assess airway, breathing, and circulation

(ABC) after traum a and possible need for em ergent in tuba-
tion  and volum e resuscitat ion .

○  Secondary survey in  the stable patient
– Wound assessm ent and characterization, including loca-

tion  of the laceration  (m idline vs lateral soft  palate/lateral
pharyngeal wall area)

– Neurologic exam inat ion
– Neck auscultation  over carotid artery (e.g., carotid bruit)
– Exam ination  of teeth  (fracture, subluxat ion, avulsion)
– Exam ination  of tongue
– Assess for  tr ism us and drooling (e.g., infect ion)
– Assess for neck crepitus and subcutaneous air

●  Testing
○  Laboratory data

– CBC (indicated only in  cases of severe bleeding)
– Blood cultures and C-react ive protein  if an  infect ion  is

suspected
○  Im aging: plain  radiographs of chest  and neck

– Pneum om ediastinum .
– Retropharyngeal w idening
– Foreign  bodies

○  Im aging: CT angiogram  of chest  and neck
– The test  of choice
– Dem onstrates th rom bus and/or dissect ion of carotid

ar tery from  a blunt or penetrating injury

3.8  Soft  Palate Lacerat ions and Other Oropharyngeal Injuries
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○  Im aging: MR angiography (lim ited use because of need for
anesthesia in  young children)

○  Im aging: carotid artery angiography
– Gold standard for in ternal carotid artery im aging
– Risk for stroke w ith  carotid artery angiography
– Reserved for children w ith  neurologic findings, severe

m echanism  of t raum a, evidence of in ternal carotid  artery
(ICA) injury w ith  other im aging

� Man agem en t
●  Prim ary survey in  severe t raum a
○  Assess need for airway stabilization  (endotracheal in tuba-

tion vs surgical airway)
○  Assess need for volum e resuscitation
○  Cervical spine im m obilization
○  Do not  alter or rem ove protruding objects

●  For h igh-risk injury (h igh-force traum a, such  as m otor vehicle
accident)
○  Angiography
○  Endoscopy
○  Surgical explorat ion

●  For m oderate-risk injury (retained oropharyngeal object)
○  Hospital adm ission
○  CT angiography (or less com m only MR angiography)
○  If concern ing findings on  CT angiography for ICA injury (ICA

abnorm ality, subcutaneous air  near ICA, or disruption  of

ICA sheath), proceed to carotid artery angiography. For ICA
injury (e.g., in t im al tear), consider vascular surgery consul-
tation.

○  If CT angiography or MR angiography indicates non-ICA in-
jury, then
– Local oral cavity wound care
– Discharge hom e w ith  close m onitoring for developm ent

of fevers, neurologic paresis, neck sti ness, tort icollis,
dysphagia, or dyspnea. Can be considered only in  patients
w ith  extrem ely reliable parents.

– May adm it  to hospital for 24 to 48 hours for serial neuro-
logic exam inations.

●  For low -risk injury (superficial lacerat ion , m idline lacera-
tions)
○  Local wound care
○  Discharge hom e w ith  close follow –up

●  Wound care
○  Wounds sm aller than  2 cm  (e.g., puncture wounds) do not

require surgical wound closure.
○  Indications for operative repair

– Palatal flaps
– Avulsed tonsils
– Retained or protruding foreign  body
– Gross contam inat ion

○  Tetanus prophylaxis
○  IV/oral em piric antibiotics

Pediatric ENT Emergencies
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4  Facial Plast ic and Reconst ruct ive Surgery Em ergencies
Grigorly Mashkevich

4.1  Facial Traum a
4.1.1  General
●  In it ial evaluat ion
○  “ABC”: airway, breathing, and circulation .

Vascular access w ith  two large-bore in travenous (IV) lines.
●  Protect ion  of the cervical spine (Philadelphia collar); plain  X-

rays to rule out cervical spine fracture
●  Stabilization  of vital signs in  the em ergency room  setting.
●  Secondary survey
○  Exam ination  of wounds
○  Head and neck radiography: computed tom ography (CT)

of the facial bones for suspected fractures, plain  or CT an-
giography of the neck for penetrating traum a or suspected
vascular injuries.

○  Assess potential for central nervous system , ophthalm ic in-
jury; consult  other services w hen appropriate.

4.1.2  Facial Fractures
General
●  Radiographic evaluation  w ith  th in-cut, noncontrast  CTof the

m axillofacial region
●  Preoperative ophthalm ologic evaluation w hen appropriate to

ru le out  in traocular  injuries before any m anipulation  of the
frontal, orbital, or m axillary regions.

●  Delayed (up to 5 to 10 days) fracture repair  to allow  reduct ion
of t issue edem a, improve surgical access, and dim inish  in tra-
operative bleeding.

●  Open reduct ion  w ith  in ternal rigid fixation  is the optim al sol-
ution  for m ost  facial fractures.

Frontal Sinus Fracture
●  Radiographic evaluation  w ith  CT to assess an terior and poste-

rior tables of the frontal sinus.
●  Surgical repair depending on  the degree of table displace-

m ent and com m inution .
●  Consider neurosurgical consultation, especially if posterior

wall violated.

Nasal Fracture
●  Prelim inary assessm ent should be followed by m ore detailed

secondary evaluation  in  4 to 6 days once acute edem a has
partially subsided.
○  Minim al bony displacem ent: observation w ith  secondary

reconstruct ion  2 to 3 m onths later if necessary.
○  Clin ically apparent bony displacem ent: closed reduct ion

w ith  external cast stabilization  w ithin  10 to 14 days; secon-
dary reconstruct ion  2 to 3 m onths later if necessary.

Orbital Fracture
●  Palpate orbital rim s for step-o deform it ies.
●  Assess extraocular m otion.
●  Assess globe position  (enophthalm os/exophthalm os).
●  Assess sensory funct ion .
●  Assess stability of m edial can thus.
●  Medial orbital fracture
○  Consider naso-orbito-ethm oid (NOE) fracture.

●  Infraorbital rim  fracture
○  Consider associated orbital floor fracture.

●  Orbital floor fracture
○  Repair  in  cases of enoph thalm os and  radiograph ic evi-

dence  of orbital con ten t  d isplacem en t  in to the  m axillary
sinus.

○  Exploration  of orbital floors w ith  com minut ion  of m ore
than  half of the total surface area.

●  Lateral orbital rim  fracture
○  Consider zygom aticom axillary complex (ZMC) fracture.
○  Treat  as indicated.

●  Maxilla and m andible fracture
○  Soft  diet
○  Em piric an tibiotics
○  Cold compresses (edem a reduct ion  in  preparation  for

surgery)
○  Restoration  of proper occlusion via m axillom andibular

fixation  (MMF) is the m ost  important consideration  during
reduct ion  of fractures involving th is region.

Tem poral Bone Fracture w ith Facial Nerve
Paralysis
●  CTof temporal bone
●  Elect roneurography (ENOG)
●  Stable pat ien ts: consider surgical exploration  and nerve

repair.
●  Unstable pat ien ts: steroids to reduce nerve inflam m ation ,

followed by reassessm ent at  a later date.

4.2  Lacerat ions of the  Face
4.2.1  Skin and Soft  Tissue
●  Tetanus protocol
●  Clean wounds
○  Within  12 hours of injury

– Layered prim ary closure
○  More than  12 hours after injury

– Antibiotics and delayed prim ary closure
●  Grossly contam inated wounds or any evidence of pus or

cellulitis
○  Wound care and packing, followed by delayed repair.

4.2  Lacerat ions of the Face
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4.2.2  Bites
●  Em piric an tibiotics
●  Uninfected wounds
○  Anim al bite: rabies protocol, consider prim ary closure
○  Hum an bite: HIV and hepatitis protocols, wound care, de-

layed prim ary closure
●  Grossly contam inated wounds or any evidence of pus or cellu-

litis: wound care and packing, followed by delayed repair

4.3  Facial Nerve Paralysis
●  Operating room  for exploration  and repair (optim al t im e

fram e for repair is w ithin  3 days, during w hich  t im e distal
nerve ends can  still be stim ulated).

4.4  Parot id Duct  Injury
●  Operating room  for exploration  and repair
○  Clean  ductal laceration w ithout t issue loss: direct suture re-

pair over a stent .
○  Ductal loss: segm ental replacem ent w ith  an  in terposition

vein  graft  sutured  over a sten t
○  In traparotid  ductal injury: water tight closure of parotid

fascia, botulinum  toxin  A inject ion  to extinguish  salivary
product ion

4.5  Penet rat ing Neck Wounds
●  Vascular im aging (including CT angiography)
○  Surgical repair  versus em bolization  for vascular injuries

●  Evaluation  of aerodigestive tract  injury
○  Surgery in  appropriate cases

4.6  Hem atom as: Septal and
Auricular
●  Incision  and drainage
●  External splin ting for apposition  of separated tissues
●  Insert ion  of sm all drain  (short segm ent of a sterile rubber

band)

4.7  Postoperat ive Em ergencies
4.7.1  Rhinoplasty/Nasal Surgery
Toxic Shock Syndrom e
●  Early recognition  is key!
○  Early: postoperative fever, facial flush ing
○  Later: hypotension  and cardiovascular collapse

●  Rem ove nasal packing.

●  Broad-spect rum  antibiotics
●  Fluids, cardiovascular support, and in tensive care m onitoring

4.7.2  Blepharoplast y
Bleeding/Int raorbital Hem atom a
●  Lateral can thotomy and cantholysis, perform ed urgently at

bedside.
●  Rem oval of any nasal packing, in term ittent globe m assage
●  Stat  ophthalm ologic evaluation  to m onitor pressure and

vision
●  Stress dose of IV cort icosteroids
●  Mannitol (1 to 2 g/kg IV over 30 m inutes)
●  Operating room  for wound explorat ion

4.7.3  Facelift
Hem atom a
●  Sm all: aspiration  and pressure dressing, w ith  possible drain

placem ent
●  Medium : open  incision  and express clots, place drain
●  Large or expanding: operat ing room  for wound exploration

Facial Nerve Paralysis
●  Observe for several hours until local anesthetic wears o .
●  Consider explorat ion  depending on  the index of suspicion .

4.7.4  Microvascular Reconst ruct ion
Venous Obst ruct ion
●  Exam ination: engorged and bluish  skin  paddle, rapid capillary

refill, “water ham m er” Doppler signal, rapidly flow ing dark
blood on  pricking of the skin  paddle
○  Operating room  for exploration  of anastom osis and flap

vasculature
○  Leech therapy in  par tially obstructed flaps

Arterial Obst ruct ion
●  Exam ination: pale skin  paddle, absent capillary refill, absent

Doppler signal, absent or significantly delayed blood flow  on
pricking of the skin  paddle
○  Operating room  for exploration  of anastom osis and flap

vasculature

4.7.5  Tissue Expansion
●  Expander exposure
○  Early: rem ove the expander
○  Late: cont inue expansion  and use expanded tissue for re-

construction.

Facial Plast ic and Reconstruct ive Surgery Emergencies
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5  Rhinologic Em ergencies
Steven David Schaefer

5.1  Epistaxis
●  In it ial evaluat ion

Assess general appearance of patient.
●  Obtain  vital signs as warran ted.
●  Obtain  brief h istory to perm it  focusing on  the site and poten-

tial cause of hem orrhage.
●  In it ial control of hem orrhage
○  Manually compress the lower half of nose or use a nose clip

to reduce anterior hem orrhage. If bleeding is controlled,
m aintain  compression  cont inuously for 15 m inutes before
checking for cessat ion  of bleeding. Com pressing the upper
nose or nasal bones w ill not a ect  hem orrhaging.

○  Clear the nose of blood clots w ith  suct ion  and/or gentle
nose blow ing.

○  Spray the nose w ith  a vasoconstrict ive agent , such as oxy-
m etazoline (Afrin; Merck Consum er Care, Cleveland, TN).

○  Continue m anual compression  of the lower nose w hile pre-
paring to perform  anterior rh inoscopy w ith  a nasal specu-
lum , or preferably w ith  a nasal endoscope.

○  Place cot ton pledgets, approxim ately 0.5 x 3 to cm  long,
along the floor of the nose and, if possible, at  the site of
bleeding.

○  If the site of hem orrhage is in  the posterior th ird of the
nose, consider a transpalatal inject ion  of the sphenopalatine
artery.

●  Inspection  of the nose
○  Perform  rhinoscopy w ith  a 0-degree nasal endoscope. If an

endoscope is not available, a nasal speculum  and a bright
headlight  w ill perm it  visualization  of the an terior nose.

●  Control of anterior epistaxis
○  Cauterize site of m inor bleeding w ith  silver n it rate or chro-

m ic acid.
○  Avoid chem ical cauterization  in  patients w ith  abnorm al

wound healing, such as those w ith  lupus. In  such patients,
the cauterization  site w ill becom e necrotic and rehem or-
rhage; instead, place a dissolvable agent  that  w ill facilitate
clott ing, such  as Gelfoam  (Pfizer, New  York, NY), at  the
bleeding site.

○  Anterior nasal packing is reserved for anterior epistaxis re-
fractory to the above m easures. Place the nasal pack along
the floor of the nose and against  the site of hem orrhage. Va-
seline gauze should be progressively layered along the floor
of the nose until the site of bleeding is compressed. Com -
m ercially available packs, such as Merocel (Medtronic, Min-
neapolis, MN), are sim pler to use but  require the sam e care-
ful atten tion  to placem ent. Do not  shove som ething in  the
nose and expect  it  to control hem orrhage.

○  Avoid nonbiodegradable nasal packing in  pat ients w ith  im -
paired wound healing. Biodegradable products such as Gel-
foam  or oxidized cellulose (Surgicel; Johnson & Johnson,
New  Brunsw ick, NJ) should  be applied in  the sam e way as
other form s of nasal packing. Overall, such  products are
preferable because they do not  require rem oval in  3 to 4
days, as do the nonbiodegradable nasal packs.

○  Place the patient on  broad-spect rum  antibiotics to avoid
sinusit is.

●  Control of posterior epistaxis
○  Reserve posterior nasal packing for identifiable bleeding

sites or failure to control hem orrhage w ith  an terior
packing.

○  Posterior packing m ust  tam ponade the choana and spheno-
palatine ar tery. A com m ercial nasal balloon  or a Foley
catheter is placed in to the posterior nose and inflated w ith
saline. The balloon  m ust  be pulled forward and a clamp
placed over the anterior aspect of the device. Cotton  gauze
is placed betw een the clamp and the nasal ala to prevent
necrosis of the nose.

○  Most  patients w ith  posterior nasal packing should  be hospi-
talized to m onitor respiratory funct ion and oxygen satura-
tion, and m any require oxygen by face m ask.

○  Place the patient on  broad-spect rum  antibiotics to avoid
sinusit is.

○  After 2 days of nasal packing, pat ients w ith  persisten t
hem orrhage should be considered for either endoscopically
directed elect rocautery, in tranasal ligation  of the sphenopa-
latine artery, or ar terial em bolization  of the in ternal m axil-
lary ar tery.

5.2  Iat rogenic Cerebral Spinal
Fluid Rhinorrhea
●  Acute, in traoperative cerebrospinal fluid  (CSF) rh inorrhea
○  Im m ediately obtain  careful hem ostasis w ithin  the nose by

placem ent of cot tonoids at  all bleeding sites and consider
bipolar elect rocautery as indicated.

○  Identify the site of CSF rhinorrhea and inspect  the in tegrity
of the bony skull base, dura, and brain . In tracranial hem or-
rhage requires neurosurgical consultation . Low -volum e ve-
nous bleeding on  the cortex can  be temporarily m itigated
by direct  placem ent of neurosurgical cot tonoids, and if it  is
available and the surgeon has the proper skills, bipolar elec-
trocautery is useful.

○  After hem ostasis has been  obtained, the 1 cm  or m ore of
m ucous m em brane surrounding skull base defect  should be
rem oved. This w ill later perm it  adhesion of the graft  to the
bony skull base.

○  A watertight  seal should  be obtained by in trathecal graft ing.
Although m any graft ing m aterials are available, fat  is the
easiest  and m ost  reliable graft . One cont inuous piece of ab-
dom inal or ear lobule fat  m easuring several t im es the size
of the dural defect  is placed in trathecally. Approxim ately
25% of the fat  should protrude in to the nasal side of the du-
ra to help anchor the graft .

○  After placem ent of the fat  graft , the anesthesiologist  should
perform  a Valsalva m aneuver to raise the in t racranial pres-
sure, and the surgeon should  observe the defect  for persis-
ten t CSF rh inorrhea. A properly placed graft  should  provide
a watert ight  seal.

5.2  Iatrogenic Cerebral Spinal Fluid Rhinorrhea
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○  A second graft  m ay be placed in tranasally along the bony
skull base. Mucous m em brane or  various com m ercial prod-
ucts are excellent  grafts and can  be m ade to adhere to the
skull base w ith  t issue glues. The graft  should be applied on-
ly to the exposed bone of the skull base to perm it  optim al
adherence.

○  Biodegradable or dissolvable packing, such  as Gelfoam , is
applied to the underlay or in tranasal graft  to further secure
it . As m ost  iatrogenic fistulas occur in  the roof of the eth-
m oid sinus, the packing should  fill only part  of th is sinus. If
possible, any packing requiring rem oval should  be avoided
because its rem oval m ay dislodge the graft .

○  In traoperatively, an  in travenous (IV) broad-spect rum  anti-
biotic should  be adm inistered to prevent  m eningitis.

○  Patients should  avoid  straining or other activities that  in-
crease in tracranial pressure, and they should  be m ade
aware of the signs of m eningitis.

○  Patients should  avoid  flying for 6 weeks.
●  Late or post-sinus surgery CSF rhinorrhea
○  Post-sinus surgery CSF fistulas should be repaired as soon

as recognized.
○  Patients should  be inform ed of the signs of m eningitis and

should avoid flying, nasal cleaning, nose blow ing, and nasal
lavage. Antibiotics should be considered w ith  concurren t
acute sinusitis.

○  Post-sinus surgery m eningitis w ith  or w ithout CSF rh inor-
rhea should alert  the physician  to a com m unication  be-
tween the subarachnoid space and the nose. Potential fistu-
las m ay cease after m eningitis and later recur.

○  High-resolution  coronal 2-m m  computed tom ographic (CT)
im ages are helpful in  identifying or confirm ing the site of
the fistula. Contrast  CT cisternography can  be helpful if the
site of the fistula is questionable, provided the patient  has
active rhinorrhea. In  Europe, in trathecal hypodense fluores-
cein  (10 m g/m L) is em ployed to endoscopically visualize
fistulas.

○  In  fistulas that are m ore than  several weeks old, 3 days of
lum bar drainage m ay be considered to divert  the excessive
CSF produced to compensate for the rhinorrhea. If lum bar
drainage is em ployed, 1 to 2 m L of hypodense fluorescein
can  be placed in trathecally via the drain . The fluorescein
enhances identification  of the fistula site and in traopera-
tively ensures the detect ion  of post-graft ing rhinorrhea.

○  Repair of the fistula and post-hospitalizat ion  care are the
sam e as outlined for acute injuries.

5.3  Com plicat ions of Acute
Sinusit is
●  Etiology of acute sinusit is complications
○  The proxim ity and venous drainage of the sinuses m ay re-

sult  in  the spread of infect ions to the orbit  and brain .
○  Obstruct ion of the drainage pathways of the sinuses, or

m asses or  tum ors of the sinuses, m ay first  present as eye or
brain  complications. Spread of infect ion to the orbit  is m ore
com m on from  ethm oid sinusitis, and to the brain  or epidur-
al space from  frontal and sphenoid infect ions. Maxillary si-
nusitis m ay be secondary to dental in fect ions.

●  Orbital complications of acute sinusitis

○  The periosteum  of the orbit  (periorbita) in it ially confines
the extension  of infect ion  from  the sinuses in to the orbit .

○  Preseptal (an terior to the septum  orbitale) in fect ions
present  w ith  swelling of the eyelids and a m inim al chem o-
sis and inject ion  of the conjunct ivae.
– Preseptal infect ions are in it ially t reated w ith  broad-spec-

trum  oral antibiotics, w ith  IV antibiotics reserved for
m ore aggressive infect ions or in  comprom ised patients.
Ophthalm ology consultation  is indicated.

○  Subperiosteal abscesses of the orbit  arise from  direct exten-
sion  of the sinus infect ion  in to the subperiosteal space be-
tween the periorbita and the bony walls of the orbit . Such
infect ions are not  w ithin  the orbit  proper and do not in-
volve the extraocular m uscles, fat , or globe. Ethm oid sinus-
it is is the m ost com m on etiology of such infect ions. Pat ients
present  w ith  variable degrees of proptosis due to displace-
m ent of the orbital contents by the abscess.
– Subperiosteal abscess requires surgical drainage and

broad-spect rum  antibiotics. Surgical drainage includes
ethm oidectomy or sinusotomy (drainage) of the involved
sinus. Subperiosteal abscess arising from  ethm oid sinusi-
tis can  be drained in to the ethm oid cavity by rem oval of
the lam ina papyracea endoscopically at the t im e of
ethm oidectomy, or externally via a Lynch incision. Sub-
periosteal abscesses involving the superior orbit  are ap-
proached through direct  incision  over the abscess or
orbitotomy. Managem ent should be in  conjunct ion w ith
ophthalm ology.

○  In traorbital cellulit is or abscesses result  from  the progres-
sion  of infect ion from  the sinuses through  the periorbitae.
Involvem ent of the extraocular m uscles presents as
diplopia, w ith  proptosis resulting from  the m ass e ect  of
the abscess.
– Visual acuity and in traocular  pressure m ust be m onitored.

As pressure rises, retinal perfusion  is comprom ised, lead-
ing to potent ial blindness and requiring urgent care.

– Intraorbital abscesses are treated by IV broad-spectrum
antibiotics and incision  and drainage of the orbit  (orbitot-
omy). Managem ent should be in  conjunct ion w ith
ophthalm ology.

○  Localizat ion  of infect ion  and/or abscess to the superior orbi-
tal fissure presents as loss of extraocular m ovem ent as the
third, fourth , and sixth  cranial nerves are comprom ised.
– Treatm ent is urgent  and the sam e as for in traorbital infec-

tions because both  processes have the sam e etiology and
sim ply di er in  localization.

– Managem ent should  be in  conjunct ion w ith
ophthalm ology.

○  Loss of vision  and a erent  pupillary defect  (Marcus Gunn
pupil, or positive sw inging flashlight  test) implies compro-
m ise of the optic nerve betw een the retina and the optic
chiasm .
– In  conjunct ion w ith  ophthalm ology, m anagem ent focuses

on  relieving pressure or infect ion  involving the optic
nerve.

○  Cavernous sinus involvem ent  is heralded by contralateral
visual or ocular m ovem ent findings.
– Treatm ent consist  of IV antibiotics w ith  prevention  and/or

am elioration  of cavernous sinus throm bosis.
●  In tracranial complications of acute sinusit is

Rhinologic Emergencies
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○  The proxim ity of the ethm oid, frontal, and sphenoid sinuses
to the in tracranial cavity perm its direct  extension  of in fec-
tion  and/or abscesses to the m eninges, epidural space, cav-
ernous sinus, in ternal carotid  artery, and optic nerve.
– Treatm ent is urgent  and is directed toward the site of in-

fect ion. Sym ptom s vary w ith  the site of infect ion. CTor
m agnetic resonance im aging is useful in  identifying ab-
scesses, throm bosis of the dural sinuses, and evidence of
increased in tracranial pressure.

– A complete neurologic exam ination , including assessm ent
of the cranial nerves, deep tendon reflexes, and abnorm al
posturing on sensory stim ulation , often  helps to localize
the site and severity of in fect ion  or abscess.

– Prior  treatm ent  w ith  oral antibiotics m ay m ask signs of
m eningitis (lack or m inim al evidence of m eningeal ten-
derness, papilledem a, confusion, lethargy, and cranial
neuropath ies).

– Lum bar puncture m ust  be w isely em ployed and can  pre-
cipitate brainstem  herniation  in  the setting of increased
in tracranial pressure. When appropriate, lum bar puncture
should be perform ed to diagnose m eningitis, and bacte-
ria/fungus should be obtained for culture.

– Broad-spect rum  antibiotics are em ployed and vary w ith
the age and nature of the infect ion. For example, pat ients
after neurologic or sinus procedures have a h igher inci-
dence of Staphylococcus aureus and pneum onia infect ions.

– Abscesses require drainage by neurosurgery.
○  Hem atogenous spread to the subarachnoid space and brain

– Depending on  the site of infect ion, diagnosis and m anage-
m ent are sim ilar to those for the site of in fect ion.

– Tim ing of the drainage of brain  abscess depends on  the
neurologic consequences of the abscess and its m aturity
(cerebrit is vs m ature abscess).

5.3  Complicat ions of Acute Sinusit is
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6  Laryngologic Em ergencies
Philip A. Weissbrod

6.1  Int roduct ion
Integral to breathing, swallow ing, protect ion  of the  airway, and
phonation , the larynx is a vital component of the upper respira-
tory tract. This chapter  w ill serve  to  outline  possible  etiologies
and  provide  a  fram ework  for  the  m anagem ent  of laryngologic
em ergencies.

6.2  Acute  Upper Airway
Obst ruct ion
Obstruct ion  can  occur  for  m any  reasons  at  di erent  levels  of
the  upper  airway,  including  the  oral  cavity,  pharynx,  larynx,
and  trachea. Often , a  careful h istory and  physical exam ination
can  point  to  a  clear  etiology and  anatom ical location. Manage-
m ent consists of establish ing a safe, secure airway and reversing
the  underlying  cause. Severe  airway comprom ise  is  best  m an-
aged  in  a  controlled  sett ing, such  as the  operating room , in ten-
sive care unit , or  traum a bay, before patient decom pensation.

� Et iology
●  Anaphylaxis
●  Angioedem a
●  Autoim m une
○  Amyloidosis
○  Sarcoidosis
○  Wegeners granulom atosis

●  Foreign  body
●  Granulation  tissue
●  Granulom atosis
●  Hem orrhage
○  Postsurgical
○  Traum atic (in tralum inal vs extralum inal/compressive)

●  Infect ious
○  Deep neck space infect ion
○  Ludw ig angina
○  Peritonsillar abscess
○  Respiratory papillom atosis
○  Retropharyngeal abscess
○  Supraglot tit is/epiglottit is

●  Neoplasm
●  Neurologic
○  Bilateral vocal fold paralysis

●  Stenosis.
●  Traum a
○  External t raum a.
○  In tubation-related traum a.

●  Other
○  Laryngospasm .
○  Laryngom alacia/t racheom alacia
○  Paradoxical vocal fold m otion

� Evalu at ion
●  History
○  Allergy history

○  Cough
○  Duration  of sym ptom s
○  Dysphagia
○  Dyspnea
○  Fever/chills
○  Hoarseness
○  Odynophagia
○  Pain
○  Recent  in tubation  for airway traum a

●  Physical exam ination
○  Vital signs
○  Stridor: noisy respiration

– Inspirat ion: localizes to glottis and above
– Biphasic: localizes to glottis or subglottis
– Expiration: localizes to subglottis and below

○  Observed patient discom fort/anxiety
○  Mental status change
○  Exam ination  of the head and neck w ith  a focus on  the

airway colum n from  nose to lungs to locate and grade the
obstruct ion

○  Observe for signs of respiratory fatigue: shallow, rapid
respiration; supraclavicular retract ions; recruitm ent of ac-
cessory respiratory m uscles; paradoxical breathing; in ter-
costal retract ions.

○  Chest and neck auscultation
○  Flexible laryngoscopy: w hile perform ing fiber-optic exam i-

nation , it  is im portan t  to avoid stim ulation  of the pharynx
and larynx to prevent laryngospasm , w hich  can precipitate
a clin ical decompensation.

●  Testing
○  Arterial blood gas
○  CT scan  (if there is concern  for abscess, fram ework injury, or

tum or)

� Treatm en t
●  Determ ine site/level of obstruct ion and reverse the cause.
●  Control airway distal to obstruct ion  by either endotracheal

in tubation  or surgical airway if warranted by the severity and
location  of obstruct ion.

●  Nonsurgical airway m anagem ent
○  Mask ventilation
○  Continuous positive airway pressure (CPAP)/bilevel positive

airway pressure (BiPAP)
○  Laryngeal m ask airway (LMA)
○  Endotracheal in tubation

– Macintosh  or Miller blade
– Rigid laryngoscope
– Fiber-optically assisted
– Rigid bronchoscope

○  Observation  in  in tensive care unit or em ergency depart-
m ent setting.

○  When  appropriate, consider treatm ent  w ith
– Steroids
– Antibiotics
– Racem ic epinephrine
– Heliox

Laryngologic Emergencies
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●  Surgical airway m anagem ent
○  Cricothyroidotomy.
○  Tracheotomy.
○  Cricothyroid puncture
○  During em ergent surgical airways, placem ent of the airway

below  the second ring is ideal to avoid traum a to the larynx
and subglottis; however, th is is a lifesaving m easure, and se-
curing the airway is the priority.

6.3  Laryngeal Blunt  Traum a
The  m anagem ent  of blunt  laryngeal t raum a  is  dictated  by  the
extent  of  injury  to  cartilaginous  structures  and  m ucosa. Care
m ust  be  taken  not  to  exacerbate  a  tenuous  airway  during  the
diagnostic process.

� Et iology
●  Clothesline infury
●  Motor vehicle accident
●  Strangulat ion

� Evalu at ion
●  History
○  Dyspnea
○  Hoarseness/aphonia
○  Hem optysis
○  Mechanism  of injury
○  Odynophagia
○  Pain

●  Physical exam ination
○  Stridor
○  Dysphonia
○  Respiratory fatigue
○  Blunt ing of thyroid ala
○  Crepitus
○  Neck ecchym osis
○  Tenderness

●  Flexible laryngoscopy (note the follow ing if present)
○  Airway narrow ing
○  Ecchym osis/hem atom a
○  Edem a
○  Mucosal or  vocal fold laceration
○  Vocal fold im m obility
○  Exposed car tilage

●  Testing
○  Com puted tomography: look for fracture (displaced, non-

displaced)

� Treatm en t .  Treatm ent  is  dictated  by  the  category  of injury
(types  I, II, III, IV). In itial m anagem ent  should  determ ine  if the
patient  is in  respiratory extrem is or  in  danger of comprom ise. If
at  risk for  obstruction, regardless of subtype, em ergent  t rache-
otomy or  cricothyroidotomy  should  be  considered  as  the  first
step  in  m anagem ent  w ithout  endotracheal in tubation  if it  can
be  avoided. Laryngeal injury can  be  m issed  because  of in tuba-
tion  before exam ination. In  the presence of significant  laryngeal
traum a,  injuries  to  the  esophagus  are  frequent  and  can  be
m issed. Esophagram s or rigid/flexible esophagoscopy should  be
perform ed, especially for zone I penetrating injuries.

●  Type I
○  Diagnostic criteria: pat ien ts have no airway comprom ise,

soft-t issue injury only (including m ucosal abrasions, hem a-
tom as, sm all lacerations)

○  Managem ent
– Medical: close observation, no oral in take, serial fiber-op-

tic exam ination
●  Type II
○  Diagnostic criteria: pat ien ts w ith  possible airway compro-

m ise, m oderate soft-t issue laceration  or tearing, nondis-
placed or m inim ally displaced car t ilaginous fram ework
fracture

○  Managem ent
– Medical: close observation, steroids, hum idified oxygen,

voice rest , antireflux m edication , esophagram
– Surgical: possible tracheotomy, direct  laryngoscopy,

esophagoscopy
●  Type III
○  Diagnostic criteria: displaced or unstable laryngeal frac-

tures, sign ificant  m ucosal or  vocal fold  lacerations, and/or
intralum inal cartilage exposure

○  Managem ent
– Surgical: awake tracheotomy, direct  laryngoscopy, open

reduct ion w ith  in ternal fixation, repair of m ucosal lacera-
tions, esophagoscopy

●  Type IV
○  Diagnostic criteria: sim ilar but  m ore severe injuries than

type III
○  Managem ent

– Surgical: sam e as type III but  w ith  placem ent of laryngeal
stent for support of cart ilaginous fractures, m ucosal re-
pairs, and exposed cart ilage

6.4  Laryngeal Penet rat ing Traum a
Penetrating traum a to the neck can  be life-threaten ing. The in i-
tial  evaluation  should  be  dictated  by  pat ient  stability. If a  pa-
tient  is hem odynam ically unstable from  a neck injury, im m edi-
ate  exploration  is  indicated. As  m any as  one-third  of patients
w ith  vascular  injury  from  penetrating  traum a  are  asym pto-
m atic.  Otherw ise,  diagnostic  m odality  and  m anagem ent  are
dictated by the location  of the injury.

� Et iology
●  Low -velocity injury (e.g., stab wounds, broken glass)
●  High-velocity injury (e.g., gunshot wounds, shrapnel)

� Evalu at ion
●  History
○  Dysphagia
○  Hem atem esis
○  Hem optysis
○  Hoarseness
○  Nerve weakness or paralysis
○  Odynophagia
○  Pain

●  Physical exam ination
○  Bruits
○  Exam ine for both  entry and exit  wounds w hen applicable.

6.4  Laryngeal Penetrat ing Trauma
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○  Hem atom a
○  Hem orrhage
○  Im paired m ental status (potent ial vascular injury)
○  Neurologic deficits
○  Respiratory obstruct ion/com prom ise
○  Subcutaneous em physem a
○  Stridor
○  Unequal pulses

●  Surgical explorat ion  and im aging is not  indicated for injuries
that do not  pierce the platysm a.

●  Testing and t reatm ent for zone I injury
○  In ferior border: sternal notch
○  Superior border: inferior border of cricoid
○  Obstacles to surgical access: sternum , clavicles
○  Structures at  risk: brachiocephalic artery and vein , in ternal

jugular  vein , com m on carotid  artery, subclavian  artery and
vein , vertebral ar tery, t rachea, esophagus, vagus nerve,
phrenic nerve, brachial plexus, recurrent  laryngeal nerve,
thoracic duct , thyroid, lung apex, spinal cord. In  penetrating
traum a, zone I injuries carry the highest  m ortality rate.

○  Testing/m anagem ent: angiography vs CT angiogram ,
esophagram /esophagoscopy

●  Testing and t reatm ent for zone II injury
○  In ferior border: in ferior border of cricoid
○  Superior border: angle of m andible
○  Structures at  risk: in ternal jugular  vein ; com m on, external,

and in ternal carotid artery; ver tebral artery; trachea; lar-
ynx; pharynx; hypopharynx; vagus nerve; subm andibular
gland; phrenic nerve; accessory nerve; hypoglossal nerve;
m arginal m andibular nerve; spinal cord

○  Testing/m anagem ent: som ew hat controversial. If sym pto-
m atic, surgical exploration  is indicated. If asym ptom atic,
consider surgical exploration vs angiography or CT
angiogram .

●  Testing and t reatm ent for zone III injury
○  In ferior border: angle of m andible
○  Superior border: skull base
○  Obstacles to surgical access: m andible, m id face
○  Structures at  risk: in ternal jugular  vein , vertebral artery, in-

ternal carotid artery, branches of the external carotid artery,
pharynx, parotid gland, facial nerve, cranial nerves, spinal
cord

○  Testing/m anagem ent: angiography vs CT angiogram
●  Treatm ent poin ts
○  If unstable (shock or evolving stroke), then  consider im m e-

diate exploration .
○  In it ially, bleeding should be controlled w ith  direct  pressure.
○  Manipulation  and probing of the site of injury and rem oval

of penetrating objects should  be avoided until in  a con-
trolled  environm ent and large-bore in travenous lines have
been  secured.

○  Surgical consultations
– Vascular surgery for complex repair of the carotid system
– Thoracic surgery for low  zone I vascular injuries

– Neurosurgery for h igh  zone III injuries that  m ay require
craniotomy for control

– Intervent ional neuroradiology for zone III vascular inju-
ries that  m ay benefit  from  em bolization  or stenting

6.5  Voice Em ergencies
Vocal  em ergencies,  although  not  life-th reaten ing,  can  pose
sign ifican t  risk  to  those  w ho  use  their  voice  for  vocat ion . Un-
treated  vocal  em ergencies  are  capable  of causing  sign ifican t
scarr ing  of  the  vocal  folds  or  polyp  form ation ,  lead ing  to
decreased  vibratory  capacity  and  ult im ately  chron ic  voice
alterat ions.

� Et iology
●  Hem orrhage (often  associated w ith  sudden voice changes that

occur during vocal strain , coughing, vom iting)
●  Vocal fold tear
●  Severe laryngitis (bacterial, fungal, or  viral)
●  Upper respiratory infect ions

� Evaluat ion
●  History
○  Pain w ith  phonation
○  Sm oking history
○  Sudden onset  versus progressive
○  Voice change
○  Vocal hygiene
○  Preexisting sym ptom s of chronic laryngit is
○  Upcom ing vocal dem ands/perform ance obligations

●  Physical exam ination
○  Dysphonia
○  Flexible laryngoscopy
○  Videostroboscopy if available

� Treatm en t
●  Voice rest
●  Support ive care (hydration , m ucolytics, general rest , cessation

of sm oking)
●  Treatm ent of underlying causative, cont ribut ing, or exacerbat-

ing factors
●  Voice therapy after acute phase
●  Avoidance of laryngeal irr itan ts
●  When  indicated, consider
○  Antibiotics
○  Antifungals
○  Corticosteroids (oral or in tram uscular)
○  Proton pum p inhibitors

●  Avoid blood-thinning agents
●  Identify pending vocal engagem ents to determ ine how

quickly the restoration  of norm al voice is needed. This w ill af-
fect  the aggressiveness of therapy and establish  the need to
cancel pending engagem ents.

Laryngologic Emergencies
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7  Em ergency Airway Managem ent  and Tracheotomy
Adam S. Jacobson and Joseph J. Rousso

7.1  Int roduct ion
Airway control is the m ost crit ical component of em ergency pa-
tient  care  and  accordingly is  the  first  step  in  cardiopulm onary
resuscitation.  Em ergency  airway  m anagem ent  requires  quick
and  decisive  action, and  a  funct ional knowledge  of anatom ical
landm arks. There  are  several m ethods  of accessing  the  airway
in  both  the  em ergent  and  controlled  settings, including endo-
tracheal in tubation, cricothyrotomy, and tracheotomy.

7.2  Incidence of Disease
Several  pathologic  processes  result  in  the  need  for  airway
m anagem ent. The  m ost  com m on  reason  for  t racheotomy  and
tube  placem ent  is respiratory vent ilation  for  longer  than  1  to 2
weeks.

7.3  Term inology
The  term  a irway  generally  refers  to  the  route  of  air  passage
from  the  upper  aerodigestive  t ract  in to  the  t racheobronchial
tree.  The  airway  can  be  comprom ised  anyw here  along  th is
route. A keen  understanding of the  airway anatomy allow s the
practit ioner  to  have  a  clearer  picture  of in terventions and  pro-
cedures that can  be used to access the airway.

Tracheotomy is a  surgical opening m ade directly in to the  tra-
chea, below  the  cricoid  cartilage. Cr icothyrotomy is  a  surgical
opening  through  the  cricothyroid  m em brane,  w hich  lies  be-
tween  the thyroid  and cricoid cartilages.

7.4  Applied Anatom y
Inspired  air enters the nasal cavity, w here it  is warm ed and  hu-
m idified.  It  continues  through  the  nasopharynx,  oropharynx,
and  endolarynx  to  en ter  the  trachea  via  the  subglottis, below
the true vocal cords.

The  anterior  neck has palpable  landm arks that  assist  in  find-
ing an  entry poin t  for  a  surgical airway. The  sternal notch  and
cricoid  cartilage serve as excellent  indicators of the m idline, the
expected  location  of  the  norm al  trachea  in  its  longitudinal
course. The  thyroid  cartilage, often  referred  to  as  the  Adam ’s
apple, is  typically  a  prom inent  surface  landm ark  that  reliably
protects  the  structures  of  the  deeper  endolarynx.  Below  the
thyroid  cartilage  lies  the  cricoid  car t ilage. The  cricoid  cartilage
is the  m ost  importan t  landm ark in  tracheotomy because  it  lies
im m ediately above the superior tracheal rings.

In  the  em ergent  sett ing, in  w hich  exposure  is  not  ideal, pal-
pable  an terior  cervical  landm arks  are  the  m ost  valuable  tool
available  to  the  surgeon. When  the  neck  is  palpated, the  first
palpable  prom inence  above  the  sternal  notch  typically  repre-
sents the cricoid cart ilage. The second, m ore superior and larger
palpable  prom inence  represents  the  thyroid  car t ilage.  The
slight  indentation  or  valley  betw een  these  two  prom inences
represents  the  cricothyroid  m em brane,  the  en try  point  for
em ergent cricothyrotomy.

7.5  Disease Process
7.5.1  Et iology and Pathogenesis
Airway complications  can  arise  from  several  causes, including
traum a,  anaphylaxis,  cardiopulm onary  arrest ,  in fect ion,  toxic
exposure,  congenital,  neurologic  insult ,  hypovent ilation ,  and
m any others.

7.5.2  Natural History and Progression
In  the  hem odynam ically  unstable  patien t  w ith  acute  obstruc-
tion, the  airway  m ust  be  secured  im m ediately  because  anoxia
results in  death  w ith in  4  to 5 m inutes. In  the hem odynam ically
stable  patient  or  the  pat ient  w hose  airway  is  secured, further
evaluation  can  be  a orded.  Patien ts  w ho  are  endotracheally
in tubated are at  risk of several complications, including tracheal
and  laryngeal  stenosis;  the  risk  increases  w ith  prolonged
in tubation.

7.5.3  Potent ial Com plicat ions
Dam age  to  the  airway can  lead  to  dysphonia, str idor, di culty
breath ing, and poten tially death .

7.5.4  Disease Grading
Airway grading  system s  are  not  generally  used  for  the  assess-
m ent of surgical airways.

However, th inner  individuals w ith  a full range of neck exten-
sion  and  palpable  cricoid  and  thyroid  cartilages are  considered
favorable surgical candidates.

The  sim plest  and  m ost  com m on  m ethod  of endotracheal in-
tubation  assessm ent  is  the  Mallam pat i classification, w hich  in-
dicates  how  m uch  of the  posterior  pharynx  can  be  visualized
w ith  the  m outh  fully  opened. The  Mallam pati  system  divides
patients  in to  four  classes. Class  I indicates  full  visualization  of
the  pillars, fauces, soft  palate, and  uvula and  is considered  pre-
dict ive  of a  relatively  uncomplicated  in tubation. On  the  other
end  of the spectrum , class IV indicates visualization  of the hard
palate  only because  of a large tongue obscuring the view  and  is
predict ive of a di cult  endotracheal in tubation .

7.6  Medical Evaluat ion
7.6.1  Present ing Com plaints
The  presentat ion  of  a  patient  in  respiratory  distress  can  be
highly  variable. The  presentation  can  range  from  a  conscious
patient  w ho  complains of “throat  t ightness” to  an  unconscious
patient  w ho  is  unable  to  be  vent ilated. St ridor, drooling, rapid
breath ing, shallow  breathing, decreasing oxygen  saturation, ta-
chycardia, tongue swelling, dysphonia, globus sensation, and  fa-
cial fractures are  all signs of possible  or  pending loss of airway
and should be assessed w ith  urgency.

7.6  Medical Evaluat ion
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7.6.2  Acute Evaluat ion in the Uncon-
scious Pat ient
Initial  evaluation  in  the  unconscious  pat ien t  should  include  a
chin  lift  and  rapid  assessm ent  of breathing, w ith  care taken  not
to m anipulate the cervical spine in  a t raum a setting. After  it  has
been  established  that  the  airway is  comprom ised, fur ther  con-
siderations should  include the  m echanism  of injury, site  of ob-
struct ion, overall hem odynam ic stability, and  possible  im m edi-
ate  in tervent ions.  From  the  m om ent  the  patient  arrives  at  a
m edical setting, a  cardiac m onitor  w ith  a  functional pulse  oxi-
m eter and large-bore in travenous access m ust  be in  place.

7.6.3  Acute Evaluat ion in the Conscious
Pat ient
The  urgency of airway evaluation  should  not  be  ignored  in  the
conscious patient  as several factors can lead to im m ediate insta-
bility. After the in itial and secondary survey, the focused history
should  include  an  assessm ent  of  allergen  exposure,  m edica-
tions, tim ing and  onset  of sym ptom s, m echanism  of injury, as-
sociated  sym ptom s,  substance  use,  and  m edical  and  surgical
histories.

Stridor  is  a  very im portant  sym ptom  that  m ay be  elicited  by
the  pat ient  h istory and/or  a sign  that  m ay be found  on  physical
exam ination . The characteristics of the patient’s str idor can give
the  physician  a  prelim inary  im pression  as  to  the  level of ana-
tom ical  disturbance. Inspiratory  str idor  is  indicative  of a  dis-
turbance  at  the  level of the  larynx, w hereas  expiratory  str idor
suggests obstruction  m ore distally in  the tracheobronchial tree.
Biphasic stridor  is a  sym ptom  of a  glottic or  subglottic cause  of
respiratory distress.

7.6.4  Physical Exam inat ion
A com plete  physical exam ination  is invaluable  in  the  clin ician ’s
decision-m aking  process. Assessm ent  of the  neurologic status
should  include  a  Glasgow  Com a  Scale  score.  Exam ination  of
the  head  and  neck, w ith  com plete  evaluation  of the  eyes, ears,
nose, th roat,  and  face, is  necessary, w ith  particular  atten tion
given  to  traum atic  injury. Furtherm ore, a  dedicated  head  and
neck  exam ination  should  include  thorough  and  careful  neck
palpation  to  evaluate  for  m asses  that  could  be  causing airway
com pression .  A cardiac  and  pulm onary  exam ination  should
then  be  perform ed,  w ith  atten tion  to  respiratory  e ort  and
the  use  of  accessory  m uscles  of  respiration .  If  the  patien t  is
stable,  visualization  of  the  endolarynx  and  airway  via  fiber-
optic  endoscopy  is  appropriate  and  extrem ely  useful  w hen
available.

7.6.5  Laboratory Studies and Im aging
Im aging  studies, par ticularly  noncontrast  computed  tom ogra-
phy, present  the  physician  w ith  fur ther  inform ation  as  to  the
structural in tegrity of the  upper  aerodigestive  structures in  pa-
tien ts  w ho  are  su ciently stable  to  undergo  the  tests. Arterial
blood  gas  values  assist  in  identifying the  source  of respiratory
distress.

7.6.6  Di erent ial Diagnosis
Several pathologic processes can  present  sim ilarly to  acute  air-
way  dist ress.  Anxiety  disorder  can  m anifest  as  panic  attacks,
w hich  often  present  w ith  respiratory  distress. The  associated
hyperventilation  fur ther aggravates the patient’s sense of chok-
ing and im pending doom .

Paradoxical vocal fold  m ovem ent  is another pathologic en tity
that  in  severe cases can  m anifest  w ith  acute respiratory dist ress
and be m istaken for asthm a.

Acute  airway distress can  have  several causes. Any source  of
anatom ical disruption  or  obstruction  of the  airway can  lead  to
respiratory distress. Tum ors, m asses, traum atic injury, and  for-
eign  bodies  at  any level of the  pharynx, larynx, or  t rachea  can
lead  to  profound  respiratory  di culty. Direct  compression  of
the  airway  from  an  extratracheal  m ass, such  as  an  anaplastic
thyroid  carcinom a or  thyroid  goiter, can  have grave airway con-
sequences. True  vocal cord  im m obility, particularly w hen  bilat-
eral, can  lead to nearly complete airway obstruction.

7.7  Treatm ent
7.7.1  Endotracheal Intubat ion
Endotracheal  in tubation  is  the  first  step  of  achieving  airway
control in  the acute sett ing.

Rapid-sequence  in tubat ion  is  the  m ethod  of  choice  w hen
tim e  perm its. This  consists  of preoxygenat ion  w ith  100% oxy-
gen  via  a  non-rebreather  m ask  for  several m inutes. If ventila-
tion  is  necessary, bag  gently  w hile  cricoid  pressure  is  applied.
The adm inistration  of either m idazolam  0.2 m g/kg or etom idate
0.3 m g/kg  can  be  used  for  induct ion  in  the  hem odynam ically
stable  patient. A paralytic, such  as succinylcholine, can  then  be
adm inistered for easier access in to the oral airway and w ill take
e ect  w ithin  30  seconds.  Finally,  the  endotracheal  tube  is
placed  and  secured. If the  endotracheal tube  cannot  be  placed,
the  patient  should  be  vent ilated  w ith  a  bag  valve  m ask. If the
orotracheal  in tubation  is  unsuccessful,  other  options  m ust
quickly  be  considered. Nasotracheal in tubation  w ith  visualiza-
tion  via the use of a fiber-optic nasopharyngoscope is helpful in
obtaining a di cult  airway. However, nasotracheal in tubation  is
challenging and requires an  experienced practit ioner.

Com plicat ions  of endotracheal  in tubation  can  be  di erenti-
ated  in to  im m ediate  and  postprocedural. Im m ediate  complica-
tions include esophageal in tubation, m ain  bronchus in tubation ,
tooth  dam age,  m ucosal  tears,  laryngospasm ,  and  t raum atic
disarticulation  or  laceration  of endolaryngeal structures. Post-
in tubation  complications  include  subglottic  stenosis, pneum o-
thorax, vocal cord granulom a, vocal cord  paralysis, and  tracheal
edem a.

7.7.2  Surgical Treatm ent :
Cricothyrotomy
Cricothyrotomy is the procedure of choice for em ergency estab-
lishm ent  of an  airway  in  a  patien t  w ho  is  unable  to  be  in tu-
bated.  The  procedure  consists  of  identifying  the  cricothyroid
m em brane  as  a  slight  indentation  in  the  skin  inferior  to  the
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laryngeal  prom inence. The  m em brane  is  relatively  superficial
w ithout  any overlying large  vessels  or  fascial layers, allow ing
easy access. A ver t ical skin  incision  is  m ade  from  the  thyroid
cart ilage  to  below  the  cricoid  car t ilage  to  increase  exposure
and  m in im ize  hem orrhage  by avoid ing the  ver t ically coursing
an terior  jugular  veins.  Con t inuous  palpat ion  is  necessary  to
feel  the  location  of  the  cricothyroid  m em brane.  Once  the
m em brane  is found, a  stab w ound  is m ade  and  extended  hor-
izon tally, and  a  sm all endotracheal tube  or  t racheotom y tube
is  p laced.  � Fig. 7.1  dem onstrates  the  anatom ical  landm arks
for  cricothyrotomy.

The  m ajor  complication  associated  w ith  cricothyrotomy  is
the increased  rate  of subglottic stenosis that  occurs in  compari-
son  w ith  tracheotomy. Therefore, it  is recom m ended that  crico-
thyrotomy be converted  to form al elective t racheotomy as soon
as safely possible.

7.7.3  Surgical Treatm ent : Needle
Cricothyrotomy
A variation  of a form al cricothyrotomy perform ed  in  dire  em er-
gencies is the needle cricothyrotomy. A large-gauge needle w ith
a  cannula  is  inserted  in to  the  cricothyroid  m em brane  until air
can  be  aspirated  w ith  the  attached  syringe. The cannula is then
inser ted  in to  the  airway  and  attached  to  a  supply  of oxygen.
This  allow s  the  pat ient  to  be  oxygenated  for  a  short  tim e, but
the rem oval of carbon  dioxide is not  adequate  and  acidosis m ay
ensue rapidly.

7.7.4  Surgical Treatm ent : Tracheotomy
Tracheotomy is a  reliable  procedure  for  access in to the  trachea.
The  m odern  procedure  was described  by Dr. Chevalier  Jackson
in  1909. Tracheotomy can  be perform ed in  the em ergent sett ing
(“slash  trach”)  w hen  other  m ethods  of airway control  are  not
attainable.  However,  the  m ajority  of  t racheotom ies  are  per-
form ed electively under general anesthesia.

There  is  som e  discrepancy  as  to  the  preferred  skin  incision
for  an  elect ive  tracheotomy  (vert ical  vs  horizontal),  although
the  consensus  is  that  an  em ergent  tracheotomy  m ust  have  a
vertical incision. � Fig. 7.2  dem onstrates the  appropriate  surgi-
cal landm arks for  a t racheotomy. The incision  should  be  placed
below  the cricoid cartilage, w ith  anticipat ion of placing the tube
betw een the th ird and fourth  t racheal rings.

The incision  is taken  dow n below  the platysm a until the strap
m uscles  are  visualized. The  strap  m uscles  are  separated  at  the
m idline  raphe  and  retracted  to  reveal the  isthm us  of the  thy-
roid. At  th is  point, the  isthm us  can  be  retracted  superiorly  or
transected to expose the underlying trachea. A w indow  is m ade
in  the anterior  wall of the t rachea, w ith  care taken  not  to inser t
the blade deeply enough  to rupture the cu of the endotracheal
tube. A tracheal dilator  is  then  inserted  in to  the  lum en  of the
trachea and  the w indow  expanded. At  th is point, the anesthesi-
ologist  is asked  to deflate  the  cu and  slow ly pull back the  en-
dotracheal tube unt il it  lies im m ediately above the tracheotomy
site. It  is  im portan t  that  the  endotracheal  tube  rem ain  in  the
trachea  at  th is  point,  in  the  event  that  the  t racheotomy  tube
cannot  be  easily  positioned  through  the  w indow  and  in to  the
trachea;  should  th is  occur,  the  endotracheal  tube  can  be  ad-
vanced  below  the  t racheotomy site  and  the  patient  vent ilated
w hile  the  tracheotomy  exposure  is  im proved  to  allow  easier
placem ent  of the tracheotomy tube. A cu -tested  and  prepared
tracheotomy tube (� Fig. 7.3) is then  inserted  in to the lum en  of
the  trachea. Auscultation  of the  lungs and  end-t idal carbon  di-
oxide  detect ion  are  used  to confirm  placem ent  of the t racheot-
omy  tube  in to  the  t rachea. Furtherm ore, a  flexible  fiber-optic
endoscope can  be placed through  the t racheotomy tube to visu-
ally  confirm  placem ent.  The  endotracheal  tube  is  then  com -
pletely rem oved, and the tracheotomy tube is sutured in to place
and a tracheotomy t ie placed around it  for additional security.

In  the first  24 hours after  tracheotomy, the  patient  should  be
treated  w ith  the  sam e level of urgency as a  patien t  w ith  pend-
ing  respiratory  distress. Postoperatively, the  patient  should  be

Fig. 7.1  The  surgical landmarks for cricothyrotomy.

Fig. 7.2  The  surgical landmarks for tracheotomy.
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adm itted  to  an  observation  unit  w ith  continuous  cardiac  and
pulse oxim eter m onitoring and  placed  on  hum idified  oxygen  to
prevent  acute  tracheal  crust  form ation. The  tracheotomy  tube
obturator  should  be  kept  by the  bedside  in  an  obvious  but  se-
cure  place. Any  possible  concerns  that  arise  in  these  patients
should be addressed im m ediately because t racheotomy tube re-
placem ent  in  a  fresh  surgical airway is extrem ely di cult . Suc-
tioning  should  be  perform ed  frequently  but  only  to  the  distal
t ip  of the tube because excessive suct ion ing the tracheal lum en
can  cause  irr itation,  granulation,  and  stenosis  or  erosion.  If
acute  obstruction  of  the  t racheotomy  tube  occurs,  the  inner
cannula  should  be  rem oved  im m ediately and  cleaned  before  it
is replaced.

If the  tracheotomy tube  is  displaced  or  falls  out  of place, the
inner  cannula  should  be  rem oved  and  replaced  by the  obtura-
tor. The  t racheotomy tube  should  be  replaced  im m ediately  by
m anipulating it  through  the  stom a. If the  stom a has closed  and
the  original  tube  cannot  be  passed, a  sm aller  t racheotomy  or
endotracheal  tube  should  be  placed  through  the  stom a. This
can  be  facilitated  (especially  in  pat ien ts  expected  to  be  d i -
cu lt  to  rein tubate, such  as  those  w ith  severe  kyphosis  or  an
obese  neck) by the  placem ent  of stay su tures th rough  the  an-
terior  t rachea  at  the  t im e  of surgery that  are  taped  to  the  pa-
t ien t’s  neck;  these  stay  sutures  are  gen t ly  pulled  laterally  to
aid  in  open ing  the  t racheotom y  track.  If  these  m easures  do
not  allow  fast  access  in to  the  airw ay, the  pat ien t  should  be
ven t ilated  w ith  a  bag  m ask, and  orotracheal  in tubat ion  m ay
be  necessary. It  is  im por tan t  to  rem em ber  that  a  surgical air-
w ay  does  not  necessar ily  preclude  orotracheal  in tubat ion , if
it  becom es necessary.

As  a  rule  of  thum b, it  takes  about  7  days  for  a  safe, well-
form ed  t rack to  form  betw een  the  skin  and  the  tracheal open-
ing.  Therefore,  absolutely  no  unnecessary  m anipulation  of  a
tracheotomy tube  should  be  done  until th is t im e. Furtherm ore,

a  new  tracheotomy  tube  should  rem ain  secured  w ith  sutu res
as  well  as  a  tracheotomy tube  tie. At  postoperative  day  7, the
sutures can  be rem oved. There is discrepancy betw een  the t im -
ing  and  necessity  of the  first  t racheotomy  tube  change. Som e
practit ioners  w ill  routinely  change  the  tracheotomy  tube  at
postoperat ive  day 7  for  hygienic purposes, w hereas others feel
that  th is is unnecessary and  unsafe. If the  pat ient  originally re-
quired  a  cu ed  tracheotomy tube  for  ventilation  purposes, the
tracheotomy  tube  should  be  changed  to  an  uncu ed  one  as
soon  as  possible, as  long as  the  tract  is  well form ed. This  pre-
vents cu -related  tracheal ulceration, necrosis, and  granulation
tissue, w hich  m ay otherw ise  result. If the  pat ien t  is to have the
tracheotomy tube in  place for a long tim e, it  should  be replaced
every  1  to  3  m onths. The  peristom al  skin  should  be  cleansed
m eticulously  to  avoid  irr itation  and  breakdow n  from  tracheal
secretions.

Operative  complications  include  injury  to  the  esophagus,
recurrent  laryngeal  nerves,  and  great  vessels.  Furtherm ore,
pneum othorax,  anesthetic  complications,  and  perforation  of
the  posterior  tracheal  wall  can  rarely  occur  in traoperatively.
Postoperative complications include innom inate  ar tery erosion,
tracheoesophageal fistula, t racheal stenosis, infect ion, and  per-
sistent  stom a.  The  m ost  severe  complication  that  m ay  arise
from  the  placem ent  of  any  form  of  surgical  airway  is  death,
m ost  often  resulting  from  tube  displacem ent  or  hem orrhage.
Com plicat ions  in  em ergency  tracheotom ies  are  two  to  five
tim es m ore frequent than  w hen tracheotomy is done as an  elec-
tive procedure.

7.8  Prognosis
After  the  airway  has  been  secured,  the  pat ient’s  prognosis
depends  on  overall  hem odynam ic  stability  and  concom itant
m edical conditions.

Postoperative  care  of the  surgical airway is  vital to  avoiding
fur ther  airway complications. Frequent  suct ioning and  pulm o-
nary toilet  prevent crusting and secretion buildup in  the pat ient
w ith  a  fresh  t racheotomy. A patient  w ith  a  tracheotomy  tube
should  always  have  an  obturator  at  the  bedside  to  assist  in
tim ely replacem ent if the tracheotomy tube com es out of place.

7.9  Roundsm anship
●  The airway is the physician’s first  priority in  resuscitat ing a

patient.
●  Basic comprehension  of the airway anatomy and cervical

landm arks is vital to securing an  airway in  an  unstable
patient.

●  The urgency of airway evaluation  should  not be ignored in
the conscious pat ient as several factors can  lead to im m ediate
instability.

●  Endotracheal in tubation  is the first  step in  accessing an  air-
way in  the em ergent sett ing.

●  If there is an  im m ediate need for a surgical airway in  the
em ergency setting, cricothyrotomy should be perform ed.

●  Tracheotomy is a reliable procedure for airway access that  is
m ost  successful w hen perform ed elect ively in  a controlled
setting.

Fig. 7.3  A tracheotomy tube  with  the  components labeled.
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8  Head and Neck Anatomy
Ameet R. Kamat and Edward J. Shin

8.1  Face
8.1.1  Muscles of the Face
The  facial m uscles  are  subcutaneous, som e  in  a  plane  continu-
ous  w ith  the  superficial m uscular  aponeurotic system  (SMAS).
Their  unique  attachm ents w ith  the  skin , fascia, and  bone  allow
for  a  variety of facial expressions. The  m uscles of facial expres-
sion  are all derived from  the second pharyngeal arch and are in-
nervated by the seventh  cranial nerve (the facial nerve).

Muscles of the Forehead
The  anterior  belly  of the  occipitofrontalis  m uscle  is  know n  as
the  frontalis. It  arises  from  the  epicranial aponeurosis  posteri-
orly and  attaches to the skin  of the eyebrow s anteriorly w ithout
a  bony attachm ent. It  is responsible  for  elevating the  brow  and
producing  transverse  w rinkles.  The  cutaneous  attachm ent  of
the  procerus  m uscle  is  continuous  w ith  frontalis  and  arises
from  the  upper  nasal  dorsum . It  is  responsible  for  t ransverse
forehead  w rinkles  over  the  bridge  of the  nose. The  corrugator
supercilii m uscle arises from  the nasal bones and  orbital part  of
the  orbicularis  oculi and  connects  to  the  skin  of the  brow. It  is
responsible for oblique w rinkles of the bridge of the nose.

Muscles of the Mouth, Lips, and Cheeks
Several m uscles allow  the hum an  m outh  to exercise a myriad of
m ovem ents. The  sphincter  of the  m outh  is  the  orbicularis  oris
m uscle, w ith  fibers  that  encircle  the  m outh  and  lie  w ith in  the
lip. The  m uscle  is  responsible  for  m outh  narrow ing (as  during
w histling)  and  lip  t ighten ing  (as  during  speech  and  m astica-
tion). The buccinator  m uscle  works in  conjunct ion  w ith  the  or-
bicularis to hold the cheeks against the m olar teeth  during m as-
ticat ion  and w histling. It  arises from  the pterygom andibular  ra-
phe  posteriorly  and  extends  to  the  alveolar  processes  of  the
m axilla  and  m andible.  The  zygom aticus  m ajor  and  m inor
m uscles originate from  the zygom at ic arch, inser t  on  the skin  of
the  nasolabial fold, and  act  to  retract  the  upper  lip. The levator
labii  superioris  and  levator  labii  superioris  alaeque  nasi  are
m ore  m edial and  elevate  the  lip , as  well. The  depressor  anguli
oris originates from  the m andibular border lateral to the m ental
nerve  and  everts  the  lower  lip . The  platysm a  m uscle  is  broad
and  th in , lying in  a subcutaneous plane. It  arises inferiorly from
the deltoid  and pectoralis fascia to extend superiorly to the low -
er  border  of  the  m andible,  w here  it  is  cont inuous  w ith  the
SMAS. The  platysm a  tenses  the  skin , depresses  the  m andible,
and contributes to inferior  ret ract ion of the chin  and lower lip .

Muscles around the Orbit
The  orbicularis  oculi  is  responsible  for  closing  the  eye  gently
during blinking and  squin t ing, and  also  for  w rinkling the  fore-
head. Its fibers w rap  around the eye concentrically, attaching to
the  m edial orbital m argin  and  palpebral ligam ent. It  is  divided
into three parts: preseptal, pretarsal, and orbital.

8.1.2  Arteries of the  Face
The face is know n  for  its abundant  blood  supply w ith  extensive
anastom osis. The m ajor  ar terial supply is from  the facial artery,
the  fourth  branch  of the  external carotid  artery. After  branch-
ing, the  facial ar tery courses  deep  to the  subm andibular  gland,
then  along the  inferior  border  of the  m andible  in  a  superficial
plane just  deep to the platysm a until it  ascends over the m andi-
ble  an terior  to the  m asseter  m uscle  attachm ent. It  then  travels
superom edially,  crossing  the  m axilla  and  buccinator  m uscle
and finally ending at the m edial canthus in  an  anastom osis w ith
the  dorsal  nasal  branch  of the  ophthalm ic  ar tery. During  th is
ascent,  it  gives  o  the  superior  and  inferior  labial  arteries,
w hich  supply the lips and  nose. Distal to the  superior  labial ar-
tery, the facial artery is known as the angular artery (� Fig. 8.1).

The superficial tem poral, occipital, t ransverse facial, and  pos-
terior  auricular  arteries also supply lateral or  superior  portions
of the face, m ainly the scalp. They also originate from  the exter-
nal carotid  artery.

8.1.3  Veins of the Face
The  retrom andibular  vein  is form ed  by the  union  of the  super-
ficial temporal and  m axillary veins. It  runs  deep  and  posterior
to the  ram us of the  m andible, through  the  parotid  gland, deep
to the facial nerve. The an terior  retrom andibular  vein  and  facial
vein  join  to  becom e  the  com m on  facial vein , w ith  subsequent
drainage in to the in ternal jugular  vein . The posterior  retrom an-
dibular  vein  joins  w ith  the  posterior  auricular  vein  to  becom e
the  external  jugular  vein . The  facial  vein  com m unicates  w ith
the  superior  ophthalm ic  vein  near  the  m edial  can thus,  w ith
possible drainage in to the cavernous sinus.

8.1.4  Nerves of the  Face
Motor Innervat ion
All of the  m uscles of facial expression  are  innervated  by the fa-
cial nerve (cranial nerve VII). The facial nerve  exits the cran ium
through  the stylom astoid  foram en  betw een the m astoid t ip  and
styloid  process. Before  entering  the  parotid  gland, it  gives  o 
the  posterior  auricular  nerve, w hich  passes  posterosuperiorly
towards the  ear  to supply both  the  occipital belly of the  occipi-
tofrontalis m uscle and  the posterior auricular  m uscle. The facial
nerve then  enters the parotid gland  and  divides in to five term i-
nal branches at  the pes anserinus. The temporal branch  courses
superiorly over  the  zygom atic arch  to  supply  the  frontalis  and
orbicularis oculi m uscles. The zygom atic branch  further divides
into  several branches  that  supply the  inferior  orbicularis  oculi.
The  buccal branch  courses  anteriorly  to  supply  the  buccinator
m uscle  and  orbicularis  oris. The  m andibular  branch  leaves  the
parotid  at  its inferior  border, then  crosses the m andible deep  to
the  platysm a  w ith in  the  subm andibular  gland  fascia  to  inner-
vate the depressor anguli oris. The cervical branch  courses infe-
riorly to supply the platysm a m uscle. Other  than  the m uscles of
facial expression, the  facial nerve  is responsible  for  innervation
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of the  posterior  belly of the  digastr ic m uscle  and  of the  stylo-
hyoid and stapedius m uscles (� Fig. 8.2).

Sensory Innervat ion
The  t rigem inal nerve  (cranial nerve  V)  is  the  prim ary sensory
nerve of the face. Cranial nerve V has three branches after leav-
ing the  tr igem inal ganglion:  the  ophthalm ic nerve  (V1), m axil-
lary  nerve  (V2), and  m andibular  nerve  (V3). V1  and  V2  are  en-
tirely sensory, w hereas V3 contains m otor fibers for the m uscles
of m astication  and  sm aller  m uscles. The  ophthalm ic  nerve  is
the  sm allest  and  m ost  superior  of  the  three  divisions.  After
leaving the tr igem inal ganglion, it  enters the orbit  via the supe-
rior orbital fissure and divides in to three term inal branches: na-
sociliary nerve, frontal nerve, and  lacrim al nerve. These  nerves
supply the nose (via the external nasal nerve and  infratrochlear
nerve)  and  the  skin  of the  forehead  and  upper  eyelid  (via  the
lacrim al,  supratrochlear, and  supraorbital  nerves). The  m axil-
lary  nerve  is  the  in term ediate  division  of the  tr igem inal  gan-
glion  and  exits the  cranium  via the foram en  rotundum  to enter
the  pterygopalatine  fossa. It  gives  o  branches  to  the  pterygo-
palatine  ganglion  and  zygom atic nerve  before  passing in to  the
infraorbital foram en. Before  exiting the  foram en  as the  cutane-
ous infraorbital nerve, it  gives  o the  zygom aticotem poral and
zygom aticofacial  nerves. It  is  responsible  for  sensation  of the

skin  of the  temple, upper  cheek, lower  eyelid, upper  lip , m axil-
lary teeth , and  m ucosa  of the  m axillary sinus. The  m andibular
nerve  is the  m ost  inferior  and  largest  division  of the t rigem inal
ganglion  and  exits  the  cranium  via  the  foram en  ovale. Its  sen-
sory branches include the auriculotemporal, buccal, and inferior
alveolar  nerves, w hich  supply the lower port ion  of the face. The
auriculotemporal nerve  arises from  two roots that  pass around
the  m iddle  m eningeal artery, th rough  the  parotid  gland, to the
temporal region. It  conveys  secretom otor  fibers  to  the  parotid
and  sensation  to  the  auricle, external auditory canal, and  tem -
poral  skin . The  buccal  and  inferior  alveolar  nerves  supply  the
cheek, buccal gingiva, skin  of the  chin , lower lip, and  labial gin-
giva (� Fig. 8.3 and � Fig. 8.4).

8.2  Nasal Cavit y and Paranasal
Sinuses
8.2.1  Nasal Cavit y
The  nasal  cavity  is  entered  an teriorly  through  the  nares  and
posteriorly  from  the  nasopharynx  through  the  choanae.  The
roof of the  nasal cavity is narrow  anteriorly, w idens in term edi-
ately, and  narrows posteriorly. The  floor  of the  nose  is  form ed
by the  palatine bone and  m axilla. The m edial wall is form ed  by

Fig. 8.1  Arteries of the  face.
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the  bony  and  cartilaginous  nasal  septum .  The  lateral  wall  is
m ost  in tr icate, consisting  of three  bony  project ions, each  cov-
ered  in  respiratory  m ucosa. These  conchae, also  called  turbi-
nates, are  m ost  im portan t  for  the structures lateral and  inferior
to them . The  inferior  tu rbinate  is  a  separate  bone  and  plays an
im portant  role in  the nasal cycle, given  the abundance of vascu-
lar  sinusoids w ithin  its substance. The  nasolacrim al duct  opens
inferolateral to the inferior  turbinate in  the inferior m eatus. The
m iddle  turbinate  is  part  of the  ethm oid  bone  and  is  im portan t
as a landm ark in  endoscopic sinus surgery. Lateral to the m iddle
turbinate, the bulla ethm oidalis is found  bulging from  the later-
al wall. Inferior  to th is bulge rests an  opening know n  as the hia-
tus  sem ilunaris, w hich  leads  laterally  in to  the  ethm oid  infun-
dibulum . The frontal, m axillary, and  anterior  ethm oid  sinus air
cells also em pty in to th is space. The superior  turbinate contains
both  respiratory  epithelium  and  olfactory  m ucosa  along  its
upper  surface. Posterosuperior  to  the  superior  concha  lies  the
sphenoethm oidal  recess,  in to  w hich  drain  the  sphenoid  and
posterior ethm oid cells.

8.2.2  Paranasal Sinuses
The  paranasal  sinuses  are  air-filled  cont inuations  of the  nasal
cavity and  are  typically nam ed  for  the  bone  w ithin  w hich  they
exist . They  are  lined  by  ciliated  respiratory  epithelium , w hich
allow s them  to pass secretions in to a designated  ost ium  for  en-
trance  in to  the  nasal cavity. The  frontal sinus lies  betw een  the
anterior  and  posterior  tables  of  the  frontal  bone  and  is  not
present  at  bir th ;  it  is  usually detectable  only after  the  age  of 6
years.  Each  frontal  sinus  drains  in to  a  frontonasal  duct  that
em pties  in to  the  ethm oid  infundibulum . The  ethm oid  sinus  is
actually  m ade  up  of several sm aller  cells  that  pneum atize  the
ethm oid  bone  betw een  the  nasal  cavity  and  orbit . The  lateral
wall of the  ethm oid  cells  is  an  extrem ely th in  bone  know n  as
the lam ina papyracea. The ethm oid  sinus is divided  in to anteri-
or  and  posterior  ethm oid  air  cells by the  posterior  bony attach-
m ent  of  the  m iddle  turbinate  to  the  m edial  orbit ,  know n  as
the basal lam ella. The sphenoid  sinuses are  located  in  the  body
of the  sphenoid  bone  and  can  be  divided  unevenly  by  a  bony

Fig. 8.2  Facial nerve.
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septum .  The  sphenoid  is  bordered  posteriorly  by  the  sella
turcica  and  laterally  by  the  cavernous  sinus  (w ith  associated
nerves), optic chiasm , and  in ternal carotid  arteries. The  m axil-
lary sinuses are  the largest  sinuses. They are  located  w ith in  the
m axilla below  the orbit  and above the alveolus.

8.2.3  Arteries and Veins of the Nasal
Cavit y and Paranasal Sinuses
The arterial supply of the nasal cavity comprises four m ain  divi-
sions. First , the  sphenopalatine  artery  (branch  of the  in ternal

Fig. 8.3  Trigeminal nerve: first  and  second divisions.

Fig. 8.4  Trigeminal nerve: third  division.
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m axillary ar tery) enters the  nasal cavity on  the  lateral wall be-
hind  the  m iddle  turbinate  via  the  sphenopalatine  foram en.
Once  entering  the  nose, it  typically  divides  in to  two  branches
supplying the  posterior  and  lateral portions of the  nasal cavity
along  w ith  the  septum . The  anterior  and  posterior  ethm oidal
arteries are branches of the ophthalm ic artery from  the in ternal
carotid  system . They supply the  superior  and  lateral nasal wall
along  w ith  the  superior  concha  and  septum . The  greater  pala-
tine artery is a branch  of the in ternal m axillary artery that  sup -
plies the floor of the m axillary sinus. The superior labial branch
of the  facial artery supplies the  anterior  nasal cavity, including
both  lateral wall and  septum . Anteriorly along the  septum , the
vessels  anastom ose  to  form  the  Kiesselbach  plexus, the  m ost
com m on site for anterior epistaxis.

The venous drainage of the nose is through a rich  plexus deep
to the nasal m ucosa that  ultim ately drains in to the sphenopala-
tine, facial, and  ophthalm ic veins. These  vessels  are  im portan t
for both  therm oregulation  and hum idification.

8.2.4  Sensory Innervat ion
The anterosuperior  part  of the  nasal cavity is innervated  by the
anterior  and  posterior  ethm oidal  branches  of  the  nasociliary
nerve (V1). The posteroinferior  and  lateral part  is innervated  by
the  m axillary nerve  (V2). The  septum  is also  innervated  by the
m axillary nerve (V2) via the nasopalatine branch. The frontal si-
nuses are innervated by branches of the supraorbital nerve (V1).
The  ethm oid  and  sphenoid  sinuses  are  innervated  by anterior
and  posterior  ethm oidal branches of the  nasociliary nerve  (V1).
The  m axillary  sinuses  are  innervated  by  the  anterior, m iddle,
and  posterior  superior  alveolar  nerves, w hich  are  branches  of
the m axillary nerve (V2).

8.3  Salivary Glands
8.3.1  Parot id Gland
The  parotid  gland  lies betw een  the  ram us of the  m andible  and
the  temporal  bone  landm arks  of  the  external  auditory  canal
and  m astoid  tip . Anteriorly, it  is  found  superficial to  the  m ass-
eter  m uscle, and  posteriorly, it  rests  over  the  sternocleidom as-
toid  m uscle. Medially, the  parotid  gland  can  extend  as  deep  as
the  pharyngeal wall. It  is  incompletely  surrounded  by  parotid
gland  fascia,  a  con t inuation  of  the  superficial  or  invest ing
layer  of  deep  cervical  fascia.  The  parot id  duct ,  or  Stenson
duct , passes  over  the  m asseter  m uscle, runs  in  close  proxim -
it y to  the  buccal branch  of the  facial nerve, p ierces  the  bucci-
nator  m uscle, and  em pties  in to  the  oral  cavity  opposite  the
second  m axillary m olar. With in  the  parot id  gland  are  several
im portan t  st ructures. The  facial nerve  divides  the  parot id  in -
to  superficial  and  deep  lobes. The  external carot id  ar tery  di-
vides in to its term inal branches—the  superficial tem poral and
in ternal m axillary ar teries—w ith in  the  parot id  gland . The  ret-
rom andibular  vein  is  form ed  from  the  un ion  of the  superfi-
cial tem poral and  m axillary  veins  w ith in  the  gland. It  t ravels
deep  to the  facial nerve  before  d ividing in to an terior  and  pos-
terior  branches.

8.3.2  Subm andibular Gland
The  subm andibular  gland  lies w ith in  the  subm andibular  tr ian-
gle  of the  neck, below  the  mylohyoid  m uscle  and  superior  to
the  anterior  and  posterior  digastr ic m uscle. It  is covered  by the
investing layer  of deep  cervical fascia, w hich  also  contains  the
m arginal m andibular  branch  of the  facial  nerve. The  subm an-
dibular duct , or  Whar ton  duct , w hich  arises from  the portion  of
the  gland  that  lies  betw een  the  mylohyoid  and  hyoglossus
m uscles, t ravels anteriorly to open  lateral to the frenulum  in  the
anterior  portion  of the  floor  of the  m outh  behind  the  incisors.
As it  travels in  a  lateral to m edial direct ion, the lingual nerve  is
found  to loop  under  the  duct . The  ar terial supply for  the  gland
is the subm ental artery.

8.3.3  Sublingual and Minor Salivary
Glands
The  sublingual glands  are  located  w ith in  the  subm ucosal layer
of the floor of the m outh  between  the m andible  and  the genio-
glossus m uscle. There are num erous sm all sublingual ducts that
open  in  the floor of m outh. The ar terial supply of the sublingual
glands  com es from  the  sublingual and  subm ental arteries. Mi-
nor  salivary glands  lie  w ithin  the  subm ucosal layer  of the  oral
cavity, oropharynx, nasopharynx, and hypopharynx.

8.3.4  Parasym pathet ic Innervat ion
Parot id Gland
The preganglionic fibers begin  in  the m edulla at  the inferior sal-
ivatory  nucleus. They  t ravel along  the  glossopharyngeal nerve
into the tym panic plexus (Jacobson  nerve), then  course through
the  lesser  superficial petrosal nerve  through  the  foram en  ovale
to synapse on  the otic ganglion. From  here, postganglionic para-
sym pathetic  fibers  t ravel  along  the  auriculotem poral  nerve
(branch  of V3) to reach the parotid gland.

Subm andibular and Sublingual Glands
The  preganglionic fibers begin  in  the  pons at  the  superior  sali-
vatory nucleus. They travel along the  facial nerve, then  course
w ith  the chorda tym pani nerve to join  the lingual nerve. The fi-
bers  synapse  on  the  subm andibular  ganglion , located  near  the
subm andibular  gland.  From  here,  postganglionic  parasym pa-
thetic fibers  t ravel to  the  subm andibular  gland  directly and  to
the sublingual gland via branches of the lingual nerve.

8.4  Thyroid Gland
The  thyroid  gland  is  located  deep  to  the  sternohyoid  and  ster-
nothyroid,  anterior  and  lateral  to  the  trachea,  approxim ately
m idway  betw een  the  sternal  notch  and  thyroid  cart ilage.  It
consists  of two  lobes, w hich  m eet  over  the  trachea  to  form  an
isthm us, usually over  the  second  and  th ird  tracheal rings. The
thyroid  is surrounded  by its  ow n  fibrous capsule, w hich  is  just
deep  to  the  visceral layer  of the  pretracheal layer  of the  deep
cervical  fascia.  In  approxim ately  half  of  individuals,  a  sm all
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am ount  of thyroid  t issue, know n  as  a  pyram idal lobe, extends
superiorly from  the  isthm us or either lobe. The thyroid  gland  is
supplied  by the superior and  inferior  thyroid  arteries, and occa-
sionally  by  a  thyroid  im a  artery. Venous  drainage  is  typically
from  the  superior, m iddle, and  inferior  thyroid  veins. The  im -
portant  structures  that  lie  im m ediately  around  the  thyroid
gland  include the four  parathyroid  glands;  these lie  deep  to the
thyroid  lobes and  the  paired  recurrent  laryngeal nerves, w hich
course  in  the  tracheoesophageal  groove  to  reach  the  larynx
(� Fig. 8.5).

8.5  Parathyroid Glands
The  parathyroid  glands usually lie  external to  the  thyroid  cap-
sule  on  the  m edial half of the  posterior  surface of the  each  thy-
roid  lobe. The  superior  parathyroid  glands, w hich  have  a  m ore
reliable position, can  usually be found at  the level of the inferior
border  of the  cricoid  car t ilage, approxim ately 1 cm  superior  to
the  en trance  of  the  inferior  thyroid  ar tery  in to  the  thyroid
gland. The  inferior  parathyroid  glands, w hich  are  m ore  unpre-
dictable, are  usually near  the  inferior  pole  of the  thyroid  lobe,
approxim ately 1 cm  inferior  to the  entrance  of the  inferior  thy-
roid  ar tery in to the  thyroid  gland. Most  people  have four  para-
thyroid glands; however, approxim ately 5% have m ore than  four
glands. In  addition , the  position  of each  parathyroid  gland  can
be  quite  variable. The  superior  parathyroid  glands  arise  from
the fourth  branchial pouch  and  descend w ith  the thyroid gland,
so  they  m ay  be  directly  em bedded  w ithin  the  thyroid  gland.
They can  also be located  in  a  retroesophageal, retropharyngeal,
or  retrolaryngeal position. The inferior  parathyroid  glands arise
from  the th ird  branchial pouch  w ith  the thym us, so they can  be
located  in  the  anterior  m ediastinum  or  w ith in  the  thyroid. The
parathyroid  glands  are  supplied  prim arily  by  the  inferior  thy-
roid  artery.  The  venous  drainage  is  through  the  parathyroid
veins, w hich  em pty in to the thyroid venous plexus.

8.6  Oral Cavit y
The oral cavity begins anteriorly at  the lips and  extends poster-
osuperiorly  to  the  junct ion  of the  hard  palate  and  soft  palate,
and  posteroinferiorly  to  the  circumvallate  papillae  of  the
tongue. The mylohyoid m uscle form s the floor, and the buccina-
tor  m uscles border  the  oral cavity laterally. The  oral cavity can
be  broken  dow n  into  several  subsites, w hich  include  the  lips,
buccal m ucosa, alveolar  ridge, retrom olar  tr igone, hard  palate,
oral tongue, and floor of the m outh.

8.6.1  Oral Tongue
The  anterior  two-th irds of the  tongue  develop  separately from
the  posterior  one-th ird. Whereas  the  an terior  two-thirds  are
covered w ith  foliate, filiform , and  fungiform  papillae, the poste-
rior one-th ird is m ostly lym phoid t issue.

Muscles of the  Oral Tongue
The  tongue  itself  is  actually  a  m ass  of  m uscles  covered  by
m ucous  m em brane. The  m uscles  of  the  tongue  do  not  act  in

isolation ;  rather,  a  collaboration  of  m any  m uscles  gives  the
tongue  its  unique  versatility. The  m usculature  can  be  divided
in to  in trinsic  and  extrinsic  m uscles.  In  general,  the  extrinsic
m uscles, such  as the genioglossus, hyoglossus, styloglossus, and
palatoglossus m uscles, alter  the  position  of the  tongue. The  in-
tr insic m uscles, including the superior and inferior longitudinal,
transverse, and  vert ical m uscles, alter  the  shape  of the  tongue.
The  genioglossus  contributes  m ost  of  the  bulk  of  the  tongue
and  is  responsible  for  protrusion, depression, and  deviation  of
the tongue. The  hyoglossus, act ing w ith  its  at tachm ent  to  the
hyoid  bone, is  responsible  for  depression  and  retract ion . The
styloglossus, act ing  w ith  its  at tachm ent  to  the  styloid  proc-
ess, ret racts  and  elevates  the  tongue. In  conjunct ion  w ith  the
gen ioglossus  m uscle,  the  styloglossus  allow s  curling  of  the
tongue  sides  to  create  a  trough  during  sw allow ing. The  pala-
toglossus  arises  from  the  palat ine  aponeurosis  and  acts  m ore
to  depress  the  palate  than  to  elevate  the  posterior  tongue
during swallow ing.

Vasculature  of the Oral Tongue
The  arterial  supply  to  the  oral  tongue  com es  m ainly  via
branches of the  lingual artery from  the  external carotid  artery.
The m ain  branches include the dorsal lingual, deep  lingual, and
sublingual  arteries.  The  lingual  artery  is  unique  in  that  it
courses m edial to the hyoglossus m uscle rather  than  lateral like
m ost  of the  other  vessels  and  nerves. The  venous  drainage  is
m ainly through the dorsal and deep lingual veins.

Innervat ion of the Tongue
Sensory innervation  of the tongue is divided in to general sensa-
tion  and  special sensation  or  taste. General sensation  of the an-
terior  two-thirds of the tongue is provided  by the lingual nerve,
a  branch  of the  m andibular  nerve  (V3). The  posterior  one-third
and circumvallate  papillae are supplied  by the lingual branch  of
the  glossopharyngeal  nerve. For  special  sensation  (taste),  the
anterior  two-thirds is supplied  by the  chorda  tym pani nerve, a
branch  of the facial nerve. The posterior  one-third  of taste  sen-
sation  is  supplied  by  the  glossopharyngeal  nerve.  All  the
m uscles  of the  tongue  except  the  palatoglossus  m uscle  derive
their  m otor  innervation  via  the  hypoglossal  nerve  or  cranial
nerve XII.

8.6.2  Floor of the Mouth
The  floor  of  m outh  is  form ed  prim arily  from  the  mylohyoid
and  geniohyoid  m uscles. The  m ylohyoid  extends from  the  an-
terior  port ion  of  the  hyoid  bone  to  the  inner  surface  of  the
m andible. Its  contraction  elevates  the  hyoid  bone, floor  of the
m outh , and  tongue  during swallow ing and  speaking. The  sub-
lingual  gland  and  a  por tion  of  the  subm andibular  gland  lie
above  the  mylohyoid  m uscle. The lingual nerve  en ters the  oral
cavity  m edial  to  the  th ird  m andibular  m olar.  It  in it ially  lies
superior  and  lateral  to  the  subm andibular  duct  but  subse-
quently  dives  inferior  then  m edial to  the  duct . The  hypoglos-
sal  nerve  en ters  the  oral  cavity  lateral  to  the  hyoglossus
m uscle  then  superior  to  the  mylohyoid  m uscle  below  the
subm andibular  duct .

8.6  Oral Cavity
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Fig. 8.5  Posterior aspect  of the  visceral compartment  of the  neck.
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Innervat ion of Floor of the Mouth and Rest  of
Oral Cavit y
The lingual nerve  (V3) supplies sensation  to the floor  of m outh,
lingual aspect  of the lower alveolar  ridge, and  m ucosa of the lip .
The  buccal nerve  (V3) supplies  sensation  to  the  buccal m ucosa
and  buccal m argin  of the  upper  and  lower  alveolar  ridges. The
infraorbital nerve (V2) carries sensation  for  the upper lip  m uco-
sa and the m ost  anterior part  of the upper oral cavity. The m en-
tal nerve (V3) supplies the m ucosa of the lower lip  and the m ost
anterior  port ions  of  the  lower  oral  cavity.  Motor  innervation
to the floor of the m outh  m uscles (mylohyoid and anterior belly
of  the  digastric)  is  by  the  m andibular  nerve  (V3).  The  genio-
hyoid  is innervated  by the cervical roots from  C1 carr ied  by the
hypoglossal nerve.

8.7  Pharynx
The pharynx lies posterior  to and  com m unicates w ith  the nasal
cavity, oral cavity, and  larynx. It  extends from  the  skull base  to
the inferior  border of the cricoid  cart ilage anteriorly and  the in-
ferior  border  of  the  C6  vertebra  posteriorly.  Posteriorly,  the
pharynx  is  bordered  by the  buccopharyngeal fascia  and  retro-
pharyngeal  space. This  fascia  and  space  allow  the  pharynx  to
m ove along the ver tebral colum n. The buccopharyngeal fascia is
continuous w ith  the pretracheal layer of deep  cervical fascia in-
feriorly. The  pharynx is m ade up  of m ucosa (either  ciliated  col-
um nar or stratified  squam ous) and pharyngeal m uscles.

8.7.1  Muscles of the Pharynx
The  m uscles  of  the  pharynx  consist  of  an  inner  longitudinal
layer  and  an  outer  circular  layer.  The  inner  m uscular  layer
m ainly consists of the  palatopharyngeus, stylopharyngeus, and
salpingopharyngeus m uscles. These  m uscles are  responsible for
elevation  of the  larynx  and  shortening  of the  pharynx  during
swallow ing  and  speaking. The  outer  circular  layer  consists  of
the three pharyngeal constrictor  m uscles: superior, m iddle, and
inferior.  The  m uscles  are  bordered  in ternally  by  the  strong
pharyngobasilar  fascia  and  externally  by  the  th in  buccophar-
yngeal fascia. The  pharyngeal constrictor  m uscles  contract  in-
voluntarily and  in  a  sequential fash ion  to  propel food  in to  the
esophagus. The  superior  constrictor  originates  from  the  ptery-
goid  ham ulus  and  pterygom andibular  raphe. The  m iddle  con-
str ictor originates from  the stylohyoid ligam ent and hyoid bone.
The  inferior  constrictor  originates from  the  thyroid  and  cricoid
cartilages. Posteriorly, the  pharyngeal  m uscles  inser t  in to  the
m edian  raphe  of  the  pharynx.  The  m uscles  overlap  so  that
the  inferior  fibers  of one  m uscle  are  inside  the  superior  fibers
of the  next  (� Fig. 8.5). This  allow s food  to  be  propelled  m ore

e ciently. The  structures that  m ust  pass betw een  the  pharyn-
geal constrictors to reach the pharynx are detailed in � Table 8.1
and � Fig. 8.6.

8.7.2  Innervat ion of the Pharynx
The nerve  supply to the  pharynx, m otor  and  m ost  sensory, de-
rives  from  the  pharyngeal  plexus.  The  pharyngeal  plexus  is
m ade  up  of branches of the  glossopharyngeal nerve  (IX), vagus
nerve (X), m axillary nerve (V2), and postganglionic sym pathetic
fibers from  the sym pathetic trunk. Motor fibers from  the cranial
root  of the  accessory nerve  are  carried  by the  vagus  nerve  via
pharyngeal branches  to  supply all the  pharyngeal m uscles  ex-
cept  the  stylopharyngeus  (IX)  and  tensor  veli  palatin i  (V3).
Sensory innervation  of the upper part  of the nasopharynx is de-
rived  from  the  m axillary nerve  (V2). Sensory innervation  of the
rest  of the  nasopharynx, oropharynx, and  hypopharynx  is  de-
rived  from  the  glossopharyngeal nerve. The piriform  sinus sen-
sory innervaton  is  prim arily from  the  vagus nerve  through  the
in ternal branch  of the superior laryngeal nerve.

8.7.3  Nasopharynx
The nasopharynx is the posterior extension  of the nasal cavities
through  the choanae to the level of the soft  palate. The roof and
posterior  wall of the nasopharynx lie inferior  to the body of the
sphenoid  bone. The  lateral wall of the  nasopharynx  is  m arked
by the torus tubarius, a bulge created by the cartilage of the eu-
stachian  tube. Extending inferiorly  from  the  m edial end  of the
eustachian  tube  is  a  ver tical fold  of m ucous m em brane  know n
as  the  salpingopharyngeal fold. Posterior  to  the  torus  tubarius
and  the  salpingopharyngeal  fold  is  a  slit like  lateral  project ion
know n  as the  pharyngeal recess or  fossa of Rosenm uller. Poste-
riorly and superiorly lie the adenoids, part  of the Waldeyer ring.

8.7.4  Oropharynx
The oropharynx is bounded  by the soft  palate  superiorly and  the
superior  border  of  the  epiglottis  inferiorly. Anteriorly, the  oro-
pharynx extends to the sulcus terminalis and  includes the poste-
rior  one-third  of  the  tongue.  The  posterior  one-third  of  the
tongue  is continuous with  the  epiglottis via the  vallecula  formed
by  the  three  glossoepiglottic  folds. The  lateral walls  of the  oro-
pharynx  are  marked  by  the  palatine  tonsils,  which  reside  be-
tween  the  tonsillar  pillars, palatoglossus, and  palatopharyngeus
muscles. The blood  supply to the tonsil is via branches of the lin-
gual, facial, ascending pharyngeal, and internal maxillary arteries.
The soft  palate  is composed  of muscle that  allows depression, el-
evation, and  contraction  during  swallowing and  phonation. The

Table 8.1  Structures that  pass into the pharynx between the pharyngeal constrictors

Gaps between  pharyngeal constrictors  Structures that  pass to  the  pharynx

Skull base  to  superior constrictor  Levator palatini muscle, eustachian tube, ascending  pharyngeal artery

Superior to  middle  constrictor  Stylopharyngeus muscle, stylohyoid  ligament, glossopharyngeal nerve

Middle  to inferior constrictor  Superior laryngeal branch of superior thyroid  artery, internal branch of superior laryngeal nerve

Below inferior constrictor  Inferior laryngeal branch  of inferior thyroid  artery, recurrent  laryngeal nerve
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tensor  veli palatini arises  from  the  scaphoid  fossa  of the  medial
pterygoid  plate  and  descends in  the  nasopharynx and  nasal cav-
ity  to  attach  to  the  palatine  aponeurosis.  It  is  responsible  for
tensing the  soft  palate  and  opening the  eustachian  tube. The  le-
vator  veli palatani muscle  arises from  the  petrous portion  of the
temporal bone and passes between  the superior and  middle con-
strictors to attach  to the  palatine aponeurosis. It  functions to ele-
vate  the  soft  palate  during swallowing. The palatoglossus muscle
arises from  the palatine aponeurosis and  extends inferiorly to at-
tach  to  the  side  of the  tongue. It  is  responsible  for  elevating the
posterior  part  of the  tongue  and  depressing the  soft  palate. The
palatopharyngeus  muscle  arises  from  the  palatine  aponeurosis
and  hard  palate  and  attaches  to  the  longitudinal layer  of lateral
pharyngeal  wall. It  functions  to  tense  the  soft  palate  and  pulls
the  pharyngeal  wall  superiorly, anteriorly, and  medially  during
swallowing. The  musculus uvulae  arises from  the  posterior  nasal

spine  and  palatine  aponeurosis. It  functions  to  shorten  and  ele-
vate the uvula. The blood  supply to the soft  palate is mainly from
the  ascending palatine  branches of the  facial artery and  palatine
branches of the internal maxillary artery.

8.7.5  Hypopharynx
The  hypopharynx is  a  continuation  of the  oropharynx and  lies
posterior  and  lateral to the larynx. It  extends from  the  superior
border of the epiglottis and pharyngoepiglottic folds to the infe-
rior border of the cricoid cartilage. Its posterior and lateral walls
are  form ed  by the  m iddle  and  inferior  pharyngeal constr ictors.
The  piriform  sinus  is  a  sm all  pyram id-shaped  depression  on
either  side  of the  larynx, separated  by  the  aryepiglottic  folds.
Laterally, the  piriform  sinus  is  bordered  by the  m edial surface
of the thyroid  cartilage and thyrohyoid m em brane.

Fig. 8.6  Muscles of the  pharynx.
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8.8  Larynx
The larynx lies in  the  anterior  neck at  the level of the bodies of
the  C3  to  C6  vertebrae. It  extends  in ternally from  the  superior
border of the epiglottis to the  inferior  border of the  cricoid  car-
tilage. It  is cont inuous w ith  the trachea below  the  cricoid  car t i-
lage and w ith  the hypopharynx through  the laryngeal in let . The
supraglott is  extends  from  the  epiglottis  to  the  apex  of  the
laryngeal  ventr icle  betw een  the  two  infoldings  of  m ucous
m em brane, the false  (vestibular) and  true  vocal folds. The  glot-
tis extends from  the apex of the laryngeal ventricle to 1 cm  infe-
riorly. The  space  betw een  the  t rue  vocal folds  is  know n  as  the
rim a glottid is. Each  wedge-shaped vocal fold  is m ade up  of squ-
am ous  epithelium , superficial  lam ina  propria, vocal  ligam ent,
and  vocalis  m uscle. The  subglott is  begins  1 cm  below  the  lar-
yngeal vent ricle  and  extends  to  the  inferior  border  of the  cri-
coid  car tilage. Phonat ion  and  airway  protect ion  are  m ediated
through  a variety of m uscles tethered to laryngeal cart ilages.

8.8.1  Laryngeal Cart ilages
The laryngeal skeleton  consists of n ine cartilages joined  by liga-
m ents and m em branes. The thryoid, cricoid and epiglottic carti-
lages  are  singular  w hile  the  arytenoid, corn iculate, and  cunei-
form  cartilages  are  duplicated  bilaterally. The  thyroid  cartilage
is the  largest  of these  and  is  m ade  up  of two lam inae  that  join
in  the  m idline  to  form  the  laryngeal prom inence. The  superior
border of the thyroid cartilage attaches to the hyoid bone by the
thyrohyoid  m em brane. It  attaches inferiorly to the cricoid  cart i-
lage  by the  cricothyroid  m em brane  and  cricothyroid  joint. The
cricoid  cart ilage  is  a  complete  ring of cartilage  that  lies  below
the thyroid  cart ilage. It  is m ade up of a tall posterior lam ina and
a  shorter  an terior  arch.  The  arytenoid  cartilages  are  pairs  of
three-sided  pyram ids that  articulate  w ith  the  posterior  lam ina
of the  cricoid  cartilage. Each  car tilage  has  an  apex  superiorly
that  articulates  w ith  the  corniculate  and  cuneiform  cartilages,
an  anterior  vocal process that  form s the posterior m argin  of the
vocal fold, and  a  lateral m uscular  process  w here  the  posterior
and lateral cricoarytenoid m uscles attach.

8.8.2  Muscles of the Larynx
The  m uscles of the  larynx can  be  divided  in to extrinsic and  in-
tr insic  m uscles. The  extrinsic  m uscles  include  the  suprahyoid

and  infrahyoid  m uscles.  The  suprahyoid  m uscles  include  the
mylohyoid, stylohyoid, geniohyoid, and  digastr ic m uscles. They
act  together  to elevate  the hyoid  and  larynx during swallow ing
and  phonation. The  infrahyoid  m uscles  include  the  om ohyoid,
sternohyoid, sternothyroid, and  thyrohyoid  m uscles. They  act
together  to  depress  the  hyoid  and  larynx. The  in trinsic laryng-
eal m usculature is detailed  in � Table 8.2.

8.8.3  Vasculature of the Larynx
The  superior  thyroid  artery  w ith  its  superior  laryngeal branch
supplies  the  superior  part  of  the  larynx  and  cricothyroid
m uscle. The  inferior  thyroid  ar tery  w ith  its  in ferior  laryngeal
branch  supplies the  inferior  part  of the  larynx. Laryngeal veins
accom pany the  arteries to  drain  to  the  in ternal jugular  vein  or
left  brachiocephalic vein  (� Fig. 8.7).

8.8.4  Innervat ion of the Larynx
Sensory innervation  for  the  larynx above the  vocal folds is car-
ried  by  the  in ternal branch  of the  superior  laryngeal nerve  of
the vagus nerve. The sensory innervation  below  the level of the
vocal folds is carried  by the recurren t  laryngeal nerve of the va-
gus nerve. Motor  innervation  for  all in tr insic laryngeal m uscu-
lature  except  the  cricothyroid  m uscle  is  by  the  recurrent  lar-
yngeal nerve  of the  vagus nerve. The  cricothyroid  m uscle  is in-
nervated by the external branch  of the superior laryngeal nerve
of the vagus nerve.

8.9  Neck
The neck extends from  the  inferior  border  of the  m andible  and
skull  base  to  the  clavicles  inferiorly. It  is  divided  in to  an terior
and  posterior  t riangles by the  sternocleidom astoid  m uscle  and
in to  sm aller  tr iangles  by  the  om ohyoid  and  digastr ic  m uscles.
The  an terior  tr iangle  is  bordered  by the  anterior  border  of the
sternocleidom astoid  m uscle laterally, the  inferior  m argin  of the
m andible  superiorly, and  the  clavicle  inferiorly. The  posterior
tr iangle  is  bordered  by the  posterior  m argin  of the  sternoclei-
dom astoid  m uscle  m edially, the  anterior  m argin  of the  trape-
zius m uscle  laterally, the  skull base  superiorly, and  the  clavicle
laterally  (m iddle  one-third). The  anterior  and  posterior  t rian-
gles can  be subdivided in to sm aller  tr iangles (� Table 8.3).

Table 8.2  Intrinsic laryngeal muscles

Muscle  At tachments  Funct ions

Posterior cricoarytenoid  muscle  Muscular process of the  arytenoid, posterior
surface  of cricoid  lamina

Sole  vocal fold  abductor

Lateral cricoarytenoid  muscle  Muscular process of the  arytenoid, cricoid  arch
(anterior)

Adducts vocal folds

Thyroarytenoid  muscle  Muscular process of the  arytenoid, posterior
surface  of thyroid  cartilage

Decreases length  and  tension of vocal folds

Vocalis muscle  (part  of thyroarytenoid)  Vocal process of the  arytenoids, vocal ligaments  Fine  control of vocal fold  tension

Interarytenoid  muscle  Between the  bodies of the  two arytenoids  Adducts vocal folds

Cricothyroid  muscle  Inferior margin  and  inferior horn  of thyroid
cartilage, anterior part  of cricoid  cartilage

Stretches and  tenses vocal folds
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8.9.1  Fascia of the Neck (� Fig. 8.8 and
� Fig. 8.9)
Superficial Cervical Fascia
The superficial cervical fascia is a th in  layer of connective t issue
that  separates the  derm is  from  the  investing layer  of the  deep
cervical  fascia. With in  th is  layer  run  cutaneous  blood  vessels
and  nerves surrounded  by subcutaneous fat . Anterolaterally, it
envelopes the platysm a m uscle.

Deep Cervical Fascia
The  deep  cervical  fascia  consists  of three  fascial  layers:  inves-
ting,  pretracheal,  and  prevertebral.  All  three  layers  com e  to-
gether  to  form  the  carotid  sheath  around  the  com m on  carotid
arteries, in ternal jugular  vein , and vagus nerve.

Invest ing (Superficial) Layer of Deep Cervical
Fascia
The investing fascia lies below  the superficial cervical fascia and
surrounds the en tire  neck. It  splits to form  deep  and  superficial
layers to invest  the trapezius, sternocleidom astoid, subm andib-
ular  glands, and  parotid  glands. Superiorly, the  investing layer
attaches to the superior nuchal line, m astoid process, zygom at ic
arches, m andible, hyoid  bone, and  spinous processes of the ver-
tebrae. Inferiorly, it  attaches to the  m anubrium  of the  sternum ,
the clavicles, and the spines of the scapulae.

Pretracheal Layer of Deep Cervical Fascia
The  pretracheal  layer  is  in  the  anterior  part  of  the  neck  and
is  further  divided  in to  a  visceral  layer  and  a  m uscular  layer.
The  visceral  layer  encloses  the  thyroid  gland,  t rachea,  and

Fig. 8.7  Anterior aspect  of the  visceral compartment  of the  neck.
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Table 8.3  Neck triangles

Triangle  Borders  Contents

Posterior  t riangle

Occipital  Trapezius, posterior border of sternocleidomastoid, inferior
belly of omohyoid  muscle

External jugular vein, posterior branches of cervical plexus,
accessory nerve, trunks of brachial plexus, transverse
cervical artery, occipital artery, lymph nodes

Supraclavicular  Inferior belly of omohyoid  muscle, posterior border of
sternocleidomastoid, clavicle

Third part of subclavian artery, suprascapular artery, lymph
nodes

Anterior  t riangle

Submental  Midline, anterior belly of digastric muscle, hyoid  bone  Small veins en route  to anterior jugular vein, lymph nodes

Submandibular or digastric  Mandible, anterior and posterior bellies of digastric muscle  Submandibular gland, hypoglossal nerve, mylohyoid nerve,
facial artery (deep  to submandibular gland) and  vein
(superficial to  submandibular gland)

Carotid  Anterior border of sternocleidomastoid, posterior belly of
digastric muscle, superior belly of omohyoid  muscle

Carotid  sheath  (common carotid  artery, internal jugular
vein, vagus nerve), external carotid  artery and  branches,
hypoglossal nerve, superior ansa cervicalis, accessory
nerve, thyroid, larynx, pharynx, lymph nodes

Muscular  Superior belly of omohyoid  muscle, anterior border of
sternocleidomastoid, midline

Sternohyoid, sternothyroid, thyroid and parathyroid glands

Fig. 8.8  Sagit tal view of neck fascial compartments.

8.9  Neck

37



esophagus. It  is  continuous w ith  the  buccopharyngeal fascia  of
the  pharynx.  The  m uscular  layer  encloses  the  infrahyoid
m uscles  and  form s  the  tendons  that  divide  the  an terior  and
posterior  bellies  of the  digastric  and  the  inferior  and  superior
bellies of the om ohyoid.

Prevertebral Layer of Deep Cervical Fascia
The  prevertebral  layer  envelopes  the  vertebral  colum n  and
paraspinal m usculature. It  extends from  the skull base to the T3
vertebra.

8.9.2  Muscles of the Neck
The  superficial m uscles of the  neck include  the  platysm a, ster-
nocleidom astoid, and  t rapezius  m uscles. The  platysm a  lies  in
the  subcutaneous  tissue  to  cover  the  anterolateral  portion  of
the neck. Its fibers originate from  the fascia covering the deltoid
and  pectoralis  m ajor  m uscles  inferiorly. Superiorly, the  platys-
m a  extends  over  m andible  to  blend  w ith  the  fascial  m uscles
and SMAS w hile leaving an  anterior gap for the larynx. It  acts to
tense the skin  and  depress the  m andible. The sternocleidom as-
toid is a straplike m uscle that attaches superiorly to the m astoid
process  of the  tem poral bone  and  superior  nuchal line. Inferi-
orly, it  divides  in to  two  heads—sternal  and  clavicular  (m iddle
third)—w hich  are nam ed for their attachm ents. Each  sternoclei-
dom astoid  m uscle  acts  independently  to  flex  and  rotate  the

head  and  neck so that  the  ear  approaches the shoulder  and  the
chin  faces  the  opposite  side. Acting together, the  sternocleido-
m astoid  m uscles  can  flex  the  head  and  protrude  the  chin . The
trapezius m uscle  is large t riangular  m uscle  located  in  the  post-
erolateral aspect  of the  neck and  thorax. Superiorly and  m edi-
ally, the trapezius attaches to the superior  nuchal line, ligam en-
tum  nuchae, spinous processes of C7 to C12, and lum bar and sa-
cral spinous processes. Inferiorly and  laterally, the  trapezius at-
taches to the lateral th ird  of the clavicle, acrom ion, and  spine of
the  scapula. It  acts  to  elevate  (superior  fibers), retract  (m iddle
fibers), and rotate (inferior  fibers) the shoulder  via the scapula.

The  m uscles  of  the  posterior  tr iangle  include  the  splenius
capitis,  levator  scapulae,  and  scalene  m uscles.  The  scalene
m uscles  (anterior, m iddle, and  posterior) attach  to  the  cervical
spine  and  first  rib. The  roots of the  brachial plexus and  subcla-
vian  ar tery  pass  betw een  the  anterior  and  m iddle  scalene
m uscles. The subclavian vein  and  phrenic nerve pass anterior  to
the anterior scalene (� Fig. 8.10).

8.9.3  Vasculature of the Neck
Arteries
The m ain  arteries of the  neck originate  at  the  arch  of the  aorta.
The  three  m ain  branches  are  the  left  com m on  carotid,  left
subclavian,  and  brachiocephalic  arteries.  The  brachiocephalic
artery  gives  rise  to  the  righ t  subclavian  and  com m on  carotid

Fig. 8.9  Axial view of neck fascial compartments.
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arteries. The  com m on  carotid  arteries  course  superiorly  in  the
neck to approxim ately the  level of the  thyroid  car t ilage  before
dividing  in to  the  in ternal  and  external  carotids. The  in ternal
carotid  ar tery has  no  branches in  the  neck. It  en ters  the  skull
th rough  the  carot id  canals  to  supply  the  brain  and  orbital
structures. A sligh t  d ilatat ion  in  the  proxim al  por t ion  of the
in ternal carotid  ar tery, the  carotid  sinus, con tains blood  pres-
sure  sensors. The  carot id  body, w h ich  lies  at  the  bifurcation ,
has  chem oreceptors  sensit ive  to  changes  in  oxygenat ion . The
external  carot id  ar tery  runs  posterosuperiorly  in  the  neck
beh ind  the  m andible  and  an terior  to  the  auricle  before  d ivid-
ing  in to  its  two  term inal branches:  the  m axillary  and  super-
ficial  tem poral  ar teries. The  branches  of the  external  carot id
ar tery  and  their  d istr ibut ion  are  detailed  in  � Table  8.4  and
� Fig. 8.11.

The  subclavian  arteries  supply the  lim bs, neck, and  brain . In
the  neck, the  four  m ain  branches  include  the  vertebral artery,
in ternal thoracic  ar tery, thyrocervical  t runk, and  costocervical
trunk. The ver tebral artery arises from  the first  part  of the sub-
clavian  and  ascends  along  the  scalene  and  longus  m uscles  be-
fore  entering the  foram ina  of the  transverse  processes of C1  to
C6 to enter the cranium  via the foram en  m agnum . It  is the m ain
supply  to  the  posterior  par t  of  the  brain  and  brainstem . The
in ternal thoracic artery passes in to the thorax to supply the an-
terior  chest  wall  and  abdom inal wall. The  thyrocervical  trunk
has  three  m ain  branches:  the  inferior  thyroid  ar tery  (supplies
thyroid),  transverse  cervical  artery  (supplies  trapezius),  and
suprascapular artery (supplies scapula). The costocervical t runk
arises  from  the  posterior  aspect  of  the  second  part  of  the

subclavian  to  supply  the  first  two  in tercostal  spaces  and  the
posterior deep cervical m uscles.

Veins
The venous drainage of the neck is sim ilar  to the arterial supply
in  that each  artery usually has a corresponding vein . For details,
please refer  to the sect ion  on venous drainage of the face.

Fig. 8.10  Muscles of the  neck.

Table 8.4  Branches of the external carotid artery

Branch  Structures supplied

Superior thyroid  Supplies upper thyroid; superior laryngeal
branch  pierces thyrohyoid  membrane  to
supply superior larynx

Ascending  pharyngeal  Supplies pharynx

Lingual  Passes behind posterior edge  of hyoglossus to
supply tongue and  floor of mouth

Facial  Passes deep  to  submandibular gland  over the
mandible  to supply face

Occipital  Supplies scalp  and  back of head

Posterior auricular  Passes behind auricle  to  supply scalp

Superficial temporal  Crosses zygomatic arch, passes anterior to
auricle  to supply scalp

Internal maxillary  Passes medially into infratemporal fossa
with  several branches supplying  deep  face
structures
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8.9.4  Innervat ion of the  Neck
(� Fig. 8.12)
Sensory Innervat ion
The  anterior  skin  of the  neck  is  supplied  by various cutaneous
branches originating from  the ventral ram i of the cervical spinal
nerves (C2-C4) that  form  the cervical plexus. The posterior  skin
is  supplied  by cutaneous  branches  of the  dorsal ram i (C2-C5).
Nam ed branches include the greater auricular  nerve, transverse
cervical nerve, supraclavicular nerve, and lesser occipital nerve.

Motor Innervat ion
The  sternocleidomastoid  m uscle  and  trapezius  m uscle  are  sup-
plied  by the  spinal accessory nerve  (XI), w hereas the  paraspinal
m uscles  are  supplied  by  direct  branches  of the  cervical plexus.
The mylohyoid  and anterior belly of the digastric are supplied  by
the m andibular  nerve (V3), whereas the stylohyoid  and  posterior

belly of the  digastric are  supplied  by the  facial nerve. The  infra-
hyoid  m uscles are supplied  by branches of the ansa cervicalis.

Vagus Nerve
The vagus nerve exits from  the cran ium  via the jugular  foram en
and  descends in  the  neck w ithin  the  carotid  sheath  in  the  pos-
terior  angle  betw een  the  com m on  carotid  artery  and  in ternal
jugular  vein . The  right  vagus nerve  then  passes  anterior  to  the
first  part  of the  subclavian  ar tery and  posterior  to the  brachio-
cephalic  vein  to  enter  the  thorax. The  left  vagus  nerve  passes
betw een  the  com mon  carotid  and  subclavian  arteries and  pos-
terior  to  the  sternoclavicular  join t.  The  vagus  nerve  contains
both  sensory  and  m otor  fibers,  w ith  several  branches  to  the
larynx, pharynx, and  heart . In  addition , the vagus provides sen-
sory  innervation  to  the  external  ear  and  m eninges.  The
branches to the larynx include the superior laryngeal nerve and
recurrent  laryngeal  nerve. The  superior  laryngeal  nerve, after

Fig. 8.11  Branches of the  external carotid  artery.
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leaving  the  vagus,  divides  in to  an  in ternal  and  an  external
branch. The  in ternal branch  pierces  the  thyrohyoid  m em brane
to supply sensation  to the larynx above the vocal cords. The ex-
ternal branch  passes  inferiorly  to  supply  m otor  innervation  to
the  cricothyroid  m uscle. The  recurrent  laryngeal nerve  travels
in  the  t racheoesophageal groove  on  either  side  of the  neck and
carr ies  m otor  and  sensory  fibers, as  described  previously. The
right  recurrent  nerve, after  branching from  the vagus, loops in-
ferior  to  the  righ t  subclavian  artery at  the  T1–T2 level. The  left
recurrent  nerve, after  branching from  the  vagus, loops inferior
to the aort ic arch  at approxim ately the T4–T5 level.

Phrenic Nerve
The  phrenic  nerves  form  superficial  to  the  anterior  scalene
m uscles, m ainly  from  the  ventral ram i of cervical spinal roots
C3 to C5. They descend in to the thorax in  the prevertebral fascia
overlying the  scalene  m uscles  betw een  the  subclavian  arteries
and  veins. Each  provides both  sensation  and  m otor  innervation
to its respect ive half of the diaphragm .

Sym pathet ic Trunk
The cervical sym pathetic trunk lies m edial to the carotid  sheath
w ithin  the  prevertebral layer  of deep  cervical fascia. There  are
three  sym pathetic  ganglia—superior,  m iddle,  and  inferior—
w hich  receive presynaptic sym pathetic fibers from  the superior

thoracic  spinal  nerves  and  associated  w hite  ram i  com m uni-
cantes  through  the  sym pathetic  trunk.  The  superior  sym pa-
thetic ganglion  lies at  the skull base, the m iddle lies at  the level
of the  cricoid  cartilage, and  the  inferior  lies  at  the  level of the
first  rib. Postsynaptic sym pathetic fibers  leave  the  ganglion  to
pass  onto  cervical spinal nerves  or  direct  visceral nerves  or  to
run  w ith  arteries to their  destination. Branches to the head  and
viscera of the neck run  w ith  the vertebral, in ternal, and external
carotid ar teries.

8.10  Orbit
The  orbit  is  a  pyram id-shaped  bony cavity w ith  four  walls  and
an  apex. The superior  wall is form ed  by the frontal bone, w hich
separates it  from  the  anterior  cran ial fossa. Far ther  posteriorly,
near  the apex, the superior  wall is form ed  by the lesser  w ing of
the  sphenoid  bone. The  m edial wall  is  form ed  prim arily  from
the ethm oid bone, along w ith  sm aller  parts of the frontal, lacri-
m al, and sphenoid bones. The lateral wall is form ed by the fron-
tal process of the zygom at ic bone and greater  w ing of the sphe-
noid. The inferior  wall is form ed  by the m axilla, zygom atic, and
palatine bones. The apex of the orbit  lies w ithin  the lesser  w ing
of the  sphenoid  just  m edial to  the  superior  orbital fissure. The
contents  of the  orbital fissures  are  detailed  in  � Table  8.5. The
orbit  contains  the  eyeball (globe), optic nerve, ocular  m uscles,
fascia,  nerves,  vessels,  orbital  fat ,  lacrim al  gland  (w hich  lies

Fig. 8.12  Innervation  of the  upper neck and  pharynx.
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superorlaterally), and  lacrim al sac. The  m uscles of the  orbit  are
detailed in � Table 8.6.

8.10.1  Innervat ion of the  Orbit
Sensory Innervat ion
The  sensory innervation  of the  orbit  is  derived  prim arily from
the lacrim al, frontal, and nasociliary branches of the ophthalm ic
nerve  (V1). The  lacrim al nerve  carries  sensation  for  the  lateral
aspect  of the upper eyelid. It  also carries secretom otor fibers for
the  lacrim al gland  from  the  zygom atic  nerve  (V2). The  frontal
nerve runs superiorly in  the orbit  to divide in to the supraorbital
and  supratrochlear  nerves, giving  sensation  to  the  skin  of the
forehead. The  nasociliary  nerve  passes  superom edially  to  the
eyeball, providing  sensation  to  the  nasal cavity, external nose,
ethm oid  and  sphenoid  sinuses, lacrim al  sac, eye, and  cornea.
The  optic nerve  enters the  orbit  through  the  optic canal and  is
surrounded  by  m eninges.  Visual  stim uli  from  the  retina  are
transm itted through the optic nerve.

Autonom ic Innervat ion
The  preganglionic parasym pathetic fibers, w hich  innervate  the
sphincter  pupillae  m uscle  and  ciliary  m uscle, originate  at  the
Edinger-Westphal nucleus. The fibers travel along the oculom o-
tor  nerve  to  synapse  on  the  ciliary  ganglion.  From  here,  the
postsynaptic fibers travel along short  ciliary nerves of the naso-
ciliary nerve  (V1) to  reach  the  m usculature. Contract ion  of the
sphincter  pupillae  constricts  the  pupil, w hereas  contraction  of
the  ciliary m uscle  relieves tension  on  the suspensory ligam ents
of the lens, increasing its power. The preganglionic sym pathetic

fibers, w hich  innervate  the  dilator  pupillae  and  superior  tarsal
m uscles, originate  in  the  thoracic spinal cord. The  fibers  travel
along the  sym pathetic trunk and  synapse  in  the  superior  sym -
pathetic  ganglion.  From  here,  the  postsynaptic  fibers  travel
along  the  in ternal carotid  ar tery  to  reach  the  orbit . The  fibers
then  travel  along  the  long  ciliary  nerves  of  the  nasociliary
nerve  (V1)  to  reach  the  dilator  pupillae. The  fibers  also  travel
along  the  ophthalm ic  ar tery  to  reach  the  superior  tarsal
m uscle.  Contract ion  of  the  dilator  pupillae  dilates  the  pupil,
w hile  contract ion  of  the  superior  tarsal  m uscle  elevates  the
upper  eyelid.

8.11  Pterygopalat ine  Fossa
The  pterygopalatine  fossa is a  sm all pyram id-shaped  space just
inferior  to  the  apex of the  orbit  betw een  the  posterior  m axilla
and  the  pterygoid  process. It  connects  laterally w ith  the  infra-
temporal  fossa  through  the  pterygom axillary  fissure, m edially
w ith  the  nasal  cavity  through  the  sphenopalat ine  foram en,
and  inferiorly  w ith  the  oral cavity  through  the  palat ine  canal.
Anterosuperiorly, it  connects w ith  the orbit  through the inferior
orbital  fissure. Posterosuperiorly, it  connects  w ith  the  m iddle
cranial fossa  through  the  foram en  rotundum  and  vidian  canal.
The pterygopalatine fossa contains the th ird  part  of the in ternal
m axillary artery and  its  branches, m axillary  nerve  (V2), vidian
nerve, and pterygopalatine ganglion.

8.11.1  Maxillary Artery
The  m axillary ar tery en ters the  p terygopalat in e  fossa th rough
the  p terygom axillary  fissure,  w here  it  lies  an terior  to  the

Table 8.5  Orbital fissures

Orbital fissure  Contents

Superior  Cranial nerves III, IV, V1, and  VI; superior ophthalmic vein; superior orbital vein; orbital branch of middle  meningeal artery;
sympathetic fibers

Inferior  Infraorbital nerve and zygomatic nerves (V2), infraorbital artery and vein, parasympathetics to lacrimal gland, inferior ophthalmic vein

Optic canal  Optic nerve, ophthalmic artery, central retinal vein

Table 8.6  Muscles of the orbit

Muscle  Origin  and  insert ion  Innervat ion  Action

Levator palpebrae  superioris  Lesser wing  of sphenoid, anterosu-
perior to  optic canal to  tarsal plate
and  skin  of upper eyelid

Oculomotor (III) nerve, sympathetic
fibers (superior tarsal muscle)

Elevates upper eyelid

Superior rectus  Common tendinous ring  to sclera  Oculomotor (III) nerve  Elevates, adducts, and  rotates eyeball
medially

Inferior rectus  Common tendinous ring  to sclera  Oculomotor (III) nerve  Depresses, adducts, and rotates eyeball
laterally

Medial rectus  Common tendinous ring  to sclera  Oculomotor (III) nerve  Adducts eyeball

Lateral rectus  Common tendinous ring  to sclera  Abducens (VI) nerve  Abducts eyeball

Superior oblique  Body of sphenoid  to  sclera  deep  to
superior rectus after its tendon
passes through a fibrous ring laterally

Trochlear (IV) nerve  Abducts, depresses, and rotates eyeball
medially

Inferior oblique  Anterior part  of orbital floor to sclera  Oculomotor (III) nerve  Abducts, elevates, and  rotates eyeball
laterally
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pterygopalat ine  ganglion . Here, it  gives  o  various  branches
that  follow  the  sim ilarly  nam ed  branches  of  the  m axillary
nerve  (V2). These  branches  include  the  posterior  super ior  al-
veolar  ar tery, descending  palat ine  ar tery, in fraorbital  ar tery,
and  sphenopalat ine  ar tery. The  sphenopalat ine  ar tery divides
in to  posterior  lateral  nasal  branches  and  posterior  sep tal
branches.

8.11.2  Maxillary Nerve
The  m axillary  nerve  enters  the  pterygopalatine  fossa  through
the  foram en  rotundum . It  then  gives  o  the  zygom atic  nerve,
w hich  further  divides  in to  the  zygom aticofacial and  zygom ati-
cotem poral nerves. These nerves supply sensation  to the lateral
part  of the cheek and tem ple.

Secretom otor  fibers to the  lacrim al gland  are  also  carried  on
the  zygom aticotem poral nerve. With in  the  fossa, the  m axillary
nerve  also  gives o two pterygopalatine  nerves that  carry sen-
sory  fibers  that  pass  through  the  pterygopalatine  ganglion
w ithout  synapsing to supply the  nose, palate, tonsil, and  gingi-
va. These sensory nerves include the greater and  lesser  palatine
nerves, w hich  travel th rough  the  palatine  canal. The  m axillary
nerve then  passes through  the inferior  orbital fissure, becom ing
the infraorbital nerve.

8.11.3  Autonom ic Innervat ion
The  preganglionic  parasym pathetic  fibers  of  the  vidian  nerve
originate from  the facial nerve by way of the  greater  superficial
petrosal nerve. After synapsing at  the pterygopalatine ganglion,
postsynaptic  fibers  join  branches  of  the  m axillary  nerve  to
reach  the  m ucus-secreting glands of the  nasal cavity, paranasal
sinuses, and  palate. Postganglionic parasym pathetic fibers  also
travel  along  the  zygom aticotem poral  nerve  and  its  com m uni-
cating branch  to  the  lacrim al nerve  to  supply secretom otor  fi-
bers to the lacrim al gland. The preganglionic sym pathetic fibers
of the  vidian  nerve  originate  in  the  thoracic spinal cord  before
synapsing  in  the  superior  cervical  ganglion.  Postganglionic
sym pathetic fibers then  travel along the  in ternal carotid  artery,
w here they branch  o to becom e the deep  petrosal nerve. After
passing through  the  vidian  canal, these  fibers  join  branches  of
the m axillary artery.

8.12  Infratem poral Fossa
The infratem poral fossa lies deep  to the  zygom atic arch  and  ra-
m us of the m andible. It  is posterior  to the m axilla, lateral to the
lateral pterygoid plate, anterior  to the m astoid and styloid proc-
ess, and  inferior  to  the  greater  w ing of the  sphenoid  bone. The
m edial pterygoid  m uscle  attachm ent  to the  m andible  m arks its
inferior  exten t.  The  infratem poral  fossa  contains  the  inferior
part  of  the  temporal  m uscle,  lateral  and  m edial  pterygoid
m uscles, m axillary artery and  branches, m andibular  nerve  (V3)
and  branches, otic ganglion, and  pterygoid  venous  plexus. The
m uscles of the infratem poral fossa are detailed in � Table 8.7.

8.12.1  Maxillary Artery
The m axillary artery is a term inal branch  of the external carotid
artery  that  gives  o several branches  as  it  courses  through  the
infratem poral fossa. It  passes  either  m edial or  lateral to  the  lat-
eral pterygoid  m uscle before  exiting the  fossa through  the  pter-
ygom axillary  fissure. The  lateral  pterygoid  m uscle  divides  the
m axillary  artery  in to  three  parts,  the  first  two  of  w hich  lie
w ithin  the  infratemporal fossa. Im portant  branches  of the  first
part  include  the  m iddle  m eningeal artery, w hich  courses  supe-
riorly, splitting the auriculotem poral nerve to enter  the cranium
via  the  foram en  spinosum ,  and  the  inferior  alveolar  artery,
w hich  supplies  the  m andible,  gingiva,  and  teeth .  Im portant
branches of the  second  part  include the  deep  temporal arteries,
pterygoid  arteries, m asseteric arteries, and  buccal arteries.

8.12.2  Mandibular Nerve
The m andibular nerve, as described earlier, en ters the infratem -
poral fossa through  the foram en  ovale. Here, it  divides in to both
m otor  and  sensory branches. The  branches include  the  auricu-
lotem poral  nerve,  inferior  alveolar  nerve,  lingual  nerve,  and
buccal nerve. The  otic ganglion  lies just  in ferior  to the  foram en
ovale m edial to the m andibular nerve.

8.13  Recom m ended Reading
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Table 8.7  Muscles of the infratemporal fossa

Muscles  Attachments  Innervat ion  Actions

Temporalis  Floor of temporal fossa to  coronoid  process and
anterior border of mandibular ramus

Mandibular (V3) nerve  Elevates and  retracts mandible

Masseter  Inferior border of zygomatic arch to lateral surface of
mandibular ramus and  coronoid  process

Mandibular (V3) nerve  Elevates and  protrudes mandible

Lateral pterygoid  Superior head: greater wing  of sphenoid
Inferior head: lateral surface of lateral pterygoid plate
to neck of mandible, articular disk and  capsule  of
temporomandibular joint

Mandibular (V3) nerve  Protrudes mandible  and  depresses chin, side-to-
side  movements

Medial pterygoid  Deep  head: medial surface  of lateral pterygoid  plate
Superficial head: maxillary tuberosity to  medial sur-
face  of ramus of mandible

Mandibular (V3) nerve  Elevates and  protrudes mandible
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9  The Com plete  Otolaryngology Physical Exam inat ion
James Azzi, Jean-Paul Azzi, Anthony P. Sclafani, and Edward J. Shin

9.1  Int roduct ion
The  proper  evaluation  and  treatm ent  of pat ients  present ing to
an  otolaryngologist–head  and  neck surgeon  require  a thorough
and  complete  h istory  and  physical  exam ination.  Establish ing
rapport  w ith  the patient  is essential. Greet  the patient  w ith  eye
contact  and  a  sm ile. Explain  your  role  on  the  m edical  team ,
w hat  you  plan  to do, and  w hy you  plan  to do it . When  patients
are  at  ease  and  you  have  gained  their  trust , the  evaluat ion  can
be the m ost  productive.

Although  a  complete  otolaryngologic exam ination  should  be
perform ed  on  all pat ients, a  thorough  m edical h istory is essen-
tial in  determ ining the key portions of the exam ination . It  is im -
portant  to listen to pat ients and to guide them  to a thorough de-
scription  of their complain t, w ithout in terrupting them . As w ith
any  m edical  evaluation, a  complete  past  m edical/surgical  h is-
tory, a  list  of m edications and  any allergies to  m edications, so-
cial and  fam ily  histories, and  a  review  of system s  w ill  aid  the
clin ician  in  m aking the correct  diagnosis.

9.2  General Appearance
While  donning gloves, observe  the  patient  for  any obvious ab-
norm alit ies, noting behavior as well as physical appearance. For
example, a gait  disturbance m ay suggest  cerebellar dysfunct ion,
or  brow n  stains  on  the  teeth  m ay  signify  heavy  tobacco  use.
Next , evaluate  the  skin  of the head  and  neck. Pay part icular  at-
ten tion  to areas that  receive significant  sun  exposure. These in-
clude  the  nose, ears, scalp, and  the  back  of the  neck. Look  for
any irregular lesions that  m ay indicate m alignancy.

9.3  Face
Evaluate  the  pat ient  for  any facial asym m etry, paresis, or  para-
lysis.  Use  the  Am erican  Academy  of  Otolaryngology-Head
and  Neck  Surgery  facial  nerve  grading  system  or  the  House-
Brackm ann  classification  (� Table  9.1)  to  grade  the  severity
of  dysfunct ion .  Palpate  the  face  for  any  deform ities  or  bony

irregularit ies. In  patients w ith  a  h istory of t raum a, pay part icu-
lar atten tion  to the periorbital areas, zygom atic arches, and dor-
sum  of the  nose, palpating  any  bony  step -o s. Tap  above  and
below  the  orbits  to  evaluate  the  frontal and  m axillary sinuses;
tenderness  in  these  areas  m ay indicate  sinusit is. The  tem poro-
m andibular  join t  is  evaluated  by  placing  two  or  three  fingers
anterior  to  the  external auditory canal and  having  the  pat ient
open  and  close  the  m outh.  Tenderness,  clicking,  or  grinding
m ay indicate temporom andibular joint dysfunct ion.

9.4  Neck
In the evaluation  of the neck, the norm al m idline structures, in -
cluding  the  t rachea  and  the  hyoid, thyroid, and  cricoid  cart i-
lages, should  be  identified. With  the  exam iner  standing behind
the seated  patient, the cart ilages of the larynx are palpated. The
exam iner places both  thum bs behind the pat ien t’s neck and  the
rem ain ing four fingers of each hand in  the paratracheal grooves.
Gentle  alternating  finger  pressure  should  m ove  the  larynx  to
and  fro;  a  fixed  larynx  is  h ighly  suspicious  for  m alignant  dis-
ease. The  thyroid  is located  inferior  to  the  cricoid  cartilage  and
lateral to the  t rachea. While  the  patien t  swallow s, each  thyroid
lobe  rises  and  can  be  palpated  separately. Any enlargem ent  or
nodule should be noted.

System atically  palpate  levels  I  through  VI  of  the  neck
(� Fig.  9.1)  to  assess  for  adenopathy.  Any  large  lymph  node
(> 1 cm ) or  hard  fixed  lesion, especially in  a  patient  w ith  a  h is-
tory of tobacco  use  and/or  alcohol abuse, warran ts  fur ther  in-
vestigation  and  a  thorough  m ucosal exam inat ion  of the  upper
aerodigestive  tract. Alternatively, in  the  sett ing of fevers, n ight
sweats, and weight  loss, a diagnosis of lymphom a should  be en-
tertained.

Level I is  defined  by  the  body of the  m andible, the  anterior
belly of the  digastric m uscle, and  the  stylohyoid  m uscle. Level I
can  be  fur ther  subdivided  in to  IA and  IB. Level IA includes the
subm ental  nodes. Level  IB contains  the  subm andibular  nodes.
Level II contains  the  jugulodigastr ic lymph  nodes  and  extends
from  the  base  of  the  skull  to  the  hyoid  bone, anterior  to  the
sternocleidom astoid  m uscle. Levels  IIA and  IIB are  located  m e-
dial and  lateral to the spinal accessory nerve, respect ively. Level
III begins superiorly at  the  level of the  inferior  hyoid  bone  and
ends inferiorly at  the level of the cricoid  cartilage. The jugulodi-
gastr ic nodal chain  can  be followed  inferiorly to level IV, w hich
extends from  the cricoid to the clavicle. Levels III and IV are bor-
dered  anteriorly by the  sternohyoid  m uscle  and  posteriorly  by
the  lateral  sternocleidom astoid  m uscle.  Level  V includes  the
lymph  nodes  from  the  lateral  sternocleidom astoid  m uscle  to
the  anterior  trapezius m uscle. Finally, level VI is defined  by the
hyoid  superiorly, the  sternal notch  inferiorly, and  the  com m on
carotid  arteries laterally.

9.5  Ears
The  auricle  is  exam ined  for  appropriate  size, shape, defin ition,
and  location . The  preauricular  area  is  inspected  for  skin  tags

Table 9.1  House-Brackmann scale of facial paralysis

Grade  Facial movement

I. Normal  Normal function

II. Mild  dysfunction  Eye  with  complete  closure, forehead  and
mouth with  some asymmetry

III. Moderate  dysfunction  Eye  with  complete  closure, forehead  and
mouth with  slight  movement

IV. Moderately severe
dysfunction

Eye  with  incomplete  closure, no  forehead
movement, asymmetry of mouth  with
maximal effort

V. Severe  dysfunction  Eye  with  incomplete  closure, no  forehead
movement, mouth  with  slight  movement

VI. Complete  paralysis  No movement
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and  pits;  the  postauricular  area is also exam ined, especially for
swelling, discolorat ion , or  lesions. In  the  setting of acute  otit is
m edia, it  is im portant  to visually and  m anually inspect  for  m as-
toiditis. If m astoiditis is complicated  by a subperiosteal abscess,
the  ear  w ill  often  protrude.  Postauricular  ecchym osis,  or  the
Battle  sign, m ay  indicate  t raum a  and  possible  temporal  bone
fracture.

To  evaluate  the  external  auditory  canal  and  tympanic  mem-
brane, use  a  pneum atic otoscope  w ith  the  largest  possible  spec-
ulum  to  create  an  airtight  seal  w ithout  traum atizing  the  canal
skin. The auricle  is grasped  and  retracted  posteriorly and  superi-
orly  to  straighten  the  canal. The  speculum  is  advanced  beyond
any hair  in  the  external auditory canal but  should  not  be  passed
into  the  bony  portion  of the  external  auditory  canal. The  fifth
finger  of the  hand  holding  the  otoscope  is  used  to  stabilize  the
hand  against  the  patient’s temple  (� Fig. 9.2). This is particularly
important  w hen  children, w ho  may  make  sudden  m ovem ents,
are examined. If cerumen  is obstructing visualization  of the tym -
panic m embrane, it  is rem oved by suction, curet, or  irrigation.

Tenderness, otorrhea,  or  edem a  can  signal  infect ion.  Acute
otit is  externa  typically w ill present  w ith  tenderness on  exam i-
nation,  part icularly  w ith  tragal  m anipulation.  The  external
auditory  canal w ill be  edem atous  and  m ay also  contain  puru-
lent  debris.  Fungal  otit is  externa  m ay  present  w ith  w hite  or
brow n  spores in  the external auditory canal. If the pat ient  is di-
abetic or  im m unocomprom ised, be  aware  of the  increased  risk
for  m alignant  otitis  externa, w hich  presents  w ith  granulation
tissue  at  the  junct ion  of  the  bony  and  cartilaginous  port ions
of the  canal. The  external auditory canal m ay be  narrowed  by
nodular  grow th, w hich  m ay represent  an  osteom a or exostoses.
A history of cold water exposure, such  as w ith  surfers, increases

the  likelihood  of  exostoses.  If  severe,  th is  narrow ing  can  in-
crease the risk for acute otit is externa.

The  tym panic  m em brane  (� Fig.  9.3)  is  inspected  and  all
anatom ical landm arks  identified;  any abnorm alit ies  should  be
docum ented.  The  m obility  of  the  tym panic  m em brane  is
assessed  w ith  a  pneum atic  otoscope  by  gently  insu ating  air
and  observing  the  m ovem ent  of  the  m em brane. This  w ill  be
e ect ive, however, on ly if the  speculum  creates a  seal w ith  the
external auditory canal, as described  above. Com m on  causes of
im m obility  include  im proper  use  of the  otoscope, perforation ,

Fig. 9.1  Diagram  of levels of the  neck.

Fig. 9.2  Proper hand  positioning  in  examination  of the  ear. The  fifth
finger of the  hand holding the  otoscope is braced against  the  temple,
while the opposite hand draws the auricle  posteriorly to straighten the
external auditory canal.

9.5  Ears
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and  m iddle  ear  fluid. Significantly better  outward  than  inward
m ovem ent  of the  tym panic  m em brane  is  suggestive  of eusta-
chean  tube dysfunct ion . Masses, discolorations, or  other abnor-
m alities  of  the  tym panic  m em brane  are  evaluated  and
described  according  to  location  by  quadrant. Extension  of any
abnorm ality in to the  m iddle  ear  is  carefully evaluated, and  the
visible m argins of any lesions are described.

Basic tuning fork testing is best done in  a quiet  room , and the
results  are  always  reported  w ith  the  frequency tested. To  per-
form  the  Weber  test , place  a vibrating (512  or  1,024 Hz) tuning
fork on  the  center  of the  patient’s  forehead. (Alternatively, the
fork can  be  placed  betw een  the  patien t’s  central incisors). The
patient  is  asked  in  w hich  ear  the  sound  is  perceived  as  louder
or if it  is equal bilaterally. A lateralized  Weber  test  m ay indicate
ipsilateral conductive  hearing loss  or  contralateral sensorineu-
ral hearing loss. The  Weber  test  should  be  docum ented  as  “ne-
gative” for  m idline  responses and  as  either  “right” or  “left” for
lateralization .

To  perform  the  Rinne  test ,  a  vibrating  tuning  fork  is  first
placed  over  the  m astoid  process  (bone  conduct ion)  and  then
held  2  to  3 cm  from  the  external  auditory  canal  (air  conduc-
tion);  the patien t  is asked w hich  sound is perceived as louder. A
conductive loss w ill cause the sound  to be louder over  the m as-
toid  process. This  is  referred  to  as  “Rinne  negative.” When  the
air  conduction  is  louder  than  bone  conduction , th is  is  referred
to as “Rinne positive.” If the two positions have the sam e inten-
sity, then  th is is referred to as “Rinne equal.”

9.6  Oral Cavit y, Oropharynx, and
Nasopharynx
The  oral  cavity  and  oropharynx  (� Fig.  9.4)  are  exam ined
w ith  an  adequate  light  source  (preferably  a  headlight  to  free
both  hands). The  lips, dentit ion, and  gum s are  evaluated, w ith

attention  paid  to  dental occlusion, m asses, or  lesions  that  m ay
require  fur ther  investigation . The  dorsal and  ventral tongue, as
well as  the  sides of the  tongue  and  floor  of the  m outh , are  ex-
am ined  by asking  the  pat ien t  to  elevate  and  m ove  the  tongue
from  side to side. Palpate the lateral tongue and  the floor of the
m outh, and  exam ine the buccal m ucosa and  hard  palate. Bim a-
nual palpation, w ith  one  finger  of one  hand  in  the  oral cavity
and oropharynx and the other hand on  the corresponding areas
of the  external neck, can  aid  in  palpating deeper  lesions of the
floor of the m outh  and base of the tongue.

The  posterior  tongue, soft  palate, tonsillar  pillars, and  valle-
cula are exam ined. Two tongue depressors are used  to fully m a-
nipulate  and  expose  all  areas  to  be  visualized  (� Fig. 9.5). The
tonsils are graded  on  a scale from  1 + to 4 + (1 + indicated  tonsils
barely visible in  the tonsillar fossae and 4 + indicates tonsils that
“kiss” in  the  m idline). The  nasopharynx can  then  be  exam ined
w ith  a warm  nasopharyngeal m irror suspended just  behind and
below  the  uvula  w hile  the  tongue  is  depressed  w ith  a  tongue
blade  for  w ider  exposure. A flexible  fiber-optic endoscope  can
also  be  used  and  m ay  provide  a  superior  exam ination .  The
patency  of the  posterior  choanae  should  be  assessed, and  any
obstruct ion  from  polyps  or  adenoid  hypertrophy  should  be
noted.  The  eustachean  tube  orifices  should  be  unobstructed,
and  the  posterior  wall  of the  nasopharynx  should  be  sm ooth
and w ithout m asses.

9.7  Nose, Nasopharynx, and
Larynx
9.7.1  Anterior Rhinoscopy
The  anterior  port ions  of  the  nasal  cavity  are  easily  evaluated
w ith  a  nasal speculum  and  ligh t  source  (� Fig. 9.6). Note  any
abnorm al  findings,  such  as  a  deviated  septum  or  boggy,

Fig. 9.3  Diagram  of the  right  tympanic
membrane.
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edem atous  turbinates.  Visualizat ion  can  be  im proved  by
spraying a  m ist  of nasal decongestan t  (oxym etazoline  or  phe-
nylephrine) in  the  nose. An  unobstructed  nasal cavity should
allow  visualizat ion  of palatal elevat ion  by an terior  rh inoscopy
w hile  the  pat ien t  pronounces the  sound  of the let ter  K.

9.7.2  Endoscopic Exam inat ion
When  indicated  by history or  physical exam inat ion, endoscopy
can  be  perform ed  to  better  visualize  suspected  pathologic
processes.  A  topical  anesthetic  and  decongestant  (see  Box
Dr. Chodosh’s Topical Airway Anesthetic/Decongestan t  Solution
(p.47)) is applied  to both  sides of the  nose before  endoscopy to
ensure patient com fort during the exam ination.

Dr.  Chodosh’s  Topical Airway Anesthet ic/
Decongestant  Solut ion
●  Lidocaine 1%
●  Phenylephrine
●  Peppermint oil

9.7.3  Nasal and Nasopharyngeal
Endoscopy
The nose  and  nasopharynx can  be  evaluated  w ith  either  a  rigid
or  a  flexible  endoscope. Suctioning, biopsy, and  m anipulation
are  far  sim pler  w hen  a  rigid  endoscope  is  used. Generally, it  is
easier  to pass the  scope close to the floor  of the  nose, and  each

Fig. 9.5  With  two tongue  depressors, the  cheeks are  held  laterally to
fully visualize  the  entire  oral cavity.

Fig. 9.4  Diagram  of the  oral cavity and
oropharynx.

9.7  Nose, Nasopharynx, and Larynx

47



side  is  exam ined  from  anterior  naris  to  nasopharynx. The  size
and  color  of  the  inferior  and  m iddle  turbinates  and  m iddle
m eatus  are  noted, as  are  any polyps, crust ing, purulen t  debris,
or  m asses in  these  areas. The septum  is inspected, again  by ex-
am ining the  color  and  quality of the  m ucosa, as well as verify-
ing septal in tegrity and  assessing septal deflect ions, curvatures,
and spurs.

The  nasopharynx  is  exam ined  by advancing  the  flexible  en-
doscope beyond  the  posterior  choanae on  one side  and  turning
the  t ip  as  needed  to  allow  adequate  assessm ent  of the  en tire
nasopharynx. The  posterior  and  lateral  nasopharyngeal  walls,
fossae  of Rosenm üller, and  eustachean  tube  orifices  should  all
be  evaluated  and  any  m asses,  m ucosal  abnorm alit ies,  or  ad-
enoidal vegetation/hypert rophy noted.

9.7.4  Laryngoscopy
Ideally, indirect  laryngoscopy  should  be  perform ed  on  all  pa-
tien ts. The  seated  patient  leans  forward  w ith  the  chin  slightly
elevated  (in  a  “sni ng” position), w hile  the  exam iner  sits  just
to  the  side  of the  patien t. The  exam iner  gently  holds  the  pa-
tien t’s outstretched tongue w ith  a gauze pad and places a warm
laryngeal m irror to elevate the soft  palate and uvula (� Fig. 9.7).

The patient  is asked  to say EEE, and  the vocal folds should  be
observed  for  brisk  sym m etric  m ovem ent  and  complete  glottis
closure  during  phonation. The  piriform  sinuses  are  better  di-
lated  for  inspection  w hile  the  patient  pronounces  a  long-A
sound. The  vallecula, lingual and  laryngeal surfaces  of the  epi-
glottis, aryepiglottic folds, arytenoid cartilages, and post-cricoid
area  should  all  be  visualized;  all  should  be  sm ooth-surfaced,
nonerythem atous, and w ithout  m asses or ulcerat ions.

The  exam inat ion  of patien ts  w ith  a  strong  gag  reflex, or  of
patien ts  w ho  otherw ise  cannot  tolerate  indirect  laryngoscopy,
can  be  facilitated  by spraying the  oropharynx and  tongue  w ith
a  topical anesthetic. For  patien ts  w ho  still  cannot  tolerate  the
m irror  exam ination  or  in  w hom  a  m ore  prolonged  evaluation
of the hypopharynx and  larynx is necessary, flexible  nasophar-
yngolaryngoscopy  can  be  perform ed. The  endoscope  is  in tro-
duced  transnasally  and  passed  in to  the  nasopharynx;  at  th is
poin t, it  is advanced beyond the soft  palate as the patient  gently
inspires. While  the sam e structures are inspected, the tip  of the
scope  can  be  m anipulated  in to  the  vallecula  or  piriform  sinus
for  im proved  visualization. In  compliant  and  well-anesthet ized
patien ts,  the  t ip  of  the  endoscope  can  be  advanced  to  (and
som etim es through) the glottis in let  to view  the upper trachea.

Any significant  erythem a  or  edem a  (especially  in  the  hypo-
pharynx  or  larynx)  warrants  fur ther  investigation  and  airway
control. Patients  w ith  laryngopharyngeal reflux  m ay complain

Fig. 9.7  Proper form  for indirect  laryngoscopy.

Fig. 9.6  Proper hand positioning during anterior rhinoscopy. The nasal
speculum  blades should  be  oriented  vertically and  the  hand  stabilized
on the  nasal tip  with  the  index finger.

Table 9.2  Cranial nerves

Cranial nerve  Funct ion

I  Sense  of smell

II  Visual acuity and  visual fields

III  Extraocular movements

IV  Superior oblique  muscle

V  Corneal reflex and  sensation to the  face

VI  Lateral rectus muscle

VII  Motor and  symmetry of facial muscles

VIII  Auditory and  vestibular function

IX  Gag reflex and  soft  palate

X  Vocal fold  mobility, gag  reflex, and  soft  palate

XI  Sternocleidomastoid, trapezius muscles

XII  Tongue  movement  and  symmetry

The Complete Otolaryngology Physical Examination
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of  hoarseness,  globus  sensation,  throat  irr itation,  and  cough.
They com m only have  edem a and  erythem a of various portions
of the  supraglott is  and  hypopharynx;  however, the  m ost  com -
m on finding is erythem a of the posterior larynx and  di use pa-
chyderm ia of the  pharyngeal walls. As patients w ith  infect ions,
system ic  diseases,  or  m ass  lesions  m ay  present  w ith  sim ilar
complaints, a thorough evaluation  is warranted.

9.8  Cranial Nerves
Finally,  perform  an  abbreviated  neurologic  exam ation,  w ith
particular attention  given  to the cranial nerves (� Table 9.2). Fo-
cal deficits  m ay be  suggestive  of an  underlying m ass  lesion  or
neurologic  process  requiring  fur ther  work-up  including,  but
not  lim ited  to, im aging and  consideration  of neurologic and/or
ophthalm ologic consultation.

9.9  Roundsm anship
●  A thorough otorhinolaryngologic exam ination  includes a de-

tailed history and a complete head and neck exam inat ion.

●  The otorhinolaryngologic exam ination  should proceed in  a
structured and orderly fash ion to avoid overlooking any por-
tion  of the exam ination.

●  Resting the fifth  finger of the hand holding an  otoscope
against the patient’s temple braces the otoscope and prevents
inadverten t  injury if the patien t  (especially a child) m oves
suddenly.

●  Warm ing m irrors prevents fogging during indirect  nasophar-
yngoscopy or laryngoscopy.

9.10  Recom m ended Reading
[1]  Bickley LS, Szilagyi PG. Bates’ Guide to Physical Exam ination  and History-Tak-

ing. 8th  ed. Philadelphia, PA: Lippincott  William s & Wilkins; 2003
[2]  Couch  ME, Blaugrund  J, Dario  K. History, physical exam ination, and  the  pre-

operative evaluation. In : Cum m ings C, Haughey B, Thom as JR, et  al, eds. Cum -
m ings  Otolaryngology:  Head  and  Neck  Surgery.  4th  ed.  Philadelph ia,  PA:
Elsevier Mosby; 2005:3–15
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10  Radiology of the Head and Neck
Hasit Mehta and Ajay Hira

10.1  Int roduct ion
Im aging plays a  large  role  in  the  noninvasive  diagnosis of head
and  neck  pathology.  In  the  follow ing  two  chapters,  we  w ill
briefly review  the  various im aging m odalit ies available, as well
as the relevant  radiologic anatomy and pathology.

10.2  Im aging Modalit ies
10.2.1  Radiography
Radiographs are the oldest  and  m ost  basic im aging m odality. X-
rays  were  discovered  in  1895  by  Wilhelm  C.  Roentgen,  w ho
produced  the  first  X-ray  (of h is  w ife’s  hand)  in  the  sam e  year.
Radiographs  (bet ter  know n  as  X-rays  or  plain  film s)  have  his-
torically  been  the  prim ary  im aging  m odality  for  the  diagnosis
of head and neck pathology. In  the past  th ree decades, radiogra-
phy has largely been  replaced  by computed  tom ographic, ultra-
sound, and  m agnetic  resonance  im aging. Radiography  is  per-
form ed  by exposing a  region  of the  body to  ion izing  radiation
(X-rays);  the  X-rays  are  di eren tially  absorbed  or  transm itted
to  varying degrees  by  the  im aged  body structures  (depending
on  the  density of the  structures im aged). A detector  (digital or
film ) placed in  line w ith  the X-ray generator and behind the im -
aged  body part  registers the t ransm itted  X-rays and  creates the
radiograph.  The  radiograph  contains  varying  shades  of  gray;
the  w hitest  structures  represent  the  densest  body  structures
(w hich  attenuate  the  m ost  X-rays), such  as bone, and  the  dark-
est  structures  on  the  radiograph  represent  the  least  dense
structures, such  as  air  in  the  aerodigestive  tract  or  lungs. The
ability  to  detect  pathology  depends  prim arily  on  the  density,
size, and  location  of the  pathologic process. Radiography is still
in  use  (� Table  10.1),  but  its  application  in  otolaryngology  is
prim arily in  the  em ergency departm ent  for  quick evaluation  of
the  upper  aerodigestive  t ract , particularly in  the  pediatric pop-
ulation  for  the  rapid  evaluation  of epiglottit is  and  croup  (given
the  lower  radiation  exposure  than  w ith  CT). Other  clin ical uses
include  exclusion  of foreign  body, evaluation  of the  upper  air-
way (frontal and  lateral views), and  quick evaluation  of the  or-
bits, paranasal sinuses, and  m axillofacial structures w hen  other
im aging  m odalit ies  are  unavailable  (� Fig.  10.1).  Virtually  all

other  form er  indications of radiography have been  replaced  by
alternative im aging m odalit ies.

10.2.2  Com puted Tom ography
Com puted  tom ography, better know n  as CT scanning, has revo-
lutionized  noninvasive head  and  neck im aging. CT has replaced
radiography  as  the  prim ary  im aging  m odality  for  m ost  acute
head  and  neck  pathology. A CT m achine  consists  of a  ringlike
structure  w ith  m ultip le  X-ray  generators  and  detector  arrays.
The  patient  is  placed  on  a  m ovable  gantry  that  traverses  the
center  of  the  CT scanner;  as  the  computer-controlled  gantry
m oves the  patient  through  the  CT scanner, the  X-ray generator
and  detector  elem ents  rotate  around  the  patient,  acquiring  a
large  helical  data  set.  Substantial  computat ional  hardware  is
necessary both  to acquire  and  to  post-process the  data  stream .
The data  set  is analyzed  w ith  a variety of algorithm s, t radition-
ally filtered  back project ion , although  currently m ore  complex
iterative m ethodology is used to produce the cross-sectional to-
m ographic  im ages  from  the  data  stream  (� Fig. 10.2). Current
m odern  CT scanners  are  capable  of extrem ely  high-resolution
im age  acquisit ion  and  routine  helical im age  acquisit ion , allow -
ing  three-dim ensional/volum etric  reconstruct ion  (� Fig.  10.3)
from  the  single  data  set. The  helical data  set  is then  post-proc-
essed  by the  CT technologist  and/or  radiologist  to produce rep -
resentative  cross-sect ional  im ages  in  any  plane  (� Fig.  10.4).
The fundam entals of CT and  radiography are sim ilar; CT im ages
are  also  prim arily  dependent  on  the  attenuation  of X-rays  by
body  structures, m easured  quantitatively  in  Hounsfield  units.
Qualitatively,  denser  structures  w ill  appear  w hiter  on  a  CT
im age. The  CT im age  can  be  viewed  at  various w indow  w idths
and  levels  to  accentuate  various  spectra  of density. The  three-
w indow  w idth  and  levels  that  would  be  typically  used  by  the
otolaryngologist  include  soft-t issue,  bone,  and  lung  w indow
and level presets (� Fig. 10.5). Each  of these presets accentuates
di erent  spectra of density.

CT of the head  and  neck can  be  perform ed  w ith  and/or  w ith-
out  iodinated  in travenous  (IV)  contrast  m aterial.  IV contrast
m aterial  is  radiodense  and  produces  a  w hite  appearance  on
the CT im age because of its radiodensity. It  can  be adm inistered
to  allow  detailed  im aging  of  the  vascular  compartm ent .

Table 10.1  Advantages and disadvantages of radiography

Advantages  Disadvantages

Inexpensive  Poor evaluation of submucosal lesion/mass

Quick  Ionizing  radiation

Readily available, even in  underserved  regions  Variability with  positioning  of patient

Interpretation by non-radiology, non-ENT physicians possible  Poor assessment  of salivary and  endocrine  glands

Medium-size  and  portable  units available  Generally diminished  sensitivity and  specificity for detection of lesions
compared  with  newer imaging  modalities

>Abbreviation: ENT, ear, nose, and throat.
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Additionally,  contrast  can  help  accentuate  various  pathologic
processes, w hich  m ay cause  pooling of contrast  either  from  hy-
perem ia  or  t issue  breakdow n. Its  application  can  dram atically
im prove  the  sensitivity of CT w hen  adm inistered  in  the  appro-
priate  setting.  The  prim ary  lim itations  to  the  use  of contrast
m aterial  are  renal  dysfunction ,  cross  react ivity  w ith  certain
m edications,  and  allergic  react ion  to  contrast  m edia.  Various
guidelines  exist  to  screen  patients  at  risk  for  contrast-induced
nephrotoxicity, and  prem edication  regim ens are available. Con-
trast  is  typically  indicated  in  the  evaluation  of head  and  neck
neoplasm s  and  m ost  head  and  neck  infect ions. It  is  not  rou-
tinely  necessary  in  the  evaluation  of the  paranasal  sinuses  or
temporal bone  unless there  is  a  suspicion  of neoplasm  or  large
soft-t issue extension  of infect ion.

CT of every  compartm ent  of the  head  and  neck  is  in  active
clin ical use  worldw ide. It  is  the  im aging m odality of choice  for

acute  head  and  neck pathology, including t raum a, acute  infec-
tion, airway obstruction , and  foreign  body evaluation . It  is  the
m ost  sensitive  exam inat ion  to  evaluate  fine  bony  detail. CT is
also  an  important  adjunct  in  the  evaluation  of head  and  neck
neoplasm s. It  is the im aging m odality of choice for evaluation  of
the  paranasal  sinuses  and  is  a  crit ical  component  in  planning
for  funct ional endoscopic sinus surgery. Three-dim ensional re-
constructions  allow  the  pre-  and  postoperative  assessm ent  of
complex  traum a  and  reconstruct ion. CT is  also  routinely  used
for  the  m inim ally  invasive  im age-guided  biopsy  of  head  and
neck lesions (� Table 10.2).

10.2.3  Ult rasonography
Medical  ultrasonography  cam e  in to  use  around  the  period  of
World  War  II  after  advances  m ade  during  wart im e  research.

Fig. 10.1  (a) Fixed X-ray/fluoroscopy unit. (b,c) Portable X-ray units. (d) Posteroanterior and (e) lateral X-rays of the neck demonstrating the normal air
column.
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Ultrasound  uses sound  waves that  are  beyond  the  range  of hu-
m an  hearing.  Sound  waves  are  generated  by  a  piezoelectr ic
transducer  probe  (� Fig. 10.6), and  echoes are  reflected  back to
the  probe depending on  the echotexture of the t issue being ex-

am ined. A grayscale anatom ical im age representative of the t is-
sue  being im aged  is generated. The  tim e  of the  returning echo
depends on  the  depth  of the  structure. The  in tensity of the  re-
turn ing sound  wave  encodes the  brightness of the  pixel on  the

Fig. 10.2  (a) Axial soft-tissue window of the neck at  the level of the hyoid and piriform sinuses on computed tomographic scan. (b) Axial bone window
at  the  level of the  maxillary sinuses demonstrating  bony septal deviation to the  right.

Fig. 10.3  Computed tomographic data can be  reformatted  to produce a three-dimensional image  of selected tissue. (a) Frontal and (b) left  oblique
three-dimensional bone surface reconstructions of facial structures. Note fractures at  the left  infraorbital rim, zygomaticomaxillary suture/zygomatic
arch, zygomaticofrontal suture, and  orbital floor (asterisks).
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generated im age; m ore echogenic structures reflect  m ore ultra-
sound  energy  and  appear  brighter  on  the  im age  than  do  less
echogenic  structures.  Typically  bright  (echogenic)  structures
include  bony structures  and  calcifications. Muscle  and  soft  t is-
sue  have  in term ediate  echogenicity  and  are  typically  varying
shades  of gray. Fluid, gas, and  aqueous  m aterial are  extrem ely
hypoechoic and  thus very dark gray to black on  the  ultrasound
im age.  Modern  ultrasonography  equipm ent  can  generate
two-dim ensional  anatom ical  im ages  in  real  t im e  (� Fig. 10.7)
and  provide  three-dim ensional  im age  acquisit ion  and  flow -

dependent  velocity  m easurem ents  w ithin  vascular  structures
(� Fig. 10.8).

Ultrasound  is  a  rapid,  noninvasive  im aging  technique  that
does not  use  ion izing radiation. This m akes ultrasound  an  ideal
im aging m odality in  the pediatric population. Ultrasound  o ers
significant  advantage in  the pediatric populat ion  because im ag-
ing can  routinely be  obtained  w ithout  sedat ion . Modern  ultra-
sound  equipm ent  has  evolved  to  the  poin t  of  including  ex-
trem ely  portable  and  m obile  units  that  can  be  used  in  nearly
any clinical environm ent. Som e units are so sm all that  they can
be  battery operated  and  carried  in  a  handheld  unit  by a  physi-
cian  or  technologist .  However,  the  current  typical  m edical-
grade  diagnost ic ultrasound  unit  is  of m edium  size, on  w heels,
and  portable  to m ost  locations w ithin  a  hospital or  clin ical set-
t ing. Ultrasound o ers excellen t  soft-t issue detail for superficial
lesions. In  the  head  and  neck, it  is a  prim ary im aging m odality
for evaluation  of the thyroid gland, as well as evaluation  of soft-
t issue  m asses  and  infect ions  of the  neck  in  children . However,
ultrasound  typically cannot  provide  im ages  of deep  structures
such  as  the  aerodigestive  t ract ,  and  radiography  is  still  the
im aging m odality of choice for  epiglottit is and  croup. Real-tim e
ultrasound  im aging is also used  for  the im age-guided  in terven-
tion/biopsy of head and  neck lesions typically perform ed by the
otolaryngologist, radiologist , or pathologist  (� Table 10.3).

10.2.4  Magnet ic Resonance Im aging
Magnet ic resonance (MR) im aging is a complex im aging m odal-
ity  that  leverages  the  unique  properties  of  the  nucleus  of an
atom . Atom s  have  a  m agnetic  field  that  is  related  to  their  nu-
clear  spin .  These  nuclear  m agnetic  fields  w ill  align  w ith  a
strong, externally  applied  m agnetic  field. The  atom s  are  then
subjected  to  elect rom agnetic  energy,  w hich  they  can  absorb.
This boosts them  to an  excited  state, and  they subsequently re-
lease  the energy as they return  to a ground  state. The energy is
detected and form ed in to im ages w ith  complex pulse sequences
and  im age generation. The MR scanner consists of a large tubu-
lar  structure  that  contains  an  extrem ely  powerful, liquid  heli-
um –cooled  superconduct ing  m agnet.  Additionally,  a  series  of
radio-frequency coils  are  present  w ithin  the  tubular  structure,
as  well  as  coils  placed  on  the  patient’s  body  in  the  region  of

Fig. 10.4  Coronal projection  computed  tomographic scan  of the
patient  in  � Fig. 10.3.

Fig. 10.5  Different  details can  be  highlighted  on a  computed  tomographic scan  by selecting  different  windows. Coronal image  of the  neck, with
images presented  in  (a) soft  tissue, (b) bone, and  (c) lung  window widths and  levels.
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im aging  in terest. These  coils  generate  radio-frequency  energy
to  agitate  species of atom s in  precise  computer-controlled  pat-
terns. The energy absorbed  and  em itted  is also captured  by the
coils and processed by the computer system  to generate MR im -
ages. MR im aging allow s exceptional soft-t issue delineation  and
excellent  delineation  of deep  structures. Various pulse  sequen-
ces can  be used to accentuate certain  t issues. The m ajor sequen-
ces  used  in  head  and  neck  im aging  include  T1-weighted  se-
quences (� Fig. 10.9), T2-weighted sequences (� Fig. 10.10), and
fat-suppressed  T2-weighted  or  STIR (short  tau  inversion  recov-
ery)  pulse  sequences  (� Fig.  10.11).  T1  im aging  m ay  be  per-
form ed w ith  or w ithout contrast  m aterial. T1-weighted im aging
is  m ost  useful  for  im aging  lesions  that  enhance, such  as  neo-
plasm  and  infect ion . Fat  is extrem ely bright  on  T1 im aging and
typically is suppressed  during contrast  adm inistration  to  allow

a  m ore  sensitive  detect ion  of enhancem ent  (� Fig. 10.12). T2-
weighted  pulse  sequences are fluid-sensit ive  and  allow  the vis-
ualization  of edem a  and  fluid-containing  structures, including
congenital cystic lesions of the head and neck.

MR im aging is the im aging m odality of choice to evaluate soft
tissues  of the  head  and  neck. It  o ers  excellent  delineation  of
the  deep  and  superficial  fascial  planes  of the  neck. There  are
lim itations to  its  use  in  patients  w ith  implanted  m etallic devi-
ces  and/or  foreign  bodies,  and  these  patients  need  to  be  as-
sessed  on  a  case-by-case  basis. Additionally, MR im aging  con-
trast  agents m ay be  contraindicated  in  patients w ith  end-stage
renal failure because of the risk for nephrogenic system ic fibro-
sis. MR im aging is not  a  prim ary m odality used  in  the  im aging
of the  paranasal sinuses and  temporal bone because  of the lack
of free  protons  in  calcium  and  air, w hich  lim its  the  ability  to

Table 10.2  Advantages and disadvantages of computed tomography

Advantages  Disadvantages

Excellent  fine  bony detail  Ionizing  radiation exposure

Very good  soft-tissue  delineation  Moderately expensive

Cross-sectional imaging  allows excellent  detection of submucosal lesions
and  other lesions that  may not  be  seen  with  endoscopy

Prone  to  artifact

Fast  imaging  modality, thus moderately impervious to  motion artifact  Relatively more  complex to  interpret

Excellent  delineation of airway  Large, complex imaging  unit; typically fixed  immovable  imaging  system

Readily available  in  most  developed  nations but  not  necessarily in
developing  nations

Fig. 10.6  Ultrasound (a) unit  and  (b) probe.
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generate MR signal, although  it  can  be used  as an  adjunct  im ag-
ing technique  to  evaluate  for  soft-t issue  and  perineural spread
of disease (� Table 10.4).

10.2.5  Posit ron Em ission Tom ography
and Posit ron Em ission Tom ography–
Com puted Tom ography
Positron  em ission  tom ography  (PET)  is  un ique  in  that  it  is  a
physiologic  im aging  m odality  and  not  str ictly  anatom ical.  A
PET-CTunit consists of a large tubular  im aging structure sim ilar
in  appearance  to  a  CT or  MR im aging unit . Within  the  tubular
structure  are  the  components  of both  a  CT scanner  and  a  PET
scanner. Typically, the  pat ient  is  placed  on  the  computer-con-
trolled  gantry, and  a  w hole-body CT scan  of the  pat ient  is  per-
form ed,  typically  in  less  than  1 m inute.  Subsequently,  the
patien t  is  slow ly  m oved  through  the  scanner  over  a  period  of
approxim ately 30 m inutes w hile the PET im aging port ion  of the
exam ination  is  perform ed. The  two  im aging  data  sets  are  co-
registered  on  a  dedicated  im aging workstation  and  in terpreted
by the radiologist .

In  order  to  generate  the  PET im age, the  patient  is  injected
w ith  an  IV dose  of a  radioactive  m aterial  (radioact ive  tracer).
The  m ost  com m only  adm inistered  radiopharm aceut ical  agent
is  fluorodeoxyglucose  F 18  (18F-FDG). This  agent  is  produced
in  a  cyclotron  near  the  im aging  facility.  With  a  half-life  of

approxim ately  1,010 m inutes,  the  agents  are  usually  ordered
the day before  an  exam ination  and  delivered  to the im aging fa-
cility  on  the  day  of exam inat ion . The  18F-FDG is  injected  and
taken  up  from  the  vascular  compartm ent  by GLUT receptors in
cells  in  a  sim ilar  fash ion  to  glucose. Once  in  the  cells, the  18F-
FDG undergoes phosphorylation  to  18F-FDG-6-phospate by hex-
okinase;  the  18F-FDG-6-phosphate  is  trapped  in  the  cells  and
w hen  m easured  can  be an  indirect  indicator  of the  relative rate
of glucose m etabolism  in  the  cells in  the  im aged  tissue. The in-
ject ion  is  given  approxim ately  1  hour  before  im aging  to  allow
tim e for t issue uptake of the radioactive tracer. Neoplastic proc-
esses tend  to exhibit  m arkedly elevated  glucose  utilization  and
thus take up m ore  18F-FDG.

18F undergoes radioactive  positron  decay (one  proton  decays
in to  a  neutron, w ith  the  release  of a  positron  in  the  process).
This  positron  w ill  collide  w ith  its  antim atter  counterpar t ,  an
electron, in  short  order. The  collision  process  (annihilation)  of
the  electron  and  positron  converts  their  m ass  in to  energy  in
the form  of two 511-keV photons, w hich  t ravel away from  each
other  in  opposite  direct ions. The  two  photons  are  detected  by
scintillator  detectors  in  the  PET scanner  via  coincidence  detec-
tion. The  greater  the  num ber  of photons em itted  by the  tissue,
the  m ore  in tense the  im age w ill appear. The  am ount  of act ivity
m ay be sem iquantified  w ith  a standardized uptake value (SUV).
SUV is  the  am ount  of activity in  a  m easured  region  of in terest
that  has  been  norm alized  for  the  injected  dose  and  ratio  of
body weight  to  surface  area. As a  ratio, it  is  a  unitless m easure

Fig. 10.7  Ultrasound  image  of thyroid  gland. The  plus signs indicate  the  thickness of the  isthmus, which  continues bilaterally to the  lobes.
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and  should  be  used  w ith  caut ion  because  it  is prone  to  error  if
all variables  are  not  properly considered. The  im aging data  set
can  be  constructed  in to  a  three-dim ensional im age  and  can  be
fused w ith  the CT data set (� Fig. 10.13).

PET-CT im aging  o ers  the  best  of two  worlds:  h igh-spatial-
resolution  anatom ical CT im aging and  excellent  physiologic PET
im aging  to  m axim ize  the  detect ion  and  staging  of  head  and
neck carcinom a. It  is the  im aging m odality of choice for  staging
and  follow ing the  treatm ent  of head  and  neck carcinom a. PET-
CT has  greater  sensitivity  and  specificity  than  MR im aging  in
the  staging of head  and  neck neoplasm  and  is the  im aging m o-
dality of choice for staging for nodal involvem ent. PET-CT is also
excellent  in  the  detect ion  of a  treatm ent  response  after  head

and  neck resection  and/or  chem oradiation. PET-CT is of crit ical
value  in  the  detect ion  of  recurrent  head  and  neck  neoplasm
and  is  especially  useful  for  detect ing  distant  m etastasis. Local
recurrence  detect ion  is  m ore  di cult  because  of uptake  in  in-
flam m atory  tissue  in  the  postoperative  bed;  however, CT and
MR im aging have sim ilar  draw backs. If the PET scan  is negative,
a recurrence is unlikely, w hereas a positive PET scan  m ay neces-
sitate  a  biopsy  to  distinguish  granulation/scar  t issue  from  re-
currence.

Interestingly, PET-CT is  not  useful  for  distinguish ing  benign
from  m alignant  salivary gland  neoplasm s  as  both  have  sim ilar
uptake of 18F-FDG (� Table 10.5).

Fig. 10.8  The  intensity and  direction  of blood  flow in  the  thyroid  gland  can  be  assessed  with  ultrasound.

Table 10.3  Advantages and disadvantages of ultrasound imaging

Advantages  Disadvantages

Low cost, readily available  Low spatial resolution  (“fuzzy” image)

Extremely portable  imaging  units; abilit y to perform  scans in  nearly any
environment  on any patient

Poor evaluation  of deep  structures of the  head  and  neck

No ionizing  radiation  Highly dependent  on skill of ultrasonographer, which reduces test
reproducibilit y compared  with  other imaging  modalities

Excellent  evaluation  of the  thyroid, parotid, and  submandibular glands  Inadequate  evaluation  of the  aerodigestive  tract

Real-time  imaging  modality ideal for image-guided  interventional procedures
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10.3  Im aging Anatom y
10.3.1  Skull Base
Tem poral Bone
Middle Ear
The  m iddle  ear  comprises  three  principal  components:  the
epitym panum  (above  the  level of the  tym panic m em brane  and
extending to  the  tegm en  tym pani, w hich  separates it  from  the

m iddle  cran ial  fossa);  the  m esotym panum  (at  the  level  of the
tym panic  m em brane);  and  the  hypotym panum  (below  and
m edial to  the  tym panic m em brane). The  tym panic m em brane
attaches superiorly to the scutum , w hich is a sharp bony excres-
cence  that  is best  seen  on  coronal im ages. The  tym panic m em -
brane w ill be  seen  as a th in  w ispy structure  on  CT. The tegm en
tym pani, or  roof of the  m iddle  ear, is  also  best  visualized  on
coronal im aging. It  is  a  very th in  structure, and  close  attention
to  its  in tegrity  is  essential  during  the  im aging  of  infect ious,
traum atic, and  neoplastic processes of the  m iddle  ear. Erosion/

Fig. 10.9  (a) Axial and  (b) coronal T1-weighted  magnetic resonance  imaging  sequence  of the  neck.

Fig. 10.10  Axial T2-weighted  magnetic resonance  image  of the  neck.
Fig. 10.11  Coronal fat-suppressed  T2-weighted  magnetic resonance
image  of the  neck.
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disruption  of the  tegm en  m ay provide  direct  access to the  cen-
tral nervous system /intracranial compartm ent .

The  Prussak  space, just  m edial  to  the  scutum , lies  betw een
the  scutum  and  ossicles  and  is  norm ally aerated. This  is  espe-
cially im portant  because  soft  t issue  seen  on  CT im aging in  th is
space should raise the possibility of a cholesteatom a. All aerated
structures in  the m iddle ear  are typically very dark on  CT im ag-
ing. Any alteration  in  the  uniform ity of the  dark  black appear-
ance  suggests  opacificat ion  of these  spaces, possibly indicating
infect ion, such  as otit is m edia, or  a m ass lesion , such  as choles-
teatom a  or  other  neoplasm . The  scutum  is  best  visualized  on
coronal im aging and should  taper to sharp  poin t  (� Fig. 10.14a).
Blunt ing or erosion of the scutum  w ith  opacification  of the m id-
dle ear is a sine qua non  of acquired cholesteatom a.

The  m alleus, incus, and  stapes are  evaluated  well w ith  th in-
sect ion  CT im aging. The  head  of the  m alleus  ar ticulates  w ith
the incus. On  im aging, the m alleus and  incus are frequently de-
scribed  as having an  “ice  cream  on  cone” appearance, w ith  the
m alleus  m aking  up  the  ice  cream  port ion  and  the  incus  the
cone  (� Fig. 10.14b). This  is  especially im portant  in  the  setting
of traum a  because  ossicular  disrupt ion  is  often  visualized  as  a

loss of th is classic “ice cream  on  cone” appearance. The len ticu-
lar  process of the  incus articulates w ith  the  head  of the  stapes.
The  stapes  has  a  horseshoe  appearance  on  im aging  and  com -
prises  an  an terior  and  posterior  crus  and  footplate. The  foot-
plate  covers  the  oval  w indow. A quick  way  to  ensure  that  CT
im aging  of the  m iddle  and  inner  structures  is  technically  ad-
equate  is  to  determ ine  w hether  you  can  easily  and  reliably
identify  the  footplate  of the  stapes. This  usually  requires  th in-
sect ion  im ages that are less than  1 m m  in  th ickness.

Within  the  m iddle  ear, two m uscles deserve  special m ention
because these can  be visualized on  im aging. The tensor tym pani
m uscle  is seen  extending along the  eustachian  tube and  inserts
onto the m anubrium  of the m alleus. The stapedius m uscle orig-
inates from  the  pyram idal em inence, an  osseous m ound  that  is
found  w ith in  the  hypotym panum  and  attaches  to  the  head  of
the stapes.

Inner Ear
The  principal components  of the  inner  ear  include  the  cochlea
and  the  vestibular  apparatus. The  cochlea, sem icircular  canals,

Fig. 10.12  (a) Axial and  (b) coronal contrast-enhanced  T1 image  with  fat  suppression  of the  neck.

Table 10.4  Advantages and disadvantages of magnetic resonance imaging

Advantages  Disadvantages

No ionizing  radiation  Long imaging  time

Excellent  soft-tissue  and  spatial resolution  Prone  to  artifact

Excellent  delineation of soft  tissue  and  perineural spread  of disease  Confined  imaging  location/claustrophobia

Extremely complex and  expensive  imaging  modality

Significant  expertise  needed  to  perform  and  interpret  examination

Limited  availability

Large  fixed  imaging  unit
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and vestibule comprise the bony labyrinth . The cochlea has two
and  a half turns (apical, m iddle, and  basal). The m odiolus is the
bony central port ion of the cochlea seen  on im aging. The lateral,
superior,  and  poster ior  sem icircular  canals  converge  on  the
vest ibule  and  are  crucial  for  propagating  in form ation  in -
volved  in  balance. The  coch lea  and  vest ibular  apparatus  are
very w ell visualized  w ith  CT and  MR im aging. CT of the  tem -

poral bone  is  in tegral in  the  evaluat ion  of congen ital m alfor-
m ations of the  inner  ear. Addit ionally, m ult ip lanar  recon truc-
t ions  of the  tem poral  bone  allow  excellen t  evaluation  of the
sem icircular  canals  for  deh iscence. The  vest ibular  aqueduct  is
an  im portan t  inner  ear  anatom ical  st ructure  that  is  well  vi-
sualized  on  th in -section  CT scans and  can  be  reliably assessed
for  en largem ent .

Fig. 10.13  A positron emission tomographic–computed tomographic (PET-CT) scan can provide anatomical detail and show the physiologic activity of
tissues. (a) Three-dimensional volume-rendered  image  of the  entire  PET data set. This is shown in  anteroposterior view but  can be  rotated  on  the
workstation. (b) Axial PET image  and  (c) axial PET-CT fused  image  through the  abdomen. PET-CT fusion  clearly shows fluorodeoxyglucose  F 18
excreted  in  the  renal collecting  system  (normal), without  a  renal mass. The  PET data  (shown in  color) are  fused  onto the  CT image  with  a  three-
dimensional workstation.

Table 10.5  Advantages and disadvantages of positron emission tomography–computed tomography (PET-CT)

Advantages  Disadvantages

Physiologic and  anatomical imaging  High dose  of ionizing  radiation

Fusion of CT improves spatial resolving  power limitations of PET imaging  Significant  expertise  is needed  to  properly interpret  examination

Excellent  for staging  and  postoperative  evaluation  of head and  neck
carcinoma

Time-consuming  examination, both  in  preparation and  scan time

Limited availability, large scanner, and requirement  to be near cyclotron for
production  of radioactive  tracer

Confined  imaging  location/claustrophobia

Very expensive

Large, fixed  imaging  unit
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External Ear
The  external auditory canal is  bound  anteriorly by the  glenoid
fossa and posteriorly by the m astoid  air cells and extends m edi-
ally  to  the  tym panic  m em brane. The  external  auditory  canal,
m eatus, and  auricle  are  well visualized  on  routine  CT im aging.
CT allow s excellent  characterization  of associated  anom alies  of
the ossicles, inner ear, and  facial nerve canal in  cases of external
ear anom alies.

Facial Nerve
The facial nerve is a complex cranial nerve that  spans num erous
anatom ical compartm en ts  and  spaces. The  prim ary m odalit ies
used  to  im age  the  facial  nerve  include  CT and  MR im aging.
There are three prim ary components of the facial nerve: viscer-
al  m otor  component/parasym pathetic  component  (autonom ic
control to the  lacrim al, subm andibular, and  sublingual glands);
branchial m otor  component  (innervation  to  the  m uscles  of fa-
cial expression); and special sensory component  (taste from  the
anterior  two-thirds  of  the  tongue).  The  visceral  m otor  and
branchial m otor components arise from  nuclei w ithin  the brain-
stem  at the pontine tegm entum . The root en try zone and cister-
nal  segm ents  of  the  facial  nerve  can  be  well  visualized  w ith
high-resolution  T2-weighted  balanced  fast  field  im aging of the
brain  stem . Cranial nerves  VII and  VIII (including  the  superior
and  inferior  vestibular  divisions  and  cochlear  division)  can  be
identified  w ith  h igh-resolution  im aging. This  is  of im portance
during an  evaluation  for  vestibular  schwannom a  or  congenital
aplasia  of the  cochlear  nerve. Im aging of the  proxim al in tracra-
nial  segm ents  of  cranial  nerve  VII  and  VIII  is  best  done  at
high-field-strength , 3-tesla MR im aging. The m otor fibers of the
facial nerve  course  ventrally and  laterally at  the  cerebellopon-

tine  angle  to  exit  as  the  m ore  anterior  nerve. The  canalicular
segm ent  of the  facial nerve  is  located  in  the  anterior  superior
quadrant  of the  in ternal auditory canal. The  facial nerve  has  a
complex path  in  the  temporal bone that  is poorly visualized  on
MR im aging. However, the bony facial nerve canal is well visual-
ized  on  CT scan  of the  temporal bone. The  geniculate  ganglion
of the  facial nerve  m ay be  visualized  on  MR im aging. On  con-
trast-enhanced  MR im aging  of  the  facial  nerve,  no  enhance-
m ent  should  be seen  in  the pre-geniculate portions of the facial
nerve, but  norm al enhancem ent  m ay be  seen  in  the  post-geni-
culate  segm ents  of  the  facial  nerve  because  of  the  extensive
perineural  blood  supply.  Enhancem ent  in  the  pre-geniculate
portions  of  the  facial  nerve  is  suggestive  of  neurit is  or  neo-
plasm . The facial nerve exits the temporal bone at  the stylom as-
toid  foram en, w hich  is  best  visualized  on  coronal and  axial CT
scans. The  facial nerve  then  courses  anteriorly in to the  parotid
gland, running superficial to  the  retrom andibular  vein  and  di-
viding  in to  peripheral branches, m any of w hich  cannot  be  re-
solved w ith  curren t  im aging technology.

Sinuses
It  is  prudent  to  discuss  the  sinonasal  apparatus  in  term s  of
drainage  pathways, centered  on  the  ost iom eatal complex serv-
ing  as  the  com mon  pathway  for  drainage  of the  anterior  eth-
m oid, frontal, and  m axillary sinuses, w ith  the sphenoethm oidal
recess serving to  drain  the  posterior  ethm oid  and  sphenoid  si-
nuses. The  ost iom eatal complex comprises  the  m axillary sinus
os,  the  uncinate  process,  the  infundibulum ,  and  the  hiatus
sem ilunaris,  w ith  drainage  in to  the  m iddle  m eatus.  The  cilia
w ithin  the  m axillary  sinus  serve  to  steer  drainage  toward  the
superom edial  ost ium  w ithin  the  sinus. A bony  extension , the
uncinate  process,  projects  superiorly  from  the  superom edial

Fig. 10.14  (a) Coronal view through the external auditory canal shows a sharply defined scutum, head, and long process of the  malleus; an air-filled
Prussak space; ventilated  mastoid  air cells; an  intact  tegmen tympani; and  1.5  turns of the  cochlea. (b) Another coronal view of the  scutum  (s),
tympanic membrane (tm), mastoid air cells (m), tegmen tympani (tt), and cochlea (c). The incudomalleolar joint  is seen between the tegmen and the
tympanic membrane.
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m axillary sinus wall. Lateral to the  uncinate  process, the hiatus
sem ilunaris  is  the  half-m oon–shaped  en try  to  the  infundibu-
lum , the  trough  lateral to  the  uncinate  process, through  w hich
m ucus  drains  in to  the  m iddle  m eatus  and  eventually  to  the
back of the nasal cavity. The osseous structures of the ost iom ea-
tal unit  are best assessed on  coronal reform atted CT scans of the
paranasal sinuses. The  various  bony landm arks  and  details  are
well appreciated on  routine CTof the paranasal sinuses w ith  co-
ronal reconstructions (� Fig. 10.15).

The  lateral  attachm ent  of the  m iddle  m eatus  to  the  m edial
orbit  is  term ed  the  basal lam ella  and  serves as  the  anatom ical
landm ark dividing the anterior from  posterior ethm oid air cells.
The  air  cell  lying  just  superior  to  the  infundibulum  is  term ed
the  ethm oid  bulla.  The  frontal  sinuses,  as  do  the  an terior
ethm oid  air  cells, drain  directly  to  the  m iddle  m eatus  via  the
frontal recess. The  sphenoid  sinuses  and  posterior  ethm oid  air

cells  drain  via  the  superior  m eatus  and  the  sphenoethm oidal
recess.

Ethm oid  air  cells  of specific in terest  include  agger  nasi cells,
Onodi  cells, and  Haller  cells. Agger  nasi  cells  are  ethm oid  air
cells an terior  and  lateral to the frontal recess; they can  obstruct
frontal sinus outflow. Onodi cells are ethm oidal air cells that ex-
tend  in to  the  posterior  orbit  or  sphenoid  bone. Haller  cells  are
anterior  ethm oid  air  cells that  are  seen  inferior  to the  orbit  and
extend in to the m axillary sinus; they also can  obstruct  outflow.

The  nasal cavity comprises the  superior, m iddle, and  inferior
turbinates. Im aging of the nasal passage is straightforward. One
m ust  rem ain  aware  of nasal  cycling, w ith  alternating  m ucosal
hyperem ia  in  the  nasal  passages.  This  can  lead  the  inexper-
ienced  im ager  to  overcall  nasal  m ass  lesions. A sim ple  rule  of
thum b in  the  evaluation  of the  nasal passages is that  if a  rim  of
air  (no m atter  how  thin) can  be  traced  around  the  nasal m uco-
sa, there  is  a  low  likelihood  of a  space-occupying m ass  lesion,
and  any  asym m etry  can  be  attr ibuted  to  nasal  cycling. Below
the  inferior  turbinate, one  finds  the  opening for  the  nasolacri-
m al duct , originat ing from  the  lacrim al sac;  the  bony canal for
the nasolacrim al duct can  often be identified on coronal im ages.
The septum  serves to divide the right  and  left  nasal cavities and
comprises an  anterior  car tilaginous port ion  and  a posterior  bo-
ny portion .

10.3.2  Head and Neck Mucosal Surfaces
Nasopharynx
The  nasopharynx  is  bound  by  the  m ucosal  surface  that  lies
above  the  soft  and  hard  palate. Posterolaterally, the  eustachian
tube orifice  can  be found. On  either  side  of the  eustachian  tube
are the tensor  veli palatin i and  levator  veli palatin i. Deep  to the
m ucosa  of  the  nasopharynx,  the  buccopharyngeal  fascia  and
pharyngobasilar  fascia serve to prevent  the spread  of disease to
the  retropharyngeal  and  parapharyngeal  spaces. Additionally,
lymph  nodes  and  m inor  salivary  glands  are  found  throughout
the  nasopharynx. The  nasopharynx is  well im aged  w ith  either
CT or  MR im aging. A rudim entary evaluation  of the  nasophar-
ynx can  be  m ade  w ith  radiography. Close  attention  to the  m u-
cosa and subm ucosal fat  planes m ay allow early detect ion  of na-
sopharyngeal carcinom a. MR im aging m ay be  particularly sen-
sit ive  to evaluate  for  neoplasm . Sagittal reform atted  im ages are
a key component  in  the evaluation  of the nasopharynx.

Oral Cavit y
The lips, buccal and gingival surfaces, hard  palate, anterior  two-
th irds of the  tongue, and  floor  of the  m outh  comprise  the  oral
cavity.  The  lingual  space  is  the  area  betw een  the  mylohyoid
m uscle and  the hyoglossus m uscle; the lingual nerve and  hypo-
glossal nerve and  the sublingual gland  are located  in  th is space.
The mylohyoid  m uscles define the floor  of the m outh. The sub-
m andibular  gland  is  found  w ithin  the  floor  of the  m outh  and
drains via the Whar ton duct . Below  the mylohyoid m uscles, one
finds  the  subm ental  space.  Determ ining  the  exact  spaces  in-
volved by pathology is especially im portant  because th is greatly
a ects surgical approach . The  oral cavity is  an  extrem ely di -
cult  space  to im age. This is prim arily because  of extensive  art i-
fact  that  is generated  by dental am algam , and  streak artifact  on

Fig. 10.15  Coronal view through the  nose  and  sinuses, showing
normal structures: maxillary sinus (ms), ethmoid  sinus air cells (es),
middle  turbinate  (mt), inferior turbinate  (it), septum  (s), uncinate
process (asterisk), and  inferior meatus (im). The  middle  meatus is
located  between the  uncinate  process and  the  middle  turbinate,
whereas the  ethmoid  infundibulum  is located  lateral to the  uncinate
process.
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CT scan  w ill dim inish  its sensitivity and  specificity. MR im aging
results  in  m agnetic  suscept ibility  artifact ,  w hich  appears  as
dark black holes on  the  im age. These  artifacts  m ake  evaluation
of the  oral cavity extrem ely challenging. A detailed  history and
any inform ation  from  the  physical exam inat ion  help  the  in ter-
preting radiologist  to “read through the artifact.”

Oropharynx
As  in  the  oral  cavity  and  nasopharynx, m inor  salivary  glands
are  found  in  abundance  w ith in  the  oropharynx. The  im aging
m odality of choice  for  m ost  oropharyngeal lesions is  CT or  MR
im aging. The  except ion  to  th is  would  be  the  evaluation  of epi-
glottit is  and  croup  in  pediatric patients, in  w hom  radiography
is  the  first  im aging m odality typically em ployed  because  of its
accessibility, speed, and relatively low  radiation  exposure.

Hypopharynx
The  hypopharynx  is  m ost  typically  attended  to  on  im aging
w hen  there  is extension  of squam ous cell carcinom a to th is re-
gion . It  is  well  assessed  w ith  m ultiplanar  CT or  MR im aging.
PET-CT can  be very useful is evaluating the degree of neoplasm
extension  to the hypopharynx.

Larynx
The larynx is subdivided  in to the  supraglottis, glottis, and  sub-
glottis. The  cricoarytenoid  joint  is  the  m arker  for  the  level  of
the  t rue  vocal fold;  however, th is  is  often  di cult  to  visualize.
Another  m arker  that  is used  is the  paraglot tic space, found  lat-
eral to the laryngeal m ucosa, w hich  contains fat  at  the false  vo-
cal  fold  level  but  contains  m uscle  at  the  true  vocal  fold  level.
Again , m ultiplanar  CT and  MR im aging are  the  typical im aging
m odalit ies of choice in  evaluating the larynx.

10.3.3  Soft  Tissues of the Neck
Parapharyngeal Space
The  prestyloid  parapharyngeal space  is  readily identified  on  CT.
This  region  is  bound  posteriorly  by  the  carotid  space, laterally
by the  parotid  space, anteriorly by the  m asticator  space, antero-
m edially  by the  oropharynx, and  posteromedially  by the  retro-
pharyngeal  space.  This  area  contains  fat,  lymphatics,  sm all
branches  of  the  external  carotid  artery,  and  the  m andibular
nerve.  However,  this  area  is  especially  im portant  in  placing
pathology  into  the  various  spaces  of  the  neck  by  determining
the displacem ent  of the  parapharyngeal fat. For example, a mass
w ithin  the  m asticator  space  will displace  the  parapharyngeal fat
posterom edially,  whereas  a  mass  from  the  parotid  gland  will
displace  the  parapharyngeal  fat  anteromedially. This  point  w ill
continue  to  be  illustrated  throughout  the  following sections. Le-
sions in  the  parotid  space  can  be  visualized  very clearly with  CT
or  MR im aging  techniques.  The  axial  imaging  plane  is  usually
the most  useful plane for  visualizing the parapharyngeal space.

Carot id Space
This  space  is  also  know n  as  the  post-styloid  parapharyngeal
space  and  extends the  en tire  length  of the  neck. It  contains the

carotid  artery, in ternal jugular  vein , cranial  nerves  IX through
XII, and  the  sym pathetic nerve  plexus, as well as lymph  nodes,
w hich  are  found  throughout  its  course.  Lesions  originat ing
w ithin  the  carotid  space  w ill  displace  the  parapharyngeal  fat
anteriorly. The  carotid  space  is best  evaluated  w ith  m ulitplanar
CT or MR im aging. Axial and  sagittal planes allow  the best  visu-
alization  and delineation  of th is space.

Parot id Space
The  parotid  space  contains the  parotid  gland, cran ial nerve  VII,
and branches of cranial nerve V, as well as vasculature including
external carotid  ar tery branches and  the  retrom andibular  vein .
The deep  port ion  of the  parotid  gland  extends through  the sty-
lom andibular  tunnel,  found  betw een  the  m andibular  ram us
and  the digastric and  sternocleidom astoid  m uscles. Most  of the
gland  is  superficial  to  the  m asseter  m uscle  and  the  m andible.
The  Stensen  duct  drains  the  parotid  gland  passing  over  the
m asseter  m uscle and  then  pierces the buccinator m uscle before
term inating w ithin  the buccal m ucosa. The parotid  gland  is rel-
atively superficial and  am enable  to excellen t  visualization  w ith
ultrasound, CT, or  MR im aging  m odalit ies. Lesions  w ith in  the
parotid  gland  are  best  characterized  w ith  CT or  MR im aging;
however, m any solid  lesions m ay require  biopsy or  surgical re-
sect ion  because  the  specificity of im aging in  the  delineation  of
benign versus m alignant neoplasm  of the parotid gland is poor.

Mast icator Space
The m uscles of m astication, including the temporalis and  m ass-
eter  m uscle as well as the m edial and  lateral pterygoid  m uscles,
are  contained  by the superficial layer of the deep  cervical fascia
in  the  m asticator  space. The  m andibular  ram us is  centrally lo-
cated  in  the  m asticator  space  and  contains the  inferior  alveolar
nerve, w hich  t raverses the  m asticator  space. Other  contents in-
clude  branches  of  the  m andibular  division  of  the  tr igem inal
nerve and the inferior alveolar vein  and artery. The buccal space
is often  included in  a discussion  of the m asticator space because
of its  close  physical proxim ity  to  the  m asticator  space  and  its
lack  of t rue  fascia  boundaries. The  m asticator  space  is  ideally
im aged  w ith  CT or  MR im aging. The  axial and  coronal im aging
planes  are  the  m ost  useful orientations  to  appreciate  the  rele-
vant anatomy and spread of disease.

10.4  Roundsm anship
●  Em ergent im aging of the head and neck frequently w ill in-

volve one of two entit ies: in fect ion  or airway obst ruction.
Contrast-enhanced CTof the neck is the exam inat ion  of
choice to evaluate for acute head and neck infect ion  in  m ost
cases and w ill also adequately assess the airway. In  the pedia-
tr ic population , one m ay consider radiography to evaluate
and exclude epiglottit is because of the decreased radiation
dose.

●  Review ing your im aging studies w ith  your in terpreting radi-
ologist  w ill likely greatly improve the accuracy of the in ter-
pretat ions and allow  the highest-quality m edical care for  your
patients. Do not hesitate to consult  your radiologist  fre-
quently. Head and neck im aging is challenging, even  for
m any experienced neuroradiologists, and feedback from  the
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ordering otolaryngologist  often  leads to the m ost accurate
in terpretations.

●  Be aware of radiation  doses and possible side e ects of IV
contrast  m aterial w hen ordering im aging of the head and
neck. If there is a risk–benefit  question, always consult  your
radiologist .

●  Rem em ber that  im age-guided (CTor ultrasound) percutane-
ous needle biopsy of deep lesions of the head and neck is a
service that  is available at  m any institutions.
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11  Radiographic Im aging of Com m on Clinical Presentat ions
in Otolaryngology–Head and Neck Surgery
Hasit Mehta and Ajay Hira

11.1  Int roduct ion
The  radiologic  im aging  of a  num ber  of disorders  of  the  head
and  neck can  be highly dist inct ive and  often  diagnostic. A num -
ber  of  clin ical  scenarios  and  the  characteristic  radiologic

appearance  of each  are  described  below. The  reader  is  referred
to the previous chapter for m ore detailed discussions of the var-
ious im aging m odalit ies available.

Fig. 11.1  Coronal computed  tomography (CT) through the  temporal bone  demonstrates marked  diastasis of the  left  incudomalleolar joint,
compatible  with  ossicular dislocation. This is the  appearance  of the  “ice  cream  scoop” falling  off the  “cone.” The  partially visualized  right
incudomalleolar joint  demonstrates a  tight  joint  space  and  no diastasis. CT of the  temporal bone  (with  coronal and  axial thin  sections) is the  ideal
imaging  modality to  make  this diagnosis.

Fig. 11.2  Axial (a) and coronal (b) computed tomographic scans of the temporal bone demonstrate  extensive otomastoiditis with associated petrous
apicitis. There  is erosion  of the  many septa  within  the  mastoid  air cells, as well as erosion  into the  middle  cranial fossa. In  this situation, magnetic
resonance  imaging  of the  brain  would  be  useful to  evaluate  for possible  intracranial extension  of an  infectious process.
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11.2  Disorders of the Ear
11.2.1  Ossicular Discont inuit y
(� Fig. 11.1)
The  diagnosis  of traum atic ossicular  dislocation  is  best  visual-
ized  on  th in-sect ion  computed  toographic  (CT)  scans  of  the
temporal  bone. Ossicular  dislocation  is  often  seen  w ith  t rau-
m atic  temporal bone  fracture. Ossicular  injury and  conductive
hearing  loss  are  m ore  com m only  seen  w ith  longitudinal  and
longitudinal oblique  fractures  of the  temporal bone  than  w ith
posterior  transverse  fractures  the  temporal  bone, w hich  m ay
present  w ith  sensorineural hearing loss. The m ost  com m on  os-
sicular  dislocation  is  dislocation  of  the  incudom alleolar  joint.

The  incudom alleolar  joint  is  a  true  joint  w ith  a  join t  capsule
and  is  best  visualized  on  high-resolution  axial CT scans  of the
temporal bone. Diastasis  of the  head  of the  m alleus  and  short
process of the incus is characteristic of incudom alleolar disloca-
tion  and  m ay also  be  appreciated  on  coronal im aging. Incudos-
tapedial ossicular dislocation  is less com m on  and  m ore di cult
to visualize. This is typically best seen w ith  coronal h igh-resolu-
tion  sagittal  im aging  of  the  temporal  bone.  Carefu l  attention
m ust  be  given  to the  long process of the  incus and  the  head  of
the stapes. Often, in  the acute traum atic setting, w ith  extensive
blood  product  and  debris  w ith in  the  m iddle  ear, the  diagnosis
of ossicular  dislocation  m ay not  be  m ade. Follow -up  CT of the
temporal  bone  after  resolution  of  the  acute  t raum atic  injury
m ay be  useful in  th is  case. Occasionally, portions  of the  incus,

Fig. 11.3  (a) Axial and (b) coronal projections through the temporal bone. The scutum is sharp. There is a 2-mm ovoid soft-tissue-density lesion noted
above  the  left  tympanic membrane  that  may be  contiguous with  the  tympanic membrane, compatible  with  a small primary congenital
cholesteatoma. In another patient, (c) axial and (d) coronal views show a 4-mm ovoid soft-tissue mass in the left  middle ear medial to the left ossicular
chain, in  close  proximity to the  expected  location  of the  long  process of the  incus and  stapes. These  findings are  compatible  with  congenital
cholesteatoma. Other diagnoses to consider include  facial nerve  schwannoma (although there  is no evidence  of expansion  of the  bony facial nerve
canal) and  glomus tympanicum. Correlation  with  direct  examination is useful. In  another patient, soft  tissue  in  the  left  middle  ear and  mastoid
associated  with  bony erosion on  (e) axial and  (f) coronal computed  tomographic scans is more  suggestive  of acquired  cholesteatoma.
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m alleus,  and  stapes  m ay  be  completely  disrupted, w ith  free-
floating  bone  fragm ents  in  the  m iddle  ear;  close  atten tion  to
the  osseous  structures  on  coronal, axial, and  sagittal planes  is
necessary to m ake th is diagnosis.

11.2.2  Chronic Ear Disease, Mastoidit is,
and Cholesteatom a (� Fig. 11.2)
Chronic otit is  m edia  dem onstrates  soft-t issue  accum ulation  in
the  m iddle ear  and  m astoid  cavities. Often, the ossicles are  sur-
rounded  by a  dense, som etim es  calcific soft-t issue  m ass;  bone
erosion  m ay  be  seen. The  norm al  septa  of the  m astoid  cavity
m ay be broken  dow n, creating a  large  central cavity filled  w ith
soft  t issue.  The  disease  can  spread  in to  an  aerated  pert rous

apex. Potential erosion  in to  the  m iddle  cranial fossa  should  be
exam ined.

Acquired  cholesteatom as are  collections of keratinous debris
that  lead  to infect ion  and  inflam m ation. Soft  t issue w ill be seen
w ithin  the  m iddle  ear  cavity, and  erosive  change  can  involve
the  m astoid  air  cells  and  inner  ear  structures. The  m ost  com -
m on  type  of  cholesteatom a  is  the  acquired  pars  flaccida
subtype. The  pars flaccida subtype begins in  the  Prussak space,
betw een  the  scutum  and  the  incus. On  CT, soft  t issue  is  seen
w ithin  the  Prussak space. This by itself is a  nonspecific finding.
However, larger  lesions  w ill  be  accom panied  by  osseous  ero-
sion,  w hich  is  very  characteristic  of  acquired  cholesteatom as
and  can  lead  to  ossicular  chain  disrupt ion  and  erosion  of the
scutum .  The  m ore  uncom m on  pars  tensa  subtype  w ill  begin

Fig. 11.4  Noncontrast  thin-section computed tomographic (CT) scans of the temporal bone in the (a) axial and (b) coronal planes demonstrate small
regions of lucency within the temporal bone just  anterior to the oval window bilaterally in the region of the fissula ante fenestram, right  greater than
left.  This finding  is typically seen in  early fenestral otosclerosis. The  remainder of the  otic capsule  appears spared. (c) Axial CT scan  demonstrating
radiolucent  appearence  about  the  cochea, giving  the  appearance  of an  extra  turn  about  the  left  chochlea. (d) Axial magnetic resonance  image
demonstrates enhancement  around  the  left  cochlea. Both  of these  imaging  findings are  characteristic of cochlear otosclerosis.
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w ith  soft  tissue  w ithin  the  posterior  m esotym panum  m edial to
the  ossicles. The  scutum  is  usually  spared, unlike  in  the  pars
flaccida subtype. Extension  of a cholesteatom a into the m astoid
air  cells  in  com m on. Additional complications  include  sem icir-
cular  canal fistulas, erosion  of the  tegm en  tym pani, and  dehis-
cence  of the tym panic segm ent  of the facial nerve. Noncontrast
CT of the  temporal bones is the  im aging test  of choice  to assess
for  the  aforem entioned  findings.  Magnetic  resonance  (MR)

im aging  can  also  be  ut ilized  to  dem arcate  a  nonenhancing
cholesteatom a  from  enhancing  granulation  t issue,  but  th is  is
generally unnecessary, w ith  cholesteatom as appearing hypoin-
tense on T1, of in term ediate in tensity on T2, and  nonenhancing.
Congenital  cholesteatom as  (� Fig.  11.3)  develop  because  epi-
derm al  rests  reside  in  the  m iddle  ear  cleft  em bryologically.
These  are  typically  m ore  an teriorly  located  and  m ay  not  have
the sam e degree of bony erosion  as acquired cholesteatom as.

Fig. 11.5  (a,b) Axial and (c) coronal computed tomographic scans of the temporal bone demonstrate an extensive, high-density deposition within the
membranous labyrinth. This may present  with sensorineural hearing loss, often secondary to a traumatic or infectious insult  to the inner ear. (d) Axial
high-resolution T2 images through the region of the internal auditory canals demonstrate a paucity of expected endolymph in the right  membranous
labyrinth, compatible  with  labyrinthine  ossificans. In  severe  cases, the  cochlear nerve  may be  small.
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Fig. 11.6  The  imaging  of superior semicircular canal dehiscence
requires high-resolution, thin-section  (1-mm  or smaller interval)
temporal bone  imaging; additionally, oblique  multiplanar reformatted
images are  useful in  demonstrating  the  entire  course  of the  superior
semicircular canal to  adequately detect  dehiscence. This image  is an
oblique  coronal view through the inner ear structures. The roof of the
left  superior semicircular canal is dehiscent  into the left  middle  cranial
fossa, with  marked  demineralization.

Fig. 11.7  Noncontrast  computed  tomographic scan  of the  temporal bone  in  the  (a) axial, (b) coronal, and  (c) sagit tal planes demonstrates a  large,
destructive mass lesion involving the petrous portion of the left  temporal bone. The mass extends to the clivus, involving portions of the basisphenoid.
The lesion is centered in the region of the petroclival synchondrosis, characteristic of an aggressive skull base chondrosarcoma. Typically, these lesions
contain extensive  calcified  chondroid  matrix in  a  ring-and-arc type  of pat tern; however, this patient’s lesion  demonstrates minimal intratumoral
calcified  matrix, making  the  diagnosis more  difficult. This diagnosis should  be  included  in the  differential of a  large  expansile  lesion with  regions of
mixed osseous structures within the lesion. Other diagnoses to consider include metastatic lesions, plasmacytoma, petrous apex cholesteatoma, and
chordoma.

Fig. 11.8  Axial T1  images through the  cerebellopontine  angle  region
(a) before and (b) after contrast  demonstrate curvilinear enhancement
involving  the  most  distal segment  of the  right  internal auditory canal
and extending to the labyrinthine and geniculate segments of the right
facial nerve, which appear enlarged. Portions of the  horizontal
segment  of the  right  facial nerve  also  appear enlarged  in  a  tapered
fashion. This configuration is characteristic of facial nerve  schwanno-
ma. Other etiologies that  could  have  a similar appearance  include
metastatic disease  and  lymphoma. Facial neuroma/schwannoma may
occur along any segment of the facial nerve. The geniculate ganglion is
often involved. The  symptomology depends on which segment  of the
facial nerve  is involved. In  distinguishing  between facial schwannoma
and  other etiologies, expansion  of the  facial nerve  canal is highly
suggestive  of facial schwannoma, excluding  inflammatory neuritis.
When the  lesion  enters the  internal auditory canal and  cerebellopon-
tine  angle, it  may be  indistinguishable  from  vestibular schwannoma.
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Fig. 11.9  Axial T1 postcontrast  magnetic resonance imaging through the region of the cerebellopontine angle demonstrates a large enhancing lesion
that extends from the internal auditory canal through the internal auditory meatus/porus acusticus into the cerebellopontine angle. The appearance of
this lesion is that  of an  ice  cream  cone  (with  the  scoop  of ice  cream  melting  off into the  cerebellopontine  angle) and  is characteristic of vestibular
schwannoma. With  a  large  canal-to-cerebellopontine  angle  schwannoma, it  is impossible  to distinguish  between vestibular and  facial schwannoma.
Schwannomas typically enhance homogeneously, although when they are large, the central portions may demonstrate heterogeneous enhancement,
as in  this case. Differential considerations include  meningioma, lymphoma, and  metastatic disease.

Fig. 11.10  Postcontrast  T1-weighted  (a) axial and  (b) coronal images of the  brain  demonstrate  canalicular enhancement  of the  right  facial nerve
extending  to the  labyrinthine  segment  as well as the  geniculate  ganglion. The  differential diagnosis for this finding  primarily includes facial nerve
schwannoma, neuritis (e.g., Bell palsy), and  metastatic cranial nerve  lesion. Inflammatory processes, such as sarcoidosis or Lyme  disease, may also
present  with  cranial nerve  enhancement. However, this patient  was known to have lymphoma, which can present  with  cranial nerve  enhancement.
Additionally, more cephalic images demonstrated asymmetric abnormal enhancement  of the right  trigeminal nerve, compatible with lymphomatous
involvement  of cranial nerve  V. Computed  tomography of the  temporal bones may be  useful to  differentiate  cranial nerve  mass lesions (e.g.,
schwannoma) from neuritis because a mass lesion typically will demonstrate remodeling and enlargement of the osseous structures when the mass is
large  enough.
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11.2.3  Otosclerosis/Otospongiosis
Fenestral otospongiosis is m ore com m on  than  cochlear otoscle-
rosis. Young and  m iddle-aged  patients  often  present  w ith  pro-
gressive  conduct ive  or  w ith  m ixed  conduct ive  and  sensineural
hearing loss. Often, sym ptom s and  findings are bilateral. In  fen-
estral otospongiosis, radiographic findings begin  at  the anterior
m argin  of the oval w indow, w hich  is called  the fissula an te fen-
estram . On  CT, th is begins as a hypoat tenuating focus at  the fis-
sula  ante  fenestram  (� Fig. 11.4a, b). However, w ith  t im e, th is
often  spreads to involve  the  additional m argins of the  oval and
round  w indow s. Over  t im e, or  in  cochlear  otosclerosis, dem in-
eralization  can  involve  the  m iddle  and  basal turns of the  coch-
lea, resulting in  an  apparent  double  ring or  halo  appearance  of
hypoat tenuation  surrounding  the  cochlea  (� Fig.  11.4c,  d).  In
the  late  healing phase, new  bone  or  increased  sclerosis  w ill be
seen  along the oval and  round w indow s. MR im aging, often  not
needed  in  the  evaluation, m ay  dem onstrate  subtle  enhancing
foci w ithin  the m edial portions of the m iddle ear  in  the regions
of the oval and round w indow s.

11.2.4  Labyrinthine Ossificans
(� Fig. 11.5)
Follow ing traum a, in fect ion, or  inflam m ation, the  act ivation  of
fibroblasts  or  osteoblasts  m ay  result  in  fibrosis  or  ossification
w ithin  the  cochlea. Most  com m only, th is  follow s m eningitis  in
young children, resulting in  bilateral sensorineural hearing loss.
Less  com m only, the  sem icircular  canals  or  vestibule  can  be  in-
volved. On  CT, dense sclerosis of the labyrinthine portion  of the
cochlea  is  seen . On  T2  MR im aging, low -intensity  foci  w ill  be

seen  w ithin  the  fluid-filled  spaces of the  inner  ear, m ost  often
the  cochlea. This can  be seen  as an  apparently increased  size  of
the  m odiolus, w hich  is  norm ally of low  signal in tensity on  T2-
weighted sequences.

11.2.5  Superior Sem icircular Canal
Dehiscence (� Fig. 11.6)
Sem icircular  canal dehiscence  is  best  im aged  w ith  th in-section
CT of the  temporal  bone. The  coronal  or  paracoronal  im aging
plane  is  usually  the  best  for  evaluating  the  sem icircular  canal.
To  diagnose  sem icircular  canal  dehiscence  on  im aging,  one
m ust  note  extrem e  dem ineralization  and  th inning of the  bony
covering of the  sem icircular  canal m easuring 2 m m  or  greater,
typically the superior  posterior  sem icircular  canal. If the region
of dehiscence is less than  2 m m , it  m ay represent  a norm al ana-
tom ical varian t, w ith  th inning rather  than  complete  dehiscence
of the  bony covering of the  sem icircular  canal. Sem icircular  ca-
nal dehiscence  m ay present  w ith  vestibular  disturbance. Typi-
cally, the  region  of dehiscent  or  th inned  bone  m easures  2  to
5 m m .  Sem icircular  canal  dehiscence  m ay  also  be  visualized
w ith  high-resolution  T2 MR im aging, typically w ith  an  in ternal
auditory canal protocol of the brain .

11.2.6  Tem poral Bone Chondrosarcom a
(� Fig. 11.7)
Chondrosarcom a is included w ith in  the di eren tial of skull base
neoplasm s and  w ill be found  o m idline, m ost  often  at  the pet-
ro-occipital  fissure. CT is  im portant  in  the  evaluation  of skull

Fig. 11.11  (a) Soft-tissue and (b) bone axial window computed tomography (CT) is the imaging modality of choice for choanal atresia. Thin-section CT
of the maxillofacial region as well as maximum-intensity-projection reconstructions may be  obtained to evaluate  more  completely the nasal passage
and  nasal choanae. In  this case, the  posterior nasal cavity is narrow, with  bony atresia of the  left  choana and  a small membranous component
inferiorly. The vomer is enlarged asymmetrically, left  greater than right. The left  maxillary sinus is rotated laterally. There is no significant air–fluid level
in  the  nasal passage. These  findings are  typical for left  choanal atresia.

Radiographic Imaging of Common Clinical Presentat ions in Otolaryngology–Head and

70



base  m asses  and  w ill  best  dem onstrate  the  chondroid  tum or
m atrix,  w hich  helps  in  distinguish ing  th is  tum or  from  other
lesions involving the skull base. Chondroid  m atrix has been  de-
scribed  as  arclike  or  ringlike  calcifications, or  it  m ay be  am or-
phous, appearing as  osteoid  m atrix  that  dem onstrates  cort ical
and m edullary elem ents. The m asses appear aggressive and w ill

result  in  bone  destruction  and  expansion. On  MR im aging, the
tum or  w ill  dem onstrate  low  signal  in tensity  on  T1  and  high
signal  on  T2.  Calcifications  w ill  appear  dark  on  T1-  and  T2-
weighted  sequences.  Enhancem ent  w ill  be  heterogeneous  on
CT and MR im aging.

Fig. 11.12  Sinusitis. (a) Acute sinusitis. Axial noncontrast  computed tomographic (CT) scan of the paranasal sinuses demonstrates an air–fluid level in
the right  maxillary paranasal sinus with a bubbly stranding at  the medial aspect  of the air–fluid level. These findings are  suggestive of acute  sinusitis.
(b,c) Chronic sinusitis. Axial noncontrast  CT scans through the  paranasal sinuses demonstrate  complete  opacification  of the  maxillary paranasal
sinuses. Severe bony hypertrophy, sclerosis, and thickening noted about  the maxillary paranasal sinuses are compatible with chronic sinusitis, which is
most  easily appreciated  on the  axial image  provided  in  (b) bone  window width  and  level. Inspection of the  maxillary paranasal sinus using  (c) soft-
tissue  window demonstrates hyperdensity in  the  central portion of the  opacified  maxillary paranasal sinuses, which may represent  inspissated
secretions or fungal sinusitis change.
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Fig. 11.13  Silent sinus syndrome. (a) Note the small left  maxillary sinus with thickening of the lateral wall of the left  maxillary sinus. There is associated
enlargement of the left orbital contents. (b,c) Note the lateral position of the left  uncinate process with narrowing of the infundibulum. These patients
may present  with enophthalmos and involution of the maxillary sinus after occlusion of the infundibulum. Coronal computed tomography is the ideal
imaging  modality to  make  this diagnosis.
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11.3  Lesions of the Cent ral
Nervous System
11.3.1  Internal Auditory Canal Lesions
(� Fig. 11.8 and � Fig. 11.9)
Schwannom as of the facial nerve m ay arise anyw here along the
course of the nerve. Given  the proxim ity of the nerve to the ves-
tibulocochlear  nerve,  patien ts  w ill  present  w ith  hearing  loss
m ore  often  than  facial  nerve  palsy. On  noncontrast  tem poral
bone  CT, expansion  of the  bony facial nerve  canal w ill be  seen.
On  MR im aging, nodularity of the facial nerve  w ill be  seen  best
visualized on  th in-section, h igh-resolution T2-weighted im ages.
However, fat-saturated  T1-weighted  im aging  w ill dem onstrate
the exten t  of the m ass m ost  clearly (see � Fig. 11.8). It  is impor-
tan t  to  realize  that  the  facial nerve  can  dem onstrate  enhance-
m ent  norm ally  distal to  the  anterior  genu. However, the  facial
nerve  should  never  dem onstrate  enhancem ent  w ithin  the
cisternal  (cerebellopontine  angle),  m eatal  (in ternal  auditory

canal), and  extracranial segm ents. Enhancem ent  can  been  seen
w ith  a  facial nerve  schwannom a, perineural spread  of another
head  and  neck  m alignancy,  or  in flam m ation  associated  w ith
idiopathic facial paralysis (Bell palsy).

Often , enhancing m asses w ill be seen  at  the  cerebellopontine
angle.  Diagnostic  considerations  for  these  m asses  include
schwannom as,  epiderm oid  cysts,  m eningiom as,  arachnoid
cysts, and  m etastasis, to nam e a few. Schwannom as on  im aging
w ill be  avidly enhancing, sim ilar  to  a  m eningiom a or  m etasta-
sis. However, enhancem ent  and  the  m ass  w ill  extend  in to  the
porus acusticus, unlike a m eningiom a, w hich  w ill often  dem on-
strate a dural tail of enhancem ent. Furtherm ore, a schwannom a
w ill have a  dum bbell appearance, w ith  the waist  of the  m ass at
the  porus  acusticus, and  w ill also  expand  the  porus  acusticus.
Epiderm oid and arachnoid cysts, on  the other hand, w ill not en-
hance. Arachnoid  cysts  w ill follow  the  signal in tensity of cere-
brospinal  fluid  on  all  sequences,  and  epiderm oid  cysts  w ill
dem onst rate  restricted  di usion, evident  as  h igh  signal on  dif-
fusion-weighted  im aging and  decreased  signal on  apparent  dif-
fusion  coe cient  (ADC) m aps.

Fig. 11.14  (a) Coronal and  (b,c) axial computed  tomographic scans through the  paranasal sinuses demonstrate  extensive  paranasal sinus
opacification, particularly involving the right  ethmoid and maxillary paranasal sinuses. There is associated extensive soft-tissue swelling and collection
from the right medial canthus region to the soft tissues overlying the right nasal bridge, as well as both pre- and postseptal right orbital cellulitis. These
findings are  typical of sinusitis with  the  complication of Pot t’s puffy tumor and associated  soft-tissue  abscess. This patient  subsequently underwent
magnetic resonance  imaging  of the  brain. (d) A soft-tissue  abscess is seen in the  right  frontal to  periorbital soft  tissues. Multiplanar imaging  of the
brain  demonstrates extensive  intracranial extension  of this infectious process with  associated  dural hyperemia (d), compatible  with  meningitis and
associated subdural phlegmon/early empyema, as well as extensive edema within the right  greater than left  frontal lobes, compatible  with cerebritis
(e,f). This entity can lead to rapid  central nervous system  deterioration and death, particularly if there  is thrombophlebitis of the intracranial cortical
veins and/or intracranial dural venous sinuses.
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11.3.2  Cent ral Nervous System
Lym phom a (� Fig. 11.10)
Central nervous system  (CNS) lym phom a can  be separated  in to
two  m ajor  categories:  prim ary  CNS lymphom a  and  m etastatic
CNS lymphom a. For  the  purposes of th is text, m etastat ic in tra-
cranial lymphom a w ill be briefly discussed. Metastatic in tracra-
nial lym phom a  can  involve  any portion  of the  CNS structures;
however, it  is typically seen  as a dural or leptom eningeal lesion.
Metastat ic  CNS lymphom a  m ay  also  a ect  peripheral  nerves.
MR im aging of the  brain  w ith  contrast  is  the  best  im aging m o-
dality to evaluate  for  CNS lymphom a. CNS lymphom a is a  great
im aging  m im icker  and  m ay  appear  in  any  fashion;  however,
m ultiple  T2  isoin tense  to  hypointense  lesions  w ith  avid
enhancem ent  are  typical  of  CNS lymphom a. On  the  CT scan,
lymphom a m ay be  hyperdense  because  of its  low  cytoplasm ic-
to-nuclear  ratio.  When  CNS  lym phom a  involves  the  dura,
m eninges, and cranial nerves, the prim ary di eren t ial consider-
ations vary depending on  the location. For  the  purposes of th is
text , w hen  enhancem ent  is seen  about  the tr igem inal nerve, fa-
cial  nerve, or  vestibulocochlear  nerve, one  m ust  consider  the
possibility  of m etastatic lym phom a  as  well as  other  etiologies,
including a peripheral nerve sheath  tum or from  a phakom atosis
such  as neurofibrom atosis or a prim ary peripheral nerve sheath
tum or  such  as  schwannom a. Other  neoplastic  processes  m ay
m etastasize  to  the  cranial nerves, such  as  breast  or  lung carci-
nom a. These  neoplasm s also have a propensity for  leptom enin-
geal  and  dural  spread  w ith  CNS m etastases. The  other  m ajor
category  of  disease  processes  that  m ay  present  w ith  cranial
nerve  enhancem ent  includes  inflam m atory or  in fect ious  proc-
esses that  result  in  neurit is, such  as Bell palsy or  Lym e disease.
Typically, these lesions do not have a m asslike appearance.

11.4  Disorders of the Nose and
Paranasal Sinuses
11.4.1  Choanal Atresia (� Fig. 11.11)
Choanal atresia  is a  narrow ing of the  posterior  nasal apertures.
Patien ts  w ill  present  w ith  respiratory  dist ress  during  feeding,
especially  if  the  stenosis  is  bilateral. High-resolution  noncon-
trast  CT is  used  to  characterize  the  stenosis  and  to  assess  for
m em branous  or  osseous  obstruction. Before  im aging, it  is  im -
portant  to suct ion  secretions from  the  nasal cavity. The  choana
w ill m easure less than 0.34 cm , and the vom er w ill be th ickened
to  m ore  than  0.23 cm . Either  soft  t issue  or  bone  m ay  be  seen
obstruct ing  the  posterior  choana.  Additionally,  the  posterior
walls of the m axilla m ay be bowed m edially.

11.4.2  Sinusit is
Im aging m ay play a role  in  acute sinusit is in  the sett ing of m ed-
ically  refractory  sinusit is  or  w hen  there  is  clin ical concern  for
spread  to adjacent  orbital or  cranial structures. Noncontrast  CT
of  the  paranasal  sinuses  is  the  typical  m odality  of  choice  to
evaluate  for  acute  paranasal sinus disease. If there  is a  h igh  de-
gree of clin ical suspicion  for concom itant  spread of in fect ion  in-
to the orbit  or cranial vault , MR im aging w ith  and  w ithout  con-
trast  m ay be  obtained. The  im aging hallm ark of acute  sinusitis
is  an  air–fluid  level w ithin  a  paranasal  sinus, oftentim es  seen
w ith  strandy  or  bubbly  secret ions, as  well. These  findings  are
m ost  easily appreciated  in  the  m axillary sinus. It  m ay be  di -
cult  to  appreciate  an  air–fluid  level  w ithin  the  ethm oid  and
frontal paranasal sinuses  because  of their  relatively sm all size.
Mucosal th ickening  and  polypoid  lesions  w ithin  the  paranasal

Fig. 11.15  Postcontrast axial images through the maxillofacial region (a) demonstrate extensive cellulitis and phlegmon in the left  premaxillary tissues
extending  to the  left  nasal soft  tissues. Additionally, abut ting  the  left  anterior maxilla  there  is a  well-demarcated  ovoid  abscess (asterisk). A more
cephalic image  (b) demonstrates an  ovoid  hypoenhancement  (asterisk) in  the  left  cavernous sinus, consistent  with  left  cavernous sinus thrombosis.
Close  at tention  to the  cavernous sinus is necessary because  this lesion  can  rapidly lead  to  death  from  sepsis or overwhelming  intracranial central
nervous system  infectious involvement.
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sinuses  m ay  m im ic  an  air–fluid  level. Conversely, nearly  com -
plete  opacification  of any  of the  paranasal  sinuses  w ith  fluid
m ay m im ic a large polypoid lesion.

Im aging in  the setting of sinusit is is often  nonspecific. Radio-
logic reports  w ill focus  on  descriptive  com m ents regarding lo-
cation, configuration, and  the m agnitude of m ucosal th ickening
and  opacification . In  the  di erentiation  of chronic  from  acute
sinusit is, attention  m ust  be  turned  to  the  bony confines of the
paranasal sinuses. With  long-standing  chronic paranasal sinus
disease, there  is  often  a  periosteal  react ion  and  th ickening  of
the  bony confines of the  a ected  paranasal sinus. This  m ay be
term ed  mucoper iostea l thickening. The  bony  confines  m ay  be-
com e  extrem ely th ick and  hyperdense. When  chronic sinusit is
is  suspected, CT of the  paranasal  sinuses  m ay  be  obtained  to
evaluate  for  anatom ical  variants  of the  paranasal  sinuses  that
m ay  predispose  to  the  developm ent  of chronic sinusit is. CT is
the  im aging m odality of choice  to evaluate  for  chronic sinusitis
because  it  allow s  the  m ost  complete  assessm ent  of  the  bony
confines  of the  paranasal  sinuses. Attention  to  the  soft-t issue

w indow  w hen  the paranasal sinuses are exam ined is im portan t
to  evaluate  for  hyperdense  paranasal  sinus  disease.  On  MR
im aging, the appearance of secret ions and  the sinuses is related
to the proteinaceous content of the secretions. In  general, as the
protein  content  increases, the appearance w ill becom e m ore in-
tense on  T1-weighted  im aging and  less in tense  on  T2-weighted
im aging; however, as the secretions becom e m ore solid  or  m in-
eralized  (as in  fungal sinusitis), their appearance can  be dark on
T1- and T2-weighted im aging and can thus m im ic an  aerated si-
nus. If hyperdense  m aterial is  appreciated  in  the  paranasal si-
nuses, one  m ust  exclude  fungal  sinusitis.  Other  etiologies  for
hyperdense  paranasal sinus  disease  are  inspissated  secretions,
blood product , or hyperdense m ass lesion .

The  location  of the  m ucosal th ickening, as  well  as  the  pres-
ence  of any anatom ical varian ts, is  essential  in  planning  sinus
surgery. Often, sinonasal disease  is  categorized  in to  a  num ber
of patterns, including infundibular, ostiom eatal complex, sphe-
noethm oidal  recess,  sporadic,  polyposis,  frontal  recess,  and
dental source. In  the  infundibular  pat tern , disease  is  lim ited  to

Fig. 11.16  Extensive  opacification  with  hyperdensity and  stippled  calcifications is seen on  computed  tomographic scans (a–c) and  sagit tal T2
magnetic resonance (MR) imaging (d) within the entirety of the visualized right  maxillary, ethmoid, sphenoid, and frontal sinuses. There is associated
expansion and thinning of the sinus walls, including the posterior lateral wall of the right  maxillary sinus, right  lamina papyracea, and entire sphenoid
sinus. On T2 axial MR imaging  (e), thickened, inspissated  secretions in  the  expanded  right  ethmoid  sinuses are  hypointense  and  can be  missed.
Although this lesion may appear to the  inexperienced imager to mimic a neoplastic aggressive  mass lesion, these findings are  suggestive of chronic
allergic fungal sinusitis in  the  correct  clinical setting.
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the  m axillary  sinus,  w ith  obstruction  of  the  ost ium .  In  the
ostiom eatal  complex  pat tern ,  disease  is  often  variable  but
involves the sinuses that drain  via the ost iom eatal complex (an-
terior  ethm oid,  m axillary,  and  frontal  sinuses).  In  the  sphe-
noethm oidal recess pattern , disease involves the sphenoid sinus
and  posterior  ethm oid  air  cells. The  sporadic pattern  is, as  the
nam e im plies, m ore  random  in  appearance  and  cannot  be  clas-
sified  by  a  specific  drainage  pattern .  The  sinonasal  polyposis
pattern  is  characterized  by  polypoid-appearing  lesions  w ithin

the sinuses. The frontal recess pattern  is characterized  by occlu-
sion  of the frontal recess, result ing in  disease w ithin  the ipsilat-
eral frontal sinus. The dental source  pattern  is characterized  by
m axillary disease, w ith  lucent, cystic-appearing lesions involv-
ing the m axillary teeth  (� Fig. 11.12 and � Fig. 11.13).

Moreover,  care  should  be  taken  to  evaluate  for  potential
complications  of  sinusit is.  The  visualized  brain  parenchym a
should  be  carefully assessed  to  evaluate  for  the  presence  of an
epidural or subdural abscess (� Fig. 11.14). This w ill appear as a

Fig. 11.17  (a) Coronal bone  and  (b) soft-tissue  window computed  tomographic scans demonstrating  opacification  of the  left  maxillary sinus with
polypoid  extension  into the  middle  meatus and  posterior nose  without  significant  bone  erosion, consistent  with  an antrochoanal polyp.

Fig. 11.18  (a) Axial and  (b) coronal noncontrast
computed  tomographic scan  of the  paranasal
sinuses demonstrates paranasal sinus opacifica-
tion (most prominent in the right maxillary sinus),
mucosal thickening, and  partial opacification.
There  is a  large  polypoid  component  extending
into the  right  nasal passage  with  extensive
destruction  of the  right  middle  nasal turbinates
and  portions of the  right  inferior nasal turbinate.
These  findings suggest  an  aggressive  polypoid
lesion, and  the  extensive  osseous destruction
suggests malignant  degeneration. Tissue  pathol-
ogy was consistent  with  a squamous cell carci-
noma arising  from  an inverted  papilloma.
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hyperdense  fluid  collect ion  result ing  in  m ass  e ect  and  dis-
placem ent  of the  underlying brain  parenchym a. If contrast  was
adm inistered, enhancem ent  of the  dura  w ill m ake  the  em pye-
m a  m ore  conspicuous.  On  MR  im aging,  di usion  weighted
sequences, if obtained, w ill dem onstrate  increased  signal, indi-
cating  em pyem a. In  the  setting  of ethm oid  disease,  infect ion
w ill often  spread to the adjacent orbit .

Additionally, in  the sett ing of contrast  adm inistration, evalua-
tion  of the  cavernous  sinuses  is  im portan t  to  evaluate  for  the
presence  of  throm bosis.  A throm bosed  cavernous  sinus  w ill
dem onst rate  enlargem ent, and  a  hypodense  clot  m ay  be  seen
on  CT (� Fig. 11.15). Secondary signs of cavernous sinus throm -
bosis  include  engorgem ent  of the  ipsilateral superior  ophthal-
m ic vein . On  MR im aging, evaluation  of the  cavernous sinus for

Fig. 11.19  (a) Contrast-enhanced  computed  tomographic scan of the  maxillofacial region demonstrates a large, hyperenhancing soft-tissue  mass
arising from the region of the right  sphenopalatine foramen that  involves the right  anterolateral nasopharyngeal wall and extends into the right  nasal
passage. (b,c) There  is associated  extension into the  pterygopalatine  fossa with  mild  osseous erosion of the  base  of the  right  pterygoid  plate. The
findings are  compatible  with  juvenile  nasopharyngeal angiofibroma. These  lesions are  often  treated  with  endovascular embolization  before  surgical
resect ion to aid  hemostasis. (d) Note the  large, extremely hypodense  ovoid  collection in the  anterior right  nasal passage; this represents hemostatic
packing  material and  a  balloon tamponade  catheter.
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throm bosis  is  best  perform ed  w ith  routine  contrast-enhanced
sequences.  High-resolution  three-dim ensional  gradient-echo
sequences  m ay  be  em ployed  after  the  adm inistration  of con-
trast  to  in terrogate  the  cavernous sinus. Alternatively, im aging
perform ed w ith  a sellar protocol allow s evaluation  of the caver-
nous sinus. It  is importan t  to note  that  MR venography w ill not
allow  adequate evaluation  of the cavernous sinuses.

Allergic  fungal  sinusit is  results  in  the  opacification  and  ex-
pansion  of m ultiple  sinuses. On  im aging, th is  can  appear  very
aggressive, w ith  di use involvem ent  resulting in  bony rem odel-
ing and  apparent  cort ical th inning or  erosion  (� Fig. 11.16a–c).
However,  cen trally  w ithin  the  sinuses,  hyperdense  secretions
w ill be seen. On  MR im aging, as described  above, signal charac-
teristics  are  variable  depending on  the  proteinanceous content
of the secretions. Typically, these secretions are  hypointense on
T2 sequences and variable on T1 sequences (� Fig. 11.16d, e).

11.4.3  Antrochoanal Polyp (� Fig. 11.17)
An  antrochoanal  polyp  is  an  inflam m atory  polyp  arising
from  the  m axillary  sinus  an trum  and  herniating  through  the
m axillary os in to the nasal cavity. It  is m ost  often  found  in  ado-
lescents  and  young  adults, w ho  present  w ith  unilateral  nasal
obstruct ion. On  im aging, the  lesion  is  dum bbell-shaped, bridg-
ing  the  m axillary  sinus  and  nasal  passage  and  expanding  the
m axillary ost ium . On  CT, the  m ass  w ill be  of low  density  and
dem onstrate  peripheral enhancem ent. Depending on  the water
or  m ucoid  content , the  m ass w ill be  of low  intensity on  T1 and
of h igh  in tensity on  T2. Of course, th is  can  vary  depending on
the  protein  content  of the  lesion. Enhancem ent  w ill be  periph-
eral, as on  CT.

11.4.4  Invert ing Papillom a
Papillom as are  m ost  often  centered  in  the  m iddle  m eatus  and
m ay result  in  obstruct ive sinonasal disease. On  CT, a soft-t issue

m ass w ith  nonspecific characteristics w ill be seen  (� Fig. 11.18a,
b).  Calcifications  will  often  be  seen  within  the  m ass.  On  MR
im aging, the  m ass  w ill  dem onstrate  isointensity  on  T1  and  T2
sequences. The enhancem ent  pattern  has been  described  as cur-
vilinear  or  “cribriform .” It  is  im portant  to  note  that  squam ous
cell carcinom a often  coexists w ith  inverting papillom as.

11.5  Disorders of the Pharynx
11.5.1  Juvenile  Nasal Angiofibrom a
A juvenile  nasal angiofibroma is a benign, highly vascular, locally
aggressive  tum or  typically  a ect ing  young  male  adolescents,
w ho  presen t  w ith  nasal  obstruct ion  and  recurren t  epistaxis.
On  im aging, the  m ass  w ill enhance  in tensely and  often  or igi-
nates  from  the  sphenopalat ine  foram en  or  the  pterygopala-
t in e  fossa  (� Fig. 11.19a, b).  It  is  im portan t  to  look  for  local
spread  of the  m ass. Com m on  locat ions of local spread  include
the  paranasal  sinuses  (m ost  com m only  the  sphenoid  sinus),
or  the  tum or  m ay spread  via  the  pterygopalat ine  fossa, vidian
canal, or  foram en  rotundum  to  extend  in to the  orbit  or  in fra-
tem poral  fossa, or  in t racran ially. Th is  is  especially  im portan t
to  recogn ize  to  ensure  proper  surgical  p lann ing  for  a  com -
plete  resection .

On  CT,  the  m ass  is  isodense  to  m uscle  and  dem onstrates
m arked  enhancem ent  (� Fig. 11.19c,d). The  m ass does  dem on-
strate  locally aggressive  features, and  im aging  w ill  show  bony
rem odeling and  destruct ion, including bow ing of the nasal sep-
tum  and  posterior  wall of the  m axillary sinus and  enlargem ent
of the  pterygopalatine  fossa. As  m ent ioned  above, the  m ass  is
found  w ithin  the  nasal  cavity;  however, local  spread  m ust  be
evaluated  thoroughly. MR im aging  w ill dem onstrate  a  hetero-
geneous  m ass  that  is  isointense  to  skeletal  m uscle  on  T1-
weighted  and  of in term ediate  to h igh  in tensity on  T2-weighted
im ages. Flow  voids, often  described  as  having a  “salt  and  pep-

Fig. 11.20  Left  nasopharyngeal carcinoma. (a) On T1 precontrast  imaging, the lesion is isointense to muscle, but  (b,c) it  is hyperintense to muscle on
postcontrast T2 imaging with fat  suppression. The mass lesion is centered in the left nasopharynx with effacement of the left  fossa of Rosenmüller and
the  left  eustachean tube. These  structures are  preserved  in  the  uninvolved  right  nasopharynx.
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per” appearance, are  often  seen  throughout  the  m ass, illustrat-
ing  its  increased  vascularity. Local  extension  is  best  evaluated
w ith  fat-saturated postcontrast  im aging.

Before  surgery, these  pat ien ts  w ill often  be  em bolized  to  re-
duce in t raoperative blood loss. On  catheter angiography, the tu-
m or  w ill dem onstrate  a  prom inent  capillary blush  and  is  m ost
often  fed  via  branches  of the  in ternal m axillary and  ascending
pharyngeal arteries. Endovascular  em bolization  is often  accom -
plished w ith  the use of part icles. Alternatively, tum or em boliza-

tion  m ay  be  accom plished  percutaneously  w ith  the  use  of
liquid  em bolic  agents  such  as  n-butyl  cyanoacrylate  (Onyx;
eV3, Irvine, CA).

11.5.2  Cancer of the Pharynx
Most  m alignancies  involving  the  m ucosal surfaces  of the  head
and neck are squam ous cell cancer. The role of im aging is not  to
provide a h istologic diagnosis, but  rather to define the extent  of

Fig. 11.21  Magnetic resonance (MR) imaging with (a) T1 precontrast, (b) T1 postcontrast, and (c) T2 with fat  saturation sequencing of a right floor of
mouth squamous cell carcinoma (SCCa) with  extension and  destruction  of the  right  mandibular body. The  neoplasm  extends beyond the  mandible
into the  right  masticator space. MR imaging  and  CT are  the  best  modalities to evaluate  the  extent  of local disease  in  SCCa; positron emission
tomography–computed  tomography (PET-CT) is the  imaging  modality of choice  for staging  SCCa for both  regional and  distant  metastasis.

Fig. 11.22  (a) Axial postcontrast computed tomographic (CT) scan demonstrating a sialolith in the distal right submandibular duct. There is associated
dilatation  and  likely infection  within  the  right  submandibular duct. (b) There  are  enlargment  and  enhancment  of the  right  submandibular gland,
compatible  with sialadenitis (c). Note the  small reactive lymph nodes at  the  right  IB level. CT is the  imaging modality of choice for the  evaluation of
salivary stone disease. If there  is concern for very small stones, CT may be performed before and after contrast  to avoid mistaking a small enhancing
branch  of the  external carotid  artery for a sialolith.
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disease to better  stage the  m alignancy and  aid  in  m aking treat-
m ent-related  decisions. Squam ous  cell  carcinom a  is  generally
isodense  to m uscle  on  CT, isointense to m uscle on  T1-weighted
im ages, and  m ildly hyperintense on  T2-weighted  im ages, and  it
w ill  dem onstrate  m odest  enhancem ent. However, background
enhancem ent  of lymphoid  tissue w ill often  lim it  detect ion . The
key to detect ion  and  defining extent  is  to  be  m indful of the  fat
planes  and  fat ty  arch itecture  norm ally  present  w ithin  the
m uscles and spaces of the neck.

For  example, replacem ent  of the fat  (bright  on  T1) in  front  of
the  prevertebral  m usculature  m ay  suggest  invasion ,  m aking
carcinom a potentially unresectable. Muscle invasion  can  also be
suggested  by increased  T2  signal w ithin  the  m uscle  or  nodular

enhancem ent  of the  m uscle  itself. Another  example  is  the  use
of fat  to determ ine tum or  spread  at  the eustachian  tube  orifice.
The  levator  veli palatin i and  tensor  veli palatin i norm ally have
an  abundant  am ount  of str iated  fat  w ithin  the  m uscle bellies; if
these areas are involved  in  spread of disease, th is fatty architec-
ture w ill be lost (� Fig. 11.20a–c).

Osseous  invasion  is  also  im portant  to  assess  w ith  im aging.
Cortical involvem ent  can  be  seen  on  CT as cort ical th inning or
destruct ion . On T1 MR im aging, cortex is norm ally hypointense.
This  linear  hypointense  signal  w ill  be  lost  if  there  is  tum oral
invasion. Medullary involvem ent  is  depicted  well on  MR im ag-
ing.  The  norm al  m arrow  is  bright  on  T1  sequences  and  w ill
becom e  hypoin tense  w hen  involved  w ith  tum or. Bright  signal

Fig. 11.23  Pleomorphic adenoma of the  deep  lobe  of the  left  parotid  gland. These  lesions are  usually smooth and  ovoid  in  shape, with  relatively
homogeneous enhancement. (a) They have low intensity on T1, (b) enhance brightly with contrast, and (c) may have extremely high T2 signal, as in
this case, which increases the specificity of the diagnosis of pleomorphic adenoma. The T1 signal varies depending on the presence of protein and/or
blood products within the lesion. Larger lesions demonstrate a lobulated appearance and more heterogeneous enhancement. Computed tomography
is adequate  in  sensitivity for the  detection of parotid  adenoma; however, its specificity is not  as high  as that  of magnetic resonance  imaging.
Ultrasound should  be  used  with  caution because  lesions in  the  deep  lobe  of the  parotid  may not  be  well visualized.

Fig. 11.24  Left  parotid  mucoepidermoid  carcinoma. (a) T1  precontrast  image  shows a  tumor arising  from  the  deep  lobe  of the  parotid  gland  and
invading the left  masticator space. (b) Image with contrast  enhancement. (c) T2 signal abnormality extends to the left mandibular ramus, indicative of
osseous extension, with  likely perineural extension along  the  inferior alveolar nerve. Note  the  infiltration  and  involvement  of the  left  pterygoid
musculature.
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follow ing gadolinium  and  hyperin tense signal on T2 im ages are
less  specific  evidence  of  m edullary  involvem ent  w ith  m alig-
nancy (� Fig. 11.21).

11.6  Disorders of the Salivary
Glands
11.6.1  Sialolithiasis and Sialadenit is
(� Fig. 11.22)
Im aging is  often  perform ed  to  evaluate  for  sialadenitis  and  as-
sess  for  underlying  stones. Radiography  m ay  be  em ployed  to

detect  large radiopaque stones. CT w ith  or  w ithout  contrast  can
be  ut ilized  to  evaluate  for  obstruct ing  stones  resulting  in  up-
stream  ductal  dilatat ion  w ith  or  w ithout  accom panying  gland
inflam m ation . On  CT, a stone w ill be visualized as a hyperdense
focus found  w ith in  or  along the  drain ing ducts  (� Fig. 11.22a),
m ost  often  of the subm andibular  or  parotid  glands. Contrast  al-
low s better resolution  of the soft  t issues, as well as better evalu-
ation  for  m icroabscesses,  w hich  m ay  form  w ithin  the  gland.
However, contrast  does decrease sensitivity for  the detect ion  of
sm all stones, w hich  like  contrast  appear  hyperdense. On  im ag-
ing, glandular  swelling, ret iculation  of the overlying subcutane-
ous  fat ,  and  skin  th ickening  are  signs  of  inflam m ation
(� Fig. 11.22b, c). MR im aging can  dem onstrate sim ilar findings,

Fig. 11.25  (a,c,e) T1-weighted  axial and  (g) sagit tal and  (b,d,f) T2 fat-suppressed  axial views of a  patient  with  massive  lymphadenopathy, which
biopsy proved  to  be  lymphoma. (h) More  often, reactive  lymph nodes are  characterized  by more  modest  enlargement  and  uniformity.
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w ith  edem a and  inflam m ation  best  seen  on  T2  sequences w ith
fat  saturat ion. Stones  w ill be  visualized  on  T1  or  T2  sequences
as  hypointense  foci.  Ultrasound  can  dem onstrate  a  swollen
gland  and  in tra-  and  extraductal  dilatation.  However,  stone
detect ion  is  very  operator-dependent.  In  general,  contrast-
enhanced  CT is  su cient  and  o ers  optim ized  stone  detect ion
as well as the detect ion  of complications.

11.6.2  Salivary Gland Masses
Salivary  gland  m asses  have  considerable  overlap  on  im aging,
w ith  m ost  benign  or  m alignant  tum ors  appearing  isodense
to  m uscle  on  CT, and  m any m alignant  tum ors  can  have  bright
signal  on  T2  sequences. Additionally, the  m argin  of the  lesion
can  be  well defined  or  infiltrative  in  benign  or  m alignant  set-
t ings. Thus, im aging is  focused  on  location  so  that  appropriate
decisions can be m ade in  term s of surgical approach .

Pleom orph ic  adenom as  are  the  m ost  com m only  seen  tu-
m or  w ith in  the  parot id  gland . These  m asses  are  isodense  to
m uscle  on  CT and  of  low  signal  in tensity  on  T1  sequences

(� Fig.  11.23a),  dem onstrate  avid  enhancem ent  follow ing  the
adm inistration  of  gadolin ium  (� Fig.  11.23b),  and  are  very
bright  on  T2-weighted  im ages (� Fig. 11.23c). Occasionally, cal-
cifications and  cysts can  be seen  w ithin  pleom orphic adenom as.
Warthin  tum ors  are  the  m ost  com m on  bilateral tum ors  w ithin
the  parotid  gland. These  tum ors  are  dark  on  T1  sequences  but
can  be very heterogeneous on T2-weighted  im ages.

Mucoepiderm oid  carcinom a  is  the  m ost  com m on  m alignant
tum or  of the  parot id  gland  (� Fig. 11.24). Low -grade  m ucoe-
piderm oid  carcinom as  can  have  very  brigh t  signal  on  T2  se-
quences, w hereas  h igher-grade  tum ors  can  be  of  low  signal
in tensity. Adenoid  cyst ic carcinom a  is  the  m ost  com m on  m a-
lignan t  tum or  of  the  subm andibular,  sublingual,  and  m inor
salivary  glands.  As  w ith  m ucoepiderm oid  carcinom a,  signal
in tensity  on  T2  sequences  is  h igh ly  variable. How ever, un like
m ucoepiderm oid  carcinom a,  adenoid  cyst ic  tum ors  have  a
propensity for  per ineural spread , so  par t icular  at ten t ion  m ust
be  paid  to  cran ial  nerves  V and  VII. Other  m alignan t  tum ors
of the  salivary  glands  include  m etastat ic  lesions, lym phom a,
squam ous cell carcinom a, and  adenocarcinom a.

Fig. 11.26  (a–d) Multiple  axial postcontrast
computed tomographic scans through the region
of the  mandible  demonstrate  an  ovoid, hypo-
dense, peripherally enhancing  abscess along  the
buccal surface of the distal body extending to the
angle  of the  right  mandible. There  is associated
extensive  soft-tissue  swelling  and  cellulitic
change  with  phlegmon in  the  surrounding  soft
tissues. Additionally, reactive  right  greater than
left  cervical chain  lymphadenopathy is present,
with  a  markedly enlarged, partially enhancing
right  station  IIA cervical chain  lymph node.
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11.7  Disorders of the Neck
11.7.1  Lym ph Nodes (� Fig. 11.25)
Lym ph  nodes  w ithin  the  neck  have  designated  levels  and  are
described  elsew here. Lym ph  nodes  are  isodense  to  m uscle  on
CT and  isointense to m uscle  on  T1-weighted  im ages. Nodes are
well seen  in  patien ts w ith  abundant fat . Nodes are norm ally hy-
perin tense on T2-weighted im ages obtained w ith  fat  saturation.
The  fatty  h ilum  is  not  always  seen  on  im aging but  w hen  seen
portends benignity. In  the setting of infect ion , lym ph nodes w ill
often  dem onstrate  avid  react ive  enhancem ent.  Suppurative
lymph  nodes  (in  the  setting  of tuberculosis, fungal disease, or
staphylococcal in fect ions) w ill look like  abscesses, dem onstrat-
ing hypoat tunation  on  CT and  hyperintensity on  T2  sequences
w ith  ring  enhancem ent. However, necrotic  lymph  nodes  m ay
also  be  seen  in  the  sett ing of head  and  neck m alignancy (even
occult  lesions), and  lymph  nodes  larger  than  1 cm  in  greatest
short-axis diam eter should be considered pathologic.

11.7.2  Deep Neck Infect ions
(� Fig. 11.26)
Im aging w ithin  the deep spaces of the neck is centered upon lo-
calizing pathology to  a  certain  space  in  the  neck. For  example,

localization  of a  lesion  to  the  carotid  or  m asticator  space  w ill
greatly  aid  the  di erential diagnosis. However, certain  lesions,
such  as infiltrative  neoplasm s and  infect ions, can  be  t rans-spa-
tial.  Many  infect ions  w ith in  the  extram ucosal  spaces  of  the
head and neck have a dental origin; other possible etiologies for
infect ion  include antecedent traum a, often  m inor.

Infect ion  is  often  evaluated  w ithin  the  em ergency  depart-
m ent  setting  w ith  the  use  of CT. Phlegm onous  changes  on  CT
w ill dem onstrate  loss  of the  expected  fat  planes  and  architec-
ture  w ithin  the  deep  spaces of the  neck. Secondary signs of in-
fect ion  include en larged  enhancing lym ph  nodes w ith in  the  ip -
silateral  neck, w hich  are  react ive  in  nature. Som etim es, these
lymph nodes m ay becom e necrotic secondary to superinfection.
However, squam ous  cell cancer  can  also  present  w ith  necrotic
lymphadenopathy. Clinical data, including signs of infect ion, are
especially important  in  m aking a  proper  diagnosis. Pharyngitis
and  tonsillit is m ay be  visualized  on  CT, but  im aging is not  rou-
tinely  perform ed  in  th is  sett ing  unless  there  is  concern  for  a
complication  such  as abscess form ation .

Abscesses  w ill  dem onstrate  fluid  attenuation  h igher  than
that  of water  and  a  peripheral  rim  of enhancem ent  follow ing
contrast  adm inistration. On  MR im aging, signal characteristics
w ill include low  to h igher  signal in tensity on  T1 sequences (de-
pending on  the  proteinaceous  content  of fluid), h igh  signal on
T2  sequences,  and  peripheral  enhancem ent  follow ing  gadoli-

Fig. 11.27  (a) Axial and  (b) coronal postcontrast  computed  tomographic scans through the  neck demonstrate  an  ovoid  homogeneous cystic lesion
located  posterior to  the  submandibular gland, medial to  the  left  sternocleidomastoid  muscle  and  anterolateral to  the  left  carotid  sheath. The
appearance and location of this lesion are characteristic of a second branchial cleft  cyst, with a typical appearance of homogeneous hypodensity and a
thin, smooth wall (unless infected). Alternate  diagnoses in  the  differential include  submandibular gland  neoplasm/cyst, venous or lymphatic
malformation, abscess, and  necrotic lymph node.
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nium  adm inistration. Di usion  sequences are  especially helpful
because abscess w ill dem onst rate h igh  signal in tensity on  di u-
sion-weignted  im ages w ith  low  signal on  ADC m aps, in  keeping
w ith  restr icted  di usion. Im aging  can  also  aid  in  localizing  a
source such  as an  infected  tooth . Osteomyelit is or  osteonecrosis
of the  m andible  is often  seen  in  conjunct ion  w ith  dental infec-
tions. It  is  especially im portant  to  identify infect ion  w ith in  the
retropharyngeal  space, or  the  so-called  “danger  space.” Infec-
tion  in  these  locations  allow  a  conduit  in to  the  m ediastinum .
Moreover, close  inspection  of the  carotid  space  is  important  to
exclude throm bosis and secondary throm bophlebitis.

11.7.3  Branchial Cleft  Cyst
(� Fig. 11.27)
The  second  branchial cleft  cyst  is  the  m ost  com m only encoun-
tered  branchial cleft  rem nant. It  arises from  incomplete  closure
of  the  cervical  sinus  of  His,  w hich  is  an  ectoderm al  pit  that
arises from  the second through fourth  branchial clefts. It  is m ost
com m only found along the angle of the m andible and along the
carotid  sheath  and  m ost  often  lies  posterolateral  to  the  sub-
m andibular  gland  and  an terom edial to the sternocleidom astoid
m uscle.  The  lesion  has  signal  characteristics  classic  for  cysts:

Fig. 11.28  Postcontrast  computed tomographic scans in the (a) axial, (b) coronal, and (c) sagit tal planes demonstrate  a left  paramedian ovoid cystic
lesion deep to the  infrahyoid  muscles and abutting  the  undersurface  of the  left  hyoid  bone. These  imaging  characteristics are  most  suggestive  of a
thyroglossal duct  cyst. Included in the differential diagnosis are venous or lymphatic malformations and necrotic lymph node. The uniformity and lack
of multiloculation, as well as the  anterior location, make  the  lymphatic malformation a less likely diagnosis.
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hypointense  on  T1  and  hyperintense  on  T2  w ith  th in  periph-
eral  enhancement  and  attenuation  sim ilar  to  that  of  fluid  or
possibly  slightly  hyperdense  to  water  on  CT.  If  infected,  the
wall  m ay  becom e  th ick  and  then  becom e  indist inguishable
from  necrotic  or  infected  lymphadenopathy.  As  m entioned,
di eren tial diagnost ic considerations for  second  branchial cleft
cysts  include  cystic  or  necrotic  lymphadenopathy  and  lym -
phatic  m alform ations.  However, lymphatic  m alform ations  are
m ore  often  found  posterior  to  the  sternocleidom astoid  m uscle
or  m ay  be  trans-spatial  w ithin  the  neck,  and  they  are  often
m ultilocular,  contain ing  fluid–fluid  levels  indicating  in trale-
sional hem orrhage.

11.7.4  Thyroglossal Duct  Cyst
(� Fig. 11.28)
Thyroglossal duct  cysts  are  rem nants  of the  thyroglossal duct ,
w hich  form s along the  pathway of descent  of the  thyroid  gland
from  the  foram en  cecum  to the  thyroid  bed. Most  are  found  at
the level of the hyoid  bone or  w ithin  the infrahyoid  neck. Most,

but  not  all, are  found  w ithin  the  m idline. With  that  said, som e
can  be  seen  em bedded  w ithin  the  m usculature. The  relation-
sh ip  w ith  the hyoid  bone is im portant  to recognize because the
hyoid  bone  w ill  be  resected  during  the  Sistrunk  procedure.
Im aging characteristics  follow  those  of cysts—nam ely, fluid  at-
tenuat ion  on  CT, low  in tensity on T1-weighted im ages, and high
in tensity on  T2-weighted  im ages. If there  is  proteinaceous  de-
bris  w ithin  the  cyst,  then  high  in tensity  can  be  seen  on  T1-
weighted  im ages. If the  cyst  is  superinfected, enhancem ent  of
the  cyst  wall can  be  seen . Carcinom a  is  rare;  however, it  does
occur in  fewer than  1% of cases.

11.7.5  Thyroid Nodules (� Fig. 11.29)
Sonography rem ains an  im portan t  tool to evaluate thyroid  nod-
ules. However, the vast  m ajority of detected nodules are benign.
Nodules can  vary in  shape, echogenicity, and  in ternal architec-
ture.  Specific  characteristics  that  have  been  associated  w ith
m alignancy  include  nodules  that  have  a  solid  component, are
hypoechoic, contain  m icrocalcifications, are  taller  than  w ide on

Fig. 11.29  (a) Ultrasound of the thyroid gland demonstrating a large right  thyroid mass of mixed echogenicity, later proven on biopsy to be papillary
thyroid  carcinoma. T, trachea. Magnetic resonance  images of the  neck including  (b) sagit tal T1, (c,d) axial T1, (e,f) axial T2 fat-suppressed, and  (g)
axial and  (h) coronal T1  fat-saturated  postcontrast  pulse  sequences demonstrate  the  large  carcinoma of the  right  thyroid, with  extensive  enlarged
ipsilateral lymph nodes.
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transverse views, and  have irregular  m argins. As the num ber of
worrisom e characteristics increases, the risk for  m alignancy in-
creases. Nodules  that  are  photopenic  on  iodine  nuclear  scans
have a 20% risk of m alignancy.

11.7.6  Paragangliom as
Carotid  body  tum ors  (� Fig. 11.30)  arise  from  chem oreceptor
cells derived from  the prim itive neural crest . These m asses arise
at  the  carotid  bulb  and  splay the  in ternal and  external carotid
arteries apart  from  each  other. This is well seen  on  sagittal pro-
ject ions  and  helps  distinguish  these  slow ly  grow ing  vascular
m asses  from  schwannom as,  w hich  do  not  splay  the  in ternal
and  external carotid  arteries. The  m asses  are  generally  unilat-
eral but  can  be bilateral in  certain  inherited  conditions, such  as

succinate  dehydrogenase  enzym e  deficiency,  m ultiple  endo-
crine neoplasia, and Von Hippel-Lindau syndrom e.

On  CT, the  m ass w ill be  isodense  to m uscle  and  dem onstrate
avid  contrast  enhancem ent. On  MR im aging, the  m ass  w ill  be
isointense  to  m uscle  on  T1-weighted  im ages and  hyperintense
on  T2  and  w ill dem onstrate  avid  enhancem ent. Once  again , as
w ith  other  vascular  head  and  neck tum ors, a  “salt  and  pepper”
appearance  on  unenhanced  MR im ages  w ill  be  seen, w ith  the
flow  voids representing the  “pepper” and  hem orrhage  or  slow
flow  representing the  “salt .” On  angiography, a  strong contrast
blush  w ill be  seen, indicating the  vascular  nature  of the  m ass.
Before  resection , em bolization  w ith  part icles  is  often  used  to
lim it  blood loss during surgery.

Glom us jugulare  and  glom us vagale tum ors m ay also be seen
w ithin  the  carotid  space. However, glom us  vagale  tum ors  w ill

Fig. 11.30  (a) Axial, (b) coronal, and  (c) sagit tal postcontrast  computed  tomographic scans of the  neck demonstrate  an avidly enhancing, mixed-
density lesion in the right  carotid sheath splaying the right internal and external carotid arteries. This is best  demonstrated on (d) magnetic resonance
(MR) angiography, which shows marked  splaying  of the  internal and  external carotid  arteries. The  lesion  demonstrates multiple  early-filling  arterial
vessels. The  finding  is characteristic of paraganglioma/carotid  body tumors. These  can occur anywhere  along  the  sympathetic chain. Typically, on
imaging these lesions demonstrate a smooth contour with extensive enhancement  because of their high vascularity. There may be a salt-and-pepper
appearance on MR imaging due to the extensive flow voids. Catheter angiography will show extensive tumoral blush. This case is unique because there
are  multiple  metastatic lesions (including  an upper thoracic lesion  resulting  in  thoracic spinal cord  compression) seen  on (e) sagit tal T1  and  (f) T2
images. The  spinal lesions were  histopathologically proven  metastatic paraganglioma lesions.
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Fig. 11.31  (a–c) Multiple  magnetic resonance  images demonstrate  fusiform  enlargement  of the lower right  sternocleidomastoid muscle, suggestive
of fibromatosis colli. However, given the  presence  of mild  peripheral T2 hyperintensity and  heterogeneous postcontrast  enhancement, infectious
myositis should also be considered. If further evaluation is necessary, fine needle aspiration may be performed. Signal abnormality and enhancement
are  confined  to the  sternocleidomastoid  muscle, making  malignant  neoplasm  (such as rhabdomyosarcoma) less likely.

Fig. 11.32  (a,b) Radiographs of the  soft  tissue  of the  neck in  this patient  with  prior tracheotomy demonstrate  a suggestion of narrowing  of the
subglott ic trachea at  the level of the thyroid cartilage; however, this is poorly visualized because  of the confluence  of shadows and the limitations of
radiography. The irregular contour is in better appreciated on a lateral as opposed to a frontal projection. Subsequent  computed tomography (CT) of
the  neck without  contrast  was performed. (c) Axial and  (d) coronal images, as well as (e–g) three-dimensional surface-shaded  minimal-intensity-
projection reconstructions, were  performed to  demonstrate  and  more  clearly visualize  the  stenosis of the  trachea at  the  level of the  patient’s
presumed prior tracheostomy, with narrowing of the trachea by approximately 40 to 50%. There is also a slightly patulous appearance of the trachea
distal to the  stenosis and  possible  air trapping  within  the  lungs. This entity and associated  findings are  much more  clearly visualized  on CT than on
radiography in  many cases.
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not  splay  the  in ternal and  external carotid  arteries  but  rather
w ill displace the carotid  arteries anteriorly and  the jugular  vein
posteriorly.  Additionally,  these  tum ors  are  generally  found
about  2 cm  below  the jugular  foram en  and  thus are  m uch  high-
er  than  carotid  body tum ors. Glom us jugulare  tum ors m ay ex-
tend in to the carotid  space; however, they also involve the skull
base  and  jugular  foram en. Erosion  of the  jugular  spine  is  com -
m on, and a perm eative destruct ion pattern  is often  seen  on  CT.

Glom us  tym panicum  originates  from  glom us  cells  in  the
cochlear  prom ontory.  Im aging  characteristics  are  sim ilar  to
those  of  other  paragangliom as;  however,  location  w ithin  the
m iddle ear is the distinguish ing feature of these m asses. Clin ical
sym ptom s include a  retrotym panic m ass and  pulsatile  t inn itus.
CT w ill dem onstrate  the  characteristic location  of these  lesions
along or  about  the  cochlear  prom ontory. Enhancem ent  charac-
teristics are generally visualized only w ith  MRI; however, th is is
generally  unnecessary  if  the  clin ical  presentation  and  CT fea-
tures are characteristic.

Indium -111  oct reotide  nuclear  m edicine  scintigraphy  w ill
dem onstrate  increased  act ivity w ith  paragangliom as. Addition-
ally, distant  m etastases  can  be  evaluated  utilizing  w hole  body
im aging. However, false  negative  scans  do  exist , especially  for
sm aller lesions and  lesions w hich  do not  express the proper so-
m atostatin  receptors.

11.7.7  Fibrom atosis Colli (� Fig. 11.31)
Fibrom atosis  colli is  a  focal th ickening and  fibrosis  of the  ster-
nocleidom astoid  m uscle, thought  to be secondary to bir th  trau-
m a. On  im aging, th ickening  and  fusiform  enlargem ent  of  the
sternocleidom astoid  m uscle  are  seen.  On  MR  im aging,  the
m uscle  m ay  be  slightly  hypoattenuating  to  other  m uscle  and
w ill be  hypointense  and  hyperintense  on  T2-weighted  im ages.
It  is  im portant  to  recognize  that  changes  w ill involve  only the
m uscle, and adjacent  t issues w ill lack inflam m atory change.

11.7.8  Acquired Airway Stenosis
Acquired  in tr insic  airway  stenosis  is  m ost  often  secondary  to
prolonged  in tubation  or  prior  tracheostomy. Additional causes
of in trinsic stenosis include  prior  traum a, laryngeal carcinom a,
granulom atous diseases, inflam m atory conditions involving the
tracheal cartilage, tracheopath ia  osteochondroplastica, and  pri-
or  radiation. Extr insic compression  secondary to thyroid  m alig-
nancy and  lymphadenopathy can  also  result  in  compression  of

the trachea. Thin-section  CT allow s accurate characterization  of
the  length  of stenosis, assessm ent  of abnorm al soft  t issue, and
assessm ent  of calcification , w hich  can  provide  clues to possible
etiologies. Irregular  posterior  tracheal  wall  calcifications  m ay
be  seen  w ith  amyloidosis,  w hereas  t racheopath ia  osteochon-
droplastica w ill have regular-appearing calcifications that  spare
the  posterior  wall. Other  etiologies, such  as sarcoidosis, relaps-
ing  polychondritis,  and  Wegener  granulom atosis, w ill  usually
not  calcify. Three-dim ensional im ages  can  be  reform atted, and
virtual bronchoscopy can  allow  lum inal evaluation  of the steno-
sis. One  of the  few  current  indications  for  radiography  of the
soft  t issue  of the  neck  is  evaluation  of the  airway for  patency
(� Fig. 11.32a, b), in  addition to evaluation  of pediatric epiglotti-
t is  and  croup. CT, w ith  or  w ithout  three-dim ensional surface-
shaded  m inim al-in tensity-project ion  reconstruct ions,  m ay  be
m ore helpful in  planning surgery (� Fig. 11.32c–g).
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12  General Anesthesia and Anesthet ic Considerat ions for
Otolaryngologic Surgery
Jason G. Lai and Andrew M. Malinow

12.1  Int roduct ion
The anesthetic m anagem ent  of a  pat ien t  undergoing surgery of
the head, neck, ear, nose, or  throat  challenges the anesthesiolo-
gist  to  develop  an  anesthet ic  plan  that  w ill  accom m odate  the
needs  of the  surgeon, anesthesiologist , and  patient. Optim ally
form ulated  before  the  surgical  procedure  and  in  consultation
w ith  the surgeon, the anesthetic plan should always allow  m od-
ificat ion  to  m eet  the  ever-changing requirem ents  encountered
in  the operating room . Just  as a surgical procedure is divided in-
to a series of steps, so is the delivery of a general anesthetic (see
Box Steps of the Delivery of General Anesthesia). (p.89)

Steps of the  Delivery of General
Anesthesia
1.  Preoperative evaluation
2.  Patient preparation
3.  Induction of anesthesia
4.  Airway management
5.  Maintenance of anesthesia
6.  Emergence from anesthesia
7.  Recovery from anesthesia

12.2  Steps of the Delivery of
General Anesthesia
12.2.1  Preoperat ive Evaluat ion
During the preoperative evaluat ion, the anesthesiologist:
●  Sum m arizes the patient’s general health , including new  or

ongoing m edical conditions, allergies, and curren t  m edica-
tions. Pat ients presenting for otolaryngologic surgery often
have a h istory of heavy sm oking, alcohol abuse, obstructive
sleep apnea, chronic upper respiratory t ract  infect ions, or
chronic obstruct ive pulm onary disease, as well as a h igh  inci-
dence of coronary artery disease, hypertension , and chronic
renal insu ciency. All of these factors im pact  the form ulation
of the anesthetic plan  for each  pat ient  in  an  attempt to m ini-
m ize perioperative m orbidity and m ortality.

●  Perform s a complete physical exam inat ion , focusing not only
on  the pulm onary and cardiovascular system s but  also espe-
cially on  the airway in  an  attempt to uncover anatomy that
m ay m ake m anual ventilation  and the placem ent of a tracheal
tube di cult . The steps of asking the patien t  to open  the
m outh  and then  assessing the visible anatom ical structures
have been  w idely adopted by anesthesiologists to determ ine
the possibility of a di cult  airway. The Mallam pat i classifica-
tion  system  (� Table 12.1 and � Fig. 12.1) has been  developed
to correlate the visual oropharyngeal anatomy, seen  during a
preoperative evaluation, w ith  visualization  of the glottic

aperture during direct laryngoscopy. Evaluation  of the oro-
pharynx is accom plished w ith  the patient  sit t ing upright,
w ith  the head in  the neutral position , the m outh  open  as
w idely as possible, and the tongue protruded m axim ally. Oth-
er anatom ical features that are often  noted on preoperative
exam ination  include the patient’s ability to act ively flex the
neck to achieve a  “sn i ng” position  and the ability to an teri-
orly protrude the m andible (“upper lip  bite”); both  of these
m aneuvers are importan t  in  the process of direct  laryngo-
scopy. A large  tongue  (relat ive  to the  capacitance  of the  oral
cavity), p rotruding incisors, a  sm all m andible, and  a  re-
st r icted  m outh  open ing m ay all con tribute  to the  inability
of the  anesthesiologist  to visualize  the  glott ic aper ture
during d irect  laryngoscopy.

●  Requests and evaluates appropriate laboratory tests and stud-
ies (e.g., complete blood cell count, serum  chem istr ies, coagu-
lation  studies, electrocardiogram , chest  radiography, pulm o-
nary funct ion  tests, echocardiography, myocardial stress test)
to assess acute and chronic m edical conditions as well as pos-
it ive findings from  the physical exam ination .

●  Discusses w ith  the pat ien t any previous personal or fam ilial
adverse react ions to general anesthetics (e.g., allergies, fam ily
history of m alignant hypertherm ia), the available anesthetic
options, and the relative risks and benefits of each.

●  Obtains the pat ient’s inform ed consent for anesthesia.
●  Provides preoperative instruct ions as to m edications to take

or avoid on  the day of surgery, and w hen  to discontinue eat-
ing and drinking to reduce the risk for pulm onary aspiration ,
especially during the induction  of and em ergence from  gener-
al anesthesia.

●  Form ulates an  anesthet ic plan  that takes in to consideration
the proposed surgery, patient’s m edical condition , require-
m ents of the surgeon, and w ishes of the patient.

Once  the  preoperative  evaluation  is  completed, the  pat ient  is
assigned  an  Am erican  Society of Anesthesiologists (ASA) physi-
cal  status  (� Table  12.2).  Am ong  anesthesiologists,  as  well  as
other  m em bers  of  the  perioperat ive  team ,  the  ASA physical
status  com municates  anesthetic  risk  m ore  e ciently  than
any individual patient  characteristic. The ASA classification  sys-
tem  ranges  from  physical status  1  through  6. The  su x  “E” is
added to the physical status for patients undergoing em ergency
surgery.

Table 12.1  Mallampati classification

Class  Visible  oropharyngeal st ructures

I  Soft  palate, fauces, uvula, tonsillar
pillars

II  Soft  palate, fauces, uvula

III  Soft  palate, base  of the  uvula

IV  Hard  palate  only
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12.2.2  Pat ient  Preparat ion
In  the  preoperative  holding  area, in it ial  preoperative  prepara-
tion  begins  w ith  m easurem ent  of the  vital signs, confirm ation
of  n il  per  os  status,  placem ent  of  a  peripheral  in travenous
(IV)  line, and  review  of the  anesthetic  plan  w ith  the  pat ient.
Most, but  not  all, patients  are  given  an  “anxiolytic” dose  of an
IV sedative  (e.g., m idazolam ). Larger, “sedative” doses  of these

m edications  should  be  avoided  in  pat ients  w ith  obstruct ive
sleep  apnea  and  pat ients  w ith  sym ptom s  of  upper  airway
obstruct ion. Prem edication  w ith  an  antisialagogue  (e.g., glyco-
pyrrolate, atropine), w hich  im proves  the  surgical  exposure, is
beneficial before endoscopy or surgery in  the oral cavity.

After  t ransferring  the  pat ien t  in to  the  operating  room  and
before  inducing  anesthesia,  the  anesthesiologist  w ill  attach

Fig. 12.1  Mallampati classification.

Table 12.2  American Society of Anesthesiologists classification of physical status

Class  Descript ion

1  Normal, healthy patient

2  Patient  with  mild  systemic disease  that  results in  no  functional limitations (e.g., hypertension, smoking, diabetes without  complications)

3  Patient  with  severe  systemic disease  that  results in  functional limitations but  is not  incapacitating  (e.g., diabetes with  vascular complications,
stable  angina, previous myocardial infarction, pulmonary disease  that  limits activity)

4  Patient  with incapacitating systemic disease that  is a constant  threat  to life (e.g., congestive heart  failure; unstable angina; advanced pulmonary,
renal, or hepatic dysfunction)

5  Moribund patient  who is not  expected to survive  without  the  operation (e.g., ruptured abdominal aneurysm, pulmonary embolus, head injury
with  increased  intracranial pressure)

6  A brain-dead  patient  whose  organs are  being  removed  for donor purposes
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appropriate  m onitors  (e.g.,  elect rocardiogram  leads,  noninva-
sive  blood  pressure  cu , pulse  oxim eter)  and  confirm  that  the
peripheral IV line is “in  situ” and paten t.

12.2.3  Induct ion of Anesthesia
Before the surgeon can  m ake an  incision, the pat ien t  m ust enter
an anesthetic state in  w hich  he or she has no awareness, feeling,
or  response  to  surgical  stim uli. Induct ion  of th is  anesthetized
state  begins  w ith  preoxygenation , during  w hich  the  pat ient  is
allowed  to  breathe  100% oxygen  through  an  anesthesia  face
m ask attached to a breathing circuit . Oxygen thus replaces m ost
of the  nitrogen  contained  in  the  patient’s lungs and  lessens the
chance  of hypoxem ia  during  the  apnea  associated  w ith  anes-
thetic induct ion. Loss of consciousness is then  achieved  w ith  IV
inject ion  of  induction  agents,  inhalation  of  anesthetic  vapors
(especially in  ch ildren), or a com bination  of both  (vide infra).

12.2.4  Airway Managem ent
After  the  patient  loses  consciousness, the  anesthesiologist  w ill
m ost  often  attempt  to  “open  the airway” by lift ing the chin  and
then  ventilate the patient’s lungs by m anually applying positive
pressure via the anesthesia m achine circuit  bag and  m ask. Once
the  airway is  deem ed  “open” (e.g., observation  of rise  and  fall
of the  chest  w ith  vent ilation, detect ion  of end-t idal carbon  di-
oxide, auscultation  of breath  sounds), the  im m ediate  m ain te-
nance  of anesthesia  usually cont inues  w ith  the  use  of inhaled
anesthetics, delivered  to the  lungs m ost  com m only by tracheal
in tubation .

In  certain  pat ien ts, the anesthesiologist  w ill instead choose to
inser t  a  laryngeal  m ask  airway  (LMA). The  LMA consists  of a
w ide-bore  tube  w hose  proxim al end  is  connected  to  a  breath-
ing circuit  and  distal end  is  attached  to  an  elliptical, inflatable
cu . Once  properly  placed  in  the  patien t’s  posterior  orophar-
ynx, the  cu is in flated  to form  a  low -pressure seal around  the
glottic structures, providing a patent  airway for vent ilation.

Via the t racheal tube or the LMA, either the patien t  can  spon-
taneously  ventilate  or  the  anesthesiologist  can  apply  positive-
pressure  (usually m anual) ventilation . The  cu on  the  tracheal
tube  creates a  m echanical barrier, separating the  distal trachea
and  m ain  bronchi from  the  upper  airway, w hich  is  potent ially
soiled  w ith  contents aspirated  from  the stom ach  or  w ith  blood/
infect ion  from  surgery on  the airway. Therefore, a t racheal tube
provides  a  m ore  “secure” airway  than  the  LMA in  prevent ing
aspiration .

Designed  as a comprom ise betw een  a face  m ask and  tracheal
tube, the  LMA has  enjoyed  a  quarter  century of novel applica-
tion  in  the  m odern  practice  of anesthesiology. Rout inely  used
to  m aintain  ventilation  under  anesthesia, the  LMA has also  be-
com e a lifesaving adjunct  routinely used  (and  suggested  by ASA
protocols) by anesthesiologists in  any patient  for  w hom  m anual
bag and  m ask ventilation  is ine ect ive  and  w hose t rachea can-
not  be in tubated. Once e ect ive (and  lifesaving) vent ilation  and
oxygenat ion  have  been  established, the  LMA can  be  used  as  a
conduit  for  blind  or  even  fiber-optic bronchoscope–guided  in-
sertion  of a tracheal tube.

The otolaryngologic surgical patient often  presents w ith  di -
cult  airway  m anagem ent  problem s,  including  the  follow ing:
certain  anatom ical characteristics (e.g., decreased cervical spine

range  of m otion, large  tongue, receding jaw );  h istory of stridor
and  hoarseness (e.g., airway narrow ing and  possible  vocal cord
dysfunct ion); h istory of neck surgery, traum a, or radiation  ther-
apy;  h istory of di cult  in tubation;  and  infect ions (e.g., epiglot-
tit is,  retropharyngeal  abscess,  Ludw ig  angina).  Neoplastic
grow ths anyw here w ithin  the upper airway m ay achieve signif-
icant  size w ith  lit tle  evidence of airway obstruct ion  in  the non-
anesthetized  patien t. However, airway  compression  can  occur
w ith  the  use  of sedat ive  m edication, the  induct ion  of anesthe-
sia, and  the  use  of m uscle  relaxants. Moreover, these  tum ors
are  often  friable, leading to  unexpected  hem orrhage. Attempts
at  tracheal in tubation  can  induce hem orrhage and edem a, caus-
ing severe comprom ise of the airway. In  addition , pat ients w ith
head  and  neck cancer often  have had  previous surgery or radia-
tion  therapy;  these  treatm ents m ay further  impair  airway m a-
nagem ent  by  decreasing  t issue  compliance  and  adversely  af-
fect ing neck range  of m otion  and  m outh  opening. Abscesses in
the  upper  airway m ay be of su cien t  size to m im ic neoplasm s,
presenting  the  sam e  problem s  of airway  distort ion , compres-
sion , and  comprom ise. An  additional  problem  is  the  poten tial
for  the  abscess to  rupture  spontaneously or  during t racheal in-
tubation, potent ially obscuring the  anesthesiologist’s view  dur-
ing laryngoscopy and causing pneum onia.

Radiologic  evaluation  of the  airway  (e.g., plain  film s  of the
trachea and  larynx, computed  tom ography, and  m agnetic reso-
nance  im aging  studies  of the  airway)  m ay identify  anatom ical
distort ion  and  aid  the  anesthesiologist  in  developing  a  logical
plan  for  “securing” the airway. If di cult  upper airway m anage-
m ent  is anticipated, then  an  awake fiber-optic in tubat ion  of the
trachea  or  even  a  tracheostomy under  local anesthesia  m ay be
indicated.

In  a pat ient  w ith  a Le Fort III fracture, nasotracheal in tubat ion
risks the in troduct ion  of foreign  m aterial from  the nasopharynx
into  the  subarachnoid  space  and  the  consequent  developm ent
of m eningitis. More  importantly, nasotracheal in tubation  r isks
the  in troduction  of the  tracheal tube  in to  the  substance  of the
brain , causing direct  m echanical t raum a. Even positive-pressure
bag and m ask ventilation  is contraindicated; the increase in vol-
um e  and  pressure  of inhaled  gas  w ithin  the  nasopharynx can
force  foreign  m aterial or  air  in to the  skull. In  such  patien ts, the
airway  is  m ost  often  “secured” after  t racheostomy  w ith  local
anesthesia.

Several m ethods have successfully been  used  to provide  oxy-
genation  and  vent ilation  during endoscopy (e.g., laryngoscopy,
m icrolaryngoscopy, esophagoscopy, bronchoscopy). Most  com -
m only, the  trachea  is  in tubated  w ith  a  sm all-diam eter  (4.0  to
6.0 m m )  t racheal  tube  through  w hich  conventional  positive-
pressure ventilation  is adm inistered. The advantages of in tuba-
tion  include protect ion  against  aspirat ion , the  ability to adm in-
ister  inhalational  anesthetics,  and  the  ability  to  continuously
m onitor end-t idal carbon dioxide. When  a t racheal tube is used,
caut ion  m ust  be exercised during head  and m outh  gag m anipu-
lation;  the  tracheal tube  m ay be  inadvertently obstructed, dis-
connected, dislodged, or advanced in to a m ain  bronchus.

In  som e cases, tracheal in tubation  m ay in terfere w ith  the sur-
geon’s visualization  or  perform ance  of the  procedure. An  alter-
native  approach  to  th is  is  an  in term ittent-apnea  technique, in
w hich  periods  of ventilation  w ith  100% oxygen  by  face  m ask,
sm all catheter, or  tracheal tube alternate w ith  periods of apnea,
during  w hich  tim e  the  surgery  is  perform ed. The  duration  of
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apnea, usually  2  to  3 m inutes, is  routinely  determ ined  by  the
peripheral oxygen  saturat ion  as m easured  by a  pulse  oxim eter.
Hypoventilation  w ith  hypercarbia  and  pulm onary  aspiration
are risks of th is technique.

Jet  vent ilation  is  a  m ore  sophisticated  technique  of ventila-
tion  em ploying a m anual jet  ventilator connected  to a side port
of the  laryngoscope. During inspiration, a  h igh-pressure  source
of oxygen  (but  not  volatile  anesthetic)  is  directed  through  the
glottic opening, entraining room  air  in to  the  lungs;  expiration
is  passive  through  the  patent  upper  airway. It  is  important  to
constan tly  m onitor  chest  wall  m otion  and  to  allow  su cient
tim e for  exhalation  so as to avoid  air  t rapping and  barotraum a.
Jet  ventilation  is  advantageous  because  it  provides  an  unob-
structed  operat ing  field  and  increased  safety  w ith  laser  use
(vide infra);  however, it  poses an  increased  risk for  gastric aspi-
ration  and  distension,  pneum om ediastinum ,  pneum othorax,
and hypovent ilation.

12.2.5  Maintenance of Anesthesia
Once  the  airway  has  been  established,  m ost  often  the  anes-
thesiologist  chooses to  continue the  anesthesia  by allow ing the
patient  to inhale an  anesthetic, thereby m ain taining the state of
unconsciousness and  providing am nesia and  analgesia. Mainte-
nance  of anesthesia  can  also  be  (totally  or  partially)  achieved
w ith  IV anesthetics; an  alternative to inhaled  anesthetics som e-
tim es is a necessity for certain  procedures (e.g., oxygenat ion  via
interm ittent-apnea or jet  vent ilation  techniques; vide supra).

During the m ain tenance of anesthesia, the anesthesiologist
●  Delivers inhaled anesthetic gases or IV anesthetic agents at

levels that  provide adequate depth  of anesthesia for the surgi-
cal stim uli.

●  Injects narcotic drugs, as needed, to lessen the requirem ent
for inhaled/IV anesthetic agents and to provide analgesia dur-
ing the em ergence and recovery phases of anesthesia.

●  Injects neurom uscular blocking drugs to m ain tain  m uscle pa-
ralysis, if required.

●  Injects other drugs, if indicated (e.g., an tibiotics, antiem etic
agents).

●  Monitors cardiorespiratory param eters, temperature, and
urine output; in tervenes w ith  adjustm ents to the anesthetic
technique (e.g., vent ilator sett ings) or injects m edication  (e.g.,
vasopressors) w hen necessary.

12.2.6  Em ergence from  Anesthesia
As the  surgery nears completion, the  anesthesiologist  executes
the  plan  for  em ergence  from  anesthesia, transform ing  the  pa-
tien t’s  state  from  com atose  and  unresponsive  to  awake  and
aler t. The usual em ergence sequence routinely includes
●  Reversal of any residual neurom uscular  blockade w ith  com bi-

nations of anticholinesterase and  anticholinergic drugs so that
the patient  w ill have full m uscle strength  upon  awakening.

●  Discontinuation  of the inhaled or IV anesthetics w hile the pa-
tient  is allowed to breathe 100% oxygen.

●  Extubation  of the trachea after the pat ient has dem onstrated
adequate respiratory function  and w hen  full protect ive lar-
yngeal reflexes return . In  patients w ith  react ive airway dis-
ease (e.g. asthm a), a  “deep” extubation  m ay be warranted to
m inim ize the risk for bronchospasm  and laryngospasm .

●  Monitoring of cardiorespiratory param eters.
●  Continued adm inistration  of oxygen by face m ask or nasal

cannula after extubation  and during transfer to the postanes-
thesia care unit  (PACU).

Although  never  100% possible, “sm ooth” em ergence from  anes-
thesia  is  the  anesthesiologist’s  goal.  Strain ing,  bucking,  or
coughing  during  em ergence  w ill  cause  an  increase  in  venous
pressure  that  m ay lead  to postoperative bleeding, disruption  of
delicate  suture  lines, and/or  dislodgem ent  of  tym panic  m em -
brane  graft  follow ing  tym panoplasty.  A “sm ooth”  em ergence
w ill  also  m inim ize  laryngospasm  and  the  need  for  positive-
pressure  vent ilation  by face  m ask, particularly after  nasal cos-
m etic surgery, w hen  the nose is unstable  and  the application  of
a face m ask is undesirable.

Excessive  upper  airway  bleeding, edem a, or  pathology  m ay
preclude t racheal extubation  in  the operating room . If edem a is
a  concern  at  the  tim e  of tracheal extubation, then  the  tracheal
tube  m ay be  rem oved  over  a  tube  changer, gum  elastic bougie,
or  fiber-optic  bronchoscope, leaving  a  guide  in  case  the  tube
needs to be im m ediately replaced. Even  the spontaneously ven-
tilating  pat ient  is  often  t ransported  w hile  breathing  supple-
m ental oxygen  in  an  attempt  to avoid  hypoxem ia if a  period  of
hypovent ilation  occurs before adm ission  to the PACU.

12.2.7  Recovery from  Anesthesia
After leaving the operating room , the pat ient  is adm itted  to the
PACU, w here  the  anesthesiologist  is  available  for  consultation
and  em ergency  airway  m anagem ent.  In  the  PACU, the  anes-
thesiologist  com m only m anages postoperative pain , nausea and
vom iting, and  cardiorespiratory  comprom ise  (e.g., hypoxem ia,
hypovent ilation, hypertension , hypotension, tachyarrhythm ias,
bradyarrhythm ias).

12.3  Anesthesia during Laser
Surgery of the Airway
Laser  light  o ers the  surgeon  excellent  precision  and  hem osta-
sis w ith  m inim al postoperat ive edem a or pain; yet, it  also in tro-
duces m ajor  hazards in to  the  operating room . General precau-
tions include evacuation  of toxic fum es from  t issue vaporizat ion
because these m ay have the potent ial to t ransm it  m icrobacteri-
al disease. All operat ing room  personnel should  wear  eye  pro-
tection  gear, and the pat ien t’s eyes should  be taped shut.

The  greatest  fear  during  laser  airway  surgery  is  a  tracheal
tube  fire. This  can  be  avoided  by using a  technique  of ventila-
tion  that  does not  involve a flam m able tube or catheter, such  as
interm ittent-apnea  or  jet  vent ilation. However, som e  surgical
procedures require  a tracheal tube because  of the  expected  du-
ration  of  the  case, location  of  the  lesion ,  or  preexisting  lung
problem s  that  m ight  warrant  airway  pressures  unattainable
w ith  jet  vent ilation . In  these  cases, a  t racheal tube  resistant  to
laser ignition  is used.

Nitrous oxide as well as oxygen supports com bustion. If a vol-
atile  agent  is chosen  to m ain tain  anesthesia, then  consideration
should be given  to using a m ixture of air/oxygen  or helium /oxy-
gen  to  decrease  the  inspired  oxygen  concentration, thus  m ini-
m izing the  risk for  an  airway fire. Cu ed  t racheal tubes can  be
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inflated  w ith  m ethylene  blue–dyed  sterile  saline;  not  only
would  a laser-induced  rupture of the cu be readily detectable,
but  the spark m ight  be extinguished by the saline before an  air-
way fire occurred.

If an  airway fire  occurs, then  vent ilation  is discontinued, and
the t racheal tube is disconnected from  the breathing circuit  and
rem oved  from  the  pat ient. Saline  is poured  in to the  pharynx to
absorb  heat, and  the  airway is  suct ioned  before  vent ilation  re-
sum es w ith  100% oxygen. The trachea  is then  reintubated  w ith
a new  tube and  the airway is exam ined  by bronchoscopy. Com -
plications  of  airway  fires  include  airway  edem a,  inhalation
injury caused  by heat  and  sm oke, tracheal and  laryngeal granu-
lation  tissue form ation, and airway stenosis.

12.4  Int ravenous Sedat ion and
Analgesia
Sedation  and  analgesia  comprise  a  continuum  of states ranging
from  m inim al sedat ion  to  general anesthesia  (� Table  12.3). As
an  anesthetic technique, IV sedation  and  analgesia  is  attractive
because  it  does not  routinely involve  support ing vent ilation  or
m anipulation  of the  airway, although  chin  lift ,  jaw  thrust,  or
even  insert ion  of a  nasopharyngeal or  oral airway  m ay  be  re-
quired. IV sedation  and  analgesia, along w ith  inject ion  of local
anesthetic  by  the  surgeon, usually  produces  fewer  physiologic
perturbations  than  general anesthesia, m aking it  an  especially
useful  anesthetic  technique  for  patien ts  undergoing  facial
plast ic  surgery  procedures  (e.g.,  rh inoplasty,  blepharoplasty,
rhytidectomy). The  drugs  m ost  com m only  injected  during  IV
sedation  and  analgesia  include  increm ental doses  or  continu-
ous  infusions  of  benzodiazepines  (e.g.,  m idazolam ),  opioids
(e.g.,  fen tanyl,  rem ifentan il),  and  sedative–hypnotics  (propo-
fol, dexm edetom idine, ketam ine).

12.5  Analgesics
Pain  control is  an  essential part  of perioperative  m anagem ent.
Two  com m on  classes  of  drugs  used  to  provide  analgesia  are
opioids  and  nonsteroidal  an ti-inflam m atory  drugs  (NSAIDs).
Com m only  used  opioids  include  m orphine,  hydrom orphone,
m ethadone,  fentanyl,  alfentanil,  sufentanil,  and  rem ifentanil;
side  e ects  of opioids  include  respiratory  depression, nausea,
vom iting, constipation, biliary spasm , and prur itus.

NSAIDs  are  com m only  used  to  treat  postsurgical  pain  and
work by inhibiting cyclooxygenase  and  the  product ion  of other

chem ical m ediators of inflam m ation . Side  e ects  of NSAIDs in-
clude  gastrointestinal  ulceration,  inh ibition  of  throm boxane
synthesis  and  platelet  aggregation, renal  dysfunct ion , and  hy-
persensitivity  react ions.  Ketorolac  is  an  IV NSAID com m only
used in  clin ical anesthesia.

12.6  Postoperat ive Nausea and
Vom it ing
Postoperative  nausea  and  vom iting  (PONV)  is  a  com mon  side
e ect  caused  by  both  anesthetic  m edications  and  the  surgical
procedure. During  surgery, blood  from  the  upper  airway  m ay
passively  drain  in to  the  stom ach.  The  placem ent  of  a  throat
pack  or  suct ioning  of the  stom ach  w ith  an  orogast ric  tube  at
the  conclusion  of surgery therefore  m ay attenuate  the  severity
of PONV. Minim izing  the  use  of opioids  and/or  n itrous  oxide
w hile  ensuring  adequate  IV hydration  m ay also  help  decrease
the  incidence  of PONV. The  routine  use  of antiem etic m edica-
tions  has  also  significantly  reduced  the  incidence  of  PONV
(� Table 12.4).

12.7  Drugs for the Induct ion of
Anesthesia
12.7.1  Int ravenous Drugs
Thiopental,  propofol,  etom idate,  and  benzodiazepines  exert
their  e ects  through  specific in teract ions w ith  γ-am inobutyric
acid  (GABA), the  principal  inhibitory  neurotransm it ter  in  the
central nervous system . Ketam ine  exerts  its  anesthetic proper-
ties  through  an tagonism  of  the  excitatory  N-m ethyl-D-aspar-
tate (NMDA) receptor (� Table 12.5).

Table 12.3  Levels of sedation/analgesia and general anesthesia

Funct ion/structure  affected  Minimal sedat ion
(anxiolysis)

Moderate  sedat ion/analgesia
(conscious sedat ion)

Deep  sedat ion/analgesia  General anesthesia

Responsiveness  Normal response  to verbal
stimulation

Purposeful response to verbal
or tactile  stimulation

Purposeful response  follow-
ing  repeated  or painful
stimulation

Unarousable  even  with
painful stimulus

Airway  Unaffected  No intervention  required  Intervention  may be  required  Intervention required

Spontaneous ventilation  Unaffected  Adequate  May be  inadequate  Frequently inadequate

Cardiovascular function  Unaffected  Usually maintained  Usually maintained  May be  impaired

Table 12.4  Antiemetic medications

Antiemetic medicat ion  class  Examples

Serotonin  (5-HT3) antagonists  Ondansetron, granisetron

Dopamine  (D2) antagonists  Metoclopramide, prochlorperazine

H1 antagonists  Diphenhydramine

Antimuscarinics  Scopolamine

Corticosteroids  Dexamethasone

12.7  Drugs for the Induction of Anesthesia

93



12.7.2  Inhalat ional Drugs
Inhaled  agents fall in to two categories:  volatile  anesthet ics and
nitrous  oxide  (� Table  12.6). Volatile  anesthetics  (e.g., isoflur-
ane, desflurane, sevoflurane)  are  liquids  at  room  temperature,
and  a  vaporizer  is  required  to  convert  the  liquids  to  gases,
w hich  are  then  delivered  to the  patient  through  the  anesthesia
breathing circuit .

Nitrous oxide  is a  gas of low  anesthetic potency that  is com -
m only  used  in  com binat ion  w ith  volatile  anesthetic  agents  to
reduce  the  am ount  of volatile  anesthetic required. The  relat ive
insolubility of n itrous oxide  compared  w ith  nitrogen  can  cause
the  expansion  of closed, air-filled  compartm ents  in  the  body,
w ith  adverse e ects such  as rupture of alveolar blebs (causing a
pneum othorax)  or  further  expansion  of an  existing  pneum o-
thorax. To avoid pressure-related disrupt ion of the repair or dis-
placem ent  of the  graft  during  tym panoplasty, n itrous  oxide  is
discontinued before tym panic m em brane graft  placem ent.

In  som e  circum stances,  the  anesthesiologist  m ay  choose
to induce anesthesia by a purely inhalational m ethod. The inha-
lation  of  pleasant-sm elling  sevoflurane  is  well  tolerated  by
children, leading  to  a  rapid  and  sm ooth  loss  of consciousness.
Once  the  patient  is  anesthetized, the  anesthesiologist  can  then
pain lessly and  m ore  easily insert  an  IV catheter  for  the  rem ain-
der of the anesthetic.

12.7.3  Neurom uscular Blocking Drugs
Neurom uscular  blocking drugs  can  be  classified  depending on
w hether  or  not  they depolarize  the  postsynaptic m em brane  of
the neurom uscular junct ion. Succinylcholine is the depolarizing
neurom uscular  blocking drug routinely used. Injected  IV, succi-
nylcholine  works  rapidly,  although  briefly,  to  produce  condi-
tions  suitable  for  tracheal  in tubat ion .  Com m on  side  e ects
noted  after  the  inject ion  of  succinylcholine  include  skeletal
m uscle  fasciculat ions  (w ith  resultant  myalgia, increased  in tra-
ocular  pressure, and  increased  in t racranial  pressure)  and  hy-
perkalem ia. Uncom m on  side  e ects after  the  inject ion  of succi-
nylcholine include m alignant hypertherm ia in  genet ically sensi-
tive patients and prolonged  paralysis in  patients w ith  abnorm al
or absent  plasm a cholinesterases.

Nondepolarizing neurom uscular  blocking drugs (e.g., rocuro-
nium ,  vecuronium ,  cisatracurium )  bind  competit ively  at  the
acetylcholine  receptors in  the  neurom uscular  junct ions of str i-
ated  m uscle. Therefore, the  blockade  can  be  reversed  by using
anticholinesterase  drugs  (e.g.,  neost igm ine,  edrophonium ),
w hich  increase the am ount  of acetylcholine present  at  the neu-
rom uscular  junct ion .  Anticholinergic  agents  (e.g.,  glycopyrro-
late,  atropine)  m ust  be  adm inistered  im m ediately  before  the
reversal drugs  to  prevent  profound  m uscarinic-m ediated  vagal
e ects on  the cardiovascular system  (e.g., bradycardia).

Table 12.6  Inhalational drugs for the induction of anesthesia

Inhaled  agent  Pros  Cons

Isoflurane  Inexpensive; renal, hepatic, coronary, and  cerebral blood  flow
preservation

Relatively long  time  to  onset/offset, irritating  to  airway so
cannot  be  used  for inhalation  induction

Desflurane  Extremely rapid  onset/offset  Expensive, stimulates catecholamine  release, irritating  to  airway
so  cannot  be  used  for inhalation  induction

Sevoflurane  Extremely rapid  onset/offset, nonirritating  to airway so  can  be
used  for inhalation  induction

Theoretical potential for renal toxicity from  inorganic fluoride
metabolites

Nitrous oxide  Extremely rapid  onset/offset, nonirritating  to  airway so  can be
used  with  sevoflurane  for inhalation induction

Diffuses freely into  gas-filled  spaces (bowel, pneumothorax,
middle  ear); increases pulmonary vascular resistance; nausea,
vomiting; combustible

Table 12.5  Intravenous drugs for the induction of anesthesia

Intravenous anesthet ic  Pros  Cons

Thiopental  Excellent  brain  protection, potent  anticonvul-
sant, inexpensive

Myocardial depression, vasodilation, histamine
release, possible  precipitation  of porphyria  in
susceptible  patients

Propofol  Prevents nausea/vomiting; rapid, clear-headed
recovery if used  as sole  anesthetic agent  to
maintain  anesthesia

Myocardial depression; vasodilation; pain  on
injection; supports bacterial growth, which limits
duration of safe use after it  has been drawn up in
a syringe; expensive

Etomidate  Intravenous anesthetic with  fewest  myocardial
effects

pain  on  injection, adrenal suppression, myoclo-
nus, nausea, vomiting

Ketamine  Minimal depression  of cardiorespiratory system;
analgesic and  amnestic properties; can  be  given
intravenously, orally, rectally, or intramuscularly

Dissociative  anesthesia with  postoperative  dys-
phoria  and  hallucinations, increases intracranial
pressure  and  intraocular pressure, increases air-
way secretions

Benzodiazepines (midazolam, diazepam)  Minimal depression  of cardiorespiratory system;
anticonvulsant, anxiolytic, sedative, and amnestic
properties; reversible  with  flumazenil

Slow onset  of unconsciousness, delayed  awaken-
ing, pain  on  injection  (diazepam)
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Adequate  m uscle  relaxation  is  often  necessary  to  prevent
swallow ing  during  intraoral  procedures  and  facilitate  surgical
exposure. However, in  som e surgical procedures (e.g., parotidec-
tomy), nerve  m onitoring is used  to identify and  preserve specif-
ic nerves; therefore, neurom uscular  blockade is contraindicated.

12.8  Recognit ion and Treatm ent
of Malignant  Hypertherm ia
Susceptibility  to  m alignant  hypertherm ia  is  inherited  in  an
autosom al-dom inant  pat tern .  In  genet ically  suscept ible  indi-
viduals, all of the  volatile  anesthetic agents as well as succinyl-
choline  are  capable  of  triggering  m alignant  hypertherm ia,  a
disorder  of in tracellular  calcium  regulation  in  skeletal m uscle.
Adm inistration  of a tr iggering agent(s) leads to a sudden release
of calcium  from  the  sarcoplasm ic  reticulum . The  in tense  and
sustained  m uscle contraction  that  follow s results in  signs of hy-
perm etabolism , including  tachycardia, m etabolic  acidosis,  hy-
percarbia, hypoxem ia, hypertherm ia, ventricular  dysrhythm ias,
hyperkalem ia,  rhabdomyolysis,  m uscle  rigidity  (even  in  the
presence  of  neurom uscular  blockade),  and  tachypnea  in  the
spontaneously  breathing  pat ien t. As  soon  as  m alignant  hyper-
therm ia is suspected, all tr iggering anesthetics are discontinued
and the patient  is hyperventilated w ith  100% oxygen. The IV in-
ject ion  of dantrolene, w hich  inhibits  calcium  release  from  the
sarcoplasm ic reticulum , reverses the  m etabolic react ion  taking
place in  the m uscle cells by stabilizing in tracellular calcium  m e-
tabolism . In  addition, adequate  hydration, act ive  diuresis, cor-
rect ion  of m etabolic abnorm alities, cardiac m onitoring, and  ac-
tive  cooling  are  all part  of the  im m ediate  m anagem ent  of th is
life-threatening  condition  (see  Table  � Table  12.7  Steps  of
Em ergency  Therapy  for  Malignant  Hypertherm ia). The  Malig-
nant  Hypertherm ia Association  of the United  States (MHAUS) is

a  valuable  clearinghouse  for  in form ation  about  the  fam ilial in-
heritance, recognit ion, m anagem ent, and  patien t  follow -up  of
this  disease  and  m aintains  a  hotline  (1–800-MH-HYPER)  for
health  care providers to call w ith  urgent questions.

12.9  Roundsm anship
●  The goal of anesthesia is to provide the desired com bination

of analgesia, am nesia, and optim al operat ing conditions w hile
ensuring physiologic hom eostasis.

●  Careful preoperative assessm ent of the patient  and a coopera-
tive relationship betw een the surgeon and anesthesiologist
w ill im prove the operative outcom e, especially in  m ore
complex cases.

●  The equipm ent and personnel required for an  em ergency
tracheostomy m ust be im m ediately available w hen a di cult
airway is being m anaged.

●  If there is a chance of postoperat ive edem a involving struc-
tures that could obstruct  the airway, the patient  should be
carefully observed in  the postanesthesia care unit  or even
rem ain  in tubated until a trial of spontaneous vent ilation ,
perhaps around a deflated cu , can  be attempted.

●  The earliest  signs of m alignant hypertherm ia are tachycardia,
hypercarbia, and m uscle rigidity. Hypertherm ia m ay be a late
developm ent .

12.10  Recom m ended Reading
[1]  Barash  P, Cullen  B, Stoelting R, Cahalan  M, Stock M, eds. Clin ical Anesthesia.

6th  ed. Ph iladelphia, PA: Lippincott  William s & Wilkins; 2009
[2]  Ja e  R, Sam uels S, eds. Anesthesiologist’s Manual of Surgical Procedures. 4th

ed. Ph iladelphia, PA: Lippincott  William s & Wilkins; 2009
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Table 12.7  Steps of Emergency Therapy for Malignant Hyperthermia

1  Call for help.

2  Discontinue  administration  of volatile  anesthetics and  succinylcholine.

3  Hyperventilate  the  patient  with  100% oxygen at  flows of 10 L/min  or more.

4  Administer dantrolene 2.5 mg/kg; repeat every 5 minutes until signs of malignant  hypertension are reversed; up to 30 mg/kg may be necessary.

5  Administer bicarbonate  1  to 2  mEq/kg  to treat  metabolic acidosis.

6  Institute  cooling  measures (e.g., gastric lavage, cooling  blankets, cold  intravenous solutions).

7  Administer inotropes and  antiarrhythmic agents as necessary to treat  dysrhythmias.

8  Treat  hyperkalemia with: hyperventilation, calcium, bicarbonate, and  glucose/insulin.

9  Promote  urine  output  (2  mL/kg/h) with  aggressive  fluid  therapy; mannitol and  furosemide  may also  be  required.

10  Monitor temperature, urinary output, electrolytes, glucose, blood  gases, end-tidal carbon dioxide, and  coagulation studies.

11  Consider invasive  monitoring  of arterial blood  pressure  and  central venous pressure.

12  If necessary, consult  on-call physicians at  the  24-hour MHAUS (Malignant  Hypertension  Association  of the  United  States) hotline: 1–800-MH-
HYPER.

12.10  Recommended Reading
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13  Infect ious Diseases of the Oral Cavit y, Pharynx, and
Larynx
E. Ashlie Darr and Edward J. Shin

13.1  Oral Cavit y
The  oral cavity extends from  the  skin –verm ilion  border  to  the
junct ion  of the hard and soft  palate and includes the buccal m u-
cosa, superior and  inferior  alveolar  ridges and  teeth , retrom olar
tr igone, hard  palate, floor  of the  m outh, and  oral tongue. The
norm al oral flora  consists  of approxim ately 100  m illion  organ-
ism s  per  m illiliter  of  saliva,  w ith  700  species  of  organism s
represented. Odontogenic infect ions typically result  from  com -
m ensal oral flora;  however, prim ary pathogens, such  as herpes
sim plex  viruses, Candida  a lbicans, and  hum an  papillom avirus,
m ay also lead to oral cavity infect ious disease.

13.1.1  Odontogenic Infect ions
Odontogenic  infect ions  include  dental  caries,  periapical  ab-
scesses, pulpitis, gingivitis, and  periodontal  disease. These  in-
fect ions are  typically polym icrobial, w ith  a  large  percentage  of
obligate  anaerobes  comprising  the  m icroflora. More  than  80%
of cultivated  organism s  consist  of  Streptococcus,  Peptostrepto-
coccus, Veillonella , Lactobacillus, Corynebacter ium, and  Act ino-
myces  species, w ith  Streptococcus  mutans  particularly  notable
for its role in  dental caries. Com m ensal flora m ust be able to ad-
here to tooth  or m ucosal surfaces, evade m echanical disruption,
penetrate  t issues, and  survive  host  responses  in  order  to  be-
com e pathogenic. Odontogenic infect ions have the potent ial for
hem atogenous dissem ination  to  the  heart  and  prosthetic devi-
ces, and  they  m ay  provide  a  n idus  for  deep  neck  space  infec-
tions.  Broad-spectrum  antibiotics  w ith  good  coverage  against
gram -positive and aerobic organism s are appropriate therapy.

13.1.2  Oral Candidiasis
Candida  m ay lead  to  infect ions  on  the  m ucosal surfaces  of the
upper  aerodigestive  t ract . Candida  a lbicans is  m ost  com m only
identified  as the causative organism ; however, Candida  t ropica-
lis, Candida  glabra ta , and  Candida  krusei m ay also cause disease.
Oral candidiasis  is  characterized  by w hite  curdlike  m aterial on
m ucosal surfaces that  can  usually be  scraped  o w ith  a  tongue
blade  to reveal a  friable, painful, erythem atous base. The w hite
m aterial is  a  pseudom em brane  consisting of keratin , sloughed
epithelium , food  debris, leukocytes, and  bacteria. Oral m ucosal
candidiasis  m ay be  found  in  association  w ith  angular  cheilit is.
Diagnosis is usually based  on  the history and  physical exam ina-
tion;  however,  a  potassium  hydroxide  preparation  or  Gram
stain  of a  specim en  scraped  from  the  m ucosa  w ill  reveal  hy-
phae, pseudohyphae, and  yeast  form s. Oral  candidiasis  repre-
sents  an  opportunist ic  infect ion  associated  w ith  poor  cellular
im m unity, especially in  pat ients w hose CD4 + cell counts fall be-
low  200  to  300/m m 3.  As  such,  it  occurs  m ost  com m only  in
patients  w ith  cancer  or  AIDS, although  it  m ay also  develop  in
asthm atic  patients  using  inhaled  steroids  w ho  are  otherw ise
healthy. In  the  latter, the  infect ion  usually  resolves  spontane-
ously  w ithout  the  patient  discontinuing  the  inhalant.  For  all

other  pat ients,  t reatm ent  consists  of  t riazole  an tifungals,
although resistance to fluconazole is a developing problem .

13.1.3  Oral Herpes Sim plex
Hum an  herpes sim plex virus type  1  is the  m ost  com m on  cause
of oral and  oropharyngeal ulcerative lesions, w ith  600,000 new
cases per  year diagnosed  in  the  United  States. The virus is m ost
com m only  t ransm itted  by  contact  w ith  individuals  w ho  have
active  prim ary or  recurrent  disease. Infect ion  is caused  by viral
attachm ent  to the  m ucosal cell surface, w here  it  undergoes en-
docytosis,  replicates, and  ultim ately  causes  cell  lysis.  This  re-
leases  viral  particles  and  clin ically  leads  to  the  form ation  of
vesicles. Hum an  herpes  sim plex  virus  type  1  is  also  taken  up
by  neurons, w here  it  becom es  laten t  and  w ill  later  rep licate
w hen  recurren t  in fection  is  provoked. Diagnosis  is  p rim ar ily
clin ical,  although  viral  culture,  vesicle  con ten t  analysis,  and
serum  an t ibody t iters  m ay  be  used  to  confirm  or  follow  dis-
ease.  Mult ilobulated  viral  inclusion  par t icles  called  Tzanck
cells are  pathognom onic.

Prim ary  herpetic  gingivostom atitis  is  characterized  by  the
onset  of tenderness  and  erythem a  of the  oral  and  often  oro-
pharyngeal m ucosal surfaces, followed  by an  eruption  of sm all
vesicles  w ith  inflam m atory borders  that  quickly degenerate  to
ulcerative  lesions. The  onset  of sym ptom s  occurs  5  to  7  days
after  contact  w ith  an  infected  individual. Signs  and  sym ptoms
are  usually  self-lim ited  and  resolve  w ithin  7  to  14  days  w ith
support ive treatm ent . Recurrent or  “secondary” episodes of oral
herpes  sim plex  are  caused  by  react ivation  of the  virus  w ith in
derm atom e-specific  ganglia, leading  to  a  prodrom al  period  of
altered  sensation  over  the  a ected  area  followed  by  vesicular
eruption . This occurs m ost  com m only in  the  form  of herpes la-
bialis.  The  sm all  vesicles  m ay  coalesce  and  persist  for  1  to  2
days, after  w hich  ulceration  and  crusting  m ay  occur. Healing
usually occurs w ith in  5 to 7 days, and  scarring is uncom m on  in
im m unocompetent  individuals. Treatm ent  w ith  system ic anti-
viral agents  is  not  required  for  m ost  cases  of oral herpes  sim -
plex;  however, topical docosanol or  penciclovir  cream s m ay be
used to halt  viral replication  during labial recurrences.

13.2  Pharynx
The  pharynx  is  subdivided  in to  the  nasopharynx, oropharynx,
and  hypopharynx and  extends from  the base of the skull to the
esophageal  in let . The  region  predom inantly  a ected  by  phar-
yngitis  is  the  oropharynx, w hich  extends  from  the  junct ion  of
the soft  and hard palate to the base of the tongue.

13.2.1  Bacterial Pharyngit is
Pharyngitis  is  in flam m ation  of  the  pharynx,  w hich  presents
as  sore  throat  and  involves  predom inantly  the  oropharynx.
In  adults, only 5  to  10% of cases of pharyngitis  are  caused  by a
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bacterial infect ion . In  children, the num bers of cases of bacterial
pharyngitis are  slightly higher, at  30 to 40%. The m ost  com m on
cause  of bacterial pharyngitis  in  adults  is  group  A β-hem olytic
Streptococcus  pyogenes, a  gram -positive  coccus  that  occurs  in
pairs  and  chains. Inflam m ation  typically  involves  the  soft  pal-
ate,  tonsillar  pillars,  posterior  pharyngeal  wall,  and  tonsils,
w hich  m ay be  swollen  and  covered  w ith  a gray–w hite  exudate.
The oropharyngeal t issues are erythem atous, the breath  is foul-
sm elling, and  soft  palate  petechiae  m ay be  present. Other  signs
and  sym ptom s m ay include fever, anorexia, cervical lymphade-
nitis, odynophagia, and  m alaise. Rapid  antigen  tests  or  throat
culture  are  used  for  diagnosis. Although  the  disease  is  usually
self-lim ited  w ith in  3  to  7  days, treatm ent  is  recom m ended  to
decrease  the  odds  of contagion  and  the  developm ent  of rheu-
m atic fever. Other  possible  sequelae  of infect ion  include scarlet
fever, post-st reptococcal glom erulonephritis, and  distant  in fec-
tion  due  to  hem atogenous  bacterial  spread.  Penicillin  is  the
m ainstay  of t reatm ent, and  erythromycin  or  clindamycin  m ay
be  used  in  penicillin-allergic patients. Other  bacterial causes of
pharyngitis include group  C and  G streptococci and  Arcanobac-
ter ium  haemolyt icum.  Neisser ia  gonorrhoeae  m ay  be  sexually
transm itted  and  cause  pharyngit is  concom itan tly  w ith  genital
infect ion .

13.2.2  Vincent  Angina
Vincent  angina  is  an  acute  necrotizing  pharyngit is  caused  by
Spirochaeta  dent icula ta  and  the  fusiform  bacillus  Borrelia  vin-
centii (Treponema  vincent ii). These  organism s sim ilarly cause  a
form  of gingivostom atitis know n  as t rench  m outh. Vincent  an-
gina presents w ith  sore throat, h igh  fever, and  cervical lym pha-
denopathy,  as  well  as  a  deep,  fr iable  ulcer  of  the  tonsil  that
easily bleeds. Diagnosis is  m ade by pharyngeal swab  culture  of
tonsillar  exudates. Appropriate antibiotic therapy includes pen-
icillin  or  clindamycin,  w ith  resolution  of  in fect ion  occurring
typically w ith in  7 to 10 days.

13.3  Larynx
The  larynx extends  from  the  tip  of the  epiglottis  superiorly  to
the inferior  border of the cricoid  cartilage. In  general, infect ious
processes  a ect ing  the  m ucous  m em branes  of the  oral  cavity
and  pharynx,  such  as  m ucocutaneous  candidiasis,  m ucosit is,
and  herpes  sim plex  virus  lesions, can  also  a ect  the  m ucosal
surfaces  of the  larynx. A few  unique  infect ious  diseases  of the
larynx deserve special m ent ion.

13.3.1  Epiglot t it is (� Fig. 13.1)
Epiglottit is  is  bacterial cellulit is  of the  epiglottis, w hich  causes
supraglott ic  edem a  and  can  rapidly  lead  to  upper  airway  ob-
struct ion. The  disease  has  becom e  rare  since  the  developm ent
of  the  vaccine  for  Haemophilus  influenzae  type  B, w hich  was
form erly  the  causat ive  agen t  in  m ore  than  90% of cases. To-
day, the  m ost  com m on  cause  is group  A β-hem olyt ic strepto-
cocci,  although  other  organ ism s  have  been  repor ted.  The
im portance  of ep iglot t it is  lies  in  its  poten t ial  for  airway  ob-
struct ion  w ith in  hours  and  thus  the  need  for  prom pt  d iagno-
sis and  m anagem en t .

The  m ost  com mon  clin ical signs  of epiglottit is  are  fever  and
di culty breathing. The classic description  is the  child  w ith  in-
spiratory  str idor, retract ions, severe  sore  throat, drooling, and
dysphagia w ho m ay be sitt ing in  a tripod  or  sni ng position  to
m axim ize  airflow  through  an  obstructed  larynx.  Diagnosis  is
m ade  by direct  visualization  of the  supraglott is  in  a  controlled
environm ent  such  as  the  operat ing  room ,  w here  em ergent
airway  in tervent ions  can  take  place  in  the  event  of complete
obstruct ion  due  to  fur ther  edem a  or  laryngospasm . Although
epiglottit is  can  be  confirm ed  by  the  presence  of  the  classic
“thum bprint” sign  on  lateral  neck  X-ray, th is  study  is  not  en-
couraged  in  a  patient  w ith  potent ial  airway  comprom ise, and
pharyngeal  exam ination  and  other  m anipulations  that  m ay
lead  to  obstruct ion  should  be  avoided. In  the  operating  room ,

Fig. 13.1  (a) Normal lateral neck X-ray. 1, Epiglot tis; 2, hyoid; 3, nasopharynx; 4, oropharynx; 5, maxillary sinus; 6, mastoid air cells. (b) Lateral neck X-
ray in  patient  with  epiglottit is. 7, Enlarged  epiglottis; 8, thickened  aryepiglott ic folds; 9, cricoid  cartilage; 10, esophagus; 11, trachea; 12, laryngeal
ventricle.
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cultures from  the  surface  of the  epiglottis, alongside blood  cul-
tures, should  be sent. Ceftr iaxone, cefotaxim e, or am picillin /sul-
bactam  are  appropriate  in it ial  antibiotic  choice,  and  therapy
should  be  fur ther  tailored  based  on  culture  results  and  clin ical
im provem ent.  Extubation  m ay  be  perform ed  w hen  epiglottic
edem a  is  adequately  decreased  as  visualized  by  flexible  or  di-
rect  laryngoscopy or after a positive endotracheal tube leak test .
Extubation  can  usually be achieved  at  48 hours. Oral antibiotics
should  be  cont inued  to  complete  a  7-  to  10-day  course  once
peroral in take is accom plished.

13.3.2  Recurrent  Respiratory
Papillom atosis
Recurrent  respiratory  papillom atosis  (� Fig. 13.2)  is  character-
ized  by recurren t  benign  squam ous papillom a of the aerodiges-
tive  tract  caused  by hum an  papillom avirus types 6  and  11. Re-
current  respiratory papillom atosis is  the  m ost  com m on  benign
laryngeal neoplasm  in  ch ildren  and  the  second  m ost  com m on
cause  of hoarseness in  ch ildhood. Two form s are know n: an  ag-
gressive, juvenile  form  and  a  less  aggressive  adult-onset  form ,
although  disease  in  adults  can  also  be  aggressive. The  disease
prim arily a ects  the  larynx, w here  it  m ay lead  to  airway com -
prom ise  and  the  requirem ent  for  tracheotomy.  Disease  m ay
also  occur  in  the  oral  cavity,  trachea, and  bronchi. Recurrent
respiratory papillom atosis a ects patien ts of all ages and  is no-
toriously di cult  to  treat  because  of spreading throughout  the
aerodigestive  tract  and  recurrences  that  necessitate  m ultiple
surgeries. The  course  of the  disease  is  variable, w ith  som e  pa-
tien ts  achieving  full  rem ission  and  others  requiring  lifelong
treatm ent .

Hum an  papillom avirus  is  a  double-stranded  DNA virus  that
infects  epithelial  cells,  leading  to  the  form ation  of  benign  or
m alignant  neoplasm s. To  date, m ore  than  100  types  of hum an

papillom avirus  are  know n. Hum an  papillom avirus  infects  m u-
cosal basal layer  stem  cells, w here  it  m ay becom e latent  or  ac-
tively  express  proteins  that  lead  to  cellular  proliferation .  The
lesions of recurren t  respiratory papillom atosis appear h istologi-
cally  as  finger-like  project ions  of squam ous  epithelium  over  a
fibrovascular core. Grossly, recurrent  respiratory papillom atosis
it  exhibits  a  cauliflower-like  appearance,  w ith  w hite  or  pink
sessile or  pedunculated  project ions. These lesions have low  m a-
lignant  potential.

The m echanism  of transm ission  has not been  fully elucidated,
but  m ost  cases  are  thought  to  involve  ver tical  t ransm ission
from  m others  w ith  genital condylom as during  t ransit  th rough
the  bir th  canal.  The  m ost  com m on  presenting  sym ptom  is
hoarseness, followed  by inspiratory or  biphasic str idor. Diagno-
sis is m ade by history and physical exam ination  w ith  nasophar-
yngolaryngoscopy  or  direct  laryngoscopy. Various  m ethods  of
surgical  t reatm ent  have  been  described.  Popular  m ethods  of
m icrolaryngoscopic treatm ent  include lesion  excision  w ith  cold
instrum ents, carbon  dioxide  laser  ablation, and  m icrodébride-
m ent. Adjuvant  therapies  are  indicated  for  pat ients  w ith  rapid
regrow th,  w ith  m ultiple-site  disease,  or  requiring  m ore  than
four  surgeries  per  year. These  include  system ic therapies, such
as in terferon-α , ribavirin , acyclovir, and  retinoids, as well as in -
tralesional  therapies  such  as  cidofovir.  Photodynam ic  therapy
involves  inject ion  of  a  photosensit izing  drug  that  is  concen-
trated  w ithin  papillom as,  followed  by  argon  pump  dye  laser
ablation . This  also  show s  potent ial  as  an  e ect ive  therapeut ic
option.

13.3.3  Acute and Chronic Infect ious
Laryngit is
Most  cases of acute laryngitis are caused  by viral upper respira-
tory  infections  and  are  characterized  by  dysphonia  and/or
hoarseness. These sym ptom s m ay occur in  association  w ith  sore
throat, odynophagia, postnasal drip, m alaise, cough, and  other
m anifestations  of upper  respiratory illness. The  m ost  com m on
agents  include  rhinoviruses, parainfluenza  viruses, respiratory
syncyt ial virus, adenoviruses, and  influenza virus. Inhalation  of
hum idified  air  and  voice  rest  are  recom m ended  treatm ent ,
w hich  is supportive.

Chronic laryngitis  of infect ious  etiology m ay be  caused  by a
variety  of bacterial and  fungal agents  that  com m only  produce
hoarseness or dysphonia, recurren t  th roat  clearing, sensation  of
postnasal drip, or recurrent episodes of sore throat lasting for at
least  3 m onths. Laryngeal tuberculosis, once a com m on sequela
of severe  pulm onary  tuberculosis, now  typically  occurs  in  the
absence  of pulm onary disease. Exam ination  of the  larynx  m ay
reveal  nonspecific  inflam m atory  changes,  superficial  ulcera-
tions,  or  exophytic  lesions  a ect ing  any  area  of  the  larynx.
Protein  purified  derivative  testing is  usually positive, and  m ost
patien ts do not  have  evidence  of pulm onary infect ion  on  chest
X-ray. Diagnosis is m ade by culture  of sputum  and/or  laryngeal
lesions,  and  treatm ent  is  m edical.  Fungal  causes  of  chronic
laryngit is  include  candidiasis,  h istoplasm osis,  blastomycosis,
cryptococcosis,  and  coccidioidomycosis.  Diagnosis  is  m ade  by
clin ical  h istory  and  biopsy  and  culture  of  laryngeal  lesions.
Treatm ent is culture-based antibiotic therapy.

Fig. 13.2  Laryngeal papilloma. Intraoperative  photograph  of an  in-
tubated  larynx with  bilateral vocal fold  papillomas.
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13.4  Roundsm anship
●  Odontogenic infect ions typically result  from  com m ensal oral

flora; however, prim ary pathogens, such as herpes sim plex
viruses, Candida  a lbicans, and hum an papillom avirus, m ay
also lead to oral cavity infect ious disease.

●  Multilobulated viral inclusion  particles called  Tzanck cells are
pathognom onic for herpes sim plex virus infect ion.

●  In  adults, only 5 to 10% of cases of pharyngitis are caused by a
bacterial infect ion.

●  Because of vaccination, the m ost com m on cause of epiglottit is
is group A β-hem olytic streptococci.
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14  Ant im icrobial Therapy for Head and Neck Infect ions
E. Ashlie Darr and Edward J. Shin

14.1  Ant ibacterial Agents
(� Table  14.1)
14.1.1  Penicillins
Penicillins (PCNs) are  a  group  of antibiotics  that  share  a  β-lac-
tam  ring  and  funct ion  by  binding  irreversibly  to  PCN-binding
proteins in  bacterial cell walls, leading to osm otic lysis and  cel-
lular death .

Natural Penicillins
Mem bers  of th is  class  include  oral penicillin  V and  parenteral
form ulations  (e.g.  aqueous,  crystalline,  procaine,  and  benza-
thine penicillin  G).

Clinical Uses
The natural penicillins are active against  Streptococcus pyogenes
(group  A β-hem olytic), m ost  strains  of Streptococcus  pneumo-
niae, Treponema  pa llidum, Act inomyces, and  som e  oral anaero-
bes. They are  inact ivated  by a  variety of enzym es produced  by
gram -negative  and  oral  anaerobic  organism s  collect ively
know n  as β-lactam ases, as well as by penicillinase  produced  by
Staphylococcus aureus. Another  m echanism  of resistance  is  the

alteration  of PCN-binding proteins by certain  strains of staphy-
lococci and S. pneumoniae.

Penicillinase-Resistant  Penicillins
Agents in  th is category include m ethicillin , oxacillin , cloxacillin ,
dicloxacillin , and nafcillin .

Clinical Uses
These  agents are  act ive  against  m ost  form s of S. aureus, except
for  m eth icillin-resistant  S. aureus  (MRSA). They  rem ain  active
against  m ost  streptococcal and pneum ococcal infect ions. Nafcil-
lin  is  m etabolized  by  the  liver, m aking it  a  good  choice  in  pa-
tients  w ith  renal  impairm ent.  Am ong  the  oral  agents  in  th is
group, dicloxacillin  attains the highest blood concentrations.

Am inopenicillins
These include am oxicillin  and am picillin .

Clinical Uses
These agents are  e ect ive  against  certain  gram -negative organ-
ism s, such  as  Proteus, Haemophilus  influenzae, and  Escherichia
coli. They  are  inactivated  by  β-lactam ases  and  are  ine ect ive
against  S. aureus.

Table 14.1  Antibacterial agents

Class  Activit y against  Adverse  effects

Penicillins  Most  streptococci, pneumococci, Staphylococcus aureus (except
methicillin-resistant  S. aureus)

Rash, gastrointestinal upset

Cephalosporins  Staphylococci, streptococci, and  some  gram-negatives  Rash, gastrointestinal upset

Macrolides  Gram-positive  cocci, some  upper respiratory gram-negatives  Nausea, abdominal cramping, elevated  liver function  tests

Clindamycin  Gram-positives and  most  anaerobes  Pseudomembranous colitis

Tetracyclines  Chlamydia, Mycoplasma, Borrelia  burgdorferi (Lyme  disease)  Nausea, photosensitivity, tooth  enamel discoloration in  children

Fluoroquinolones  Pseudomonas, some  gram-positives  Nausea, central nervous system  disturbances, rashes, photo-
toxicity

Vancomycin  Gram-positives, including  methicillin-resistant  S. aureus  Red  man syndrome, nephrotoxicity, ototoxicity

Daptomycin  Gram-positives, including  methicillin-resistant  organisms  Skeletal muscle  effects, gastrointestinal disturbances, increased
liver function  tests

Metronidazole  Anaerobes and  some  protozoa  Nausea, disulfiram-like  reactions to  alcohol, dysgeusia

Aminoglycosides  Gram-positive  and  gram-negative  aerobes  Nephrotoxicity, ototoxicity

Mupirocin  Gram-positives, including  methicillin-resistant  S. aureus  Local itching, burning

Rifampin  Mycobacteria, combination therapy for methicillin-resistant  S.
aureus

Orange  discoloration of body fluids, hepatitis, rash

Sulfonamides  Gram-positives and  gram-negatives; some  resistant  S. aureus  Cholestatic jaundice, bone  marrow suppression, severe  hyper-
sensitivity reactions

Oxazolidinones  Gram-positives, drug-resistant  S. aureus and  streptococci  Diarrhea, nausea, headaches, thrombocytopenia

Streptogramins  Resistant  S. aureus strains  Arthralgias, myalgias, increased  liver function tests
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Augm ented Penicillins
Mem bers  in clude  am oxicillin /potassium  clavu lan ate  (Aug-
m en t in ;  Dr.  Reddy’s  Laboratories),  am picillin /su lbactam
(Un asyn ;  Pfizer),  p iperacillin /tazobactam  (Zosyn ;  Pfizer),
an d  t icarcillin /potassium  clavu lanate  (Tim en t in ;  GlaxoS-
m ith Kline ).

Clinical Uses
These  agents  com bine  a  penicillin  w ith  an  inact ivator  of β-lac-
tam ase. This  confers  e ect iveness  against  H. influenzae, M. ca-
ta r rha lis,  anaerobes,  and  certain  staphylococci  (although  not
MRSA). Additionally, Tim entin  and  Zosyn  m ay be  used  to  treat
Pseudomona s aeruginosa  infections. Ticarcillin  and  piperacillin ,
w ithout  the  addition  of  β-lactam ases,  are  not  act ive  against
gram -positive bacteria.

Adverse E ects
Rashes  occur  in  approxim ately  5% of  patien ts  using  pen icil-
lin s;  how ever,  th is  react ion  recurs  in  on ly  50% of  pat ien ts
w ho  go on  to  use  the  drug a  second  t im e. Anaphylaxis occurs
in  0.05% of  pat ien ts  and  is  considered  a  con traindicat ion  to
fur ther  pen icillin  use. Other  poten tial adverse  e ects  include
in terst it ial nephrit is, anem ia, and  leukopen ia. Pat ien ts requir-
ing  prolonged  h igh-dose  therapy  (for  longer  than  2  weeks)
should  be  m onitored  w ith  weekly  serum  creatin ine  levels
and  blood  coun ts. Augm en tin  com m only  produces  unwanted
gastroin test inal  side  e ects.  Am oxicillin ,  w hen  taken  in  the
set t ing  of  in fect ious  m ononucleosis, causes  a  m aculopapular
rash  in  65  to  90% of pat ien ts. Th is  is  not  ind icat ive  of a  t rue
PCN allergy. Oral  PCNs, except  for  am oxicillin , are  destroyed
by  gastr ic  acid  and  should  therefore  be  taken  on  an  em pty
stom ach . Any  pat ien t  repor t ing  a  h istory  of  serious  PCN al-
lergy  should  undergo  skin  test ing  or  desensit izat ion  before
PCN use.

14.1.2  Cephalosporins
Cephalosporins  are  another  fam ily  of  β-lactam  antibiotics,
w hich  are classified as first-, second-, th ird-, and fourth-genera-
tion. As a general rule, first-generat ion  cephalosporins have the
greatest  act ivity  against  gram -positive  organism s,  w hereas
fourth-generation  cephalosporins  have  the  greatest  act ivity
against gram -negative species.

First -Generat ion Cephalosporins
These  include  cephalexin  (Keflex;  Shionogi)  and  cefazolin  (An-
cef, GlaxoSm ithKline; Kefzol, Eli Lilly).

Clinical Uses
These  agents are  act ive  against  staphylococci, streptococci, and
com m unity-acquired  species  of  Proteus, Klebsiella , and  E. coli.
They have  lim ited  act ivity against  other  enteric gram -negative
organism s  and  anaerobes. Cefazolin  is  com m only  used  for  its
antistaphylococcal activity in  surgical prophylaxis  for  infect ion
at skin  incision  sites.

Second-Generat ion Cephalosporins
Mem bers  in  th is  category  include  cefuroxim e  (Ceftin ;  GlaxoS-
m ithKline), cefprozil (Cefzil; Bristol-Myers Squibb), and  cefaclor
(Ceclor; Eli Lilly).

Clinical Uses
These  agents  have  slightly  m ore  act ivity  than  first-generation
cephalosporins  against  gram -negative  bacteria  such  as  Proteus,
Klebsiella ,  Neisser ia  species,  and  Mora xella  ca ta r rha lis.  They
have sligh tly less act ivity against gram -positive organism s.

Third-Generat ion Cephalosporins
These  include  cefpodoxim e  (Vantin;  Pfizer), ceftriaxone  (Roce-
phin;  Genentech), ceftazidim e  (Fortaz;  Covis  Pharm aceuticals),
cefdinir (Om nicef; Abbott  Laboratories), and cefotaxim e (Clafor-
an ; Sanofi-Aventis).

Clinical Uses
These  agents  are  less  active  against  S. aureus  than  the  earlier
generat ions, but  they usually inh ibit  streptococci and  have  ex-
panded  coverage against  gram -negative organism s. Ceftr iaxone
has good  activity against  pneum ococci, H. influenzae, and  Neis-
ser ia  meningitidis, and it  also e ect ively crosses the blood–brain
barrier, m aking  it  a  popular  choice  for  t reating  m eningitis  as
well  as  in tracranial  or  in t raorbital  complications  of  sinusit is
and  otit is m edia. It  is also useful for  t reat ing pharyngeal gonor-
rhea. Cefpodoxim e  and  cefdinir  are  com m only used  in  t reating
acute  otit is  m edia  and  sinusit is  because  of  their  enhanced
gram -positive  activity  relative  to  the  other  th ird-generation
drugs. None  of the  oral cephalosporins  are  act ive  against  PCN-
resistant  pneum ococci.

Fourth-Generat ion Cephalosporins
Cefepim e (Maxipim e;  Elan  Pharm aceuticals) is the  only fourth-
generat ion  cephalosporin . It  has the  best  activity of the  cepha-
losporins  against  P.  aeruginosa  and  thus  m ay  be  used  as  a
non-ototoxic  and  non-nephrotoxic  alternative  to  am inoglyco-
sides. It  is  e ective  against  other  often-resistan t  gram -negati-
ves, such  as  Enterobacter  and  Citrobacter, as  well  as  S. aureus
and pneum ococci.

Adverse  E ects
Because  of the  m olecular  structural sim ilarity  betw een  cepha-
losporins and  PCNs, pat ients w ith  a h istory of anaphylaxis after
PCN use  should  not  take  cephalosporins.  However,  only  5  to
10% of pat ients w ho have a h istory of PCN rashes w ill develop  a
rash  w ith  cephalosporins. Mucocutaneous  candidiasis  or  Clos-
t r idium di cile–induced  pseudom em branous colit is m ay result
from  overgrow th  of  yeast  or  bacteria,  respect ively,  prim arily
because  of  the  broad-spect rum  act ivity  of  cephalosporins.
Ceftriaxone  is  associated  w ith  biliary  sludging,  especially  in
patients  receiving total parenteral nutr it ion . Like  PCNs, cepha-
losporins  have  been  reported  to  cause  in terstit ial  nephrit is,
anem ia, and  leukopenia, and  prolonged  use  indicates appropri-
ate serologic m onitoring.
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14.1.3  Other β-Lactam s
These  include  the  carbapenem s—im ipenem  (Prim axin ;  Merck),
m eropenem  (Merrem ;  Ast raZeneca),  and  ertapenem  (Invanz;
Merck)—and  aztreonam  (Azactam ;  Bristol-Myers  Squibb),
w hich is a m onobactam .

Clinical Uses
Azt reonam  is  act ive  on ly against  aerobic gram -negat ive  rods,
such  as  P. aeruginosa . It  has  no  know n  cross-react ivity  w ith
PCNs or  cephalosporins  and  can  therefore  be  used  in  PCN-al-
lergic  pat ien ts.  Carbapenem s  are  e ect ive  against  m ost
gram -posit ive,  gram -negat ive,  and  anaerobic  organ ism s,  as
w ell  as  against  P.  a eruginosa  (except  er tapenem ).  They  are
im portan t  an t ibiot ics for  polym icrobial and  resistan t  bacter ial
in fect ions.

14.1.4  Macrolides and Ketolides
Macrolides  include  erythromycin,  azithromycin  (Zithrom ax;
Pfizer), and  clarith romycin  (Biaxin;  AbbVie). Ketolides, such  as
telithromycin  (Ketek; Sanofi-Aventis), are  m acrolide derivatives
that  have enhanced  activity against  S. pneumoniae. Both  groups
exert  their  antibacterial activity by binding to  50S subunits  on
bacterial ribosom es.

Clinical Uses
These  agents are  e ect ive  against  respiratory infect ions caused
by  Legionella ,  Mycopla sma,  Chlamydia ,  Corynebacter ium  diph-
ther iae, Bordetella  pertussis, and  suscept ible  streptococci. They
are  som etim es  used  to  t reat  sinusitis  and  streptococcal  phar-
yngitis, although  less  expensive  and  equally  e ective  alterna-
tives are  available. Macrolides and  ketolides are  relatively inef-
fect ive against  H. influenzae.

Adverse  E ects
Erythromycin  m ay cause  nausea  and  vom iting and  elevation  of
hepatic enzym es  w ith  prolonged  use. Erythromycin  and  clari-
thromycin  are  inhibitors of cytochrom e P-450, w hich  m ay lead
to  increased  levels  of  oral  anticoagulants,  theophylline,  and
other  m edications.  Macrolides  and  ketolides  can  additionally
prolong cardiac QT intervals, especially  w hen  used  w ith  other
potentiating drugs.

14.1.5  Clindamycin
Clindamycin  (Cleocin;  Pfizer)  works  by  inhibit ing  bacterial
protein  synthesis.

Clinical Uses
Clindamycin  is  h ighly active  against  m ost  anaerobes, including
m ost  Bacteroides fragilis, as well as gram -positive organism s, in -
cluding m any strains of PCN-resistant  pneum ococci and  MRSA.
It  penetrates well in to abscess cavities and bone, m aking it  ideal
for  the  treatm ent  of  osteomyelit is  and  deep  neck  space  ab-
scesses caused by oral or dental in fect ions.

Adverse E ects
Oral  clindamycin  m ay  cause  nausea  or  vom iting  and  should
be  taken  w ith  m eals. It  is  also  the  m ost  com m only  im plicated
antibiotic  in  pseudom em branous  colit is. Pat ien ts  w ho  develop
diarrhea  w hile  taking clindamycin  should  im m ediately discon-
tinue  the  m edication.  Pretreatm ent  w ith  m etronidazole  for
several  days  before  clindamycin  is  adm inistered  is  som etim es
em ployed to decrease the risk for colit is.

14.1.6  Tet racyclines
Tetracyclines  include  doxycycline,  tet racycline,  and  m inocy-
cline. They  exert  bacteriostatic  act ivity  by  binding  to  the  30S
subunit  of bacterial ribosom es, thus  inhibit ing protein  synthe-
sis. Tigecycline (Tygacil; Pfizer) is a derivative of m inocycline.

Clinical Uses
Tetracyclines  are  popularly  used  to  t reat  acne.  They  are  also
used  as  prophylaxis  against  t raveler’s  diarrhea  and  against
upper  respiratory infect ions caused  by  Legionella , Mycoplasma,
and  Chlamydia . They  m ay  be  used  in  Lym e  disease  and  Rocky
Mountain  spot ted  fever. Oral preparations m ay relieve  the  pain
of aphthous ulcers and m ay be e ective against other oral in fec-
tions, such  as Vincent  angina. Tigecycline is useful in  skin  infec-
tions  w ith  gram -positive  bacteria, including  MRSA, and  is  not
susceptible to the tet racycline resistance m echanism s that com -
m only render other m em bers of th is class ine ect ive.

Adverse E ects
Tetracyclines  are  notable  in  causing  brow nish  discoloration  of
teeth  if taken  during enam el form ation  and  thus should  not  be
given  to  pregnant  or  nursing  wom en  or  to  children  younger
than  10  years  of age. Tetracyclines  m ay also  prom ote  sunburn
and esophagit is. Minocycline m ay cause transien t  ver tigo.

14.1.7
Chloram phenicol
Chloram phenicol  is  e ect ive  against  m ost  gram -posit ives, in -
cluding m any PCN-resistant  staphylococci, m ost  anaerobes, and
m ost  gram -negatives. Pseudomona s and  PCN-resistant  strepto-
cocci  are,  however,  not  susceptible.  Chloram phenicol  readily
crosses  the  blood–brain  barrier. It  is  notable  for  causing  bone
m arrow  suppression, w hich  can  be  fatal, and  thus its use  is  re-
served  for  life-threatening  infect ions  in  pat ients  w ho  cannot
tolerate alternatives. Chloram phenicol m ay also cause the  “gray
baby syndrom e” in  fetuses and neonates and thus should not be
given  during pregnancy.

14.1.8  Fluoroquinolones
This  class  includes  ciprofloxacin  (Cipro;  Bayer  HealthCare),
levofloxacin  (Levaquin ; Janssen), gatifloxacin  (Zym ar; Allergan),
gem ifloxacin  (Factive; Merus Labs International), and m oxiflox-
acin  (Avelox;  Bayer  HealthCare).  Quinolones  are  broad-spec-
trum  antibiotics  that  funct ion  by  inhibit ing  bacterial  DNA
gyrase, w hich  blocks DNA synthesis.
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Clinical Uses
Mem bers of th is class are  e ect ive  against  m ost  gram -negative
infect ions, including those caused  by P. aeruginosa . Topical pre-
parations are thus com m only used in  the treatm ent  of otit is ex-
terna. They  also  have  m oderate  act ivity  against  gram -positive
organism s, S. pyogenes, and  PCN-resistant  pneum ococci, as well
as  H. influenzae, M. ca ta r rha lis, Legionella , and  other  atypicals.
Of  the  quinolones,  on ly  m oxifloxacin  has  sign ificant  act ivity
against anaerobes.

Adverse E ects
Nausea, drow siness, rashes, and  photosensitivity  are  the  m ost
com m on  adverse  e ects  associated  w ith  fluoroquinolone  use.
Fluoroquinolones  also  m ay  induce  the  prolongation  of cardiac
QT intervals. Pediatric and age-related arthropathy m ay also oc-
cur, so these agents should  not  be used  in  pregnant  or lactat ing
wom en  and  should  be  discontinued  in  patients  w ho  develop
joint  pain  or tendinitis.

14.1.9  Vancomycin
Vancomycin  (Vancocin;  ViroPharm a)  is  a  parenteral  antibiotic
best  know n  for  its  e ect iveness  against  strains  of  resistant
bacteria, including MRSA, PCN-resistan t  pneum ococci, and  en-
terococci, although  resistan t  strains have  em erged. It  functions
by in terfering  w ith  gram -positive  bacterial cell wall synthesis.
Vancomycin  m ay  cause  nephrotoxicity  and/or  ototoxicity,  es-
pecially  w hen  adm inistered  together  w ith  am inoglycosides.
Red  m an  syndrom e  is  upper  body  flushing  and  erythem a
caused  by histam ine  release, w hich  m ay occur  w ith  rapid  van-
comycin  infusion.  Because  of  its  unique  ability  to  com bat
highly resistant  organism s, vancomycin  should  be  used  only in
cases of severe  infect ions that  cannot  be  controlled  w ith  other
m edications.

14.1.10  Daptomycin
Daptomycin  is  a  parenteral agent  that  works by inser ting itself
in to  the  bacterial  cell  m em brane,  causing  depolarization  and
cellular death. It  is used  to treat  MRSA and m ethicillin-resistant
S. epidermidis infect ions as a once-daily alternative to vancomy-
cin . Its principal adverse e ect  is elevation  of creatine phospho-
kinase levels and associated myopathy.

14.1.11  Metronidazole
Metronidazole  (Flagyl;  Pfizer)  is  active  against  anaerobes  and
som e  protozoa  by  prom oting  the  accum ulation  of toxic  m eta-
bolic  byproducts. Metronidazole  crosses  the  blood–brain  bar-
rier  well and  m ay be  used  to t reat  antibiotic-induced  colit is. In
the  head  and  neck, m etronidazole  is  useful in  treating oral in -
fect ions, or  it  m ay be  em ployed  in  treating sinusitis, deep  neck
space  infect ions, and  chronic otit is m edia w hen  used  concom i-
tan tly w ith  agents that  have aerobic and  gram -positive  act ivity.
Adverse  e ects  include  a  disulfiram -like  react ion  w ith  alcohol
consumption  and dysgeusia.

14.1.12  Am inoglycosides
Mem bers  of th is  class  include  gentam icin , tobramycin, am ika-
cin , neomycin, and  streptomycin . They in terfere w ith  the bacte-
rial translat ion  of m essenger  RNA into protein  by binding to ri-
bosom es. Am inoglycosides  are  e ect ive  against  aerobic  gram -
positive  and  gram -negative  bacteria, such  as  P. aeruginosa , and
have a  synergistic e ect  w hen  used  w ith  PCNs, cephalosporins,
or  vancomycin. Resistance to one am inoglycoside does not  nec-
essarily im ply resistance  to  the  others  in  the  group. Neomycin
is a component of certain  topical preparations used in  the treat-
m ent  of otit is externa;  however, P. aeruginosa  is often  resistant .
Gentam icin  and  tobramycin  nasal  irr igations  m ay  be  used  as
antipseudom onal  treatm ents  in  patients  w ith  cystic  fibrosis.
The  use  of am inoglycosides  is  lim ited  by  clin ically  sign ificant
oto-  and  nephrotoxicity. Because  of its  ototoxic e ects, genta-
m icin  has  been  used  as  a  t ranstym panic therapy for  refractory
Meniere disease.

14.1.13  Mupirocin
Mupirocin  (Bact roban;  GlaxoSm ithKline)  is  a  topical ointm ent
used  to  treat  nasal carriers  of S. aureus. It  m ay be  m ixed  w ith
saline spray for deeper nasal penetration. It  has a unique m olec-
ular structure and thus has no allergic cross react ivities.

14.1.14  Rifam pin
Rifampin  is  m ost  com m only used  to  t reat  mycobacterial in fec-
tions;  however, it  is  also  act ive  against  S. aureus and  S. epider-
midis  (including  MRSA), streptococci, pneum ococci, anaerobes
(including  Bacteroides fragilis), Neisser ia , H. influenzae, and  Le-
gionella . Unless  used  for  prophylaxis,  rifam pin  should  not  be
used  as  m onotherapy because  of the  rapid  resistance  that  m ay
occur  during  t reatm ent.  Rifampin  concentrates  well  in  naso-
pharyngeal  secretions  and  thus  is  useful  for  nasal  carriers  of
Neisser ia  or H. influenzae. When  com bined w ith  m upirocin , it  is
helpful  in  eradicating  the  S.  aureus  carrier  state.  Rifam pin
causes orange  discoloration  of body fluids and  m ay be  hepato-
or  nephrotoxic.  It  poten t iates  cytochrom e  P-450,  w hich  m ay
lead to decreased serum  levels of other m edications.

14.1.15  Sulfonam ides
Sulfonam ides,  such  as  sulfam ethoxazole,  are  rarely  used  as
m onotherapeutic agents because of increases in  resistance. Cur-
rently, sulfam ethoxazoles  are  e ect ive  against  about  75% of H.
influenzae strains but  are ine ect ive against  m ost other respira-
tory  pathogens. Trim ethoprim /sulfam ethoxazole  (Bactrim ;  AR
Scientific) produces a synergistic e ect  that  is useful in  t reating
S. aureus infect ions, including MRSA infect ions. It  has also been
used as adjuvant therapy in  Wegener granulom atosis and in  the
treatm ent of Pneumocystis car inii infect ion .

14.1.16  Oxazolidinones
Linezolid  (Zyvox;  Pfizer)  is  an  alternative  to  vancomycin  for
the  treatm ent  of  MRSA infect ions  and  can  even  be  used  for
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infect ions  w ith  vancomycin-resistant  strains  of both  S. aureus
and  en terococci.  Unlike  vancomycin ,  it  is  available  in  both
parenteral and  oral form s. At  present, th is m edication  is h ighly
expensive.  It  m ay  adversely  lower  platelet  levels  or  lead  to
hypertension  in  those  concom itantly  using  decongestant
m edications.

14.1.17  Streptogram ins
Quinupristin /dalfopristin  (Synercid;  Pfizer)  is  a  streptogram in .
Streptogram ins have  a  st ructure  and  function  sim ilar  to those
of  m acrolides.  Synercid  was  developed  to  t reat  resistan t
gram -posit ive  in fect ions, such  as those  caused  by MRSA, van-
comycin-resistan t  en terococci  (Enterococcus  faecium, but  not
Enterococcus  faeca lis),  and  resistan t  pneum ococci.  It  m ay
cause  ar th ralgias.

14.2  Ant ifungals
14.2.1  Am photericin B
Am photericin  B (Am photec;  Alkopharm a  USA) is  a  broad-spec-
trum  antifungal  e ect ive  against  system ic  mycot ic  infect ions,
including  those  caused  by  Candida ,  Mucor,  and  Aspergillus.  It
functions by in terfering w ith  fungal plasm a m em branes. In tra-
venous infusion  is notable in  producing several unpleasant  side
e ects, including  fevers, rigors, nausea/vom it ing, hypotension ,
and  tachypnea; however, lipid  form ulations m ay decrease these
sym ptom s. Am photericin  B m ay also  cause  anem ia  or  nephro-
toxicity, both  of w hich are reversible.

14.2.2  Triazoles
Triazoles in terfere w ith  ergosterol synthesis and  are fungistatic.
Fluconazole  (Diflucan) is used  in  local and  dissem inated  candi-
dal infect ions  and  is  a  second-line  agent  against  Cryptococcus.
Unlike  fluconazole,  voriconazole  (Vfend)  and  itraconazole
(Sporanox)  are  e ect ive  against  Aspergillus.  Nausea,  diarrhea,
and  rash  are  the  m ost  com m on  adverse  e ects, although  hep -
atotoxicity  can  be  severe.  Liver  function  tests  should  be
m onitored  weekly.  Voriconazole  and  it raconazole  can  both
poten tiate  the  e ects of other  m edications, such  as cyclospor-
in ,  w arfarin ,  and  digoxin ,  so  serum  levels  should  be  m oni-
tored.  Voriconazole  m ay  also  produce  visual  d isturbances,
w hich  are  reversible.

14.2.3  Flucytosine
Flucytosine  (Ancobon) m ay be  used  to t reat  Candida  or  Crypto-
coccus  infect ion  or  as  com bined  therapy  w ith  am photericin  B
for  Aspergillus  infect ion. It  m ay  be  taken  orally  and  is  better
tolerated  than  am photericin  B, although  resistance  frequently
develops  during  t reatm ent. It  m ay cause  reversible  bone  m ar-
row  suppression.

14.2.4  Candins
Caspofungin  (Cancidas) is a parenteral candin  that  m ay be used
in  refractory aspergillosis  or  candidal infect ions. It  is  relatively

well  tolerated,  although  it  m ay  cause  flushing,  fever,  or  a
rash  w ith  infusion  and  m ay  be  hepatotoxic  w hen  used  w ith
cyclosporine.

14.2.5  Nystat in
Nystatin  (mycostatin)  is  a  topical  preparation  that  is  used  for
oropharyngeal  and  cutaneous  candidiasis  (thrush). No  signifi-
cant  adverse  e ects  or  m edication  in teract ions  are  associated
w ith  its use.

14.3  Ant ivirals
14.3.1  Ant iherpet ic Agents
These  drugs include acyclovir  (Zovirax;  GlaxoSm ithKline), vala-
cyclovir (Valtrex; GlaxoSm ithKline), fam ciclovir (Famvir; Novar-
tis),  and  penciclovir  (Denavir;  New  Am erican  Therapeutics).
They funct ion  as nucleotide analogues that  inhibit  DNA synthe-
sis. Acyclovir is e ect ive against herpes sim plex and herpes zos-
ter  and  com es in  topical, oral, and  in travenous form s. It  m ay be
used  as prophylaxis against  herpes sim plex attacks;  however, it
functions only during the active phase of the viral life cycle, and
thus recurrences can  be  expected. It  m ay cause  a  nephropathy,
especially in  those w ith  preexisting poor renal funct ion. Valacy-
clovir  is  taken  orally  and  is  converted  to  h igh  serum  levels  of
acyclovir. It  is  e ect ive  in  decreasing the  sym ptoms associated
w ith  herpes sim plex labialis attacks w hen  taken  w ithin  the first
2 hours of sym ptom  onset. Som e physicians treat  idiopathic fa-
cial  paralysis  (Bell  palsy)  w ith  antiherpetic  agents  because  of
the possibility of a viral cause.

14.3.2  Ant i-influenza Agents
Am antadine  (Sym m etrel;  Endo  Health  Solutions)  and  rim ant i-
dine (Flum adine; Forest  Pharm aceuticals) block the en try of in-
fluenza A virus in to cells. They are  ine ect ive  against  in fluenza
B. These agents are used w ithin  48 hours of sym ptom  onset  and
are continued for 7 to 10 days. They m ay be used as prophylaxis
for  patients  w ho  have  been  exposed  but  are  know n  to  be  im -
m une, or  for  pat ien ts in  nursing hom es or  hospital sta during
epidem ics. Side  e ects  include  gastroin testinal distress or  cen-
tral  nervous  system  sym ptom s, such  as  dizziness  and  confu-
sion .  Zanam ivir  (Relenza;  GlaxoSm ithKline)  and  oseltam ivir
(Tam iflu;  Genentech)  are  both  neuram inidase  inh ibitors  that
are  e ect ive  against  both  influenza  A and  influenza  B.  Both
m ay  decrease  sym ptom  severity  and  illness  duration  w hen
taken  w ith in  36  hours of in it ial sym ptom  onset. Zanam ivir  is a
dry  inhalant  that  m ay cause  nasal irritation  or  bronchospasm
in  patien ts  w ith  asthm a, as  well as gastrointestinal discom fort
and  headaches. Oseltam ivir  m ay cause  nausea, vom iting, diar-
rhea, headaches, and  dizziness.

14.4  Roundsm anship
●  Rashes occur in  approxim ately 5% of patients using penicil-

lins; however, th is react ion  recurs in  only 50% of pat ients
w ho go on  to use the drug a second tim e. Any patient  report-
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ing a h istory of serious PCN allergy should undergo skin  test-
ing or desensitization  before PCN use.

●  Because of its unique ability to com bat h ighly resistan t organ-
ism s, vancomycin  should  be used only in  cases of severe in-
fect ions that cannot be controlled w ith  other m edications.

●  The use of am inoglycosides is lim ited by clin ically significant
oto- and nephrotoxicity. Because of its ototoxic e ects, genta-
m icin  has been  used as a transtym panic therapy for refractory
Meniere disease.
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15  Evaluat ion and Managem ent  of Deep Neck Space
Infect ions
Craig E. Berzofsky and Zhenqing Brett Wu

15.1  Int roduct ion
Understanding the  anatomy of the  head  and  neck is  im portant
in  the  discussion  of deep  neck  space  infect ions. It  is  the  rela-
tionship  betw een  the  m ajor  structures  in  the  neck  and  the
fascial  com par tm ents  that  allow s  the  in fect ions  to  form  and
dissem inate. The  in terconnecting lym phat ic drainage  of these
areas  also  provides  a  m eans  for  in fect ious  spread. The  in fec-
t ions  develop  from  tonsillit is, pharyngit is, t raum a, and  iat ro-
gen ic even ts. The  incidence  of deep  neck space  in fect ions  has
dram atically  decreased  since  the  adven t  of an t ibiot ics. How -
ever, delayed  treatm en t  of deep  neck space  in fect ions can  re-
sult  in  severe  m orbidit y and  m ortality  by causing resp iratory
dist ress, m ediast in it is, vascular  th rom bosis/rupture, and  cra-
n ial neuropathy.

15.2  Spaces and Infect ions
The  deep  cervical  spaces  can  be  divided  in to  those  exist ing
above the hyoid  bone, below  the hyoid  bone, and  across the hy-
oid bone extending the ent ire length  of the neck (� Fig. 15.1).

The  spaces  above  the  hyoid  bone  are  the  buccal, m asticator,
subm andibular/sublingual, parotid, peritonsillar, and  paraphar-

yngeal  spaces.  The  buccal  space  extends  from  betw een  the
teeth ,  buccal  m ucosa,  and  buccinator  m uscles  m edially;  the
superficial layer of the deep  cervical fascia and  m uscles of facial
expression  laterally  and  anteriorly;  and  the  m andible, parotid
gland, and  m asseter  and  lateral and  m edial pterygoid  m uscles
posteriorly;  it  contains  the  retrom axillary  (buccal)  fat  pad. In-
fect ions  here  are  usually odontogenic in  origin  and  often  arise
from  bicuspid  and m olar teeth .

The m asticator space is surrounded by the superficial layer of
deep  cervical fascia  extending from  the  skull base  to  the  angle
of the m andible. This space contains the m uscles of m astication,
m andibular  nerve, ram us and  body of the  m andible, and  ptery-
goid  venous  plexus.  The  source  of  in fect ion  is  also  typically
odontogenic.

The parotid  space is contained  in  the superficial layer of deep
cervical fascia, w hich  splits to envelop  the parotid  gland, lymph
nodes, and branches of the facial nerve.

Abscess  of  th is  space  m ay  be  m ultiloculate  because  of  the
septa from  the superficial layer of the deep cervical fascia.

Peritonsillar  space  infect ions  are  associated  w ith  tonsillit is.
This  is  a  potential  space  betw een  the  tonsillar  capsule  and
the  palatoglossus, palatopharyngeus, and  superior  constrictor
m uscles.

Fig. 15.1  Fascial layers and  associated  structures and  spaces. The  carotid  sheath is made  of superficial and  deep  cervical fascia.
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The  subm andibular  and  sublingal  space  is  bordered  by  the
m andible, floor  of the  m outh , superficial layer  of the  deep  cer-
vical  fascia, and  parapharyngeal  space. The  mylohyoid  m uscle
originates  from  the  m andibular  line  of the  inner  cortex of the
m andible  and  separates  the  subm andibular  space  below  from
the  sublingual  space  above.  Dental  in fect ions  anterior  to  the
second m olar (above the m andibular line) usually result  in  sub-
lingual space  infect ions. Infect ions of the  second  and  th ird  m o-
lars  (below  the  m andibular  line)  usually cause  subm andibular
space  infect ion  and  readily spread  to the  parapharyngeal space
posteriorly.

The lateral pharyngeal or  parapharyngeal space extends from
the skull base  to the  hyoid  bone. It  is bounded  by the  ram us of
the m andible, parotid, pterygoid  m uscles, and  superior  pharyn-
geal  constrictors. It  is  divided  in to  prestyloid  and  poststyloid
compartm ents. The  prestyloid  space  contains  fat , the  in ternal
m axillary  artery,  and  branches  of  the  t rigem inal  nerve.  The
poststyloid  space  contains  the  carotid  artery;  in ternal jugular
vein;  cranial  nerves  IX, X, and  XI;  and  the  sym pathetic  chain .
Because  of  its  proxim ity  to  the  peritonsillar,  subm andibular,
m asticator,  and  parotid  space,  the  parapharyngeal  space  is
readily involved.

The visceral space  is the  only space  existing solely below  the
hyoid  bone. It  is  bounded  by the  pharyngeal constrictors later-
ally and the alar fascia posteriorly. As the nam e suggests, it  con-
tains the pharynx, larynx, esophagus, trachea, and  thyroid. For-
eign  body, t raum a, and  iatrogenic events are  usually the  causes
of infect ions in  th is space.

The  spaces that  extend  the  en t ire  length  of the  neck  are  the
retropharyngeal  space,  danger  space,  and  prevertebral  space
(� Fig. 15.2). The retropharyngeal space exists betw een  the vis-
ceral division  of the m iddle layer of the deep  cervical fascia and
the alar division  of the deep layer of the deep cervical fascia. Be-
tween  the  alar  and  prevertebral divisions  of the  deep  cervical
fascia  is  the  danger  space. Clinically, infect ions  in  both  these
spaces typically arise  from  the  nose, sinuses, and  nasopharynx.
They  have  the  potent ial  of causing  m ediastin it is  by  vir tue  of
their location. The prevertebral space is posterior  to the prever-
tebral division  of the  deep  layer  of the  deep  cervical fascia  and
contains the longus colli m uscle. Infect ions here  m ay t ravel far-
ther below  the diaphragm  to the coccyx.

It  is  im portan t  to  realize  that  although  the  fascial layers  and
spaces  have  distinct  nam es  and  separate  borders  (� Fig. 15.3),
in fect ious  processes  m ay  readily  spread  through  the  bounda-
ries. A sim ple  m anageable  infect ion  m ay becom e life-threaten-
ing unless prom pt evaluation  and t reatm ent are instituted.

15.3  The Disease  Process
15.3.1  Et iology
The  etiology  of  deep  space  cervical  in fect ions  varies  w idely.
Parkiscar  and  Har-El  reported  that  43% of  the  infect ions  are
dental in  origin, w hile the second  m ost  com m on  cause  is in tra-
venous (IV) drug inject ion (12%). Other causes noted were phar-
yngotonsillit is,  m andible  fracture, skin  infect ion, tuberculosis,

Fig. 15.2  Sagit tal view of the  deep  neck spaces and  fascial layers extending  through the  neck.
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foreign  body,  t raum a,  peritonsillar  abscess,  sialolith iasis,  and
parotit is, together comprising the other 45% of infect ions.

15.3.2  Microbiology
Most  of the  deep  space  neck infections are  polym icrobial in  ori-
gin.  Several  studies  have  exam ined  the  culture  results  from
these  patient  populations. The  m ost  com m only cultured  bacte-
ria are  Streptococcus vir idans, Staphylococcus epidermidis, Staph-
ylococcus  aureus, Bacteroides  species, and  β-hem olytic  strepto-
cocci. Anaerobes  were  cultured  in  35% of the  infect ions. Gram -
negative organism s were present  in  fewer  than  4% of infect ions.

15.3.3  Potent ial Com plicat ions
Infect ions in  each  of these  areas can  lead  to complications that
can  cause  significant  m orbidity and  m ortality. The m ost  urgent
complication  of deep  neck  space  infect ion  is  airway  compro-
m ise. Ludw ig angina  deserves special discussion. It  is an  exten-
sion  of dental infect ion  in  the  sublingual space. It  is  associated
w ith  necrotizing  cellulit is, causing  swelling  of the  floor  of the
m outh  and  base  of the  tongue. Airway comprom ise  and  death
ensue  if the  condition  is  not  prom ptly  t reated. Many of these
patien ts  require  em ergent  airway establishm ent  via  tracheoto-
my followed by incision  and drainage of the involved space.

Fig. 15.3  Axial view through the  lower neck demonstrating  the  fascial layers and  deep  neck spaces.
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Other  notable  ent it ies  include  danger  space  and  retrophar-
yngeal space  infections. The predom inantly loose  areolar  t issue
in  these  spaces  a ords  lit t le  resistance  to  the  spread  of in fec-
tion. The rapid  developm ent of m ediastin it is m ay prove fatal.

Neurologic  complications  can  occur  through  the  irr itation
and  compression  of involved  nerves, such  as the  cran ial nerves
and  the  sym pathetic chains  in  the  poststyloid  compartm ent  of
the  parapharyngeal space. They can  also  occur  through  the  ex-
tension  of infect ions  from  adjacent  deep  neck  spaces. Pott  ab-
scess, for  example, is a result  of mycobacterial in fect ious exten-
sion posteriorly from  a vertebral body.

Vascular  comprom ise  and  septicem ia can  occur  w hen  the  in-
fect ion  extends  in to  the  carotid  sheath . Involvem ent  of the  in-
ternal jugular  vein  can  lead  to Lem ierre  syndrom e, w ith  associ-
ated  pulm onary septic em boli. Carotid  artery rupture  preceded
by sentinel bleeding is another feared complication w ith  sign ifi-
cant  m orbidity and m ortality.

15.4  Medical Evaluat ion
15.4.1  Present ing Com plaints
The  presenting complain t  for  patien ts depends on  the  location
of the  infect ion . System ic sym ptom s include  fever, chills, pain ,
and  loss  of appetite. Sym ptom s and  signs  specific to  the  deep
cervical spaces are  listed  in  � Table  15.1. When  these  patien ts
are  in terviewed, it  is  im portan t  to  obtain  an  accurate  h istory
of  any  recent  in fect ions,  surgeries,  dental  care,  or  traum atic
events.  It  is  also  im portan t  to  gather  a  past  m edical  h istory
and  social  h istory, especially  those  pertain ing  to  the  im m une
status  of  the  patien t,  such  as  HIV disease,  diabetes,  and  IV
drug use.

15.4.2  Physical Findings
A comprehensive  head  and  neck  exam ination  should  be  per-
form ed. Special attention  should  be paid  to any areas w ith  ede-
m a, tenderness, and  lim itation  of m uscular  or  neural funct ions,
w hich  w ill help  determ ine  the  deep  neck space  involved. Rou-
tine  exam ination  of  the  dentit ion  w ill  shed  light  on  possible
sources  of  infect ion  in  quite  a  num ber  of cases. Trism us  is  a
com m on  finding in  m any of these  deep  neck  space  infect ions.
Dyspnea  is  typically  a  significant  finding, and  the  stability  of
the  airway should  be  ensured  before  the  pat ient  is sen t  for  any
testing. Localized, tense  swelling of the  neck can  help  indicate
the origin  and location  of a deep neck infect ion .

15.4.3  Test ing
Diagnosing  deep  neck  space  infect ions  m ay  be  obvious  or  re-
quire  various  im aging  m odalit ies. Maintaining  a  h igh  index of
suspicion  is im portan t . The pat ien t  should  in itially have a com -
plete  blood  cell count , basic  m etabolic panel, coagulation  pro-
file,  and  blood  and  abscess  cultures.  When  accessible,  a  fine
needle  aspiration  can  be  perform ed  at  the  bedside  to  obtain
such a culture.

Im aging is usually perform ed in  these patien ts to either local-
ize  or  determ ine  the  presence  of  an  abscess.  Several  studies
have  looked  at  the  e cacy  of di erent  im aging  m odalit ies  for
th is purpose. The  original im aging m odality because  of its ease
of use  and  low  expense is the lateral neck X-ray. It  is frequently
used  in  retropharyngeal abscess. The  results can  be  a ected  by
head  position ing,  but  the  standard  m easurem ents  for  retro-
pharyngeal soft-t issue  th ickness  are  7 m m  at  C2  and  14 m m  in
children  and  22 m m  in  adults  at  C6. A Panorex  im age  can  be

Table 15.1  Signs and symptoms of deep neck space infections

Space  Present ing  symptoms  Clinical findings

Buccal  Cheek swelling, trismus  Gingival and/or buccal erythema and  edema, facial edema
and thickening of cheek, posterior teeth tenderness (usually
the  third  molar)

Submandibular/sublingual  Submandibular/submental pain, oral dysphagia, odynophagia  Bulging of floor of mouth, restrict ion of tongue movement,
submandibular/submental edema

Masticator  Trismus, cheek swelling, cheek pain, toothaches  External or internal cheek enlargement, trismus, posterior
teeth  tenderness (usually the  third  molar)

Parotid  Trismus, parotid  pain  Swelling at  angle  of jaw, Stensen duct  papillae, edema with
or without  pus drainage, trismus

Peritonsillar  Trismus, “hot  potato” voice, dysphagia, drooling  Uvula deviation, soft  palate  swelling, tonsil displacement

Parapharyngeal  Prestyloid: trismus
Poststyloid: neural compressive  symptoms of cranial nerves
IX, X, and  XI and  sympathetic chain

Prestyloid: swelling  of angle  of mandible, lateral displace-
ment  of pharyngeal wall and  tonsil
Poststyloid: swelling  of posterior pharyngeal wall, cranial
nerve  and  sympathetic chain  deficits

Visceral  Dyspnea, dysphagia, hoarseness  Swelling  and  erythema of hypopharynx, subcutaneous
emphysema, airway compromise

Carotid  Tenderness deep  to  sternocleidomastoid, torticollis to  the
opposite  side, septicemia

Cyclic spiking  fevers, septic hypotension  and  organ failure,
neural deficits (cranial nerve  X), carotid  blowout

Retropharyngeal/danger  Dyspnea, dysphagia, odynophagia, neck pain  and  stiffness  Bulging  of posterior pharyngeal wall, asymmetric enlarge-
ment  of the  neck masses, stridor

Prevertebral  Similar to those  of retropharyngeal/danger space  Torticollis, decreased  range  of motion of the  neck, neural
involvement  from  compression  of the  cervical nerves

15.4  Medical Evaluat ion

109



valuable  in  abscesses of dental origin . Proper  dental evaluation
and treatm ent can  be prom ptly in itiated.

Further  testing  is  perform ed  w ith  computed  tom ography
(CT) w ith  IV contrast  and  m agnetic resonance im aging. CT is by
far  the  m ore  com m only  perform ed  procedure  given  that  it  is
rapid, w idely  available, and  relat ively  inexpensive. An  area  of
low  density w ith  a ring of enhancem ent on  a contrast  CT scan  is
diagnostic of abscess. Know ing the  location, size, and  relation-
ship  of the  infect ion  to  surrounding structures is  invaluable  in
the  treatm ent  of the  disease. The  exten t  of deep  neck space  in-
fect ions m ay be  underestim ated  in  70% of pat ien ts  by physical
exam ination , underscoring  the  im portance  of CT in  aiding  the
evaluation  of these pat ients.

15.5  Treatm ent
15.5.1  Init ial Treatm ent
The  patient’s  breathing  should  be  assessed  im m ediately;  after
the  airway  is  secured,  the  circulation  is  assessed  w ith  blood
pressure  and  physical signs of dehydration . Because  of the  inci-
dence  of dysphagia  and  sepsis, the  patient  m ay  present  w ith
hypovolem ia  and  shock. IV fluids  are  required  for  volum e  ex-
pansion. Occasionally, pressors m ay be necessary. Any m etabol-
ic derangem ent is corrected at the sam e tim e.

The  in itial  treatm ent  of  deep  neck  space  infect ions  is  the
sam e  for  all  pat ients, w hich  is  establishm ent  a  patent  airway.
Many  of  these  patients  can  present  w ith  str idor  due  to  soft-
t issue  swelling  around  the  airway. This  is  fur ther  exacerbated
by the  frequent  presence  of t rism us. Pat ients m ay require  oro-
tracheal  or  nasotracheal  in tubation;  tracheotomy  should  be
perform ed  expeditiously  if oral  or  nasal  in tubat ion  cannot  be
perform ed.  When  dealing  w ith  a  retropharyngeal  abscess,
the  clin ician  m ust  take  special care  to  avoid  rupturing the  ab-
scess during in tubat ion. A Trendelenburg position  m ay prevent
aspiration.

15.5.2  Secondary Treatm ent
Once the pat ient  is stabilized, atten tion  is turned to t reating the
infect ion. In  principle, cellulit is is m anaged w ith  antibiotics, but
abscesses  require  drainage  com bined  w ith  an tibiotics.  Som e-
tim es, pat ien ts  w ith  a  sm all abscess  are  given  tim e  to  respond
to IV antibiotics before surgery is pursued. In  selected  pediatric
patients  w ith  retropharyngeal  and  parapharyngeal  abscesses,
antibiotics alone can  achieve clin ical resolution  in  m any cases.

Conservative treatm ent  w ith  an tibiotics is geared toward em -
piric coverage  w ith  antibiotics  having broad-spectrum  act ivity
and  β-lactam ase  resistance  until cultures determ ine  the  causa-
tive  organism s. The  m ost  com m on  em piric antibiotics are  clin-
damycin, am picillin /sulbactam , cefuroxim e, am oxicillin /clavula-
nate, m etronidazole, and  penicillin . These  are  used  alone  or  in
com bination  to  cover  the  m ost  com m on  causative  organism s.
When  a clin ical response is observed, the parenteral antibiotics
are  usually  continued  for  48  hours  before  oral  antibiotics  are
given.

If  conservative  antibiotic  t reatm ent  fails,  surgical  drainage
becom es necessary. Surgery usually requires incision  and drain-
age  followed  by  copious  irr igation  and  placem ent  of  a  drain .

Abscess cultures m ust  be  obtained  to direct  postoperative  anti-
biotic therapy.

The  surgical approach  is  di eren t  depending on  the  location
of the abscess. However, the general surgical principle  of an  ad-
equate  exposure  is  key to  evacuating an  abscess  w ithout  com -
prom ising the surrounding vital structures.

Buccal  and  peritonsillar  infect ions  can  be  accessed  and
drained  through  the  oral  cavity  and  allowed  to  drain  freely.
Buccal space  abscesses can  be  drained  through  a  m ucosal inci-
sion  above the Stenson  duct , followed by blunt  dissection  of the
buccinator  m uscle fibers and  penetration  of the buccopharyng-
eal m em brane. Peritonsillar  abscesses  can  be  drained  by incis-
ing  the  soft  palate  just  above  the  superior  tonsillar  pole  and
bluntly dissecting the space above the  tonsil w ith  a fine  curved
clamp.  Alternatively,  peritonsillar  abscesses  can  be  aspirated
w ith  a  21-gauge needle. Care  m ust  be taken  to avoid  deep  nee-
dle inser tion  in to the peritonsillar space because of the proxim -
ity  of  the  in ternal  carotid  artery.  Parapharyngeal  space  ab-
scesses are approached through a t ranscervical incision  to allow
identificat ion  and  protect ion  of  the  neurovascular  structures.
Subm andibular/sublingual  abscesses  can  be  approached  and
drained  through  the  oral cavity or  an  external incision. This  is
usually determ ined by the location  of the abscess relative to the
mylohyoid; abscesses superior  to the mylohyoid  can  be drained
through  the  oral  cavity, w hereas  those  inferior  and  posterior
are drained through an  external incision.

Retropharyngeal,  danger,  and  prevertebral  space  abscesses
can  be drained  through  either an  external or  in ternal approach.
This is  determ ined  by the  exten t  of the  infect ion. Localized  in-
fect ion  can  be  drained  in traorally  w ith  the  patient  in tubated
and  in  a  Trendelenburg  position. When  the  infect ion  is  large
and life-threatening, a transverse cervical approach is used.

Treat ing  im m unocomprom ised  pat ien ts  w ith  deep  neck
space  infect ions  requires  a  heightened  suspicion  for  the  in-
volvem ent  of atypical  agents. Pseudomona s, m ethicillin-resist-
ant  Staphylococcus aureus, and  fungal and  mycobacterial agents
m ust be included in  the di eren tial of o ending organism s. My-
cobacterial tuberculosis should  be  treated  m edically, not  surgi-
cally,  because  of  the  increased  risk  for  draining  fistula  after
open  surgical treatm ent .

15.5.3  Postoperat ive Care
Postoperatively, antibiotics  are  adjusted  according  to  the  cul-
ture results. Patients typically im prove expeditiously, and surgi-
cal  drains  can  be  slow ly  advanced  and  rem oved  as  each  pa-
tient’s  progress  allow s.  Large  abscess  cavities  som etim es  re-
quire  irr igation  w ith  saline. Lack  of a  response  to  the  therapy
should  prom pt  a  close  exam inat ion  for  the  persistence  or  reac-
cum ulation  of an  abscess. Repeat  im aging and  drainage  should
be attempted.

15.5.4  Com plicat ions
Even  after  surgery, the  airway should  be  closely m onitored, as
extrinsic  compression  and  tissue  edem a  take  tim e  to  resolve.
An  endotracheal or  tracheotomy tube  is  m aintained  until after
a  patent  airway is confirm ed  w ith  endoscopy. The aspirat ion  of
purulent  fluid  m ay  have  occurred  before  or  during  surgery,
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w hich  can  lead  to  pneum onia. Mediastinal extension  w ith  the
developm ent  of m ediastin it is is often  preceded  by unexplained
tachycardia and fever. Chest X-ray show s a characteristic m edia-
stinal  w idening.  A  thoracic  surgery  consultat ion  should  be
sought  prom ptly for possible drainage.

Other complications include in ternal jugular  vein  throm bosis
w ith  sept ic em boli, carotid  rupture, and  neurologic deficits  of
the  involved  cran ial nerves and  sym pathetic chain . Necrotizing
cervical fasciit is has a h igh  m orbidity and  m ortality rate  due to
a  rapid, aggressive  invasion  of fascia  and  t issue  w ith  ensuing
necrosis. Surgical  débridem ent, parenteral an t ibiot ics, and  hy-
perbaric oxygen are usually indicated.

15.6  Roundsm anship
●  In  treating patients w ith  deep neck space infect ions, airway

control is the m ost  im portant  in it ial treatm ent decision.
●  CT scan  is the best  im aging m odality due to its cost, ease of

access and diagnostic purposes.

●  Treatm ent of deep neck space infect ions includes a com bina-
tion  of appropriate ant ibiot ic and drainage.

●  Antibiotics should be started em pirically and specified  to cul-
tured bacteria, w hich  is usually polym icrobial.
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16  Evaluat ion and Managem ent  of Hearing Loss in Adults
Tina Qingxin He

Hearing  loss  a ects  approxim ately  28  m illion  Am ericans. The
prevalence increases w ith  age, and it  is estim ated that  a th ird  of
people age 65 and  older have a significant  hearing loss. Hearing
loss  can  cause  a  m ajor  problem  w ith  com m unication, thereby
a ect ing education, em ploym ent, and relationships.

16.1  Classificat ion of Hearing Loss
Hearing  loss  is  generally  divided  in to  three  broad  categories:
conductive  hearing  loss  (CHL),  sensorineural  hearing  loss
(SNHL), and m ixed hearing loss. CHL is caused by an  obstruct ion
in  the  transm ission  of sound  as the  sound  waves pass from  the
air  through  the auricle  in to the inner ear  (� Fig. 16.1). The m ost
com m on  etiologies  of CHL are  cerum en  im paction  and  m iddle
ear  infect ions. Conditions  that  alter  ossicular  sti ness, such  as
otosclerosis,  produce  predom inantly  low -frequency  hearing
loss, w hereas changes in  the m ass of m iddle ear structures clas-
sically produce high-frequency deficit.

16.1.1  Selected Et iologies of Conduct ive
Hearing Loss
●  Congenital anom alies of the external and m iddle ear m ay be

hereditary or sporadic in  presentation  and either syndrom ic
or nonsyndrom ic. Patien ts usually present  w ith  a h istory of
hearing loss since birth . Exam ples include aural atresia, m i-
crotia, and ossicular m alform ation .

●  Foreign  bodies of the external auditory canal and cerum en
are com m on presentations of CHL. These can  be easily re-
m oved if the patient  is cooperative, the foreign  body is sm all,
and adequate tools are available. A m icroscope should be used

w hen possible to prevent  injury to the external auditory canal
and tym panic m em brane. In  an  uncooperative patient  w ith  a
large occluding foreign  body, rem oval of the foreign  body
under anesthesia m ay be the safest t reatm ent.

●  Inflam m atory/infect ious processes are one of the m ost com -
m on causes of CHL.
○  Otit is externa, either acute or chronic, is one of the m ost

com m on problem s causing CHL. Acute otitis externa can  be
caused by bacterial, viral, or fungal infect ions. The m ost
com m on pathogens in  acute otit is externa include Pseudo-
mona s aeruginosa , Staphylococcus, and  Proteus. Cleaning of
the external auditory canal under the m icroscope and treat-
m ent  w ith  appropriate m edication  are usually all that  is re-
quired. In  cases of severe acute otit is externa in  w hich  the
canal is extrem ely edem atous, an  ear w ick is placed in  the
canal for several days to expand the canal and facilitate the
adm inistration  of an tibiotic drops deep in to the canal.
Necrotizing otitis externa (m alignant otit is externa) is a
rapidly progressive, poten tially life-threatening infect ion  in-
volving the skin , cart ilage, and bone surrounding the exter-
nal auditory canal. This disease is usually found in  elderly
im m unocomprom ised patients. P. aeruginosa  is the m ost
com m on causative agent. Hospitalization  for the adm inis-
tration  of in travenous antibiotics or prolonged oral an tibi-
otics m ay be necessary for treatm ent .

○  Acute and chronic otit is m edia. The sequelae of chronic oti-
t is m edia, including tym panic perforation, ossicular erosion,
and tym panosclerosis, are m ajor causes of hearing loss.

○  Cholesteatom a is an  epiderm al inclusion  cyst of the m iddle
ear and/or m astoid. It  m ay be congenital or acquired. The
cholesteatom a contains desquam ated debris from  keratin iz-
ing squam ous epithelial lin ing. The expansion  of a choles-
teatom a can  cause bone erosion  of the ossicles and otic
capsule.

●  Traum a
○  Traum a to the auricle or external auditory canal is com m on.

Poorly protected by surrounding structures, the external
ear is vulnerable to blunt, sharp, and therm al injury. For ex-
am ple, ath letes in  sports such as boxing frequently present
w ith  auricular hem atom a or laceration. Traum a can  also re-
sult  from  frostbite or burn  injuries.

○  The m ost com m on locations for t raum atic tym panic
m em brane perforation  are the anterior–inferior and poste-
rior–inferior quadrants. Tym panic m em brane perforat ion
can  be the result  of a penetrating injury or blunt  traum a.
Whereas penetrating injury tends to present  w ith  a linear
perforation, blunt  traum a tends to present  w ith  a larger
stellate defect .

○  Injury to the m iddle ear and temporal bone is m uch less
com m on and requires m uch m ore in tense force of traum a.
The m iddle ear and temporal bone are protected by dense
bones. Therefore, injuries to the m iddle ear and temporal
bone rarely present in  isolation; instead, temporal bone
fractures are frequently the result  of a m otor vehicle acci-
dent, and patients m ay present  w ith  a constellation  of inju-
ries involving other m ajor system s. Longitudinal temporal

Fig. 16.1  Audiogram  of mild conductive hearing loss with an air–bone
gap. ANSI, American  National Standards Institute.
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bone fractures account for 70 to 90% of temporal bone frac-
tures, are associated w ith  bleeding from  the external canal,
and present  w ith  conduct ive hearing loss. SNHL is relatively
uncom m on in  pat ients w ith  longitudinal skull fractures.
Transverse temporal bone fractures result  from  m ore
severe occipital injury and present  w ith  SNHL and
hem otym panum .

●  Otosclerosis is a  d isease  of the bone  causing fixat ion  of the
stapes footplate  in  the  oval w indow. Otosclerosis presen ts
as progressive  CHL in  an  otherw ise  norm al-looking ear. It  is
an  au tosom al-dom inan t  hereditary d isease  w ith  variable
penetrance  and  expression  that  a ect s m ore  w om en  than
m en .

●  Neoplasm s. Carcinom as and benign  tum ors of the external
auditory canal and temporal bone are uncom m on. Squarm ous
cell carcinom a is by far the m ost  com m on m alignant  tum or of
the external auditory canal, followed by basal cell carcinom a
and adenoid cystic carcinom a. Carcinom as of the external
auditory canal usually occur in  older individuals.

●  System ic diseases
○  Wegener granulom atosis is a granulom atous disease associ-

ated w ith  necrotizing vasculit is. It  prim arily a ects the
upper and lower respiratory tracts and kidneys. When  the
granulom atous process involves the eustachian  tube, it  w ill
present as serous otit is m edia w ith  CHL. Involvem ent of the
inner ear  w ill cause rapidly progressive SNHL.

○  Sarcoidosis com m only m anifests w ith  cough. Chest  X-ray
show s bilateral h ilar adenopathy. Involvem ent of the tem -
poral bone m ay cause facial, auditory, or  vestibular nerve
dysfunct ion.

○  Tuberculosis can  rarely cause otit is m edia and tym panic
m em brane perforations. Pat ients w ho have th is disease
m ay present  in it ially w ith  painless m ultiple sm all perfora-
tions of the tym panic m em branes that  progress to form
large tym panic m em brane perforations. Otologic involve-
m ent occurs as a result  of hem atogenous or lymphatic
spread to the m iddle ear.

SNHL is  caused  by  problem s  involving  sound  processing  after
sound  waves  reach  the  inner  ear  (� Fig. 16.2). SNHL can  occur
at  the  level  of  the  cochlea,  cochlear  nerve,  central  auditory
pathways, or  cerebral cortex centers. Noise  exposure  and  pres-
bycusis are the leading causes of SNHL.

16.1.2  Selected Et iologies of
Sensorineural Hearing Loss
●  Presbycusis is age-related hearing loss. This m ay a ect  m ore

than 30% of persons older than  65 years of age. Patients com -
m only present  w ith  bilateral sym m etric h igh-frequency SNHL
and poor speech  discrim ination .

●  Hereditary d isorders. These  can  be  divided  in to syndrom ic
and  nonsyndrom ic form s of hered itary hearing loss. An  es-
t im ated  70  to 80% of cases of hereditary hearing loss are
nonsyndrom ic. Although  m ost  cases of hereditary hearing
loss presen t  at  bir th , som e persons inherit  a  tendency to
develop  hearing loss later  in  life. Som e exam ples of
syndrom es associated  w ith  hereditary hearing loss include
Waardenburg syndrom e, Alpor t  syndrom e, and  Usher
syndrom e.

●  Inner ear and tem poral bone anom alies. Inner ear anom alies
are classified as either m em branous or com bined m em bra-
nous and osseous. These anom alies usually present as
profound SNHL in  children . In  the case of large vestibular
aqueduct  syndrom e, the SNHL can  present in  adulthood as
progressive deteriorat ion  w ith  a propensity for the sudden
developm ent of SNHL after head traum a.

●  Infect ious disorders
○  Labyrinthit is

– Herpes zoster oticus or Ram say Hunt syndrom e is caused
by react ivation  of the varicella-zoster virus during a peri-
od of im m unosuppression  m any years after the prim ary
infect ion, w hich m anifests as chickenpox. The cause ap-
pears to be a recrudescence of a latent  varicella-zoster vi-
rus infect ion  of the geniculate ganglion. The in itial pre-
sentation  includes painful vesicles on  the pinna or along
the external auditory canal. This is followed by facial para-
lysis in  a couple of days. Auditory and vestibular sym p-
tom s develop in  approxim ately 25% of these pat ients. The
diagnostic work-up should  include a Tzanck sm ear.

– Serous and bacterial supprative labyrinthitis generally
presents w ith  sudden  severe SNHL and acute vert igo. The
hearing loss is usually perm anent, but  the vert igo m ay
im prove w ith  treatm ent .

○  Chronic otitis m edia and cholesteatom a. Paparella et  al
showed that  in  pat ients w ith  chronic otit is m edia, perm a-
nent SNHL m ay result  from  the passage of toxic substances
through  the round w indow. When  a large cholesteatom a
expands to the otic capsule, it  m ay result  in  SNHL, presum -
ably secondary to suppurative labyrinthitis.

○  Syphilis can  be classified as congenital or acquired. In  con-
genital syphilis, hearing loss occurs in  approxim ately one-
third of patients. In  acquired syphilis, the m iddle ear m ay
be a ected in  late latent  and tert iary form s. The sym ptom s
m ay be sudden SNHL, fluctuating hearing loss, episodic ver-
tigo, or progressive hearing loss and tinnitus. Otosyphilis
can  often  be associated w ith  the Hennebert sign  and the

Fig. 16.2  Audiogram  of sensorineural hearing loss in the left  ear. ANSI,
American  National Standards Institute.
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Tullio sign. The Hennebert sign  is a positive fistula test  in
the absence of m iddle ear disease. The Tullio sign  is vertigo
and nystagm us elicited w ith  exposure to a loud sound. A
definitive diagnosis of syphilis requires a positive finding of
Treponema  pa llidum on  serology.

○  Lym e disease. Borrelia  burgdorfer i is the o ending organism
in  Lym e disease. Facial nerve paralysis is the m ost com m on
otologic m anifestation. Auditory and vestibular m anifesta-
tions such  as SNHL, sudden  hearing loss, and positional ver-
tigo are less com m on.

○  Meningitis. This is a know n etiology of acquired severe-to-
profound SNHL.

●  Pharm acologic toxicity
○  Am inoglycosides appear to a ect  the funct ion  of hair cells,

som e causing eventual cell death.
○  Loop diuretics alter m etabolism  in  the stria vascularis. Hear-

ing loss due to loop diuretics m ay be reversible.
○  Salicylates and aspirin  m ay cause reversible SNHL. On dis-

continuation  of the m edication, hearing returns to norm al
w ithin  72 hours. Ototoxicity due to nonsteroidal anti-in-
flam m atory drugs is rare.

●  Meniere disease is of unknow n etiology. It  results in  endo-
lymphatic hydrops and presents w ith  episodic low -frequency
SNHL, aural fullness, vert igo, and tinnitus. The hallm ark of
this disease is its variability and unpredictability. It  is bilateral
in  30 to 50% of cases.

●  System ic disease
○  Paget disease of bone is of unknow n etiology. New  bone for-

m ation  or rem odeling of temporal bone can  cause hearing
loss, t innitus, and m ild vestibular dysfunct ion.

○  Multiple sclerosis. Betw een 4 and 10% of pat ients w ith  m ul-
tiple sclerosis develop SNLH.

○  Wegener granulom atosis. When  Wegener granulom atosis
involves the ear, it  usually causes CHL. Rarely, th is disease
involves the inner ear to cause SNHL.

●  Neoplasm
○  Acoust ic neurom a. This is a benign vestibular schwannom a

that m ay account for 10% of pat ients w ho present  w ith  sud-
den  SNHL.

●  Traum a
○  Noise traum a is one of the m ost com m on adult  hearing

problem s encountered. It  is also one of the m ore easily pre-
ventable causes of SNHL. An  estim ated 10 m illion  Am eri-
cans have noise-induced hearing loss. The prim ary sites of
dam age are the inner hair cells and outer hair cells of the
organ  of Cort i, w ith  the outer hair cells m ost a ected in  the
in itial stages of hearing loss.

○  Labyrinthine injury can  result  from  severe traum a to the
head. Longitudinal temporal bone fractures m ostly present
w ith  CHL but can  also present  w ith  high-frequency SNHL.
Transverse temporal bone fractures, however, alm ost always
result  in  a complete loss of auditory and vestibular funct ion.

○  Acquired perilym phatic fistula can  result  from  barotraum a
or as a complication  of ear surgery. The fistula can  occur at
either the round or oval w indow. When  barotraum a is the
incit ing etiology, the presenting history is acute hearing loss
im m ediately follow ing heavy lift ing, straining, flying, or
underwater diving. The fistula test  m ay yield a positive
Hennebert  sign .

●  Vascular disorders

○  Migraine. This is a com m on disorder that usually presents
w ith  headaches and an  associated visual aura. Of pat ients
w ith  basilar m igraine, 30 to 45% have been  found to have
low -frequency SNHL.

Mixed hearing loss is a com binat ion  of CHL and SNHL. It  is often
caused by a com bination  of the above etiologies.

16.2  Evaluat ion of Hearing Loss
When  a new  patien t  w ith  hearing loss is evaluated, it  is impor-
tan t  to  obtain  a  thorough  history  and  physical  exam ination
before m oving on  to the audiogram .

16.2.1  History
Questions that should  be asked in  the work-up of hearing loss:
1. Age at onset.
2. Circum stances surrounding onset .
3. Unilateral or bilateral hearing loss.
4. Severity and speed of progression.
5. Duration  of complain t; patients w ith  sudden  SNHL require a

stat  audiogram  and need to be t reated im m ediately.
6. Associating sym ptom s: t innitus, vert igo, aural fullness, pain ,

otorrhea, or autophony.
7. Other ear-related h istory, including noise exposure, previous

ear infect ions, and ear surgeries.
8. Personal and m edical h istory, curren t  m edications, surgical

history, social h istory, past  head traum a, and exposure to
ototoxic agents.

9. Fam ily history of hearing loss.

16.2.2  Physical Exam inat ion
In  addition  to  a  complete  head  and  neck  exam ination , a  thor-
ough  evaluation  of  the  external  and  m iddle  ear  is  essential.
Keep  in  m ind  that  pat ients  w ith  SNHL often  have  completely
norm al  exam inations. The  rem oval  of any  obstructing  foreign
body or  cerum en  is  absolutely essential. Many beginners m ake
the m istake of looking for  the light  reflex only on  the tym panic
m em brane. Make  sure  that  the  en t ire  tym panic  m em brane  is
visualized. Som e  diseases  can  involve  only  a  sm all  portion  of
the  tym panic m em brane. For  example, a  m iddle  ear  cholestea-
tom a can  m anifest  as a flattened  crust  on  the posterior–inferior
quadrant  of the  tym panic m em brane. The  m obility of the  tym -
panic m em brane is then  checked  w ith  a pneum atic otoscope to
determ ine the  presence  of retract ion  or  fluid  in  the  m iddle  ear.
In  addition, an  operating  m icroscope  can  be  useful for  the  re-
m oval of foreign  bodies  and  for  m ore  detailed  exam inat ion  of
the m iddle ear.

The  Weber  and  Rinne  tests  can  be  perform ed  to  identify the
side of hearing loss and  to confirm  the audiom etric results. The
Weber  test  is done by placing a vibrating tuning fork in  the m id
portion  of the forehead  and  asking the pat ient  w hich  side he or
she  can  hear  m ore  clearly.  A norm al  Weber  response  occurs
w hen  the sound is heard equally in  both  ears or across the fore-
head. If  the  sound  seem s  louder  in  one  ear, th is  can  indicate
CHL in  the  ear  w ith  the  louder  response  or  SNHL in  the  con-
tralateral ear. The  Rinne  test  response  is  norm al w hen  the  air
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conduction  sounds louder  than  the  bone  conduction. The  512-
and  1,024-Hz tuning forks are typically used  for  th is purpose. A
patien t  w ho  has  a  recent  h istory  of  acute  pressure  changes,
such as a scuba diver, would benefit  from  a fistula test .

16.2.3  Audiom etry
Audiom etric  testing  is  essential to  verify  and  quantify  the  de-
gree  of hearing  loss. Air  conduct ion, bone  conduction, speech
audiom etry, and  tym panom etry are  the  basic tests  included  in
the  audiogram . Speech  audiom etry, in  addition  to  determ ining
the  nature  of the  SNHL, can  provide  prognostic inform ation  re-
garding the  potential benefits  of am plification. Tym panom etry
is  essential for  verifying any CHL and  can  confirm  a  retracted,
sti , or  perforated  tym panic m em brane. Acoustic reflex testing
can  provide  additional  clues  to  the  etiology  of  hearing  loss.
Auditory  brainstem  response  (ABR)  is  useful  for  evaluating  a
retrocochlear  etiology or  for  evaluating adult  patients  w ho are
unable  to  respond  to  a  norm al audiogram . In  o ces  w here  an
audiologist  is  not  readily available, therefore, the  audiogram  is
ordered  for  a future date  unless a sudden  SNHL is suspected; in
this case, the audiogram  needs to be perform ed  im m ediately so
that  the patient can  be t reated as soon  as possible.

16.2.4  Laboratory Test ing
For CHL, blood work is usually unnecessary; however, in  unilat-
eral  or  sudden  SNHL, th is  can  help  determ ine  the  etiology  in
certain  cases. The  m ost  useful test  is  the  fluorescent  t repone-
m al antibody absorption  (FTA-ABS) test .

16.2.5  Radiographic Test ing
Most  pat ients  w ith  CHL do  not  require  radiographic exam ina-
tions. Noncontrast  computed  tom ography (CT) of the  temporal
bone  can  be  used  to  visualize  the  m iddle  ear  and  the  m astoid.
This can  be usefu l for complicated  m iddle ear  pathology or per-
sistent CHL despite treatm ent . On the other hand, CT is less use-
ful in  an  adult  w ith  SNHL unless  the  hearing loss  is  congenital
or  secondary  to  recent  t raum a.  Magnetic  resonance  im aging
w ith  gadolinium  is used in  patients w ith  asym m etric or sudden
SNHL to  evaluate  for  a  cerebral  or  retrocochlear  cause  of  the
hearing loss.

16.3  Treatm ent  of Hearing Loss
16.3.1  Conduct ive Hearing Loss
Treatm ent  of the  underlying  etiology  is  necessary  to  im prove
hearing  loss. Som e  conditions  are  very  easy  to  treat,  such  as
cerum en  impact ion , acute  ear  infect ion, and  foreign  body, but
others  are  m uch  harder  to  correct .  For  conditions  such  as
chronic  serous  otit is  m edia,  otosclerosis,  tym panosclerosis,
tym panic m em brane  perforation, canal  stenosis, and  ossicular
chain  abnorm ality, surgical in tervent ion  can  be  very beneficial.
When surgery is discussed, the alternative of am plification w ith
hearing  aids  m ust  be  presented. Patients  w ith  CHL have  high
speech  discrim inat ion  scores  and  w ill  experience  significant
im provem ent  w ith  hearing aids w ithout the risks of surgery.

16.3.2  Sensorineural Hearing Loss
Most  cases of SNHL are not  reversible. The prim ary exception  is
sudden  SNHL. This  is  defined  as  unilateral hearing loss  not  at-
tr ibutable to know n causes that occurs in  less than  3 days. Two-
th irds  of the  patien ts  recover  to  nearly  norm al  hearing  levels
spontaneously and  m any im prove w ith  high-dose system ic cor-
ticosteroid  treatm ent . Otherw ise, treatm ent  options  for  SNHL
are  lim ited. Even  w hen  the  etiology of the  hearing loss  is  cor-
rected,  the  dam age  to  the  cochlea  and  auditory  pathway  is
often  perm anent.

There  are  m easures  to  m itigate  the  e ects  of SNHL on  a  pa-
tient’s quality of life. Amplificat ion  devices such  as hearing aids
and  assistive  listening  devices  for  telephones  and  televisions
are a few  examples. A hearing aid  m ay be beneficial for patients
w ith  SNHL. When hearing aids are recom m ended, patient  m oti-
vation  and  the  perceived  degree  of handicap  m ust  be  consid-
ered. Hearing  aids  have  m any  lim itations. Poor  sound  quality,
discom fort , and the frequent need for battery change and clean-
ing  are  just  a  few  of  the  com m on  complaints. Many  patien ts
choose not  to wear am plification  sim ply because the social stig-
m a of having a hearing aid. Many patients w ith  SNHL have poor
speech  discrim ination  scores. Because  hearing aids  do  not  sig-
n ificantly im prove speech  discrim ination, they often  derive lim -
ited  benefit . For  patients w ith  unserviceable hearing even  w ith
hearing aids, cochlear im plantation  should  be considered.

16.4  Roundsm anship
●  Conduct ive hearing loss is caused by an  obstruction  in  the

transm ission  of sound as the sound waves pass from  the air
through the auricle in to the inner ear. Sensorineural hearing
loss is caused by problem s involving sound processing after
the sound waves reach  the inner ear. Mixed hearing loss is a
com bination  of conductive and sensorineural hearing loss.

●  Patients w ith  hearing loss should be quest ioned about the
tim ing and circum stances surrounding the onset of hearing
loss, as w ell its progression  and  any associated  sym ptom s
of t inn itus, ver t igo, aural fu lln ess, otalgia, otorrhea, and
autophony.

●  The recent onset of sudden  sensorineural hearing loss neces-
sitates an  audiogram  as soon as possible.
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17  Evaluat ion and Managem ent  of Otalgia
Michele M. Gandolfi and Christopher J. Linstrom

17.1  Int roduct ion
Ear  pain , or  otalgia, reflects  either  localized  otologic pathology
(prim ary otalgia)  or  a  problem  w ithin  a  periauricular  or  m ore
distant  source (referred  otalgia) due to the  complex sensory in-
nervation  of the  ear. The  physical exam inat ion  usually  reveals
the  source  of  the  pain .  Not  uncom m only,  however,  a  patient
m ay have ear  pain  but  no identifiable  pathology w ithin  the ear,
and  the clinician  should  expand the di erential diagnosis to in-
clude  causes of referred  otalgia. The  source  of otalgia  can  be  as
proxim al  and  obvious  as  an  acute  otit is  externa  or  as  distant
and  occult  as a  laryngeal m ass. The  evaluation  of patients w ith
otalgia  is  aided  by a  detailed  understanding of the  innervation
of the  ear  and  know ledge  of potent ial  causes. Com prehension
of the anatomy underlying shared  neural pathways and  the po-
ten tial causes of referred  otalgia  arising from  distant  sites ena-
bles the physician  to reach a diagnosis.

Sensory a erents from  the  tr igem inal, facial, glossopharyng-
eal, and vagus nerves and the cervical plexus supply the auricle,
periauricular  region, external canal, and  m iddle ear. All of these
a erents  can  cause  localized  ear  pain  that  is  m isleading;  these
nerves  innervate  distant  sites  that  can  harbor  the  culpable
pathology.  For  example,  the  auriculotemporal  branch  of  the
m andibular  division  of the t rigem inal nerve  provides sensation
to the tragus, anterior  pinna, anterior lateral surface of the tym -
panic  m em brane, and  anterosuperior  external  auditory  canal.
The  vagus nerve  sim ilarly provides sensation  to the  larynx, hy-
popharynx, t rachea, esophagus, and  thyroid  gland. The  Arnold
nerve  (auricular  branch  of the  vagus nerve) provides sensation
to the concha, in feroposterior external auditory canal, tym panic
m em brane, and  postauricular  skin . Sensory  innervation  to  the
oropharynx, tonsils, and  tongue base  is provided  by the  glosso-
pharyngeal nerve. The  Jacobson  nerve  (tym panic branch  of the
glossopharyngeal nerve) provides sensation  to  the  m edial sur-
face  of the  tym panic m em brane, m ucosa of the  m iddle  ear, eu-
stachian  tube, and  m astoid  air  cells. The  cervical roots  C2  and
C3  provide  sensation  to  the  postauricular  region  via  the  great
auricular nerve. The facial nerve innervates the skin  of the later-
al  concha  and  an tihelix,  lobule,  m astoid,  posterior  external
auditory  canal,  and  posterior  portion  of  the  tym panic  m em -
brane. Pathology related  to the  dist ribut ion  of these nerves can
refer  pain  back  to  their  a erent  dest ination  of  innervation,
leading to referred otalgia (� Fig. 17.1).

17.2  Di erent ial Diagnosis
Otalgia  can  be  separated  in to two types:  prim ary and  referred .
Prim ary otalgia  arises from  local or  regional pathology. The  ear
itself is  the  source  of the  pathology. Sources of prim ary otalgia
include  acute  otit is  externa, cerum en  im paction , foreign  body,
inflam m ation  or infect ion  of the auricle, ear  t raum a, eustachian
tube  dysfunct ion, otit is  m edia, and  m astoiditis. Otalgia  m ay be
referred  to the  ear  from  pathology in  an  adjacent  area, such  as
temporom andibular  joint  dysfunction,  periauricular  lym pha-
denopathy,  and  scalp  or  neck  infect ions.  Even  m ore  distan t

sources should  be suspected  in  cases of referred  otalgia, such  as
periodontal  or  dental  disease,  parotit is,  sinusit is,  thyroiditis,
tonsillit is,  laryngitis,  and  h iatal  hernia  w ith  gastroesophageal
reflux. Referred  pain  is  a  m anifestation  of pathology in  any re-
gion  of the  head  and  neck  that  shares  a  neural pathway  w ith
the  temporal  bone  and  periauricular  region. In  the  in itial  as-
sessm ent, exam inat ion  of the  ear  indicates w hether  the  otalgia
is  local  or  regional  in  origin .  If  the  ear  exam inat ion  is  com -
pletely  norm al, it  is  helpful  to  discern  the  exact  focus  of pain
and  redirect  the  physical exam ination  to other areas that  share
neural pathways w ith  the ear.

Referred  otalgia  is  related  to  the  w ide  distr ibution  of  the
nerves  that  innervate  the  auricular  area. The  tr igem inal nerve
has a w ide sensory distr ibution. Infect ion  and  neoplasm s w ith-
in  the  nasal cavity or  paranasal sinuses, particularly  the  sphe-
noid  or  m axillary  sinuses,  can  cause  irr itation  of  the  vidian
nerve.  Nasopharyngeal  surgery,  neoplasm s,  and  infect ions  in
this region  are  com m on  sources of referred  otalgia. In  children ,
erupting  dentit ion  is  the  m ost  com m on  cause  of referred  ear
pain . Sim ilarly, an  im pacted m olar  in  an  adult  m ay cause sym p-
tom s  of  ear  pain .  Dental  m alocclusion  resulting  in  tem poro-
m andibular  joint  dysfunct ion  can  cause  referred  ear  pain  from
m asticator  m uscle spasm s. A h istory of excessive  gum  chew ing,
m alocclusion, and bruxism  m ay suggest  th is diagnosis.

The facial nerve  can  be  involved  in  referred  ear  pain  in  cases
of geniculate  neuralgia, Bell palsy, and  herpes zoster oticus. The
ear  pain  of herpes zoster  oticus  can  occur  even  in  the  absence
of a  significant  vesicular  eruption, m aking  the  diagnosis  even
m ore  di cult . The  otalgia  associated  w ith  Bell palsy frequently
occurs before the onset of facial paralysis. The glossopharyngeal
and  vagus  nerves  can  transm it  referred  ear  pain  as  a  result  of
pathology originating from  anyw here  w ith in  the  upper  aerodi-
gestive  t ract . The  glossopharyngeal nerve  can  be  stim ulated  by
pathology in  the pharynx, such  as tonsillit is, post-tonsillectomy
inflam m ation,  peri-tonsillar  abscess,  and  neoplasm s.  Lingual
tonsillit is  and  impacted  foreign  bodies  w ith in  the  tongue  can
also  cause  otalgia. Eagle  syndrom e  (� Fig. 17.2)  consists  of ear
pain  secondary  to  stretching  and  irr itat ion  of the  glossophar-
yngeal  nerve  resulting  from  elongat ion  of the  styloid  process.
Glossopharyngeal  neuralgia  is  sim ilar  to  trigem inal  neuralgia.
The pain  is sharp  and  lancinating in  quality;  it  originates in  the
tongue  base, soft  palate, or  tonsillar  fossa  and  radiates  to  the
ear.  Neoplasm s  w ithin  the  larynx  and  esophagus  have  long
been  recognized  as  causes  of referred  otalgia. Ulcerations, for-
eign  bodies, and  reflux  also  can  be  seen  in  a  sim ilar  m anner.
Chronic  or  subacute  inflam m ation  of  the  thyroid  gland  m ay
cause referred ear pain  through stim ulat ion  of the vagus nerve.

17.3  Evaluat ion: History, Physical
Findings, and Test ing
In  order  to  define  the  specific  etiology  of otalgia, a  thorough
history  is  necessary, w ith  detailed  attention  to  the  onset  and
duration  of pain , quality of the  ear  pain , alleviating and  exacer-
bating factors, and  associated  sym ptom s, such  as  fever, weight

Evaluat ion and Management  of Otalgia

116



loss, tinnitus, hearing loss, pruritus, vert igo, aural fullness, and
other  sources  of pain . A carefu l in itial  exam inat ion  of ear  and
pneum atic  otoscopy  (to  test  the  m ovem ent  of  the  tym panic
m em brane  and  see  if th is  illicit  any  new  sym ptom s) can  help
distinguish  sources of referred  pain . Fiber-optic nasopharyngo-
laryngoscopy should  be perform ed to evaluate the pharynx and
larynx  if  laryngitis,  gast roesophageal  reflux,  or  a  m ass  is
suspected  because  of associated  sym ptom s. In  patien ts  w ith  a
significant  h istory of tobacco  and/or  alcohol use, a  m ass  in  the
oral cavity or  laryngopharynx should  be  sought . Adults  w ith  a

unilateral m iddle  ear  e usion  detected  on  otoscopy should  be
presum ed  to  have  a  nasopharyngeal  m ass  until  it  has  been
proved  otherw ise  by  fiber-optic  nasopharyngoscopy.  A com -
plete  inspection  of  the  nasopharynx,  oral  cavity,  m andible,
pharynx,  larynx,  and  neck  should  be  completed  to  find  the
source of otalgia.

If m astoiditis is suspected, computed  tom ography (CT) of the
temporal  bone  w ithout  contrast  is  necessary  to  evaluate  the
extent  of disease. If there is any suspicion  of coalescent  m astoi-
ditis, a  CT w ith  contrast  should  be  ordered. Audiography  and

Fig. 17.1  Sources of referred  otalgia. (a) The
sensory innervation  of the  ear and  periauricular
area is from  multiple  nerves, including branches
from cranial nerves V, VII, IX, and X, as well as C2
and  C3 rootlets. (b) Multiple  areas in  the  head
and neck share sensory innervation with the ear.
CN, cranial nerve.
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elect ronystagm ography/videonystagm ography  (ENG/VNG)
should  be  ordered  to evaluate  the  cause  of otalgia  if sym ptom s
of hearing  loss, t innitus, or  vertigo  are  also  present. Magnet ic
resonance  (MR)  im aging  or  CT w ith  contrast  of  the  area  in-
volved  should  be ordered  if any local head  and  neck m asses are
detected on  exam ination.

17.4  Treatm ent
Infect ions such  as acute otit is m edia, pharyngitis, and  tonsillit is
can  be  treated  w ith  broad-spect rum  antibiotics such  as am oxi-
cillin ,  am oxicillin /clavulanate,  or  in  the  penicillin-allergic  pa-
tien t  clindamycin  to  cover  the  m ore  com m on  head  and  neck
pathogens, such  as  Streptococcus pneumoniae, Haemophilus in-
fluenzae, and  Mora xella  ca tar rha lis. If referred  pain  from  a local
site  is suspected, treatm ent  should  be  focused  on  the  source. A
patient  w ith  external tenderness  over  the  temporom andibular
joint, m alocclusion, clicking, and  teeth  grinding  should  be  re-
ferred to a dentist  or oral surgeon w ho t reats tem porom andibu-
lar  join t  disease. In  pat ients in  w hom  an  X-ray reveals an  elon-
gated  styloid  process,  surgical  shortening  of  the  process  can
help  relieve  sym ptom s  if other  sources  are  ruled  out. If nasal

congestion  or  sinusit is  is  the  cause  of otalgia, t reatm ent  w ith
antibiotics  and  nasal  decongestan ts  can  help  alleviate  the
sym ptom s.  A unilateral  peri-tonsillar  abscess  can  also  cause
otalgia (although  otalgia is not  the m ost  sign ificant  sym ptom  in
these  cases). The  peri-tonsillar  abscess  should  be  drained  and
the  appropriate  an tibiotics  should  be  given  based  on  cultures
and  a  steroid  taper  prescribed  if there  are  no contraindications
(im m unocomprom ised,  pregnancy  etc.).  Parotidit is  can  also
cause  otalgia,  and  the  local  infect ion  should  be  treated  w ith
antibiotics, sialagogues, and  m assage. If a m ass is found as a po-
tential  source, biopsy  of the  m ass  m ust  be  done;  appropriate
m anagem ent  and  subspecialist  referral should  be  based  on  the
pathology results.

Otalgia  is  a  vague  sym ptom  that  can  be  the  result  of an  ex-
trem ely  w ide  array  of pathology. The  physician  m ust  use  the
details of the pat ient’s h istory and associated sym ptom s, as well
as the physical exam inat ion findings, to tease out  possible etiol-
ogies. In  order  to  do  so, a  thorough  knowledge  of the  innerva-
tion  pathways  that  provide  sensation  to  the  ear  is  necessary.
Localizing the pathology to a nearby anatom ical structure is im -
portant  for  the treatm ent  and  resolution  of referred  otalgia. Di-
agnostic  work-up  and  testing  can  help  the  physician  discern
w hether  audiography,  electronystagm ography,  videonystag-
m ography,  CT,  MR  im aging,  X-ray,  fiber-optic  nasolaryngo-
scopy, or other further studies are necessary.

17.5  Roundsm anship
●  There are two types of otalgia. In  prim ary otalgia, the ear is

the direct source of pain , w hereas in  referred otalgia, the
complex a eren t  innervations of the ear are the source.

●  In tr icate knowledge of the a erent  innervation  of the ear is
necessary to discover the source of referred otalgia. Any loca-
tion  that shares innervation w ith  the ear  through branches of
the tr igem inal, facial, glossopharyngeal, or  vagus nerve can  be
the source.

●  Ear infect ions, sinusit is, tonsillit is, temporom andicular join t
disorder, odontogenic sources, Bell palsy, nasopharyngeal
m ass, neck m ass, or even  thyroiditis can  cause otalgia. A de-
tailed docum entation  of associated sym ptom s is important  to
diagnose the cause of otalgia.

●  A detailed history and physical exam ination  w ith  focused
testing are helpful in  determ ining the etiology of otalgia.

17.6  Recom m ended Reading
[1]  Janfaza  P, Nadol JB, Galla  R. Surgical  Anatomy of the  Head  and  Neck. Cam -

bridge, MA: Harvard University Press; 2011
[2]  Myers EN. Operative  Otolaryngology:  Head  and  Neck Surgery. 2nd  ed. Phila-

delphia, PA: Saunders Elsevier; 2008

Fig. 17.2  Eagle  syndrome  from  elongation  of the  styloid  process or
elongation  of stylohyoid  ligament.
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18  Obst ruct ive Sleep Apnea
Gene Ukrainsky and Boris Sagalovich

18.1  Int roduct ion
Sleep  is  an  essential  part  of our  norm al  physiology. Profound
changes occur  during sleep, all of them  par t  of the  body’s nor-
m al physiology. Although  the exact  nature  and  reason  for sleep
are  not  know n, in terruption  of the  physiologic  processes  and
norm ally  occurring  sequences  in  sleep  leads  to  a  variety  of
pathologic conditions.

18.2  Incidence of Disease
Obstruct ive  sleep-disordered  breathing  is  probably  one  of the
m ost  com m on  sleep -related  disorders and  includes obstructive
sleep  apnea  (OSA). OSA is defined  by the  presence  of the  poly-
som nographic  findings  of  upper  airway  obstruct ion  and  OSA
syndrom e, w hich  is  a  com binat ion  of OSA, defined  as presence
of m ore  than  5  upper  ventilatory events  per  hour, and  clin ical
sym ptom s.

In  one of the m ost  comprehensive studies undertaken, 24% of
m en  and  9% of wom en  had  sleep-disordered  breathing, defined
as  an  apnea–hypopnia  index  (AHI)  of 5  or  h igher. The  preva-
lence  of obstruct ive  sleep-disordered  breathing increases  w ith
age.  Sleep  apnea  is  characterized  by  part ial  or  complete  ob-
struct ion  of the  upper  airway leading to  episodic hypoxia, hy-
percapnia, and  ultim ately arousal w ith  increased ventilatory ef-
fort . The arousals lead  to sleep  fragm entation  and  disruption  of
the  norm al sleep  architecture. It  is  th is  disrupt ion  in  the  sleep
architecture, as well as the t issue vibration  and  abnorm al cardi-
ovascular response during the hypoxic episodes, w hich  explains
patien ts’ sym ptom s  as  well  as  the  pathologic consequences  of
obstruct ive sleep-disordered breath ing.

18.3  Term inology
Apnea is the cessat ion  of airflow  lasting 10 seconds or longer.

Hypopnia is a decline of at  least  50% in  airflow  from  baseline,
associated  w ith  an  electroencephalogram  (EEG)-defined
arousal or w ith  a 4% drop in  oxygen saturation.

A respiratory e ort–related arousal is an  arousal caused by an
obstruct ive respiratory event .

The  apnea–hypopnea  index  (AHI) is  the  sum  of the  num ber
of apneic and hypopneic episodes per hour.

The  respiratory disturbance index (RDI) m ay be synonym ous
w ith  the  AHI or  m ay be  a  com bination  of the  AHI and  respira-
tory e ort–related arousal.

18.4  Pathophysiology
Sleep  is  a  reversible  state  of disengagem ent  and  unresponsive-
ness  to  the  surrounding  environm ent .  It  is  subdivided  in to
non–rapid  eye  m ovem ent  (NREM)  sleep  and  rapid  eye  m ove-
m ent  (REM) sleep. NREM sleep  is further  subdivided  in to three
stages  that  parallel  the  depth  of the  sleep  cont inuum . NREM

sleep  can  be  thought  of as  a  period  w ith  relat ively  dim inished
brain  act ivity, as  dem onstrated  by  brain  waves  registered  on
the EEG. REM sleep, by contrast, is characterized  by EEG act iva-
tion, m uscle  inact ivity, and  episodic bursts  of rapid  eye  m ove-
m ents. It  is  not  surpr ising, then , that  m ost  apneic episodes  in
adults  occur  during  th is  stage  of sleep, during  w hich  relative
m uscle  atonia  predom inates. Abnorm al upper  airway structure
is  m ostly  responsible  for  obstructive  sleep-disordered  breath-
ing. In  children, th is  abnorm ality  is  m ost  often  caused  by  ad-
enotonsillar  hypertrophy.  In  adults,  m ultiple  anatom ical  and
physiologic abnorm alities  along the  upper  airway can  contrib-
ute  to  obst ructive  sleep-disordered  breathing.  It  is  useful  to
th ink of the upper airway as a series of conduits w ith  both  static
and  dynam ic components. The  dynam ic components  of upper
airway collapse are t issue m ass, t issue elasticity, and neurom us-
cular  tone  and  airflow  influencing airway diam eter. The  static
determ inants  of airway size  are  the  fixed  skeletal and  soft-t is-
sue configuration  of the nasal cavity, nasopharynx, oropharynx,
and  hypopharynx. Dilating  forces  reduce  the  potent ial for  air-
way collapse  as a  result  of increased  negative  inspiratory pres-
sures. Hence, any decrease in  neurom uscular  tone increases the
chance of airway collapse. Obesity (because of the  increased  fat
deposition  around  the  neck), upper  airway  soft-t issue  hyper-
trophy  (seen  in  adenotonsillar  hypertrophy), and  retrognathia
increase extralum inal pressure and m ake upper airway collapse
m ore likely.

Fujuita  classified  the  pat terns  of  obstruct ion  according  to
anatom ical location  (� Table 18.1).

Nasal  obstruct ion  contributes  to  upper  airway  obstruct ion;
however, it  is  not  a  sole  cause  but  rather  a  contributor  to  OSA.
Nasal obstruction  contributes to increased  upper  airway resist-
ance, and  open-m outh  breathing decreases the e ciency of the
upper  airway dilator  m uscles and  prom otes collapsibility of the
upper airway.

18.5  Medical Evaluat ion
18.5.1  Present ing Com plaints
Patients w ith  OSA are  rarely fully aware  of the  severity of their
sleep-disordered breathing. Rather, a bed partner frequently in-
sists on  the  evaluation . On  questioning, however, pat ients w ith
OSA w ill  often  have  m any  of the  sym ptom s  listed  in  the  Box
Sym ptom s of Obstruct ive Sleep Apnea (p.120).

Table 18.1  Fujita classification of airway obstruction

Type  Site  of obstruct ion

I  Retropalatal area only

II  Retropalatal and  retrolingual areas

III  Retrolingual area only

18.5  Medical Evaluat ion
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Sym ptom s of Obst ruct ive  Sleep  Apnea
●  Restless sleep
●  Loud snoring
●  Observed episodes of choking or gasping
●  Excessive daytime sleepiness
●  Morning fatigue
●  Memory loss
●  Gastroesophageal reflux disease
●  Decreased libido and impotence
●  Nocturnal sweating
●  Depression

18.5.2  Physical Exam inat ion and Clinical
Findings
The m ost  com m on  sym ptom s of OSA syndrom e are fat igue  and
hypersom nolence. One  of the  m ost  usefu l tools  routinely used
as  a  self-assessm ent  for  OSA is  the  Epworth  Sleepiness  Scale
(� Table 18.2).

During  the  o ce  visit  of a  patient  w ith  suspected  OSA, it  is
im portant  to  m easure  the  patient’s  height , weight, blood  pres-
sure, and  neck  circum ference.  More  than  70% of  adults  w ith
OSA are  obese. Note  the  general  body  habitus  and  any  facial
characteristics, w hich  m ay suggest  the presence of retrognath ia
or  m axillary hypoplasia. Keep  in  m ind  that  daytim e fatigue and
loss  of energy  are  the  present ing  sym ptom s  of m any  m edical
conditions;  these  can  both  m im ic  and  coexist  w ith  OSA. Pa-
tien ts w ith  hypertension, cardiovascular disease, obesity, or dia-
betes m ellitus should  be screened for the presence of OSA.

Evaluate  for  specific  signs  of nasal  obstruction:  external  or
in ternal  nasal  valve  collapse, nasal  septal  deviation, tu rbinate
hypertrophy (m ucosal or bony enlargem ent), sinusit is, polypoid
nasal  disease,  and  adenoid  hypertrophy.  The  oropharynx

should  be  carefully  exam ined. Note  the  type  of dental  occlu-
sion;  compared  w ith  persons w ho have a norm al skeleton  rela-
tionship, pat ients w ith  class II occlusion  are predisposed  to OSA
because the anatom ical position  of the tongue base m ay be dis-
placed backward.

Cephalom etric  radiographs,  although  seldom  used,  m ay  be
very  helpful  in  identifying  underlying  skeletal  abnorm alities.
Note the size of the tongue, size of the tonsils, and length  of the
soft  palate. An  elongated  soft  palate, relative  m acroglossia, and
tonsillar hypertrophy m ay give exam iner a clue to the presence
of sleep apnea and help to form ulate t reatm ent plan .

We  use  the  Friedm an  classification  to  docum ent  and  convey
the  relat ionships  betw een  the  tongue, soft  palate, and  lateral
pharyngeal  wall  as  seen  on  direct  in traoral  exam ination
(� Fig. 18.1 and � Table 18.3). This classification  allow s an  accu-
rate  and  uniform  description  of the  clinical findings and  facili-
tates the developm ent of a treatm ent  plan.

Flexible  endoscopy should  be  perform ed  w ith  the  patien t  in
both  a  sitt ing and  a supine  position;  the latter  allow s visualiza-
tion  of the  position  of the  tongue  base  against  the  epiglottis
w ith  the  pat ient  in  a  resting position . The  Müller  m aneuver  is
perform ed  during  flexible  nasopharyngoscopy.  With  the  pa-
tient  in  a  seated  position  and  the  tip  of  the  endoscope  posi-
tioned  in  the  nasopharynx,  the  pat ient  is  asked  to  inhale
against  a  closed  m outh  and  nose. The  negative  pressure  gener-
ated  allow s the exam iner to observe palatal and  lateral pharyn-
geal wall collapse.

This  m aneuver,  together  w ith  other  gathered  inform ation ,
can  give  exam iner  a clue to the  m ajor  site  of obst ruction. There
are  several  other  exam ination  techniques  w hose  e ectiveness
has  been  clearly  docum ented  in  the  research  setting  but  that
are less w idely used  in  clin ical pract ice, including m agnetic res-
onance im aging, drug-induced sleep video endoscopy, and som -
nofluoroscopy. All of these  have  been  show n  in  clinical studies
to  be  usefu l  for  planning  surgical  in tervention;  however,  the
technical di culties and  relat ive  expense associated  w ith  these
tests preclude their w idespread use in  clin ical practice.

Nocturnal polysom nography has becom e the criterion  stand-
ard  in  the  diagnosis and  treatm ent  of OSA since  it  was first  de-
scribed  in  1974  by  Holland. Polysom nography provides  objec-
tive  data  on  sleep  and  respiratory status. Inform ation  gathered
in  the  study includes  pulse  oxim etry, electrocardiography, air-
flow, respiratory e ort , extrem ity and  subm ental electromyog-
raphy, nasal and oral airflow, electro-oculography, and  EEG evi-
dence of arousal. After  the inform ation  is gathered, it  is then  in-
terpreted  by  a  sleep  physician.  Nocturnal  polysom nography
gives  precise  inform ation  about  the  presence  of  sleep-disor-
dered  breathing and  allow s one to di eren tiate  OSA from  other
sleep-related disorders. In  a split-n ight study, a variation of noc-
turnal polysom nography, the first  half of the night  is devoted to
standard  polysom nography and  the  second  part  of the  night  is
devoted to cont inuous positive airway pressure (CPAP) tit ration.
In  the in terest of cost containm ent, other, less costly hom e stud-
ies  have  gained  w idespread  acceptance  as  diagnostic  tools.
These studies usually m easure overnight  oxygen  levels and  res-
piratory  e ort .  Studies  have  show n  a  good  concordance  be-
tween  hom e-based  polysom nography and  studies  obtained  in
the sleep  am bulatory setting for  the diagnosis of OSA. The m ain
advantage of hom e-based  studies is convenience for  the pat ien t

Table 18.2  Epworth Sleepiness Scale

Situat ion  Chance  of dozinga

Reading

Watching  TV

Sitting  in  a public place

Driving  a car, stopped at  a  traffic
light

As a passenger in a car for an hour
without  a  break

During  a  quiet  time  after lunch
without  alcohol

Lying  down to rest  when  circum-
stances permit

aTo derive the score, points are assigned according to the patient’s answer
for each situation and then totaled. 1, slight chance of dozing; 2, moderate
chance  of dozing; 3, high  chance  of dozing. Epworth  score < 8, normal;
Epworth  score > 10, suspicion of sleep  apnea.
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and  reduced  costs. However, they  fail  to  diagnose  other  sleep
disorders that  m ight be present  together w ith  OSA.

18.6  Potent ial Disease Com plica-
t ions of Obst ruct ive  Sleep Apnea
OSA, if left  untreated, can  lead  to severe m edical consequences.
It  is  im plicated  in  excessive  daytim e  sleepiness  and  im paired
m ood,  as  well  as  impaired  neurocognitive  funct ion .  In  one

study, OSA was  im plicated  as  a  causal  factor  in  m otor  vehicle
accidents. The  prevalence  of gastroesophageal reflux  disease  is
m uch  higher  in  patients  w ith  OSA than  in  the  general popula-
tion. OSA is  an  independent  risk  factor  for  the  developm ent  of
insulin  resistance, and  it  is  believed  to  lead  to  pulm onary and
system ic hypertension. Mortality  is  increased  in  patients  w ith
an  AHI h igher than  than  20.

18.7  Nonsurgical Treatm ent  of
Obst ruct ive Sleep Apnea
Studies have docum ented  significant  im provem ent  in  the  qual-
ity of life  in  individuals  t reated  for  OSA. The  treatm ent  of OSA
should  be  tailored  to  the  individual needs of the  patient. Plan-
n ing should  include  a  consideration  of the  severity of the  dis-
ease, the  pat ient’s weight  and  body habitus, m edical com orbid-
it ies,  and  social  dem ands.  Often,  weight  reduction  alone  can
significantly decrease or alleviate OSA.

The  gold  standard  in  the  m edical treatm ent  of OSA is  CPAP.
After  a  diagnosis of sleep  apnea, the  patient  is  brought  back to
the  sleep  center  and  a  second  nocturnal  polysom nography  is

Fig. 18.1  Friedman classification of tongue
position.

Table 18.3  Friedman classification

Friedman  class  Tongue  posit ion  Tonsil size

I  1  or 2  + 3  or + 4

II  1  or 2  0, + 1, or + 2

3 or 4  + 3 or + 4

III  3  or 4  0, + 1, or + 2

IV  Body mass index> 40

18.7  Nonsurgical Treatment  of Obstruct ive Sleep Apnea

121



perform ed  w hile  the  patient  uses  a  CPAP m achine  at  various
airway pressures. The pressure of the air applied acts to prevent
collapse  of the  airway and, based  on  m onitoring, is adjusted  to
the  optim al m inim al setting at  w hich  the  recorded  param eters
norm alize  and  apneic  and  hypopneic  episodes  disappear. The
use  of the  CPAP m achine alleviates m ost, if not  all, of the  m edi-
cal  sequelae  of OSA. The  m ost  significant  problem  associated
w ith  CPAP  use  is  compliance,  w hich  rem ains  relatively  low.
Many pat ien ts are  unable  to  tolerate  the  fit  of the  m ask on  the
face  or  the  rush  of pressurized  air, or  they sim ply view  it  as  a
socially unacceptable treatm ent .

In  general, the  higher  the  positive  airway pressure  required
to alleviate the obstruct ion, the less tolerable patients find CPAP
treatm ent . To im prove compliance w ith  CPAP treatm ent, bilevel
positive  airway  pressure  (BiPAP)  and  autoadjustable  positive
airway pressure  have  been  developed. These  m odalit ies  deliv-
er  lower  expiratory  pressures  and  h igher  inspiratory  pres-
sures.  Although  the  devices  m ay  be  beneficial  for  individual
patients, they have not  been  show n  to im prove  overall compli-
ance  w ith  the  treatm ent . In  recent  years, oral appliances have
gained  w idespread  popularit y in  the  treatm ent  of snoring and
m ild  to  m oderate  OSA.  The  oral  appliances  are  designed  to
shift  the  m andible  forward, thereby increasing the  diam eter  of
the  posterior  oropharyngeal  airway.  They  are  usually  com -
posed  of  in terlocking  plastic  m olds  that  are  placed  on  the
m axillary  and  m andibular  dentit ion  so  that  the  m andibular
arch  is  in  the  protrusive  position . Patients  using dental appli-
ances  have  a  m uch  higher  compliance  rate  than  those  using
CPAP devices.

18.8  Surgical Treatm ent  of
Obst ruct ive Sleep Apnea
In  1981, Fujita  and  colleagues in troduced  uvulopalatopharyng-
oplasty  (UPPP)  as  a  surgical  t reatm ent  option  for  patients
w ith  OSA.  Together  w ith  tonsillectomy,  UPPP  is  a  procedure
designed  to  alleviate  oropharyngeal airway obstruction  by  re-
m oving  redundant  palatal  and  pharyngeal  t issues. Despite  its
w idespread  use, the  overall successes rate  of th is procedure  for
all pat ien ts  is  less  than  50%, em phasizing the  need  for  the  use

of a  staging system  and  stepw ise  approach  in  the  treatm ent  of
OSA. Available  surgical procedures m ay be subdivided  in to four
groups (� Table 18.4).

When  a  surgical treatm ent  is  chosen, it  is  necessary  to  take
into consideration  the pat ient’s body m ass index (BMI), severity
of disease, tolerance  of m edical treatm ent , age, m edical com or-
bidities, and  anatom ical sites of obstruct ion . The Friedm an  clas-
sification  is  a  useful tool for  determ ining the  extent  of surgical
in tervention  necessary to achieve a good  result . Pat ien ts w ith  a
low  BMI, m ild  OSA, or  snoring w ith  obstruction  lim ited  to  one
anatom ical site m ay be excellent candidates for an  in-o ce pro-
cedure such  as inject ion  snoreplasty, palatal im plants (designed
to sti en  the soft  palate  and  reduce the  noise  caused  by palatal
vibration  w ith  inject ion  of a  sclerosing agent  or  placem ent  of a
synthetic  implant ,  respectively),  or  radio-frequency  tongue
base  reduct ion. Most  often, there are  m ultiple  sites of anatom i-
cal obstruction , so that  several surgical procedures are  required
to  achieve  a  successful  outcom e. It  is  essential  to  discuss  the
possibility  of m ultiple  procedures  w ith  the  patien t  preopera-
tively, and  to ensure that  the patient  realizes that  the definition
of  surgical  success  m ost  often  used  in  the  surgical  literature
is  an  RDI of  less  than  20  w ith  at  least  a  50% im provem ent  in
the  RDI;  m ost  studies  of CPAP define  success  as  an  RDI of less
than  5.

A patien ts undergoing surgery should  m eet  the follow ing cri-
teria:  has  a  BMI below  30;  is  noncom plian t  w ith  or  refusing
m edical therapy; is m edically stable  to undergo surgical proce-
dures; 5 < AHI < 14; has upper airway resistance syndrom e.

Planning  for  OSA  surgery  requires  m ultidisciplinary  ap-
proach. The anesthesiology team  m ust  be aware of the patien t’s
di cult  airway and  potentially di cult  in tubation; often, w hen
tongue base  and  hypopharyngeal procedures are  needed, nasal
in tubation  is  helpful.  Postoperative  edem a  m ay  comprom ise
airway patency. Surgery  in  the  hypopharyngeal area  increases
the  risk  for  airway  comprom ise;  the  pat ient  should  be  coun-
seled  about  the  possibility  of  temporary  tracheotomy.  All
patien ts should  use CPAP in  perioperative period  because it  has
been  clearly show n  to  reduce  postsurgical airway comprom ise
and  the  risk  for  postobstruct ive  pulm onary  edem a  (POPE).
Adm ission  to  an  in tensive  care  unit  for  observation  should
be  considered  for  patients  w ho  undergo  m ultilevel  surgical

Table 18.4  Types of surgical intervention for obstructive sleep apnea

Nasal surgery  Palatal surgery  Tongue  base/hypopharyngeal
procedures

Secure  airway

Septoplasty  Injection snoreplasty  Lingual tonsillectomy  Tracheotomy

Inferior turbinate  reduction  Palatal pillar implants  Radio-frequency reduction of tongue
base

Reconstruction of the  nasal valve  Tonsillectomy  Midline  posterior glossectomy

Endoscopic sinus surgery to  relieve
obstruction  from  polyps

Uvulopalatopharyngoplasty and  its variations  Hyoid  myotomy and  suspension

Adenoidectomy  Transpalatal advancement  pharyngoplasty  Tongue  base  suspension suture

Mandibular osteotomy and  genioglossal
advancement

Maxillomandibular osteotomy and  ad-
vancement
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procedures. In  trained  hands, these  surgical procedures can  be
quite  safe, but  temporary  postoperative  dysphagia  is  the  rule.
Bleeding m ay occur, either in  the im m ediate postoperative peri-
od  or  1  to  1.5  weeks  after  surgery. Nasopharyngeal  reflux  of
liquids  or, conversely, nasopharyngeal stenosis  can  occur  after
these surgeries.

18.9  Prognosis
It  is  essential to  discuss  the  possibility  of m ultiple  procedures
w ith  the  patient  preoperatively, and  to  ensure  that  the  pat ient
realizes  that  the  definition  of surgical success  m ost  often  used
in  the  surgical literature  is  an  RDI of less  than  20  w ith  at  least
a  50% im provem ent  in  the  RDI;  m ost  stud ies  of  CPAP define
success as an  RDI of less than  5.

18.10  Roundsm anship
●  Up to 24% of m en and 9% of wom en have sleep-disordered

breath ing, defined as an apnea–hypopnia index (AHI) of 5 or
higher.

●  The prevalence of obstruct ive sleep-disordered breath ing in-
creases w ith  age.

●  Apnea is the cessat ion of airflow  lasting 10 seconds or longer.
Hypopnia is a decline of at  least  50% in  airflow  from  baseline,
associated w ith  elect roencephalographically defined arousal
or w ith  a 4% drop in  oxygen saturation .

●  The AHI is the sum  of the num ber of apneic and hypopneic
episodes per hour. The respiratory disturbance index (RDI)
m ay be synonym ous w ith  the AHI or m ay be a com binat ion  of
the AHI and respiratory e ort–related arousal.

●  The gold standard for the m edical treatm ent of obstruct ive
sleep apnea (OSA) is cont inuous positive airway pressure
(CPAP).

●  Surgical success is m ost often  defined in  the surgical litera-
ture as an  RDI of less than  20 w ith  at  least  50% im provem ent
in  the RDI; m ost  studies of CPAP define success as an  RDI of
less than  5.
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19  Head and Neck Manifestat ions of System ic Diseases
Edwin K. Chan

19.1  Int roduct ion
The  head  and  neck  region  is  often  the  w indow  into  a  disease
process occurring throughout  the rest  of the body. The first  clue
for  a  clin ician  in  diagnosing m any system ic diseases m ay be  re-
vealed  during  the  head  and  neck  exam ination. Therefore  w ith
this  in  m ind, otolaryngologists  should  approach  their  evalua-
tion  of the  head  and  neck  in  a  “global” m anner, w hile  general
practit ioners  and  physicians  from  other  fields  cannot  neglect
the  head  and  neck evaluat ion  before  draw ing up  their  d i er-
en t ial  d iagnoses. Th is  chapter  review s  non infect ious  in flam -
m atory  d iseases  that  m anifest  in  the  head  and  neck  and
focuses  on  som e  of  the  m ore  sign ifican t  condit ions  in  th is
category (� Table  19.1).

19.2  Wegener Granulom atosis
19.2.1  Pathogenesis
This system ic granulom atous disease m ay have an  autoim m une
in  etiology and causes a vasculit is a ect ing the upper and lower
respiratory tracts (chronic bronchitis) and  kidneys (glom erulo-
nephritis).

19.2.2  Types
●  Lim ited form  has only pulm onary involvem ent.
●  System ic form  has pulm onary and renal involvem ent.

19.2.3  Histology
Necrotizing granulom as, m ultinucleated giant  cells, and vasculi-
t is of the upper/lower respiratory t racts and kidneys.

19.2.4  Head and Neck Presentat ion
A ects predom inantly Caucasians.

Sinonasal
Chronic sinusit is is the m ost com m on head and neck m anifesta-
tion  of  the  disease;  saddle  nose  deform ity  is  due  to  severe
septal perforation, epistaxis, nasal obst ruction.

Otologic
Chronic serous otit is m edia, conductive hearing loss.

Laryngeal
Laryngeal ulcers, subglottic stenosis.

Oral
Mucosal ulcers, “straw berry” gingiva.

Ocular
Conjunct ivit is, uveitis, keratit is.

19.2.5  Work-up
The  m ost  specific  blood  test  is  c-ANCA (antineutrophil  cyto-
plasm ic autoantibodies, cytoplasm ic). Renal and/or  pulm onary
biopsies are m ost specific, show ing necrotizing glom eruloneph-
rit is  and  vasculit is respect ively. Nasal biopsy is frequently non-
diagnostic,  show ing  only  nonspecific  inflam m ation .  Mult iple
nasal biopsies on  the  edges of the  ulcers yield  a  h igher  success
rate  in  finding  the  specific  features  of necrotizing  granulom as
and vasculit is. The erythrocyte sedim entation  rate (ESR), urinal-
ysis, blood  urea nitrogen  (BUN)/creatin ine levels, and  a chest  X-
ray m ay aid in  the diagnosis.

19.2.6  Treatm ent
Im m unosuppressive  therapy  w ith  corticosteroids,  cyclophos-
pham ide, and/or  m ethotrexate. Trim ethoprim /sulfam ethoxazole
m ay be considered  to prevent  relapse and  treat  lim ited  disease.

19.3  Sarcoidosis
19.3.1  Pathogenesis
This is a system ic granulom atous disease w ith  an  unknow n  eti-
ology that  a ects the  head  and  neck region  and  is also  charac-
terized by pulm onary, derm atologic, hepatic, renal, cardiac, oss-
eous, and neurologic involvem ent.

19.3.2  Histology
Noncaseating epithelioid  granulom as, gian t  cells, accum ulation
of T cells and m ononuclear m acrophages.

19.3.3  Head and Neck Presentat ion
A ects predom inantly African-Am ericans and fem ales.

Lym phat ic
Cervical lymphadenopathy is the  m ost  com m on  head  and  neck
finding.

Sinonasal
“Cobbleston ing”  of  the  nasal  m ucosa,  epistaxis,  and  dry
crust ing.

Laryngeal
Causes  subm ucosal lesions  that  a ect  prim arily  the  supraglot-
tis.  The  epiglottis  is  the  m ost  com m only  a ected  region  of
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the  larynx,  and  the  aryepiglottic  folds,  false  vocal  folds,  and
subglottis  are  a ected  in  descending  order  of  frequency. The
true vocal folds are rarely a ected. Hoarseness due to vocal fold
paralysis has been  reported w ith  th is disease process.

Salivary Glands
An  asym ptom atic  parotid  m ass  m ay  be  part  of a  spectrum  of
sym ptom s in  uveoparotid  fever  (Heerfordt  disease), an  extrap -
ulm onary  form  of  sarcoidosis  that  also  causes  uveitis,  facial
nerve palsy, sensorineural hearing loss, and fever.

19.3.4  Work-up
Most  com m only  presents  w hen  a  chest  X-ray  incidentally  re-
veals h ilar  adenopathy. Blood  work m ay show  an  increased  an-
giotensin-convert ing enzym e  (ACE) level, abnorm al liver  func-
tion  tests,  and  hypercalcem ia.  The  elect rocardiogram  (EKG)
m ay reveal an  arrhythm ia. Enlarged  cervical lymph  nodes, ab-
norm al nasal m ucosal lesions, laryngeal lesions, parotid m asses,
and  subcutaneous  nodules  (Darier-Roussy  nodules)  found  in
the  skin  can  be  readily  biopsied. Biopsy of any a ected  region
m ay show  the noncaseating granulom as.

19.3.5  Treatm ent
System ic  cort icosteroids  for  exacerbations  of  pulm onary  dis-
ease. Localized  lesions  m ay  be  treated  w ith  topical/injectable
steroids, and  supraglottic  lesions  are  excised  only  if  they  are
causing obstruct ive  sym ptoms. Asym ptom atic lesions  are  only
m onitored.

19.4  Lupus Erythem atosus
19.4.1  Pathogenesis
A deposition  of antibodies and  im m une complexes (type  III hy-
persensitivity) underlies th is autoim m une disease.

19.4.2  Histology
Inflam m ation  and  degeneration  of the  derm al–epiderm al junc-
tion. Deposits  of im m unoglobulins  (IgG and  C3)  in  a  bandlike
pattern  are  seen  in  the  subepithelial layer  on  direct  im m uno-
fluorescence.

19.4.3  Types
Discoid Lupus Erythem atosus
The least  aggressive form  of the disease that  a ects on ly super-
ficial t issue and does not have visceral involvem ent.

Head and Neck Presentat ion
A ects predom inantly a ects young wom en.

Oral
Aphthous ulcers, superficial bullae, erythem atous plaques w ith
surrounding lacy, w hite strands.

Cutaneous
Raised  erythem atous  plaques  w ith  hypopigm ented  edges  and
resultant alopecia and scarring.

Work-up
This  is  a  clinical  diagnosis  because  the  antinuclear  an tibody
(ANA) test  and  lupus erythem atosus (LE) cell test  are  negative.
Biopsy of the lesions m ay show  im m unoglobulin  deposit ion  on
the basem ent  m em brane on  im m unofluorescence.

Treatment
Topical  steroids  and  str ict  sunscreen  use/avoidance  of  sun
exposure.

Subacute Cutaneous Lupus Erythem atosus
A m ild  system ic  form  of the  disease  w ith  the  sam e  head  and
neck presentation  as discoid  lupus erythem atosus but  w ith  cu-
taneous  papulosquam ous  lesions  that  do  not  cause  scarr ing.
The  diagnosis is  also  m ade  from  the  clin ical h istory and  physi-
cal. Results  of ANA, Sjögren  syndrom e  A antibody (SS-A [ant i-
Ro]), and  Sjögren  syndrom e  B ant ibody  (SS-B [anti-La])  blood
tests are inconsisten t .

System ic Lupus Erythem atosus
The m ost  severe  system ic form  of the  disease  w ith  w idespread
visceral involvem ent  including  polyarthrit is, glom erulonephri-
tis, anem ia, pulm onary fibrosis, and endocarditis.

Head and Neck Presentat ion
A ects predom inantly young wom en.

Oral
Sim ilar to that of discoid lupus erythem atosus.

Cutaneous
In  addition  to the lesions found in  discoid  lupus erythem atosus,
a pathognom onic m alar  “butterfly” rash  is often  present.

Laryngotracheal
Perichondritis of the laryngeal and  tracheal cartilage and  th ick-
ening of the  vocal folds cause  neck/throat  pain  and  hoarseness,
respect ively.

Sinonasal
Nasal dryness, crusting, and septal perforat ion.

Otologic
Tinnitus w ith  or  w ithout sensorineural hearing loss.

Work-up
Tests for  nonspecific m arkers such  as  ANA, SS-A (anti-Ro), and
SS-B (anti-La)  are  typically  positive. Tests  for  specific  m arkers
such  as  an ti–double-stranded  (anti-DS)  DNA and  Sm  antigen
are  positive. LE tests  are  typically positive, and  positive  im m u-
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Table 19.1  Noninfectious systemic diseases of the head and neck

Pathophysiology  Histology  Symptoms and
physical findings

Work-up  Treatment

Wegener granulomatosis Vasculitis of the
upper/lower respira-
tory tracts ± kidneys

Necrotizing  granulo-
mas, multinucleated
giant  cells

“Saddle nose,” septal
perforation, sinusitis,
“strawberry gingiva,”
otitis media, sub-
glottic stenosis

Positive  c-ANCA,
nasal biopsy, pul-
monary/renal bi-
opsy most
diagnostic

Corticosteroids, immunosuppres-
sants, trimethoprim/sulfamethox-
azole  may be  considered

Sarcoidosis  Idiopathic granulom-
atous disease

Noncaseating  granu-
lomas

Cervical lymphaden-
opathy, epistaxis, na-
sal crusting,
supraglott ic submu-
cosal lesions, parotid
mass

Elevated  ACE lev-
els, biopsy of af-
fected  area

Corticosteroids

Lupus erythematosus  Type  III hypersensi-
tivity

IgG and  C3 immuno-
globulin  deposition
in  subepithelium  and
basement membrane

Oral ulcers, cutane-
ous plaques, malar
rash, nasal dryness,
septal perforation,
tinnitus ±sensorineu-
ural hearing  loss in
systemic form

Systemic form:
positive  ANA, SS-
A (anti-Ro), SS-B
(anti-La), anti-DS
DNA, Sm  antigen;
positive  LE test

Anti-inflammatories, corticostero-
ids, immunosuppressive  agents

Sjögren  syndrome  Autoimmune  poly-
clonal B-cell activa-
tion affecting
exocrine  glands

Periductal exocrine
gland  lymphoid  infil-
tration

Ocular, nasal, and  or-
al dryness; fissuring
of the  tongue; paro-
titis, submandibular
gland  enlargement

Positive  ANA, SS-
A (anti-Ro), SS-B
(anti-La), RF; mi-
nor salivary gland
biopsy; Schirmer
test

Topical eye  and  oral treatments,
punctal plugging, pilocarpine  hy-
drochloride

Relapsing  polychondrit is  Autoimmune  inflam-
mation of cartilage
with  high  levels of
glycosaminoglycans

Perichondrial infliltra-
tion  with  inflamma-
tory cells

Auricular erythema/
edema sparing  lo-
bule, saddle  nose  de-
formity, laryngeal
collapse/stenosis

Elevated  antibod-
ies to type  II
collagen

Corticosteroids, nonsteroidal anti-
inflammatory drugs, immunosup-
pressants, tracheotomy if airway
collapse/stenosis

Langerhan  cell
hist iocytosis

Idiopathic infiltration
of dendritic cells
(Langerhan cells) and
histiocytes (macro-
phages) in  affected
tissue

Birbeck granules,
CD1A- and  S100-
positive

Osteolytic bone  le-
sions of the  skull/
mandible, mastoidi-
tis, otitis media, gin-
gival ulcers, alopecia,
proptosis

Biopsy of a  lesion
(skin  most  acces-
sible)

Excision of localized  lesions, corti-
costeroids and  chemotherapy for
disseminated  disease

Behçet  disease  Idiopathic vasculitis,
likely autoimmune,
triggered  by an in-
fect ious event; triad
of aphthous ulcers,
uveitis, and  genital
ulcers

Lymphocytic vasculi-
tis with  neutrophilic
infiltrate, thrombotic
clotting

Aphthous ulcers,
uveitis, dysphagia,
dysarthria, hearing
loss

Elevated  ESR, C-
reactive  protein;
pathergy test

Topical oral steroids, sucralfate,
and  tetracycline  for oral lesions;
systemic corticosteroids and  im-
munosuppressants for generalized
disease

Cogan  syndrome  Autoimmune  reac-
tion to a  common
antigen found in both
the  cornea and  inner
ear

Hydropic findings
similar to  those  of
Meniere  disease,
lymphocytic infiltra-
tion of cornea

Episodic vertigo;
fluctuating  hearing
loss, tinnitus, and
aural fullness; inter-
stitial keratitis

Slit  lamp exami-
nation, audiogra-
phy and  ENG

Systemic corticosteroids and  im-
munosuppressants

Rheumatoid  arthrit is  Inflammatory disease
affecting  peripheral
joints

Granulomatous le-
sions of the  skin with
small-vessel vasculi-
tis, lymphocytic infil-
tration  of synovium

Trismus, temporo-
mandibular joint  ten-
derness, hoarseness,
conductive  hearing
loss

Elevated  ESR, RF;
audiogram; fiber-
optic laryngo-
scopy; biopsy of
cutaneous lesions

Corticosteroids, nonsteroidal anti-
inflammatory drugs, DMARDs

Scleroderma  Autoimmune  small-
vessel vasculitis and
fibrosis

Collagen deposition
in  affected  tissue,
smooth-muscle
atrophy

“Pursed  lip” appear-
ance, gastroesopha-
geal reflux,
dysphagia, hoarse-
ness, sicca syndrome

Positive  ANA, ba-
rium  esopha-
gram, minor
salivary gland  bi-
opsy

Proton pump inhibitors, cortico-
steroids, nonsteroidal anti-inflam-
matory drugs

Dermatomyosit is/
polymyosit is

Autoimmune  vascul-
opathy and  myopa-
thy of striated muscle

Inflammatory infil-
trate  in  muscle  and
perivascular regions

Heliotrope  rash,
“shawl” sign, weak-
ness in  flexing  neck,
dysphonia, dysphagia

Elevated  CK, LDH,
AST, and  ANA;
barium  swallow;
biopsy of affected
muscle

Proton pump inhibitors, systemic
corticosteroids, immunosuppres-
sants, IVIG
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nofluorescence testing of lesions m ay aid in  the diagnosis. Com -
plete  blood  cell count, urinalysis, and  electrocardiography m ay
detect  other visceral involvem ent.

Treatment
Nonsteroidal an t i-inflam m atory drugs, cort icosteroids, and  im -
m unosuppressive agents are used to control in flam m ation.

19.5  Sjögren Syndrom e
19.5.1  Pathogenesis
This  is  an  autoim m une  system ic  disease  in itially  present ing
w ith  head  and  neck sym ptom s. Autoim m une destruction  of the
exocrine  gland  parenchym a  w ith  resultant  atrophy, periductal
lymphocyt ic infiltration, and  polyclonal B-cell activation  occurs
w ith  th is disease process.

19.5.2  Histology
Foci of in terstit ial periductal lymphocyt ic in filtration  of a ected
exocrine glands.

19.5.3  Types
1. Prim ary: disease is not  associated w ith  another autoim m une

connective t issue disorder.
2. Secondary: disease is associated w ith  another autoim m une

connective t issue disorder, m ost com m only rheum atoid ar-
thrit is or system ic lupus erythem atosus.

19.5.4  Head and Neck Presentat ion
Found  prim arily in  peri-  and  postm enopausal wom en  and  m ay
be  the  second  m ost  com m on  autoim m une  disease  after  rheu-
m atoid  arthrit is.  Sjögren  syndrom e  can  rarely  progress  to  a
non-Hodgkin  lymphom a.

Ocular
Dry eyes m ost  com m only described  as a  grit ty or  sandy sensa-
tion  in  the eyes, keratoconjunctivitis sicca, filam entary keratosis
(m ucinous threads adhering to dam aged  portions of the  ocular
surface).

Oral
Dry m outh  m anifested  w ith  dental caries, oral candidiasis, an-
gular  cheilit is, dysphagia, dysphonia, and/or dysgeusia. The oral
exam ination  reveals erythem a and  fissuring of the tongue w ith
loss of papillae.

Sinonasal
Nasal dryness, epistaxis.

Salivary Glands
Bilateral parotit is  w ith  in term itten t  parotid  swelling, but  w ith
atrophy  occurring  in  advanced  disease,  subm andibular  gland
enlargem ent m ay also occur.

Table  19.1  continued

Pathophysiology  Histology  Symptoms and
physical findings

Work-up  Treatment

Giant  cell (temporal)
arterit is

Idiopathic vasculitis
of medium-size  and
large  arteries

Panarteritis, neovas-
cularization, frag-
mentation of internal
elastic lamina

Headache, jaw and
tongue  claudication,
temporal tenderness,
anosmia, dysphagia,
hoarseness, vertigo,
sensorineural hearing
loss, amaurosis fugax

ESR, C-reactive
protein, alkaline
phosphatase  ele-
vated; temporal
biopsy the  gold
standard  test

Systemic corticosteroids

Churg-Strauss syndrome  Allergic granuloma-
tous disease  of small
and  medium-size
vessels

Necrotizing  granulo-
mas with  central eo-
sinophilic core, giant
cells

Nasal polyposis, nasal
obstruction, sinusitis,
allergic rhinitis

Eosinophilia  on
bloodwork, ESR
and  C-reactive
protein  elevated,
p-ANCA positive,
biopsy of involved
tissue

Systemic corticosteroids

Kawasaki disease  Vasculitis, possibly
infectious in  origin,
affecting  predomi-
nantly medium-size
vessels

Necrosis of smooth
muscle  causing
aneurysms, fibrosis,
and  stenosis of
vessels

Cervical lymphaden-
opathy, conjuctival
injection, “strawberry
tongue”

Elevated  WBC
count, ESR, C-re-
active  protein,
cardiac enzymes
(with  myocardial
infarction); EKG;
CXR; echocardio-
gram

IVIG,
salicylates/aspirin, close  cardiovas-
cular monitoring

Abbreviations: ACE, angiotensin-converting enzyme; ANA, antinuclear antibody; AST, aspartate aminotransferase; anti-DS, anti–double-stranded (DNA); c-ANCA,
antineutrophil cytoplasmic autoantibody, cytoplasmic; CK, creatine kinase; CXR, chest  X-ray; DMARD, disease-modifying antirheumatic drug; EKG,
electrocardiogram; ENG, electroneurography; ESR, erythrocyte sedimentation rate; IVIG, intravenous immunoglobulin; LDH, lactic dehydrogenase; LE, lupus
erythematosus; p-ANCA, antineutrophil cytoplasmic autoantibody, perinuclear; RF, rheumatoid factor; SS-A, Sjögren syndrome A antibody; SS-B, Sjögren
syndrome B antibody; WBC, white blood cell.
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19.5.5  Work-up
Positive  SS-A (anti-Ro) and  SS-B (anti-La), ANA, and  rheumatoid
factor  blood  tests.  Polyclonal  hypergamm aglobulinem ia  on  se-
rum  electrophoresis is often  seen, and  loss of a previous positive
finding and/or  developm ent  of a  monoclonal gam mopathy may
indicate  development  of a  lym phom a. Minor  salivary  gland  bi-
opsy  from  the  inner  lip  showing  lymphocytic  infiltrates  is  the
m ost  definitive  test.  Sialography  of  the  parotid  gland  show s  a
globular  pattern  of contrast  collections throughout  the gland  de-
scribed  as  an  “apple  tree  appearance.” The  Schirm er  test  evalu-
ates tear  product ion  by placing a strip  of filter  paper on  the low-
er  conjunct iva;  a  definitively positive  result  is less than  5 mm  of
wett ing after  5 minutes (> 15 mm  after  5 m inutes is norm al).

19.5.6  Treatm ent
Ocular dryness is treated w ith  artificial tears, n ight tim e gels, cy-
closporine  drops,  hum idifiers,  glasses  w ith  m oisture  shields,
and  plugging of the lacrim al puncta. Dry m outh  is treated  w ith
artificial  saliva,  frequent  sips  of  water  throughout  the  day,  a
hum idifier,  and  pilocarpine  hydrochloride  to  stim ulate  saliva
product ion.

19.6  Relapsing Polychondrit is
19.6.1  Pathogenesis
A rare  autoim m une condition  causing inflam m ation  of the  car-
tilage  and  t issue  containing  h igh  concentrations  of glycosam i-
noglycans. Polyar thrit is, pulm onary function  comprom ise, renal
disease, cardiac valve comprom ise, vascular aneurysm s, and cu-
taneous nodules have been  associated w ith  the disease.

19.6.2  Histology
Perichondrial  in filtration  of  inflam m atory  cells  causing  cart i-
lage destruction  and fibrosis.

19.6.3  Head and Neck Presentat ion
Occurs m ost frequently in  Caucasians.

Otologic
Auricular  chondrit is  in  a  relapsing  pattern  is  the  most  com mon
presenting symptom  (erythema  and  edema  of the  auricle, spar-
ing the lobule); conductive hearing loss caused  by stenosis of the
external  auditory  canal,  eustachian  tube  chondrit is,  and/or  se-
rous otit is media; proposed vasculitis of the internal auditory ar-
tery may cause vestibular  injury and  sensorineural hearing loss.

Ocular
Ocular inflam m ation  is m ost  com m only m anifested  as episcler-
it is and sclerit is.

Sinonasal
Nasal chondritis causing saddle nose deform ity.

Oral
Aphthous ulcers are com mon.

Laryngotracheal
Chondrit is  of  the  laryngotracheal  fram ework  occurs  m ore
frequen t ly  in  fem ales, som etim es  causing  obst ruct ion  due  to
vocal  fold  paralysis, airway  edem a, airw ay  collapse, and  air-
w ay stenosis.

19.6.4  Work-up
Elevated  an tibodies  to  type  II collagen  (found  in  cartilage  and
the vit reous hum or of the eye) is the m ost  specific test; nonspe-
cific tests include elevated ESR and C-react ive protein . Biopsy of
cartilaginous  structures  is  not  perform ed  unless  necessary  for
diagnosis  because  of the  possibility  of infect ion  and  potential
cosm et ic  deform ity. Elect rocardiogram , echocardiogram , chest
X-ray, pulm onary funct ion  tests, urinalysis, and  BUN/creatin ine
m ay detect  the  e ect  of the  disease  outside  the  head  and  neck
region.

19.6.5  Treatm ent
Cort icosteroids,  nonsteroidal  an t i-in flam m atory  drugs,  im -
m unosuppressive  chem otherapeut ic  agen ts. In  pat ien ts  w ith
acute  airway  com prom ise,  in tubat ion  m ay  exacerbate  the
airw ay  d ist ress  due  to  laryngotracheal  edem a  and  stenosis.
Tracheotom y  is  the  t reatm ent  of  choice  in  securing  the  air-
w ay in  these  pat ien ts.

19.7  Langerhans Cell Hist iocytosis
(Hist iocytosis X)
19.7.1  Pathogenesis
Infiltration  and  proliferation  of  eosinophils,  T cells,  dendrit ic
cells  (Langerhans  cells), and  h istiocytes  (m acrophages)  in  the
a ected tissue w ithout a prim ary cause.

19.7.2  Histology
Birbeck  granules  (w hich  show  a  “zipper  pat tern”)  in  the  den-
dritic  cells  are  pathognom onic.  Nonspecific  features  include
granulom atous  lesions  w ith  a  background  of  eosinophils,  T
cells, dendrit ic cells (Langerhans cells), and  histiocytes (m acro-
phages). CD1A- and S100-posit ive.

The disease occurs m ore frequently in  Caucasians, and the in-
cidence is h igher am ong m ales.

19.7.3  Types
Eosinophilic Granulom a (Localized Form )
Head and Neck Presentat ion
Occurs in  children  5 to 15 years old.
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Osseous
Solitary, m onostotic calvarial osteolytic bone  lesion  presenting
w ith  bone pain ; can be found in  m andible and also present w ith
loose teeth .

Ocular
Periorbital  osseous  lesions  m ay  cause  periorbital  edem a  and
proptosis.

Otologic
Mastoid  involvem ent  can  cause  chronic otit is  m edia, m astoidi-
tis,  tym panic  m em brane  perforations,  external  canal  polyps,
and facial paralysis.

Oral
Gingival erosions w ith  bleeding.

Dermatologic
Scalp  disease  can  cause  scaling of the  scalp  w ith  patchy lesions
leading to alopecia; usually not  pruritic, but  m ay be tender.

Hand-Schüller-Christ ian Disease
(Interm ediate, Chronic, Dissem inated Form )
Head and Neck Presentat ion
Occurs in  children  2 to 10 years old. Classic tr iad  of diabetes in-
sipidus, exophthalm os, and  polyostotic  lesions, par t icularly  of
the skull. This disease has otologic, oral, and  derm atologic find-
ings sim ilar  to those  of eosinophilic granulom as. It  also m ay af-
fect  the lungs, liver, spleen, and lymph nodes.

Let terer-Siwe Disease  (Severe, Acute,
Dissem inated Form )
Occurs  in  children  younger  than  2  years  old. Presents  w ith  fe-
ver, anem ia  and  throm bocytopenia, hepatom egaly and  spleno-
m egaly, and pulm onary infiltrates.

Head and Neck Presentat ion
Osseous
Osteolytic lesions are not com m on.

Otologic
The  m astoid  m ay  be  involved,  causing  chronic  otit is  m edia,
otorrhea, postauricular  edem a, external canal polyps, and  con-
duct ive hearing loss.

Lymphatic
Cervical lym phadenopathy m ay be present.

Work-up
Laboratory  studies  include  com plete  blood  cell  count  w ith  dif-
ferential, liver  function  tests, coagulation  studies, and  urine  os-
molality testing to rule  out  diabetes insipidus. Radiologic studies

include  chest  X-ray and  skeletal survey. Biopsy of a  lesion  (skin
lesion  is the m ost  accessible) w ill establish  the diagnosis.

Treatment

Localized/Single-Organ Disease
Monostot ic bone  lesions  m ay be  t reated  by curettage/excision .
Polyostotic bone lesions can  be treated w ith  system ic steroids.

Skin  lesions  m ay be  t reated  w ith  topical steroids, and  local-
ized lymph node involvem ent can  be addressed w ith  excision.

Chem otherapy  and  radiation  therapy  are  reserved  for  large
lesions that  m ay be  causing severe  pain , are  di cult  to  access,
or involve vital structures.

Dissem inated/Mult iple-Organ Disease
System ic chem otherapy  (m ethotrexate, vinblastine, etoposide)
w ith  or  w ithout  system ic cort icosteroids  is  standard. Diabetes
insipidus is treated w ith  desm opressin  acetate. Rapidly progres-
sive  disease  that  is  refractory  to  other  treatm ent  m odalit ies
m ay be treated w ith  a bone m arrow  transplan t for salvage.

19.8  Behçet  Disease
19.8.1  Pathogenesis
The classic t riad  of sym ptom s includes recurren t  oral aphthous
ulcers, genital  ulcers, and  uveitis. However, th is  is  a  complex,
m ultisystem  disease  a ect ing the  skin ;  eyes;  join ts;  cardiovas-
cular,  gastrointestinal,  and  urologic  system s;  kidneys;  lungs;
and  central  nervous  system .  The  condition  is  an  idiopathic
vasculit is w ith  a likely autoim m une component  tr iggered  by an
infect ious event

19.8.2  Histology
Lym phocyt ic  vasculit is  w ith  a  neutrophilic  in filtrate;  throm -
botic  clot ting  due  to  a  hypercoagulable  state  m ay  also  be
present. The histologic findings are nonspecific.

19.8.3  Head and Neck Presentat ion
The disease occurs predom inantly in  the Middle  East , in  part ic-
ular  Turkey, and  in  Asia, w ith  a  h igher  incidence  especially  in
people of Japanese background. The gender prevalence depends
on  the  country, but  the  disease  is m ore  prevalen t  in  fem ales in
the United States.

Oral
Aphthous  and  herpetic lesions  are  the  m ost  com m on  present-
ing sym ptom .

Ocular
Uveitis and  retinal vasculit is causing blurry vision, scleral injec-
tion, eye  pain , excessive lacrim ation, photophobia, and  possible
blindness  if the  ocular  sym ptom s  develop  early  in  the  disease
course. The ocular sym ptom s usually follow  the oral sym ptom s.
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Pharyngoesophageal
Dysphagia  due  to  oropharyngeal  and  esophageal  ulcers  and
neurologic impairm ent of the swallow ing m echanism.

Otologic
Acute deafness due to neuro-otologic im pairm ent.

Laryngeal
Speech di culties due to neurologic impairm ent.

19.8.4  Work-up
Diagnosis is based  on  the  clin ical sym ptom  and  findings. Labo-
ratory  results  show  an  elevated  inflam m atory  state  (elevated
ESR, C-react ive  protein , leukocytosis). Pathergy  test:  m ild  skin
traum a  induces the  form ation  of an  erythem atous papule/pus-
tule after 1 to 2 days.

19.8.5  Treatm ent
Topical steroids, tetracycline  sw ish  and  swallow  solutions  and
sucralfate for  lim ited  oral ulcerations, and  system ic steroids for
severe m ucocutaneous disease. Im m unosuppressive and im m u-
nom odulating agents such  as azathioprine, colchicine, sulfasala-
zine,  cyclosporine,  and  cyclophospham ide  are  indicated  for
m ore  pervasive  disease. Proper  consultations  as  needed:  sur-
gery for  possible  gastroin testinal bleeds  or  perforat ion, neuro-
surgery  for  central  nervous  system  throm botic or  aneurysm al
events,  cardiothoracic  surgery  for  m ajor  vessel  aneurysm s/
throm bosis, ophthalm ology, derm atology, urology, gastroenter-
ology, neurology, and nephrology.

19.9  Cogan Syndrom e
19.9.1  Pathogenesis
Classic  t riad  of  nonsyphilit ic  in terstit ial  keratit is,  fluctuat ing
vertigo/sensorineural hearing loss w ith  t innitus, and  an  associ-
ated  autoim m une  vasculit ic  condition  (usually  a  large-vessel
vasculit is). Autoim m une in  etiology, likely in  react ion  to a com -
m on antigen  found in  both  the cornea and inner ear.

19.9.2  Histology
Hydropic  findings  sim ilar  to  those  of  Meniere  disease  in  the
inner ear, lymphocyt ic infiltration  of the cornea w ith  neovascu-
larization.

19.9.3  Head and Neck Presentat ion
Predom inantly in  young adults and Caucasians.

Otologic
Sym ptom s  sim ilar  to  those  of Meniere  disease, w ith  episodic
vertigo, fluctuating  sensorineural  hearing  loss  associated  w ith
tinnitus, and possible aural fullness.

Ocular
Interstit ial  keratit is  causing  eye  pain , redness, excessive  lacri-
m ation , blurry vision, and photophobia.

19.9.4  Work-up
Slit  lam p  exam ination  reveals the  an terior  cham ber  findings of
interstit ial keratit is. Audiogram  reveals a  sensorineural hearing
loss preferentially in  the low  and  high  frequencies. Elect roneur-
ography and rotary chair testing show  a vestibular weakness.

19.9.5  Treatm ent
System ic  cort icosteroids  and  im m unosuppressants  (azath io-
prine, cyclophospham ide).

19.10  Rheum atoid Arthrit is
19.10.1  Pathogenesis
System ic inflam m atory disease a ect ing peripheral joints.

19.10.2  Histology
Neovascularization  of synovium  w ith  lymphocyt ic  infiltration .
Rheum atoid  skin  nodules  are  characterized  by  a  sm all-vessel
vasculit is and granulom atous lesions.

19.10.3  Head and Neck Presentat ion
Fem ale  predom inance  w ith  a  h igh  incidence  in  certain  Native
Am erican  populat ions.

Maxillofacial
Bilateral  temporom andibular  joint  tenderness  and  swelling,
tr ism us.

Laryngeal
Hoarseness due to cricoarytenoid joint  inflam m ation/ankylosis.

Otologic
Conduct ive hearing loss due to ossicular chain  fixation .

19.10.4  Work-up
Radiologic  studies  of the  temporom andibular  join t  m ay  show
condyle  erosion  at  the  art icular  surface  and  obliteration  of the
joint  space.  Laryngoscopy  m ay  reveal  arytenoid  edem a,
im paired  m obility  of  the  vocal  folds, and  cricoarytenoid  joint
fixation.  Rheum atoid  nodules  m ay  appear  on  the  vocal  folds
(bam boo  nodules).  Com puted  tom ographic  scan  of  the  neck
m ay  show  a  soft-t issue  swelling  of  the  cricoarytenoid  join t.
Audiogram  m ay  show  a  conduct ive  hearing  loss.  Laboratory
studies show  an  elevated rheum atoid factor, ESR, and/or C-reac-
tive  protein . Biopsy of cutaneous nodules m ay be helpful in  the
diagnosis.
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19.10.5  Treatm ent
Nonsteroidal anti-inflam m atory drugs, glucocorticoids, and dis-
ease-m odifying antirheum atic drugs (DMARDs):  m ethotrexate,
sulfasalazine, gold salts, penicillam ine.

19.11  Scleroderm a (Progressive
System ic Sclerosis)
19.11.1  Pathogenesis
A tr iad  of processes  including autoim m une  act ivation  causes  a
sm all-vessel vasculit is and  progressive fibrosis due  to excessive
collagen  deposit ion;  sm ooth-m uscle  atrophy occurs in  the  gas-
trointestinal tract .

19.11.2  Histology
Extensive fibrosis of the  skin  and  a ected  organs w ith  collagen
deposition , possible  inflam m atory  infiltrates, and  sm all-vessel
vasculopathy w ith  m icrothrom bi.

19.11.3  Head and Neck Presentat ion
Cutaneous
Tight , fibrotic facial skin  w ith  th inning of the lips and  reduct ion
in  the oral aper ture (“pursed lip” appearance).

Esophageal
Gastroesophageal  reflux  (due  to  a  patent  lower  esophageal
sphincter);  dysphagia  from  disease  infiltration  anyw here  along
the  gastrointest inal tract  but  classically the  lower  two-thirds  of
the esophagus due to sm ooth-m uscle  involvem ent; oropharyng-
eal and  esophageal cancers are  m ore com m on  in  these patients.

Ocular and Oral
Xerostom ia  and  dry  eyes  as  part  of a  sicca  syndrom e  m ay  be
present.

Laryngeal
Hoarseness due to gastroesophageal reflux or laryngeal fibrosis.

19.11.4  Work-up
Laboratory  studies  are  positive  for  ANA. Barium  swallow  m ay
show  a  dilated  esophagus  but  incompetent  lower  esophageal
sphincter  (to distinguish  from  achalasia). Esophageal m anom e-
try  w ill  show  norm al  upper  esophageal  pressures  but  the  in-
competent  lower  esophageal  sphincter.  pH  probe  studies  can
confirm  the gastroesophageal reflux. Minor salivary gland biop-
sy w ill show  extensive fibrosis but  w ithout  the lym phocyt ic in-
filtrate seen  in  Sjögren  syndrom e.

19.11.5  Treatm ent
Gastroesophageal reflux precaut ions, p roton  pum p  inh ibitors,
nonsteroidal  an t i-in flam m atory  drugs,  and  cor t icosteroids

m ay be  considered . There  are  no  FDA-approved  therapies  for
scleroderm a.

19.12  Derm atom yosit is/Polymyo-
sit is
19.12.1  Pathogenesis
An  autoim m une  inflam m atory  vasculopathy  and  myopathy  of
str iated  m uscle. When  both  skin  and  m uscle  are  a ected, it  is
term ed dermatomyosit is, and w hen only m uscle is involved, it  is
called  polymyositis.  An  inflam m atory  infiltrate  is  present  in
m uscle and around vessels.

19.12.2  Histology
An  inflam m atory infiltrate  is  present  in  m uscle  (in terfascicular
in  derm atomyositis  and  in trafascicular  in  polymyositis)  and
around  vessels;  a ected  skin  has  an  inflam m atory infiltrate  at
the derm al–epiderm al basem ent  m em brane.

19.12.3  Head and Neck Presentat ion
More com m on in  wom en.

Cutaneous
In  derm atomyositis,  the  heliotrope  rash—a  reddish  brow n  to
purple  discolorat ion  around  the  eyelids w ith  periorbital edem a
—is pathognom onic;  an  erythem atous rash  is prom inent  in  the
head  and  neck, som etim es  in  a  V-shaped  dist ribut ion  on  the
neck  (“shaw l” sign);  a  psoriatic  scalp  derm atit is  m ay  lead  to
alopecia.

Musculoskeletal
Weakness in  the neck flexors.

Pharyngoesophageal
Dysphon ia  and  dysphagia  are  caused  by  oropharyngeal  and
esophageal  st riated  m uscle  w eakness  (upper  th ird  of  the
esophagus).

19.12.4  Work-up
Blood  work  illustrates  elevated  creatine  kinase  (CK), lact ic de-
hydrogenase (LDH), aspartate  am inotransferase  (AST), and  ANA
levels.

Radiologic  studies  m ay  include  a  barium  swallow  show ing
esophageal dysm otility, and  m agnetic resonance  im aging of an
a ected  m uscle m ay show  an  inflam m atory myopathy. Elect ro-
myography of an  a ected  m uscle  m ay be  perform ed. Biopsy of
an  a ected m uscle reveals the histologic findings.

19.12.5  Treatm ent
Reflux  precaut ions, system ic  cort icosteroids, im m unosuppres-
sive cytotoxic agents, in travenous im m unoglobulin  (IVIG).
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19.13  Giant  Cell (Tem poral)
Arterit is
19.13.1  Pathogenesis
Giant  cell ar teritis  is  the  m ost  com m on  idiopathic vasculit is;  it
is  a  chronic  vasculit is  of m edium -size  and  large  arteries  that
causes concentric in tim al hyperplasia of the vessel walls.

19.13.2  Histology
The intim a, m edia, and  advent it ia of the vessel wall are a ected
(panarterit is);  inflam m at ion  in  the  endothelium  at  the  in t im a–
m edia  junct ion  as  well as  the  advent itia  leads to  neovasculari-
zation ; giant cells m ay be present; fragm entat ion  of the in ternal
elastic lam ina is often  seen.

19.13.3  Head and Neck Presentat ion
Found  predom inantly  in  the  elderly  and  m ore  com m on  in
wom en  and  Caucasians.  Headache  is  the  m ost  com mon  pre-
senting sym ptom .

Cutaneous
Erythem a of the  skin  w ith  facial pain  and, if severe, necrosis of
the skin .

Maxillofacial
Jaw  claudication  is pathognom onic;  tr ism us, temporom andibu-
lar  joint  pain ,  tooth  and  gingival  pain ,  tenderness  over  the
scalp/temporal region.

Nasal
Edem atous and inflam ed nasal m ucosa, anosm ia.

Oropharyngeal
Dysphagia  caused  by  edem atous  and  inflam ed  oropharyngeal
m ucosa, necrotic  lesions  of the  oral  m ucosa, tongue  claudica-
tion  due to ischem ia, glottic ulcerations, ageusia.

Laryngeal
Hoarseness.

Otologic
Otalgia,  t inn itus, vert igo, sensorineural  hearing  loss;  lympha-
denopathy and  tonsillar  hypertrophy m ay be  present;  salivary
gland en largem ent.

Ocular
Blindness  is  one  of the  m ost  severe  complications  of the  dis-
ease.  Am aurosis  fugax  is  the  t ransient  sensation  of  a  “shade
com ing over the eye.”

19.13.4  Work-up
Blood  work includes elevated  C-react ive protein  and  ESR (acute
phase  reactan ts),  elevated  alkaline  phosphatase,  norm ocytic
norm ochrom ic anem ia.

Tem poral artery biopsy is the gold standard diagnostic test .

19.13.5  Treatm ent
System ic cort icosteroids are the first-line therapy.

19.14  Churg-St rauss Syndrom e
19.14.1  Pathogenesis
An allergic granulom atous disease of sm all to m edium -size ves-
sels;  closely  related  to  Wegener  granulom atosis.  Six  criteria
(four  or  m ore  criteria  are  h ighly sensitive  and  specific)  for  the
disease include the follow ing:
1. Asthm a.
2. Eosinophilia of m ore than  10% in  the peripheral blood.
3. Paranasal sinusitis.
4. Pulm onary infiltrates.
5. Histologic evidence of vasculit is w ith  eosinophilic infiltrate.
6. Polyneuropathy.

19.14.2  Histology
Necrotizing  granulom as  w ith  a  central  eosinophilic  core  and
surrounding  gian t  cells  and  m acrophages;  these  findings  are
seen predom inantly in  the lungs.

19.14.3  Head and Neck Presentat ion
Sinonasal
Allergic  rh initis,  nasal  polyposis,  chronic  sinusitis,  nasal  ob-
struct ion .

19.14.4  Work-up
Blood  work  m ay  illustrate  the  eosinophilia  m entioned  above
and  anem ia.  Elevated  ESR  and  C-react ive  protein  are  often
present. BUN and  creatin ine  and  an  abnorm al  urinalysis  m ay
indicate glom erulonephritis. Patients w ith  th is disease are often
positive  for  p -ANCA (antineutrophil  cytoplasm ic  autoantibod-
ies, perinuclear).

Radiologic studies include chest  X-ray to evaluate  pulm onary
involvem ent.

Tissue biopsy of an  involved  organ  (lung, skin , m uscle, nerve,
kidneys) aids in  the diagnosis.

19.14.5  Treatm ent
System ic cort icosteroids usually control the disease process.

Head and Neck Manifestat ions of Systemic Diseases

132



19.15  Kawasaki Disease
19.15.1  Pathogenesis
Vasculit is  that  m ay be  infect ious  in  origin;  it  is  m ost  severe  in
m edium -size  vessels  but  m ay a ect  vessels  of all calibers;  the
m ost com m on cause of acquired cardiac disease in  ch ildren, fol-
lowed by acute rheum atic fever.

19.15.2  Histology
Necrosis  of  sm ooth -m uscle  cells  leads  to  split t ing  of the  in -
ternal and  external lam inae, causing aneurysm s. Fibrosis  and
stenosis  of vessels  subsequen t ly  occur  as  w ell, possibly  lead-
ing to  th rom bosis  and  com plete  occlusion . Myocardial in farc-
t ions  m ay  occur  and  are  due  to  coronary  ar tery  aneurysm s
and  th rom bosis.

19.15.3  Head and Neck Presentat ion
Most com m on in  ch ildren younger than  4 years old and of Asian
descent  (Japanese in  part icular).

System ic/Cutaneous
Fever and generalized erythem atous, desquam ating rash.

Ocular
Conjunct ival inject ion .

Lym phat ic
Cervical lymphadenit is; lymph nodes larger than  1.5 cm , not  re-
sponsive to an t ibiot ics.

Oral
Mucositis of the lips leading to fissuring and  oropharyngeal er-
ythem a, “straw berry tongue” (glossal erythem a and  prom inent
papillae).

19.15.4  Work-up
Blood  work includes elevated  w hite  blood  cell count  and  acute
phase  reactan ts  (ESR, C-react ive  protein);  elevated  cardiac en-
zym es w ith  myocardial infarction .

The  EKG m ay show s signs of myocarditis  or  in farct ion;  chest
X-ray and echocardiography to evaluate cardiac disease.

19.15.5  Treatm ent
The m ainstay of t reatm ent  is IVIG, salicylates/aspirin , and  close
cardiovascular m onitoring.

19.16  Roundsm anship
●  Mult ip le  findings and  sym ptom s across d i eren t  areas of

the  head  and  neck should  m ake the  physician  consider
put t ing a  system ic et iology h igher  on  the list  of d i eren t ial
d iagnoses.

●  A prelim inary blood work-up that includes acute phase reac-
tants, such  as the erythrocyte sedim entation  rate and C-reac-
tive protein  level, m ay be useful in  diagnosing an  inflam m a-
tory autoim m une disease present ing in  the head and neck of
a patien t.

19.17  Recom m ended Reading
[1]  Gubbels SP, Barkhuizen  A, Hwang PH. Head  and  neck m anifestations  of We-

gener’s granulom atosis. Otolaryngol Clin  North  Am  2003; 36: 685–705
[2]  Harris  JP, Weism an  MH. Head  and  Neck Manifestations  of System ic Disease.

1st ed. New  York, NY: Inform a Healthcare; 2007:3–117
[3]  Mahoney EJ, Spiegel JH. Sjögren’s  disease. Otolaryngol Clin  North  Am  2003;

36: 733–745
[4]  Schwartzbauer HR, Tam i TA. Ear, nose, and throat  m anifestations of sarcoido-

sis. Otolaryngol Clin  North  Am  2003; 36: 673–684

19.17  Recommended Reading

133



20  Epidem iology of Head and Neck Cancers
Guo-Pei Yu and Stimson P. Schantz

20.1  Oral Cavit y and Pharyngeal
Cancers
20.1.1  Epidem iology
Alm ost  all oral and  pharyngeal cancers are squam ous cell carci-
nom as w ith  sim ilarit ies in  epidem iology, t reatm ent, and  prog-
nosis. Oral cavity cancer is the 11th  m ost com mon cancer in  the
world  in  term s  of  num ber  of cases, w hile  pharyngeal  cancer
ranks 20th . Oral and  pharyngeal cancer, considered  together, is
the  sixth  m ost  com m on  form  of  cancer  in  the  world.  About
389,000 new  cases occurred  in  the world  in  2000, two-thirds of
w hich  were  in  developing countries. The  rates of oral and  pha-
ryngeal cancer  vary am ong countries. The  highest  incidence  is
observed  in  Australia, France, Hungary, South  Am erica  (Brazil),
and  southern  Africa, w hile the lowest  incidence is seen  in  Mex-
ico  and  Japan . Oral and  pharyngeal cancers  are  responsible  for
about 200,000 deaths worldw ide each year.

According  to  the  estim ates  by  the  Am erican  Cancer  Society,
there  were  about  35,310 new  cases (25,310 in  m en  and  10,000
in  wom en) of oral cavity cancer (22,900) and  pharyngeal cancer
(12,410)and  about  7,590 people  (5,210 m en  and  2,380 wom en)
w ho  died  of these  cancers  in  the  United  States  in  2008. These
cancers account for nearly 2.5% of all m alignancies.

Of all squam ous oral and  pharyngeal cancers (excluding sali-
vary gland  and  nasopharyngeal cancers), oral cavity cancers ac-
count  for  nearly 88% and  pharyngeal cancers about  12%. In  ad-
dition , m ost  squam ous  oral cavity cancers  occur  in  the  tongue
(43.1%), tonsillar fossa (23.4%), lip  (9.1%), and floor of the m outh
(7.8%). The rest  occur on  the gum s, palate, and unspecified parts
of m outh  (� Table 20.1).

Oral and  pharyngeal cancers can  occur  in  young people. Of all
patients, adults  younger  than  40  years  of age  account  for  2.9%,
and  those  younger  than  50  account  for  16.2%. The  incidence  of
oral  and  pharyngeal  cancers  increases  w ith  age  and  reaches  a
peak  at  the  ages of 70  to  79  years. The  incidence  declines  after

80 + years except  in  wom en, in  w hom  the incidence continues to
rise  (� Fig. 20.1). The incidence of oral and  pharyngeal cancers is
higher  in  m en  than  in  wom en, and  the  fem ale-to-m ale  ratio  is
2:7 for oral cancer and 3:4 for pharyngeal cancer, respectively.

The incidence of oral cavity and pharyngeal cancers has grad-
ually decreased  over  the past  30 years in  the  United  States. The
incidence  of oral  cavity  cancer  decreased  18.8% (from  8.7  per
100,000  to 6.5  per  100,000), and  that  of pharyngeal cancer  de-
creased  44% (from  1.8  to  1.0  per  100,000;  � Fig. 20.2). In  con-
trast  to  that  of other  oral  cancers,  however,  the  incidence  of
tongue cancer increased nearly 60% in  Am erican  adults younger
than  40 years of age  during the sam e period. The  increase  con-
tinued until 1985, after  w hich  the incidence rem ained stable.

When patients w ith  newly diagnosed oral and oropharyngeal
cancers  are  carefully  exam ined, about  15% w ill  have  another
cancer  in  a  nearby area, such  as the larynx, esophagus, or  lung.
Of those  w ho  attain  a  complete  cure  of oral or  oropharyngeal
cancer, about  10% w ill develop  a  second  cancer  in  one  of these
organs.

20.1.2  Risk Factors
Sm oking and alcohol consum ption  are the m ajor risk factors for
oral and  pharyngeal cancers. They are  independent  risk factors
but  produce a synergistic e ect  w hen com bined. Sm oking is es-
tim ated  to  be  responsible  for  41% of oral and  pharyngeal can-
cers  in  m en  and  15% in  wom en  worldw ide. In  addition , both
sm oking and  drinking account  for  approxim ately three-fourths
of all  oral  cancers  in  the  United  States. Com pared  w ith  non-
sm okers,  heavy  sm okers  have  a  4-  to  10-fold  increased  risk
after  adjustm ent  for  alcohol in take. After  control for  sm oking,
m oderate  drinkers  have  a  3-fold  increased  risk  for  oral cancer,
and  heavy  drinkers  have  an  8-  to  9-fold  increased  risk.  The
com bination  of heavy sm oking and  drinking results in  a greater
than  35-fold  excess  risk. The  significant  decrease  in  cigarette
sm oking  is  considered  a  m ajor  factor  responsible  for  the  de-
creases in  oral and pharyngeal cancers in  the United States.

Sm okeless tobacco use  is another  r isk factor  in  som e popula-
tions; it  is associated w ith  relative risks for oral cancers and oral
leukoplakia  as great  as that  for  cigarette sm oking. Am ong users
of  snu ,  cancerous  lesions  typically  arise  at  the  site  w here
sm okeless  tobacco, or  quid, is  held  in  contact  w ith  the  buccal
m ucosa  or  gingiva. Chew ing  quid  containing  betel  leaves  and
lim e is thought  to contribute to the m ajority of cases in  parts of
India and  Southeast  Asia. However, the rate  of sm okeless tobac-
co use is still relat ively low  in  the United States.

Although  tobacco  use  and  alcohol  consumption  are  consid-
ered  m ajor  risk  factors  for  oral and  pharyngeal cancers, herit-
able  fam ilial  factors  m ay  also  play  a  role. Som e  stud ies  have
found  a  sign ificantly  higher  proportion  of  cancer  w ithin  the
fam ilies of patients w ith  oral and  pharyngeal cancer(risk 3-fold
higher than  the risk in  fam ilies of noncancer controls). The fam -
ilial aggregation  seem s to be  associated  w ith  defect ive  DNA re-
pair  capability.  After  adjustm ent  for  potent ially  confounding
factors,  including  tobacco  and  alcohol  consumption,  patients
w ith  both  a  fam ily  history  of cancer  and  m utagen  sensitivity

Table 20.1  Number of squamous oral cavity cancers by subsites, exclud-
ing cancers of the salivary glands and nasopharynx

Sites  Number  Percentage

Tongue  2,123  43.1

Tonsils  1,153  23.4

Lip  447  9.1

Floor of mouth  383  7.8

Gum  237  4.8

Palate  219  4.5

Other/unspecified
parts of mouth

360
7.3

All oral cavity cancers  4,922  100.0

Source: Data  are  from  the  Surveillance  Epidemiology and  End  Results
program, 2006, which covers 17 cancer registry areas of the United States.
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have  a  7-fold  or  h igher  risk  for  oral and  pharyngeal cancers in
comparison  w ith  norm al controls. The finding indicates the im -
portance of genetic influence in  the causation  of the disease.

Oral hum an  papillom avirous (HPV) infection  is an  additional
risk  factor  for  oral  and  pharyngeal cancers. Two  types  of HPV
(types 16 and  18) seem  to be the m ost  carcinogenic and  show  a
close  correlation  w ith  TP53 m utation. Overall estim ates of HPV
infect ion  for  oral  neoplastic  t issues  are  variable, ranging  from
14  to  91%. Oral squam ous  carcinom a  has  an  approxim ately  4-
fold  higher  expression  of HPV than  norm al oral m ucosa. In  ad-
dition, tum ors of the  oropharynx (in  par ticular  tonsillar  t issue)
have been  found  to be  three  tim es m ore  likely to be  HPV-posi-
tive  than  tum ors at  other  sites in  the  head  and  neck. However,
the  exact  relationship  of HPV infect ion  and  carcinom a  in  the
m outh  and  the  role  of cofactors  are  unknow n. A low  intake  of
fruits and  vegetables is know n  to sign ificantly increase  the  risk
for oral and pharyngeal cancers.

20.2  Nasopharyngeal Cancer
20.2.1  Epidem iology
Nasopharyngeal  cancer  is  a  very  rare  m alignancy  in  North
Am erica, Europe, and m any regions of Asia, including Japan  and
Korea, w here the incidence is less than  1 per 100,000. This can-
cer, however, is extrem ely com mon  in  southern  regions of Chi-
na,  Southeast  Asia, and  North  Africa.  In  Guangdong  of  China
and  in  Hong  Kong, the  incidence  of nasopharyngeal  cancer  is
m ore than  20 per 100,000.

In  2002, roughly 80,000 new  cases of nasopharyngeal cancer
were  diagnosed  worldw ide,  and  the  estim ated  num ber  of
deaths exceeded  50,000. There  are  about  2,000  new  cases each
year  in  the  United  States. Most  nasopharyngeal cancers  are  of
the keratin izing type in  the United States, w hereas in  Southeast
Asia the undi eren tiated type is m ost com m on.

Fig. 20.1  Age-specific incidence  of oral cavity and  pharyngeal cancer, all races, Surveillance  Epidemiology and  End Results (SEER), 17 registry areas,
2006. The  numbers in  parentheses are  age-adjusted  incidence  per 100,000.

Fig. 20.2  Age-adjusted  incidence  of oral and
pharyngeal cancers by time, Surveillance  Epi-
demiology and  End  Results (SEER), 17 registry
areas, 2006.
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Nasopharyngeal cancer  can  occur  in  people  younger  than  40
years of age, suggesting a possible  exposure to a com m on agent
in  early  life.  Young  patients  account  for  about  16% of all  pa-
tien ts. The  incidence  of nasopharyngeal cancer  increases  w ith
age, but  the  age  peak is di erent  in  di erent  races. In  h igh-risk
Asian  Am ericans, the  age  peak is  at  50  to  59  years, w hereas in
low -risk  non-Asian  Am ericans, the  peak  is  at  60  to  69  years.
The incidence of nasopharyngeal cancer is 2- to 3-fold  higher in
m en than  in  wom en (� Fig. 20.3).

The incidence in  descendants of Chinese w ho em igrate to the
United  States is sign ificantly lower  than  that  in  native  Chinese,
but  the  rate  rem ains  six  t im es  higher  than  that  in  Caucasian
Am ericans  and  African-Am ericans.  Sim ilarly  high  incidence
rates  have  been  observed  am ong  Chinese  em igrants  to  the
United  Kingdom  and  Australia. The  incidence  risk for  nasopha-
ryngeal cancer seem s to decrease w ith  a longer duration  of res-
idence in  Western  nations.

The  incidence  of  nasopharyngeal  cancer  has  been  high  in
Southeast  Asia  for  several  decades. However, the  incidence  of
th is  cancer  has  declined  gradually  in  Hong  Kong  since  the
1970s,  in  Taiwan  since  the  1980s,  and  in  Singapore  Chinese
since  the  late  1990s. A sim ilar  trend  of decline  has been  noted
in  the  United  States betw een  1975–1979  and  2005–2006, dur-
ing  w hich  tim e  the  incidence  of the  disease  decreased  20% in
w hites, 38% in  blacks, and 28% in  other persons of races, such  as
Asians, Pacific Islanders, and Native Am ericans.

20.2.2  Risk Factors
Epstein-Barr  virus (EBV) infect ion  is a  h ighly likely cause  of na-
sopharyngeal  cancer,  and  it  distinguishes  nasopharyngeal
cancer  from  other  oral cancers. EBV infect ion  is  a  cause  of the
undi erentiated  form  of nasopharyngeal cancer  recognized  by
International  Agency  for  Research  on  Cancer  (IARC).  Many
epidem iologic  studies  have  observed  that  antibody  titers  and
neutralizing  antibodies  against  EBV-specific  DNase  are  m uch
higher  am ong  patients  w ith  nasopharyngeal  cancer  than
am ong controls. In  general, biopsy specim ens of the undi eren-
tiated  form  of th is  cancer  are  all EBV-positive  and  m onoclonal

w ith  regard  to  th is  virus.  Specim ens  of  severe  dysplasia  or
carcinom a  in  situ  of  the  nasopharynx  are  positive  for  EBV.
However,  the  relat ionship  betw een  EBV infect ion  and  naso-
pharyngeal  cancer  is  not  en tirely  understood. An  unexplain -
able  fact  is  that  all  adults  in  areas  of endem icity  are  in fected
w ith  the  virus, yet  on ly a  very sm all proport ion  of people  de-
velop  nasopharyngeal  cancer.  In  addit ion ,  it  is  unclear
w hether  h igher  t iters  of EBV are  a  cause  of or  are  caused  by
nasopharyngeal cancer—that  is, w hether  EBV passively infects
nasopharyngeal  cancer  cells  or  plays  an  act ive  role  in  m alig-
nant  transform ation .

The  in take  of salt-preserved  fish  and  other  food  is  another
risk  factor.  In  southern  China,  boat-dwelling  fisherm en  and
their  fam ilies consum e a great  deal of salted  fish  and  other pre-
served  foods,  and  the  incidence  of  nasopharyngeal  cancer  in
these people  is extrem ely high. Traditionally, salted  fish  is used
to wean  infants in  the  Cantonese  population, in  w hich  the  inci-
dence  of nasopharyngeal cancer  is  as  h igh  as  20  per  100,000.
The  carcinogenic  potent ial  of salt-preserved  fish  is  supported
by experim ents in  rats, w hich  develop  m alignant  nasal and  na-
sopharyngeal  tum ors  after  the  consum ption  of  salted  fish .
Salted  fish  contains  varying  am ounts  of volatile  n itrosam ines
and  bacterial m utagens. So far, however, the  association  of salt-
preserved  fish  w ith  nasopharyngeal  cancer  risk  has  not  been
proved by prospective studies.

Other  suspected  risk  factors  for  nasopharyngeal  cancer  in-
clude  genetic  background;  occupational  exposures  to  fum es,
dusts, or  chem icals;  low  in take  of fresh  fruits  and  vegetables;
tobacco  sm oking;  use  of  herbal  m edicines;  and  previous
chronic  respiratory  tract  diseases. The  fam ilial  aggregation  of
nasopharyngeal  cancer  has  been  w idely  reported. The  risk  is
about  4-  to  8-fold  h igher  am ong  first-degree  relatives  of  pa-
tients w ith  nasopharyngeal cancer than  in  those w ithout a fam -
ily  history.  Occupational  exposure  to  wood  dusts,  fum es,  or
chem icals has also been  noted  to increase the risk for  nasopha-
ryngeal cancer. Individuals  exposed  to  wood  dust  for  10  years
or longer had  an  adjusted  relative risk of 2.4; the risk was high-
est  for  those  first  exposed  before  the  age  of  25  years  and  in
those seropositive for EBV.

Fig. 20.3  Age-specific incidence  of nasopharyngeal cancer by race, Surveillance  Epidemiology and  End Results (SEER), 17  registry areas, 2006. The
numbers in  parentheses are  age-adjusted  incidence  per 100,000.
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20.3  Laryngeal Cancer
20.3.1  Epidem iology
More than  90% of cancers of the larynx are squam ous cell carci-
nom a,  and  the  m ajority  originate  from  the  supraglott ic  and
glottic  regions  of the  organ. Laryngeal cancer  accounts  for  ap-
proxim ately  1  to  2% of all  new  cancer  diagnoses, and  its  inci-
dence  varies  by  country. The  incidence  of  laryngeal  cancer  is
high  in  southern  and  central Europe, southern  Brazil, Uruguay,
and  Argentina, w hereas  it  is  low  in  Southeast  Asia  and  central
Africa. A total of 140,000 new  cases were  diagnosed  worldw ide
in  1990, of w hich  120,000  were  in  m en. In  the  United  States,
the  estim ated  num ber  of new  cases was 12,250  in  2008;  3,670
died of th is disease.

Laryngeal cancer  has  an  incidence  pattern  sim ilar  to  that  of
cancers of the  m outh  and  throat, occurring m ore  often  in  m en
than  in  wom en, and  m ore  often  in  blacks than  in  w hites. Rates
am ong m en  range from  a  low  of 2.4  per  100,000  in  Asians, Pa-
cific  Islanders,  and  Native  Am ericans  to  a  h igh  of  10.1  per
100,000  in  blacks;  rates for  non-Hispanic w hites and  Hispanics
are  in term ediate  (6.2  per  100,000  and  4.4  per  100,000, respec-
tively). Laryngeal cancer  is m uch  less com m on  in  wom en, w ith
rates  ranging from  0.3  per  100,000  in  Asians, Pacific Islanders,
and  Native  Am ericans  to  1.6  per  100,000  in  blacks. The  m ale-

to-fem ale  ratios  of disease  incidence  are  8:1  for  Asians, Pacific
Islanders,  and  Am erican  Indians;  7:1  for  Hispanics;  6:1  for
blacks; and 4:1 for non-Hispanic w hites (� Fig. 20.4).

Laryngeal cancer  is  uncom m on  in  pat ien ts  younger  than  40
years. The  incidence of laryngeal cancer  increases w ith  age  but
decreases  after  the  age  of 70  years. The  age-related  peak  inci-
dence is as h igh  as 46 per 100,000 in  blacks, w hereas it  is about
32  per  100,000  in  non-Hispanic w hites, 22  per  100,000  in  His-
panics, and 12 per 100,000 in  other races.

As show n in � Fig. 20.5, the age-adjusted incidence of laryng-
eal  cancer  significantly  decreased  betw een  1975–1979  and
2005–2006 in  all racial groups (35% decrease in  w hites, 27% de-
crease  in  blacks, and  44% decrease  in  other  racial populations).
The incidence also significantly decreased  w ith  tim e in  persons
of all ages except  for  those  80 + years  of age. The  m agnitude  of
decrease  varies  by  age, w ith  larger  decreases  in  younger  age
groups.

20.3.2  Risk Factors
As w ith  cancers of the  m outh , throat, and  lung, sm oking is  the
m ajor cause  of laryngeal cancer. Cigarette sm okers have alm ost
a  10-fold  greater  risk for laryngeal cancer  than  nonsm okers do,
and  risk increases w ith  increased  cigarette sm oking. The sm ok-
ing-related risk is also a ected by alcohol use; the risk is h ighest

Fig. 20.4  Age-specific incidence of laryngeal cancer by race, Surveillance Epidemiology and End Results (SEER), 17 registry areas, 2006. The numbers
in  parentheses are  age-adjusted  incidence  per 100,000.
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am ong  heavy  sm okers  w ho  are  also  heavy  users  of  alcohol.
The e ect  of tobacco is stronger  for glottic than  for supraglott ic
cancers. There  is  also  a  beneficial e ect  of quitt ing sm oking. In
addition, the e ect of alcohol is stronger for supraglot tic tum ors
than  for tum ors in  other sites.

Additional risk  factors  for  laryngeal cancer  are  occupational
exposures to  sulfuric acid, n ickel, and  asbestos;  the  link to  sul-
furic acid  is  best  established. Occupat ional risk  factors  account
for only a sm all fract ion  of all cases of laryngeal cancer.

HPV infect ion  is  also  found  to  be  associated  w ith  laryngeal
cancer. Patients  w ith  laryngeal papillom atosis  (associated  w ith
HPV-6 and  HPV-11 infect ion) have an  increased  risk for  laryng-
eal cancer. Herpes sim plex virus type  1  is  another  virus w ith  a
possible causal role in  laryngeal cancer.

20.4  Salivary Gland Cancer
20.4.1  Epidem iology
Salivary  gland  cancer  is  a  rare  m alignancy, w ith  an  incidence
rate  of 1.5  per  100,000  people  and  4,313  new  cases in  2006  in
the  United  States. Salivary gland  cancer  accounts for  about  16%
of all oral cavity cancers (squam ous and  nonsquam ous). In  con-
trast  to  other  m alignancies, salivary  gland  cancer  show s  very
lit t le in ternational variation  in  incidence.

� Fig.  20.6  show s  the  incidence  of  salivary  gland  cancer
am ong di eren t  races. The incidence is h ighest  in  non-Hispanic
w hites  (1.6  per  100,000), w hereas  it  ranges  from  1.0  to  1.2  in
other  races.  The  incidence  of  salivary  gland  cancer  increases

Fig. 20.5  Time trend of incidence of laryngeal cancer by race and by age, Surveillance Epidemiology and End Results (SEER), 17 registry areas, 2006.
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w ith  age. However, the age pat terns of incidence di er betw een
non-Hispanic w hites and  other  racial populations;  am ong peo-
ple  younger  than  60  years  old, the  age  patterns  are  sim ilar  in
non-Hispanic w hites and  other races. However, the incidence of
salivary gland  cancer  increases nearly 5  tim es (in  non-Hispanic
w hite  m ales)  and  2  tim es  (in  non-Hispanic  w hite  fem ales)  in
persons  60  to  80  years  old. Non-Hispanic m ale  w hites  have  a
nearly  2  t im es  higher  incidence  than  non-Hispanic  fem ale
w hites, but  there is no sim ilar sex di erence am ong other racial
populations except  for people w ho are 60 years of age or older.

The  incidence  of  salivary  gland  cancer  has  increased  30  to
40% in  the  past  25  to  30  years  in  the  United  States  in  all  ages
and  races  (� Fig. 20.7). This  trend  has  also  been  noted  in  other
countries. The reasons for  this increase are  not  well understood.

20.4.2  Risk Factors
Exposure  to  radiation  is  a  well-established  risk  factor  for  sali-
vary gland  cancer. Strong evidence  com es from  the  excess  risk
for  salivary  gland  cancer  am ong  survivors  of atom ic bom b  at-
tacks. Additional evidence com es from  the findings of exposure
to  prior  dental  radiography  and  therapeutic  radiation,  work-
place  exposure  to certain  radioact ive  substances, and  exposure
to ultraviolet B radiation.

Other  risk  factors for  salivary gland  cancer  include  sm oking;
alcohol drinking;  EBV, HPV, and  AIDS virus  infect ions;  certain
occupational  exposures;  fam ily  h istory;  low  intake  of vegeta-

bles;  and  cell phone  use. However, the  association  of these  risk
factors w ith  salivary gland  cancer  is relatively weak and  som e-
tim es  controversial.  For  instance,  sm oking  and  heavy  alcohol
drinking  are  associated  w ith  a  1-fold  higher  risk  for  salivary
gland  cancer, w hereas the risks of both  factors are m ore than  2-
fold  higher  w hen  they are  associated  w ith  other  oral and  pha-
ryngeal cancers. As for viral association, EBV is found to be asso-
ciated  w ith  lymphoepitheliom a-like  carcinom a  of the  salivary
gland  only am ong Asian  pat ients. In  addition , HPV does not  ap -
pear  to be associated  w ith  second  cancers of the salivary gland.
In  occupational exposures, a  h igh  risk for  salivary gland  cancer
has  been  observed  am ong  hairdressers  and  those  working  in
beauty  shops, indicating  a  possible  hazard  from  dyes, sprays,
and other inhaled  chem icals. Moreover, an  increased  risk is also
observed  am ong workers  w ho are  exposed  to  n ickel alloy dust
or  silica  dust. However, these  occupat ion-related  links  are  still
inconclusive  because  of  the  rarity  of  salivary  gland  cancer  in
those  occupational  populations. Although  one  study  reported
an  increased  risk  for  parotid  gland  tum ors  am ong  heavy  cell
phone users, the link has been  not  proved by other studies.

20.5  Thyroid Cancer
20.5.1  Epidem iology
Thyroid  cancer  accounts  for  2.6% of  all  malignancies.  In  the
United States, 37,340 new  cases of thyroid  cancer were estimated

Fig. 20.6  Age-specific incidence  of salivary gland  cancer by race, Surveillance  Epidemiology and  End  Results (SEER), 17 registry areas, 2006. The
numbers in  parentheses are  age-adjusted  incidence  per 100,000.
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in  2008,  of  which  28,410  were  in  women  and  8,930  in  men.
About  1,590  people  (910  women  and  680  men) died  of thyroid
cancer  in  2008. Thyroid  cancer  is  one  of the  five  most  common
cancers occurring among women  ages 15  to 44  years. Most  thy-
roid  cancers are papillary (85%); the rest  are follicular (9.6%), me-
dullary (2.0%), or anaplastic (0.7%; � Table 20.2).

Thyroid  cancers occur in  all age groups (� Fig. 20.8). Whereas
the  incidence  of m ost  other  cancers  increases  m arkedly  w ith
age, the  incidence  of papillary  thyroid  cancer  is  h ighest  in  fe-
m ale adults 40 to 59 years of age  and  then  decreases sharply as
age  increases. The  age-related  peak  incidence  of papillary  tu-
m or  occurs  later  in  m ales  than  in  fem ales. The  incidence  rates
of other  h istologic  types  of  thyroid  cancer  increase  w ith  age
and reach a peak in  the eighth  decade.

In  the  United  States, the  highest  age-adjusted  incidence  rate
for  thyroid  cancer  occurs  in  non-Hispanic  w hites  (9.5  per

Fig. 20.7  Time trend  of incidence  of salivary gland  cancer by race  and  by age, Surveillance  Epidemiology and  End  Results (SEER), 17 registry areas,
2006.

Table 20.2  Distribution of histologic type of thyroid cancer, all races,
Surveillance Epidemiology and End Results (SEER), 17 registry areas,
2006

Histology  Number  Percentage

Papillary  7,042  85.1

Follicular  795  9.6

Medullary  163  2.0

Anaplastic  60  0.7

Others  215  2.6

Total  8,275  100.0

Source: Data  are  from  the  Surveillance  Epidemiology and  End  Results
program, 2006, which covers 17 cancer registry areas of the United States.
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100,000)  and  Filipinos  (9.3  per  100,000), w hereas  the  lowest
rates  are  seen  in  Native  Am ericans  (4.4  per  100,000) and  Afri-
can-Am ericans  (5.0  per  100,000);  m oderate  rates  are  noted  in
Asians and  Pacific Islanders  (8.6  per  100,000), Hispanic w hites
(7.7 per 100,000), and Chinese (5.5 per 100,000).

Thyroid  cancer, m ainly papillary thyroid  cancer, has been  in-
creasing since  the  1940s. The  increase  is  characterized  by con-
tinuit y  in  t im e  and  significance  in  m agnitude.  From  1973  to
2006, the  incidence  of papillary thyroid  cancer  increased  m ore
than  2-fold  in  the  United  States  (age-adjusted  rates  of 2.7  per
100,000  in  1973  and  9.4  per  100,000  in  2006). Medullary thy-
roid  cancer showed a sim ilar  trend, but  follicular and  anaplastic
thyroid cancers did not. The increase in  papillary and m edullary
thyroid  cancers has been  observed in  m any other regions of the
world, including Canada, the  United  Kingdom , Sweden, France,
and Norw ay.

� Fig. 20.9  show s  that  papillary  thyroid  cancers  other  than
m icroscopic tum ors and  tum ors 5 cm  in  size or larger increased
in  frequency betw een  1992–1996  and  2000–2004  in  all racial/
ethn ic groups in  the United  States other  than  Native Am ericans
Indians/Alaska Natives.

20.5.2  Risk Factors
Radiation  exposure  is a well-know n  risk factor  for  thyroid  can-
cer. Its  e ect  was  in it ially  recognized  in  the  1930s  and  1940s,
w hen  X-rays were  often  used  in  the  treatm ent  of skin  diseases

and  other  benign  conditions, such  as  enlarged  thym us  or  ton-
sils. Subsequently, an  increased  risk for  thyroid  cancer  was ob-
served in  Japanese survivors of the atom ic bom b, in  persons ex-
posed to fallout  from  atom ic testing in  the Marshall Islands, and
in  persons  exposed  to  nuclear  contam inations  from  the  Cher-
nobyl  nuclear  disaster. In  general, the  risk  associated  w ith  X-
rays  is  increased  about  2-  to  3-fold, but  th is  increase  rises  to
10-fold  or  greater  w ith  exposure  to  nuclear  radiation. In  addi-
tion  to  therapeutic X-rays and  nuclear  radiation , som e  investi-
gators  also  suspect  that  diagnostic  X-rays  (the  m ost  com m on
hum an-m ade  source  of radiation  exposure) m ay play a  role  in
the  occurrence  of thyroid  cancer. However, the  e ect  of diag-
nostic X-rays rem ains controversial, and data appear weak.

Fem ale horm ones have been  also  considered  a  risk factor  for
thyroid  cancer.  Support ing  evidence  include  that  (1)  fem ales
have 2- to 3-fold higher incidence of thyroid cancer than  m ales;
(2)  the  association  is  m ore  pronounced  for  the  papillary  type
than  for  the  follicular  type  am ong  young  wom en;  (3)  the  ele-
vated  levels of fem ale horm ones can  prom ote thyroid  hyperpla-
sia; (4) pregnancy is associated w ith  elevations in  both  estrogen
and  thyroid  horm one  levels;  (5)  pregnancy  and  early  m eno-
pause  appear  to  enhance  the  risk  for  thyroid  cancer;  and  (6)
risk is reduced for wom en w ho have never used oral contracep-
tives. However, the  association  betw een  fem ale  horm ones  and
thyroid  cancer  is  still incompletely understood. For  example, it
rem ains unclear how  fem ale horm ones influence thyroid  carci-
nogenesis.  In  addition,  there  is  no  t im e  consistency  betw een

Fig. 20.8  Age-specific incidence  by type  of thyroid  cancer, all races, Surveillance  Epidemiology and  End Results (SEER), 17  registry areas, 2006.
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the  increased  use  of fem ale  horm ones  and  increased  t rend  of
thyroid  cancer.

Iodine,  w hich  is  essential  in  the  synthesis  of  thyroid  hor-
m ones, is an  additional suspected  risk factor  for  thyroid  cancer.
This is  based  on  the  positive  correlation  betw een  either  iodine
deficiency (epidem ic goiter) or  iodine  excess and  the  incidence
and m ortality of thyroid  cancer. However, the findings also can-
not  explain  the  observed  tem poral t rend  of thyroid  cancer. In
general, iodine  exposure  is believed  to have  at  m ost  a weak ef-
fect  on  the risk for papillary thyroid  cancer.

Cigarette sm oking appears to have a protect ive e ect  for  thy-
roid  cancer; th is m ay be a consequence of lowering the levels of
endogenous  thyroid  horm ones:  thyroxine  (T4)  and  thyroid-
stim ulating horm one  (TSH). In  addition , sm oking m ay have  an
anti-estrogenic e ect .

Som e  have  postu lated  that  the  increased  incidence  m ay  be
caused  by enhanced  diagnosis due  to the  increased  use  of new
diagnostic  techniques  such  as  computed  tom ography,  ultra-
sound, and  fine needle aspirat ion  biopsy. However, it  is un likely
that  new  technologies  would  m ake  a  disease  cont inuously  in-
crease  year  by year  for  decades. Second, m any thyroid  tum ors
can  be  detected  by  patients  them selves  w hen  the  tum or  be-
com es sym ptomatic, including those tum ors about  1 cm  in  size.
Third,  even  though  new  diagnostic  techniques  can  help  find
som e  subclin ical  tum ors,  the  increase  in  cancer  cases  can  be
still explained  by any of the follow ing three  scenarios:  (1) Sub-
clin ical  tum ors  do  not  increase,  but  diagnostic  scrut iny  in-
creases; (2) subclin ical tum ors increase, but  diagnostic scrut iny
does not  increase; and  (3) both  subclin ical tum ors and  diagnos-
tic scrut iny increase. Because one does not know  w hether there
is  a  substan tial increase  in  the  num ber  of nonlethal subclin ical
tum ors  hiding  in  the  reservoir  of  the  thyroid  glands  of  the
general  population  and  w hether  the  perceived  increase  via
abnorm al sym ptom s leads m ore pat ien ts to seek a clin ical diag-

nosis, the possibility of a true increase  of thyroid  cancer  cannot
be excluded.

The thyroid  is very sensitive to the stim ulation  of various fac-
tors. Because  it  is  located  superficially  in  the  body, it  m ay  be
m ore  easily  influenced  by environm ental carcinogenic factors.
Suspected  factors for  the  increased  trend  include the  im pact  of
nuclear  fallout , increased  use  of horm one  replacem ent  therapy
(HRT), increased  use  of diagnost ic X-rays, and  increased  use  of
w ireless phones. However, curren t  data supporting the associa-
tion  of  these  factors  w ith  the  increase  of  thyroid  cancer  are
lacking. For  instance, the  incidence  of  thyroid  cancer  had  al-
ready  increased  before  nuclear  fallout,  and  local  atm ospheric
fallout  is  less  likely to  a ect  populat ions living in  distant  loca-
tions  to  the  sam e  degree. In  addition , several large  epidem io-
logic  studies  did  not  find  any  association  betw een  the  use  of
exogenous estrogens and the risk for  fem ale thyroid  cancer, and
the factor  of HRT cannot  explain  the  increased  t rend  of thyroid
cancer  in  m ales. Although  the  increased  uses  of diagnost ic  X-
rays and w ireless phones are quite suspicious, evidence for both
factors is lacking.

20.6  Roundsm anship
●  Oral and pharyngeal cancer, considered together, is the sixth

m ost com m on form  of cancer in  the world. Of all squam ous
oral and pharyngeal cancers (excluding salivary gland and na-
sopharyngeal cancers), oral cavity cancers account for nearly
88% and pharyngeal cancers about 12%. In  addition , m ost  squ-
am ous oral cavity cancers occur in  the tongue (43.1%) and
tonsillar fossa (23.4%). Sm oking and alcohol consumption  are
the m ajor risk factors for oral and pharyngeal cancers.

●  Nasopharyngeal cancer is extrem ely com m on in  southern  re-
gions of China, Southeast Asia, and North  Africa. The inci-
dence am ong the descendants of Chinese w ho em igrate to the

Fig. 20.9  Incidence of papillary thyroid cancer by race and two time periods: 1992–1996 and 2000–2004, Surveillance Epidemiology and End Results
(SEER). A, non-Hispanic white; B, Hispanic white; C, black; D, Asian; E, American  Indian/Alaska Native.
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United States is sign ificantly lower than  that am ong native
Chinese, but  the rate rem ains six t im es h igher than  that
am ong Caucasian  Am ericans and African-Am ericans. Epstein-
Barr virus infect ion  is a cause of the undi eren tiated form  of
nasopharyngeal cancer recognized by the International
Agency for Research on  Cancer (IARC). The in take of salt-pre-
served fish  and other food is another r isk factor. Other sus-
pected risk factors for nasopharyngeal cancer include genet ic
background; occupat ional exposures to fum es, dusts, or
chem icals; low  intake of fresh  fruits and vegetables; tobacco
sm oking; use of herbal m edicines; and previous chronic res-
piratory tract diseases.

●  More than  90% of cancers of the larynx are squam ous cell car-
cinom a, and the m ajority originate in  the supraglot tic and
glottic regions. Laryngeal cancer accounts for approxim ately 1
to 2% of all new  cancer diagnoses and is m ore com m on in
southern  and central Europe, southern  Brazil, Uruguay, and
Argentina. It  is seen  less frequently in  southeastern  Asia and
central Africa. As w ith  cancers of the m outh, throat, and lung,
sm oking is the m ajor cause of laryngeal cancer. Cigarette
sm okers have alm ost  a 10-fold greater risk for laryngeal can-
cer than  nonsm okers, and risk increases w ith  as cigarette
sm oking increases. The sm oking-related risk is also a ected
by alcohol use; the risk is h ighest  am ong heavy sm okers w ho
are also heavy users of alcohol.

●  Salivary gland cancer is a rare m alignancy, w ith  an  incidence
rate of 1.5 per 100,000 in  2006 in  the United States. Exposure
to radiation  is a well-established risk factor for salivary gland
cancer.

●  Thyroid  cancer  accoun ts for  2.6% of all m alignancies. Most
thyroid  cancers are  papillary (85%), w h ile  the  rest  are
follicu lar  (9.6%), m edullary (2.0%), and  anaplast ic (0.7%).
Radiat ion  exposure  is  a  w ell-know n  risk  factor  for  thyroid
cancer.
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21  Head and Neck Histopathology
Codrin E. Iacob

21.1  Int roduct ion
The relation  betw een surgeon and pathologist  has been  m aster-
fully described  by Dr. Lauren  V. Ackerm an  in  an  early edition  of
his  surgical pathology textbook:  “A good  surgeon  has  not  only
technical  dexterity  (a  fairly  com m on  com m odity),  but  also,
m ore  im portant ly, good judgm ent  and  personal concern  for  h is
patient’s welfare. The surgeon w ith  a prepared m ind and a clear
concept  of the  pathology of disease  invariably  is  the  one  w ith
good judgm ent. Without  th is background of know ledge, he w ill
not  recognize specific pathologic alterations at  surgery nor  w ill
he have a clear concept  of the lim itations of h is knowledge, and
therefore he w ill not  know  w hen  to call the  pathologist  to help
him . Without  th is basic knowledge, he m ay improve h is techni-
cal ability but  never h is judgm ent. One m ight  say that  w ith  h im
his ignorance is refined rather than  h is judgm ent.”1

Rather than  the m em orization  of specific m icroscopic im ages
of certain  pathologic  processes, practicing  head  and  neck  sur-
geons  are  better  served  by  an  understanding  of  the  general
principles  that  guide  t issue  analysis  in  a  pathology laboratory:
the  possibilit ies  and  lim itations  of t issue  analysis;  the  advan-
tages and  possibilities of m inim ally invasive tissue exam ination
techniques  (e.g.,  fine-needle  aspirat ion);  the  various  special
studies  that  can  be  conducted  (e.g.,  m icrobiological  cultures,
frozen  sections, m olecular  analysis  of  neoplastic  t issues, con-
ventional cytogenetics, m olecular  investigations for  the  identi-
fication  of infect ious agents, flow  cytom etry exam inat ions, im -
m unohistochem istry, h istochem ical  techniques, im m unofluor-
escence  exam inations, elect ron  m icroscopy);  the  particulars  of
tissue subm ission  (fresh, frozen , or  fixed t issue); and  the specif-
ic indications and  tim e  course of each  test . Facing th is vast  and
dynam ic  dom ain  of  laboratory  analyses,  head  and  neck  sur-
geons  can  best  help  their  pat ients  by  keeping in  close  contact

w ith  their  pathologists  via  preoperative,  in traoperative,  and
postoperat ive  com m unication  in  an  e ort  to  in tegrate  all clin i-
cal, im aging, and  laboratory inform ation  in to  a  comprehensive
diagnostic and treatm ent  plan.

21.2  Fine Needle  Aspirat ion
Simple  and  cost-e ective, fine-needle  aspiration  (FNA) is  used
as  a  tool for  the  in it ial screening of lesions  of the  glands  (thy-
roid, salivary, and  lacrim al), lymph  nodes, and  any neoplasm  of
the  head  and  neck.  There  are  no  contraindications  to  FNA,
although  pat ien ts  w ith  a  bleeding diathesis  m ay be  m ore  sus-
ceptible to the developm ent  of a local hem atom a. FNA of m alig-
nant  lesions  is  frequently  perform ed,  and  the  likelihood  of
tum or  im plantat ion  along the  needle  tract  is  considered  negli-
gible. FNA is  done  by  palpation  or  under  ultrasound  or  com -
puted tom ographic (CT) guidance. Im m ediate assessm ent of the
adequacy of sam pling (generally six clusters  of five  to  10  diag-
nostic cells)2 is  desirable. If the  sam ple  is  adequate, part  of the
fresh  t issue sam ple m ay be used  for other ancillary studies (m i-
crobiology  cultures,  flow  cytom etry,  im m unohistochem istry),
w hereas the procedure should  be repeated  in  case of an  insu -
cient  first  sam ple. Sm ears should be prepared im m ediately after
the procedure and  rapidly fixed  in  95% alcohol to avoid  air  dry-
ing. Tissue  rem aining in  the  syringe should  never  be  discarded
because  it  usually  is  su ciently  cellular  for  a  cell  block  (solid
deposit  of spun-dow n  fluid  that  is  fixed  in  form alin  and  then
processed  like  a  t issue  sam ple)  to  be  form ed, allow ing  serial
sect ioning  of  the  para n  block  and  further  h istochem ical  or
im m unohistochem ical staining. Correlat ion  am ong the  clin ical,
im aging,  and  m orphological  findings  significantly  raises  the
accuracy of FNA interpretation.

Fig. 21.1  Fine-needle  aspiration  biopsy of a  goi-
ter shows a  flat  sheet  of benign follicular cells
with  a  macrofollicular arrangement  and  hemosi-
derin-laden macrophages.
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21.2.1  Fine Needle Aspirat ion of the
Thyroid
FNA of the  thyroid  allow s an  assessm ent  of the  m orphology of
follicular cells and  their  nuclei, t issue architecture, colloid  qual-
ity, and  background  (i.e., degenerative, inflam m atory, neoplas-
tic,  necrotic).  Benign  follicular  processes  include  follicular
adenom as  w ith  m acrofollicular  architecture, as  well  as  hyper-
plastic and  colloid  nodules in  goiters. These are  slow ly grow ing
lesions  that  can  be  clin ically  observed. They  are  all  character-

ized  by m oderately cellular  samples w ith  abundant  colloid, var-
iously degenerative background, and  tissue fragm ents disposed
in  flat  sheets  w ith  predom inantly  m acrofollicular  architecture
(� Fig.  21.1).  Suspicious  follicular  processes  include  follicular
adenom as w ith  a  m icrofollicular  grow th  pattern , follicular  car-
cinom as, and  follicular  variants  of papillary  carcinom as, all  of
w hich  yield  hypercellular  aspirates  w ith  m icrofollicular  arch i-
tecture, lit t le  or  no colloid, and  various tr idim ensional clusters;
often ,  nuclear  atypia  is  also  present .  Papillary  carcinom a
sam ples are  usually hypercellular  w ith  solid  or  papillary arch i-
tecture, enlarged  nuclei w ith  conspicuous  nucleoli. Medullary
carcinom a, a  neuroendocrine  m alignancy, arises  from  calcito-
n in-producing C cells of the thyroid (� Fig. 21.2 and � Fig. 21.3).

Fig. 21.2  This fine-needle  aspiration biopsy is consistent  with papillary
carcinoma and  demonstrates uniform, marked  enlargement  of nuclei
with  clear chromatin, irregular nuclear contours, nuclear grooves, and
an intranuclear pseudoinclusion. Papillary carcinoma samples are
usually hypercellular with  solid  or papillary architecture, enlarged
nuclei with  conspicuous nucleoli, and  occasional intranuclear pseu-
doinclusions. Psammoma bodies (concentric calcium  depositions),
corresponding  to  sonographically identified  microcalcifications, are
very characteristic but  rarely present  in  aspirates. Papillary carcinoma
accounts for up  to  80% of all thyroid  malignancies

Fig. 21.3  Fine-needle  aspiration biopsy of medullary carcinoma dem-
onstrates round to elongated atypical nuclei with a stippled chromatin
pat tern  (neuroendocrine  type), occasional binucleation, and  an  intra-
nuclear pseudoinclusion. Medullary carcinoma, a  neuroendocrine
malignancy arising  from  calcitonin-producing  C cells of the  thyroid,
rarely has background amyloid.

Fig. 21.4  Hashimoto thyroiditis (chronic lymphocytic thyroiditis) can
be diagnosed on fine-needle aspiration biopsy when cytologically bland
follicular cells with  focal pink granular cytoplasm  (oncocytic meta-
plasia) and  diffuse  lymphocytic infiltration are  noted; occasional
multinucleated  histiocytes are  seen.

Fig. 21.5  Fine-needle  aspiration (FNA) biopsy specimen from  a
pleomorphic adenoma shows a  cluster of cytologically benign
myoepithelial cells and  ductal epithelial cells in  a myxoid  background
with  spindle  mesenchymal cells. Pleomorphic adenoma, basal cell
adenoma (monomorphic adenoma), and myoepithelioma may appear
similar on FNA.
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Other  m alignancies, like  poorly di eren tiated  (insular) carci-
nom a,  undi eren tiated  (anaplastic)  carcinom a,  lymphom as,
and  parathyroid  tum ors, can  also  be  diagnosed  on  FNA, albeit
w ith  greater  di culty. The  diagnosis  of Hashim oto  thyroiditis
(chronic lymphocytic thyroidit is) can  be m ade if bland follicular
cells w ith  focal pink granular  cytoplasm  (oncocyt ic m etaplasia)
and di use lymphocytic infiltration  are noted (� Fig. 21.4).

Subacute granulom atous thyroiditis (de Quervain  thyroiditis)
on  FNA displays  frequent  m ultinucleated  gian t  cell  h istiocytes
and  benign  follicular  cells. A correct  diagnosis  on  FNA avoids
unnecessary surgery in  these  patients. Rare  pathologic thyroid
processes  like  Riedel  thyroidit is  and  black  thyroid  (seen  w ith

the chronic use of tetracyclines, especially m inocycline) are also
rarely diagnosed on  FNA.

21.2.2  Fine Needle Aspirat ion of the
Salivary Glands
Chronic  sialadenit is,  frequently  associated  w ith  sialolith iasis,
usually  show s  acin i  and  ductal  epithelial  cells  w ith  variable
background  lymphocytes.  Salivary  gland  cysts  (ranula  and
m ucocele) show  sim ilar patterns of in flam m atory cells in  a pro-
teinaceous  background  w ith  m ore  or  less  m ucin . Pleom orphic
adenom a  is  characterized  by  a  cluster  of cytologically  benign

Fig. 21.6  Warthin tumor on fine-needle  aspiration biopsy consists of a
flat  sheet  of benign  epithelial cells with  oncocytic metaplasia in  a
lymphocytic background.

Fig. 21.7  Fine-needle aspiration biopsy of a reactive lymph node shows
predominantly small lymphocytes (mainly B cells) but  also  a  range  of
other lymphocytes, including  cells of germinal center origin  (centro-
blasts and  centrocytes); in  addition, tingible  body macrophages
(containing irregularly staining debris resulting from phagocytosis) and
follicular dendritic cells are encountered. Occasional immunoblasts and
plasma cells from  the  paracortex or medulla  may also  be  present.

Fig. 21.8  Granulomatous lymphadenitis on  fine-needle  aspiration
biopsy (FNA) is characterized  by a  dense  cluster of spindle  histiocytes
with  abundant  pink cytoplasm  and  focal lymphocytic infiltration with
occasional multinucleated  giant  cells in  a  necrotic background. All
reveal clusters of histiocytes. A diagnosis of granulomatous lymph-
adenitis, such  as cat-scratch disease  or mycobacterial lymphadenitis,
by FNA should be followed by microbiology cultures of the aspirate. By
contrast, sarcoidosis lacks necrosis and  harbors well-formed, compact
gramulomas.

Fig. 21.9  Hodgkin lymphoma on  fine-needle  aspiration  biopsy is
diagnosed  by the  presence  of Reed-Sternberg  cells, which have  a
multilobed  nucleus and  prominent  nucleoli, in  a  background  of
reactive  lymphocytes. These  cells are  immunoreactive  to  CD30 and
CD15.
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myoepithelial cells and  ductal epithelial cells in  a myxoid  back-
groundw ith  spindle m esenchym al cell (� Fig. 21.5). By contrast,
Warthin  tum or  displays  a  flat  sheet  of benign  epithelial  cells
w ith  oncocytic  m etaplasia  in  a  lymphocytic  background
(� Fig. 21.6).

FNA biopsies of adenoid  cystic carcinom a are  usually hyper-
cellular,  w ith  m onotonous  basaloid  cells  harboring  angulated
hyperchrom at ic  nuclei  and  scant  cytoplasm ;  m icrocysts  and
hyaline  globules  are  frequently  present.  In  m ucoepiderm oid
carcinom a, FNA samples  show  large  am ount  of  m ucin,  in ter-
m ediate  cells  (sm aller  un iform  cells), and  epithelial  cells  w ith
epiderm oid  di erentiation  (in tercellular  bridging).  Acinic  cell
carcinom a  is  composed  of  acinar  cells  w ith  granular  eosino-
philic cytoplasm  and various degrees of nuclear atypia.

21.2.3  Fine Needle Aspirat ion of the
Lym ph Nodes (� Fig. 21.7)
Acute  lymphadenitis  is  characterized  by  excess  neutrophils
w ith  scat tered  elem ents of a  react ive  lymphoid  process;  rarely,
the  etiologic  agent  (bacteria,  fungi,  or  parasites)  can  also  be
identified (� Fig. 21.8).

Kim ura disease is characterized by a dense eosinophilic back-
ground  w ith  react ive  lymphocyt ic features and  prom inent  vas-
culature. Kikuchi lymphadenit is  is  a  subacute  necrotizing con-
dition  w ith  a large num ber of h istiocytes and  a complete lack of
neutrophils. Sinus h istiocytosis w ith  m assive lymphadenopathy
(Rosai-Dorfm an  disease)  harbors  a  react ive  lymphoid  pat tern
w ith  num erous  large, epithelioid  background  histiocytes  that

Fig. 21.10  Mantle  cell lymphoma on  fine-needle  aspiration biopsy is
characterized  by monotonous, medium-size  lymphocytes with  vesic-
ular nuclei and  occasional conspicuous basophilic nucleoli.

Fig. 21.11  Diffuse  large  B-cell lymphoma on fine-needle  aspiration
biopsy is recognized  by large  pleomorphic lymphocytes with  irregular
nuclear contours, hyperchromatism, frequent  mitoses, and  a  “dirty”
background  comprising lymphoreticular bodies (cellular debris caused
by the  high turnover of neoplastic cells).

Fig. 21.12  Rhinitis and sinusitis are mostly of viral origin but  sometime
complicated  by superimposed  bacterial infections. Chronic sinusitis
with  inflammatory polyps demonstrates a  diffuse  chronic inflamma-
tory infiltrate and eosinophilic infiltrate accompanied by lamina propria
edema, focal mucus retention cyst  formation, thickening  of the
basement  membrane, and  an  unremarkable  surface  epithelium.

Fig. 21.13  Sarcoidosis affects the  upper respiratory tract, lungs, and
mediastinal lymph nodes. Histologically, there  are  well-formed, non-
necrotizing  granulomas with  compact  epithelioid  histiocytes and
occasional giant cells; note the unremarkable surface epithelium of the
respiratory tract  with  underlying  normal mucous glands.
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have  specific  im m unohistochem ical  features  (S-100–positive
w hile  CD1a-  and  Langerin-negative). Characterist ically, foci  of
lymphocytes are engulfed in  histiocytic cytoplasm  (emperipole-
sis). Hodgkin  lymphom a is diagnosed  by the  presence  of Reed-
Sternberg  cells  in  a  background  of  react ive  lymphocytes
(� Fig. 21.9).

Sm all  lymphocyt ic  lymphom a  displays  m onotonous  sm all
lymphocytes  w ith  hyperchrom atic  nuclei  and  slight  nuclear
contour  angulation;  elem ents  of  a  react ive  lymphoid  process
are  typically absent. Mantle  cell lymphom a is  characterized  by
m edium -size  lym phocytes  w ith  vesicular  nuclei (� Fig. 21.10).
Follicular  lymphom a  comprises  cleaved  cells  (sm all,  m edium ,
or  large). Aspirates  of m arginal  zone  B-cell  lymphom a  (MALT

lymphom a)  contain  sm all  and  in term ediate-size  lymphocytes
w ith  an  increased  num ber  of m onocytoid  cells. Di use large  B-
cell lymphom a is  identified  by large  pleom orphic lymphocytes
w ith  irregular nuclear contours, hyperchrom atism  and  frequent
m itoses (� Fig. 21.11).

For peripheral T-cell lymphom a and anaplastic large cell lym -
phom a, im m unologic investigation  is  required  to  identify their
T-cell  origin .  Plasm acytom a  and  m ultiple  myelom a  can  yield
hypercellular  aspirates  composed  of  seas  of  atypical  plasm a

Fig. 21.14  Fungal disease  of the  sinonasal tract  can be  invasive  (acute
fulminant), noninvasive  (mycetoma or “fungus ball”), or most
frequently, as seen here, allergic. The  specimen shows compact
clusters of partially degenerated  eosinophils, plasma cells, lympho-
cytes, cellular debris, and  few spindled  Charcot-Leyden crystals in  a
mucinous background. The  inset  shows fungal hyphae  (Gomori
methenamine  silver stain).

Fig. 21.15  Fungus ball (mycetoma) demonstrates noninvasive, dense,
compact  groups of fungal hyphae  with  neighboring  unremarkable
mucinous gland  (periodic acid–Schiff stain). Cultures are  recom-
mended  for identification  of the  causative  fungus.

Fig. 21.16  Rhinosporidiosis has numerous thick-walled  cysts or spor-
angia  with  a diameter of 100  to  300 µm  containing  numerous
endospores in the mucosal lamina propria with a chronic inflammatory
reaction.

Fig. 21.17  Glial heterotopia, a  congenital displacement  of neuroglial
tissue, can  be  found  in  the  subcutaneous tissue  of the  nose  (60%), in
the upper nasal cavity (30%), and less frequently in the ethmoid sinus,
palate, middle  ear, tonsil, and  pharyngeal area. Note  the  haphazardly
distributed  astrocytes with  rare  nucleolated  large  neurons in  a
generally fibrillary background  (neuropil) and  a  fibrous reaction. An
encephalocele  is a  developmental abnormality in  which  neuroglial
tissue  is present  in  the  nasal cavity or middle  ear and  retains a
connection  to the  central nervous system. Glial heterotopia and
encephalocele both show a mixture of glial tissue, including astrocytes
and  neurons admixed  with  fibrovascular connective  tissue, and  are
often distinguished  by imaging  studies only.
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cells  w ith  binucleation,  pleom orphic  nuclei,  and  oftentim es
visible nucleoli.

21.2.4  Fine Needle Aspirat ion of Cysts
Regardless of w hether the source is a branchial cleft  cyst, thyro-
glossal duct  cyst, benign  lymphoepithelial cyst of the parotid, or
odontogenic cyst, these lesions as a group  m ay show  only non-
specific benign  epithelial cells  in  an  inflam m atory background
on FNA, and the results of FNA should be always correlated w ith
the clin ical findings.

21.3  Tissue Pathology
21.3.1  Nasal Cavity, Paranasal Sinuses,
and Nasopharynx
Infect ious/Inflam m atory/Anatom ic/Idiopathic
(� Fig. 21.12 and � Fig. 21.13)
Rhinitis  and  sinusitis  are  m ostly  of viral  origin  but  som etim e
complicated by superim posed bacterial infect ions (� Fig. 21.12).
Sarcoidosis displays e  well-form ed, nonnecrotizing granulom as

Fig. 21.18  Sinus histiocytosis with  massive  lymphadenopathy (Rosai-
Dorfman disease) is an  idiopathic disorder with  significant  lymphatic
enlargement  and secondary involvement  of the nasal cavity, orbit, and
other head  and  neck sites. Histologically, there  are  large  infiltrating
histiocytes (immunoreactive  to  CD68 and  S-100 while  CD1a- and
Langerin-negative) with  marked  accompanying  chronic inflammation
in  the  mucosal lamina propria. Characteristically, the  histiocytes show
foci of emperipolesis (lymphocyte  engulfment  into histiocytic cyto-
plasm).

Fig. 21.19  Wegener granulomatosis is a  systemic vasculitic process
involving  the  upper and  lower respiratory tract  and  kidneys. Note  the
vasculitis with  complete  vessel destruction and  fibrinoid  necrosis
(center of image) surrounded  by a  granulomatous histiocytic reaction
and  eosinophilic infiltration.

Fig. 21.20  Inverted papilloma histologically displays multiple islands of
multilayered  stratified  epithelium  proliferating  inward  in  the  mucosal
lamina propria; note the overlying unremarkable, thin, respiratory type
of epithelium.

Fig. 21.21  Nasopharyngeal carcinoma, undifferentiated. Syncytial
growth of undifferentiated  malignant  epithelial cells with  indistin-
guishable  cell borders and prominent  nucleoli is seen. Nasopharyngeal
carcinoma is most common in Southeast Asia and has a nearly constant
association with Epstein-Barr virus. It  affects both genders beyond the
age  of 30 years with  a  peak at  40 to  60 years. Its most  frequent
location is in the lateral wall of the nasopharynx (especially the fossa of
Rosenmüller), followed  by the  superior posterior wall; it  commonly
presents with  cervical metastases.
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w ith  compact  epithelioid  h istiocytes  and  occasional gian t  cells
(� Fig. 21.13). Tuberculosis of the  nasal cavity and  paranasal si-
nuses  dem onstrates  poorly  form ed  caseating granulom as  w ith
a  prom inent  fibrous  and  chronic inflam m atory react ion. Acid-
fast  bacilli can  be identified  w ith  special stains at  the periphery
of  necrotic  areas.  Rhinosclerom a  is  a  chronic  granulom atous
disease  endem ic in  Central and  South  Am erica.3 It  is caused  by
gram -negative  Klebsiella  rhinoscleromat is and  a ects  prim arily
the nasal cavity and  nasopharynx. The catarrhal phase has non-
specific tissue  changes consisting of num erous neutrophils and
cellular  debris.  The  subsequent  granulom atous  phase  show s
pseudoepitheliom atous  hyperplasia  of  the  overlying  m ucosa

w ith  chronic  inflam m ation  that  includes  num erous  m acro-
phages  w ith  vacuolated  cytoplasm  (Mikulicz  cells)  containing
Klebsiella  organism s  identifiable  by  special  stains.  The  final
phase  is  fibrotic w ith  a  few  sim ilar  m acrophages.4 Fungal dis-
ease  of  the  sinonasal  tract  can  be  invasive  (acute  fulm inant),

Fig. 21.23  Sinonasal undifferentiated  carcinoma is a highly aggressive
malignancy that  typically presents with locally extensive disease and is
typically negative  for Epstein-Barr virus. It  displays undifferentiated
epithelial cells in small nests, trabeculae, or sheets, with a high nuclear-
to-cytoplasmic ratio, frequent  mitoses, and  large  areas of necrosis.
Despite  aggressive  management, this tumor has poor prognosis.

Fig. 21.24  Intestinal-type  adenocarcinoma of sinus displays invading
malignant  epithelium  with  back-to-back irregular glands formed of
columnar epithelial cells and  occasional goblet  cells with  hyper-
chromatic nuclei. Inset  shows nuclear labeling  with  CDX-2 immuno-
histochemical stain. Intestinal-type  adenocarcinoma involves the
ethmoid  sinus (40%), nasal cavity (27%), and  maxillary sinus (20%).
Some  of these  tumors histologically simulate  normal intestinal
structures like  Paneth  cells, enterochromaffin  cells, muscularis muco-
sae, and  villi.

Fig. 21.22  Nonkeratinizing (cylindrical cell) carcinoma has a ribbonlike
growth of atypical epithelial cells lacking  maturation (no keratin
production); note invasion by pushing border next  to mucous gland of
respiratory epithelium.

Fig. 21.25  Olfactory neuroblastoma (esthesioneuroblastoma) is a
malignant  neuroectodermal tumor arising  from  the  olfactory mem-
brane  in  the  superior part  of nasal cavity with  intracranial and/or
paranasal sinus extension. The  tumors characteristically grow in  the
submucosa in  circumscribed  lobules or nests separated  by richly
vascularized  fibrous stroma. Their cells harbor stippled  nuclear
chromatin  (“salt  and  pepper”) and  scant  cytoplasm. Some tumors
show roset te  formation (Homer-Wright  pseudorosettes or Flexner-
Wintersteiner real rosettes); some  contain areas of necrosis. Based on
the  degree  of differentiation, nuclear pleomorphism, necrosis, and
mitotic activity, they are  graded  (patients with  Hyam  grades I and  II
tumors have better survival rates than those  with Hyam  grades III and
IV tumors). The  tumors are  positive  for neuroendocrine  markers and
negative  for cytokeratin, and  they display specific S-100–positive
sustentacular cells at  the  periphery of tumor lobules.
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noninvasive  (mycetom a  or  “fungus  ball”),  or  m ost  frequently,
allergic (� Fig. 21.14, � Fig. 21.15). Rhinosporidiosis has num er-
ous  th ick-walled  cysts  (sporangia) containing num erous  endo-
spores in  the m ucosal lam ina propria (� Fig. 21.16).

Glial heterotopia, can  be  found  in  the  subcutaneous tissue  of
the  nose  (60%), in  the  upper  nasal  cavity  (30%), and  less  fre-
quently  in  the  ethm oid  sinus,  palate,  m iddle  ear,  tonsil,  and
pharyngeal area  (� Fig. 21.17). Derm oid  cyst, a  developm ental
abnorm ality  related  to  m idline  closure  of the  face, can  be  en-
countered  in  the bridge of the  nose  and  rarely in  the  nasophar-
ynx.5 It  characterist ically show s a  cyst  lined  by epiderm is w ith
attached  adnexal structures of the skin  (hair  follicles and/or  se-
baceous  glands). Thornwaldt  cyst  is  a  cyst  lined  w ith  ciliated
epithelium  located in  the m idline in  the posterosuperior  wall of
the  nasopharynx of young individuals.6Sinus histiocytosis w ith
m assive  lym phadenopathy (Rosai-Dorfm an  disease) is  an  idio-
pathic  disorder  w ith  significant  lymphatic  enlargem ent  and
secondary  involvem ent  of  the  nasal  cavity,  orbit ,  and  other
head  and  neck sites (� Fig. 21.18). Wegener  granulom atosis is a
system ic vasculit ic process involving the upper and lower respi-
ratory tract  and kidneys (� Fig. 21.19).

Fig. 21.26  Ectopic pituitary adenoma has polygonal, cytologically
bland, small epithelial cells with  distinct  cell borders and  various
cytoplasmic tinctorial qualities. Ectopic pituitary adenomas arise  in
remnants of the  embryonic adenohypophysis in  the  nasopharynx or
sphenoid sinus. They contain polygonal epithelial cells that  are positive
for cytokeratin, neuroendocrine  markers, and  specific pituitary
hormones.

Fig. 21.27  Nasopharyngeal angiofibroma has thin-walled, irregular vascular spaces in  a collagenized  stroma with  spindle-shaped  and  stellate
fibroblasts. Nasopharyngeal angiofibroma is seen exclusively in young males, arises in the posterolateral nasal wall or nasopharynx, and demonstrates
vascular proliferation in a fibrous stroma. The vessels are thin, slitlike, arborizing channels lined by endothelial cells and a discontinuous muscular layer.
The  rate  of local recurrence  can  reach 20%.
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Pathologic  features  of  Wegener  granulom atosis  include  (1)
m ucosal ulceration  w ith  granulom as, (2) necrosis, and  (3) vas-
culit is  in  the  context  of m arked  acute  and  chronic  inflam m a-
tion. Often, on ly som e  of these  elem ents  are  present. Findings
of necrosis, vasculitis, and  granulom as  are  diagnostic if the  pa-
tient  has  lung  and/or  kidney  involvem ent. If two  of these  m i-
croscopic features are present, the biopsy is considered  diagnos-
tic only if both  lungs and  kidneys are  involved;  the  diagnosis is
considered  probable  if only one  of lungs or  kidneys is  involved.
In  the  presence  of only  one  of the  three  m icroscopic  features,
the  biopsy  is  considered  suggestive  if  both  lungs  and  kidneys
are  involved;  it  is  considered  suspicious if only one  of lungs  or
kidneys  is  involved.  Finally,  if  none  of  these  m icroscopic  fea-
tures  is  identified,  the  biopsy  is  considered  nonspecific  even
w ith  clin ical involvem ent  of the lungs and  kidneys.7 Antineut ro-
philic  cytoplasm ic  antibodies  in  a  cytoplasm ic  pattern  against
proteinase-3  (c-ANCA) are  specific for  Wegener  granulom atosis,
but  10 to 50% of patients can  be  ANCA-negative.

Neoplasm s
Schneiderian  papillom as are  benign  epithelial tum ors of adults
associated  in  part  w ith  hum an  papillom avirus (HPV) infect ion ;
they can  be  m ultifocal but  usually are  unilateral;  three  variants

Fig. 21.28  Glomangiopericytoma (sinonasal-type  hemangiopericyto-
ma) is a sinonasal tumor demonstrating  a  proliferating  perivascular
myxoid  phenotype, with  ovoid  nuclei, focal streaming, and  neighbor-
ing irregular vascular spaces. It  is a subepithelial unencapsulated tumor
composed of closely packed cells growing in solid, fascicular, whorled,
or storiform  architecture  with  lit tle  intervening  collagen and  frequent
branching  vessels (staghorn vessels). It  is immunoreactive  to smooth-
muscle  actin, vimentin, and  factor XIIIa  but  is specifically negative  for
CD34, Bcl-2, and  CD99 (differing  from  soft-tissue-type  hemangioper-
icytoma)

Fig. 21.29  Craniopharyngioma, usually a sellar tumor arising from  Rathke pouch remnants, shows cords of multistratified squamous epithelium  with
nuclear peripheral palisading; note  the  compact  accumulation of keratin  (wet  keratin) with  focal dystrophic calcification.
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Fig. 21.30  Irritation  fibroma is a  common submucosal response  to trauma from  teeth  or dental prostheses and  can be  found  on  buccal, gingival,
labial, or lateral tongue mucosa. It  presents as a polypoid growth with a densely collagenized core covered by stratified squamous epithelium showing
reactive changes. Gingival fibromatosis and drug-induced fibrous hyperplasia have wide areas of gingival tumefaction showing rather avascular fibrous
hyperplasia with  scant  chronic inflammation.

Fig. 21.32  Oral osteoma is a compact  lamellar bone proliferation with
few haversian  canals. Bony exostosis and  osteomas are  histologically
similar dense lamellar bone lesions on the mandible or maxilla that  are
reactive  and  neoplastic, respectively. Torus palatinus/mandibularis is a
proliferation of mature  lamellar bone  on  the  hard  palate/mandible.

Fig. 21.31  Oral focal mucinosis occurs in young adults and  shows
irregular submucosal collections of myxomatous loose  connective
tissue  on the  hard  palate  or gingiva. Note  the  submucosal interstitial
accumulation of mucoid  material (Alcian  blue  stain) and  the
unremarkable  surface  epithelium. Pyogenic granulomas arise  on  the
gingiva, lip, or tongue and  harbor neovascularization  with  a  fibrous
reaction  and  mixed acute  and  chronic inflammation.
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Fig. 21.33  Lingual osteoma (choristoma) is dense  lamellar bone  with
occasional haversian canals proliferating in lingual soft  tissue; note the
unremarkable  overlying  epithelium. Heterotopic ossification is a
reactive  bone-producing  soft-tissue  proliferation  of muscle  or other
connective tissue  (in the  masseter or other facial muscles). Soft-tissue
osseous and  cartilaginous choristoma is a  histologically normal tissue
(bone  or cartilage) arising  in  an  unexpected  location, such as lingual
muscle.

Fig. 21.34  Fordyce granules consist of normal sebaceous units without
hair follicle  at tachment, aberrantly present  in  oral mucosa, with  or
without  surface  communication.

Fig. 21.35  Granular cell tumor is frequently located in the tongue, but  also in the larynx and trachea. It  consists of poorly circumscribed collections of
round to spindle cells with small nuclei and a large amount of granular cytoplasm (numerous cytoplasmic lysosomes) that  is positive for periodic acid–
Schiff and  immunoreactive  to S-100.
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are  described.89 Exophytic papillom as  are  found  alm ost  exclu-
sively  found  on  the  nasal septum ;  they show  papillary  fronds
w ith  central fibrovascular cores and  th ick, nonkeratin izing squ-
am ous epithelium . Inverted  papillom as (� Fig. 21.20), probably
the  m ost  frequent  variant, a ect  the  lateral nasal wall  and  si-
nuses  (m ostly  m axillary)  and  display  endophytic  grow th  of
sim ilar  nonkeratin izing squam ous epithelium . Oncocytic papil-
lom as (cylindrical cell papillom as), the  least  com m on  type, are
located  sim ilarly  to  inverted  papillom as  and  are  composed  of
m ultilayered  colum nar  epithelial  cells  w ith  eosinophilic  and
granular cytoplasm . Recurrence after surgical treatm ent  is com -
m on  because  of incom plete  in itial excision. The  rate  of m alig-
nant  transform ation  to squam ous cell carcinom a reaches 11% in

inverted  and  in  oncocyt ic  papillom as,  w hereas  m alignant
change is unusual in  exophytic papillom as.10

The  2005  World  Health  Organization  (WHO)  classification
distinguishes  several  types  of  nasopharyngeal  carcinom a:  (1)
squam ous cell carcinom a (w ith  features of convent ional kerati-
n izing  squam ous  cell  carcinom a);  (2)  nonkeratin izing  carcino-
m a  w ith  two  subtypes,  di erentiated  (retaining  in tercellular
bridges and dist inct cell m argins) and undi eren tiated (w ith  in-
distinct  cellular  m argins  and  a  syncyt ial grow th  pat tern);  and
(3) basaloid  squam ous cell carcinom a (sim ilar  to the  tum or en-
countered  in  the  larynx,  � Fig. 21.21). The  m ainstay  of treat-
m ent  is radiotherapy.11

Squam ous cell carcinom a of the nasal cavity and paranasal si-
nuses  is  a  rare  tum or  of adults  arising  in  the  m axillary  sinus
(60%), nasal cavity (12 to 25%), ethm oid  sinus (10 to 15%), nasal

Fig. 21.36  Odontogenic tumors are  derived  from  the  tooth-forming
apparatus. Ameloblastoma is a  benign epithelial tumor of the  enamel
organ (producing  dental enamel). Histologically, this tumor displays
irregular islands of epithelium  with characteristic palisading peripheral
basal cells that  have  vacuolated  cytoplasm  and  nuclei placed  away
from  the  basement  membrane. The  central epithelial cells are  loosely
arranged, with  clear cytoplasm, and  resemble  stellate  reticulum.

Fig. 21.37  Squamous dysplasia. (a) Mild. Architectural and  cytologic
changes are limited to the lower third of the epithelium. (b) Moderate.
Changes extend  into the  middle  third  of the  epithelium. (c) Severe.
Architectural and  cytologic changes occupy more  than two-thirds of
the  epithelium.

Fig. 21.38  Amalgam  tat too presents clinically as gray macules and  is
related to the epithelial implantation of heavy metal from dental filling
material. Microscopically, dark brown or black particles are  seen in the
lamina propria with  a  haphazard  and  focally perivascular distribution.

Fig. 21.39  Vocal fold  polyps all harbor subepithelial myxoid, edema-
tous, vascular, or hyaline changes in various proportions with a normal
or mildly hyperplastic surface  epithelium. Contact  ulcers are  posterior
vocal fold  lesions composed  of granulation tissue  with  inflammatory
infiltrates.
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vestibule  (4%), and  frontal and  sphenoid  sinuses (each  1%).12 It
rarely  m etastasizes  but  is  locally  destruct ive. The  m ajority are
convent ional squam ous  cell carcinom as  w ith  recognizable  cel-
lular  m argins, in tercellular  bridges, and  an  in tracellular  and  ex-
tracellular  accum ulation  of keratin . They can  be well di erenti-
ated  (form ing  num erous  keratin  pearls),  poorly  di erentiated
(lacking keratin  pools), or  m oderately di erentiated  (harboring
a few  keratin  conglom erates). A m inority of cases are nonkerati-
n izing  (cylindrical  cell,  t ransitional  cell,  � Fig.  21.22).  Rarely,
verrucous carcinom as, papillary squam ous cell carcinom as, ba-
saloid squam ous cell carcinom as, spindle cell carcinom as, or ad-
enosquam ous carcinom as are encountered.

Lym phoepithelial carcinoma is a rare  undi erentiated  carcino-
m a  w ith  a  prominent  lymphoplasmacytic  infiltrate  that  a ects
the  nasal cavity and  paranasal sinuses. It  has a m orphology sim-
ilar  to that  of its nasopharyngeal counterpart  and  a  strong asso-
ciation  with  the  Epstein-Barr  virus  (EBV). It  responds  favorably

to radiotherapy. Sinonasal undi erentiated  carcinoma is a highly
aggressive malignancy that  typically presents w ith  locally exten-
sive  disease  and  is  typically  negative  for  Epstein-Barr  virus
(� Fig. 21.23). Intestinal-type  adenocarcinom a  involves  the  eth-
moid  sinus  (40%), nasal cavity  (27%), and  maxillary  sinus  (20%)
(� Fig. 21.24).

Sinonasal  non–intestinal-type  adenocarcinom a  (low -grade
adenocarcinom a)  displays  glandular  or  papillary  arch itecture
w ith  a  single  layer  of cuboidal epithelium  and  locally  invasive
features. A varian t, nasopharyngeal papillary  adenocarcinom a,
m ay  have  m orphologic  sim ilarit ies  to  papillary  carcinom a  of
the thyroid  and  m ust  be distinguished  from  the latter by its ne-
gative im m unohistochem ical react ion  to thyroglobulin  and thy-
roid  t ranscript ion  factor-1  (TTF-1). Sm all-cell  neuroendocrine
carcinom a is a h igh-grade m alignant  tum or arising in  the supe-
rior  and  posterior  nasal cavity and  extending  to  the  paranasal
sinuses  and/or  nasopharynx. It  is  composed  of sheets  or  nests
of sm all to in term ediate-size cells w ith  a h igh  nuclear-to-  cyto-
plasm ic  ratio,  hyperchrom atic  nuclei  w ith  nuclear  m olding,
and  num erous m itoses. Im m unohistochem ically, the  cells show
react ivity  to  neuroendocrine  m arkers  (synaptophysin ,  chro-
m ogranin , neuron-specific enolase) and  cytokeratin . Extrem ely
uncom m on,  carcinoids  of  the  sinonasal  t ract  have  also  been
described.

Olfactory neuroblastom a (esthesioneuroblastom a) is a m alig-
nant  neuroectoderm al tum or  arising from  the  olfactory  m em -
brane in  the superior  par t  of nasal cavity w ith  in tracranial and/
or paranasal sinus extension  (� Fig. 21.25). Ectopic pituitary ad-
enom as m ay arise in  rem nants of the em bryonic adenohypoph-
ysis in  the  nasopharynx or  sphenoid  sinus. They contain  polyg-
onal epithelial cells  that  are  positive  for  cytokeratin , neuroen-
docrine m arkers, and specific pituitary horm ones (� Fig. 21.26).

Mucosal m alignant  m elanom a is a rare tum or of the sinonasal
tract  seen  in  elderly patients. As in  any other  location, m elano-
m a is considered  the  great  m im icker  and  presents in  a w ide va-
riety  of cell types  (epithelioid, spindle, plasm acytoid, rhabdoid,
and/or  m ultinucleated  cells).  Specific  im m unohistochem ical
m arkers, such  as S-100, HMB-45, Melan-A, and  m icrophthalm ia

Fig. 21.40  Tonsillar cyst  is lined  by benign squamous epithelium  with
surrounding  lymphoid  hyperplasia.

Fig. 21.41  Laryngeal amyloidosis displays dense  subepithelial
amorphous deposits of congophilic material (orange  color on Congo
red  stain) with  apple  green  birefringence  under polarized  light
examination.

Fig. 21.42  Laryngeal papillomatosis is associated  with  human papil-
lomavirus infection. The  recurrence  rate  after excision is high, but
malignant  transformation is uncommon. Histologically, multiple
papillary structures with fibrovascular cores and a squamous epithelial
covering  with  occasional koilocytes are  seen.
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transcription  factor, help  distinguish  it. Other  infrequent  neuro-
ectoderm al tum ors are Ew ing sarcom as/prim itive neuroectoder-
m al  tum ors  and  paragangliom as.  Hem angiom a  is  a  benign
vascular  tum or  arising  in  the  nasal  septum , turbinates, and  si-
nuses  and  is  composed  of benign  proliferating  capillaries  w ith
intervening fibrous strom a.

Nasopharyngeal  angiofibrom a  is  seen  exclusively  in  young
m ales in  the posterolateral nasal wall or  nasopharynx. Local re-
currence rate is h igh  (� Fig. 21.27).

Glom angiopericytom a (sinonasal-type  hem angiopericytom a)
is  a  subepithelial  unencapsulated  tum or  composed  of closely
packed  cells  grow ing in  solid, fascicular, w horled, or  storiform
architecture  w ith  lit t le  in tervening  collagen  (� Fig.  21.28),
branching vessels (staghorn vessels).

Solitary  fibrous  tum or  is  rare  in  the  sinonasal  tract  and  is
composed  of spindle  fibroblasts  w ith  a  dense  vascular  pat tern .
Cells are positive for CD34 and Bcl-2 and generally lack sm ooth-
m uscle  actin  react ivity.13 Germ  cell  tum ors  of  the  sinonasal
tract  are  rare. Mature  teratom a  show s a  variable  adm ixture  of
m ature skin , skin  appendages, neuroglial t issue, sm ooth m uscle,
bone, salivary glands, respiratory epithelium , and  gastrointesti-
nal  epithelium .  Ectoderm al,  m esoderm al,  and  endoderm al
elem ents can  be encountered in  any dist ribut ion. Im m ature ter-
atom a displays the sam e elem ents in  their  prim it ive, im m ature

varian ts, w hereas teratom a w ith  m alignant  transform ation  con-
tains benign  tissues of all three  germ inal layers and  in  addition
a som atic m alignancy, usually a carcinom a. If m alignant  epithe-
lial and m esenchym al t issues are adm ixed, the tum or is called  a
teratocarcinosarcom a.  Craniopharyngiom a,  is  usually  a  sellar
tum or w hich arises from  Rathke pouch rem nants (� Fig. 21.29).

21.3.2  Oral Cavit y and Oropharynx
Infect ious/Inflam m atory/Anatom ic/Idiopathic
(� Fig. 21.30, � Fig. 21.31, � Fig. 21.32)
Peripheral giant  cell granulomas  are  pyogenic granulom as  w ith
a  prom inent  osteoclast-type  giant  cell component  arising exclu-
sively  from  the  periodontal  ligam ent  enclosing  the  root  of  a
tooth. The  sam e  periodontal ligament  can  produce  a  peripheral
ossifying fibrom a, which  is a  fibrous proliferation  with  scattered
islands of woven  or lam ellar  bone, usually w ith  abundant  osteo-
blastic rim ming. Lingual osteom a (choristom a) displays dense la-
m ellar  bone with  occasional haversian  canals proliferating in  lin-
gual soft  tissue, � Fig. 21.33). Fordyce granules consist  of normal
sebaceous units w ithout  hair  follicle attachm ent  (� Fig. 21.34)

The juxtaoral organ  of Chievitz is com posed  of nests of epithe-
lial  cells  w ith  an  organoid  pattern  and  a  squam oid  appearance

Fig. 21.43  Squamous cell carcinoma of the larynx is characterized by invading irregular islands or malignant squamous epithelium with well-preserved
intercellular bridges and  intra- and  extracellular keratin  accumulation.
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devoid  of keratinization  arising  in  the  buccotem poral  fascia  on
the  m edial aspect  of the  mandible. Lingual thyroid  is  a  vestigial
rest  of thyroid  tissue  at  the  upper  end  of the  thyroglossal duct .
Congenital  epulis  is  a  subm ucosal  collection  of  cytologically
bland  histiocyte-like  cells  w ith  granular  cytoplasm  that  are  S-
100–negative. Median  rhomboid  glossitis  is  an  area  of pseudoe-
pitheliom atous  hyperplasia  on  the  dorsal  tongue  accom panied
by chronic inflam mation  and  fungal organisms. Palatal and  gin-
gival cysts  of the  newborn  have  the  appearance  of epidermoid
cysts  arising from  epithelial rem nants  of deeply budding dental
lamina  during tooth  development. Nasolabial cyst  (nasoalveolar
cyst)  arises  from  remnants  of the  em bryonic nasolacrim al duct
at  the base  of the nostrils just  above the periosteum  and  is lined
by respiratory-type, stratified  colum nar  or  pseudostratified  col-
umnar  epithelium . Nasopalatine duct  cyst  arises from  vestiges of
the  embryonal nasopalatine  duct  connecting  the  oral and  nasal
cavities. It  arises on  the anterior  m idline hard  palate  and  is lined
by squam ous or cuboidal epithelium.

Neoplasm s
Granular  cell tum or  is frequently located  in  the tongue, but  can
also be found in  the larynx and  trachea (� Fig. 21.35). Lipom a, a

m ature  adipose  tissue  tum or, can  uncom m only  be  present  in
oral m ucosa. Traum atic  neurom a  consists  of m oderately  loose
fibrovascular  strom a  adm ixed  w ith  irregular  nerve  fibers;  it  is
usually  related  to  tooth  extract ions  or  other  form s  of traum a.
Mucosal  neurom a  is  associated  w ith  m ultiple  endocrine  neo-
plasia  syndrom e  and  presents  as  m ultip le  subm ucosal nodules
composed  of  aggregates  of  nerves,  often  w ith  th ickened
perineurium  in  a  plexiform  pattern .  Palisaded  encapsulated
neurom a  (solitary  circum scribed  neurom a)  is  a  solitary, well-
delineated  nodule of proliferating Schwann  cells (positive for  S-
100)  w ith  focal  palisading  nuclei  and  rare  entrapped  axons.
Neurofibrom a  consists  of  a  cellular  proliferation  of  spindle
Schwann  cells  w ith  wavy  nuclei  and  a  variable  am ount  of fi-
brous strom a w ith  sparsely distr ibuted axons.

Odontogenic tum ors are  derived  from  the  tooth-form ing ap-
paratus. Am eloblastom a is  a  benign  epithelial tum or  of the  en-
am el organ  (� Fig. 21.36).

Am eloblastic fibrom a is a benign  tum or harboring am eloblas-
tic epithelial islands  in  a  myxoid  cell–rich  strom a  w ith  stellate
fibroblasts  resembling em bryonic tooth  pulp. Malignant  coun-
terparts  of these  tum ors  are  am eloblast ic carcinom a, in  w hich
am eloblast ic  epithelium  show s  cellular  atypia,  m itoses,  ne-
crosis, and  invasive  features, and  am eloblastic fibrosarcom a, in

Fig. 21.44  Verrucous carcinoma is a very well-differentiated variant  of squamous cell carcinoma. Histologically evident  is the  proliferation of atypical
squamous cells with prominent hyperkeratosis without granular layer formation, as well as cellular dysplasia and rare mitoses; note the pushing base of
the  carcinoma without  basement  membrane  violation.
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w hich  a  benign  am eloblastic  epithelium  is  adm ixed  w ith  a
m alignant ectom esenchym al component. Keratogenic ondonto-
genic  tum or  (odontogenic  keratocyst),  m ostly  seen  in  the
m axilla, is a cystic m ass lined by parakeratin izing squam ous ep-
ithelium  w ith  basal  cells  orien ted  away  from  the  basem ent
m em brane and corrugated in ternal cystic surface.14

Epithelial Lesions
Squam ous  papillom as  are  benign  epithelial tum ors  of the  oral
m ucosa  related  to  HPV infect ion . They have  papillary architec-
ture w ith  central fibrovascular cores and  a th ickened  squam ous
epithelial covering w ith  som e degree  of keratin ization. Verruca
plana, also  related  to  HPV infect ion, displays  m arkedly  th ick-
ened  epithelium  w ith  hypergranulosis  and  hyperkeratosis  in-
cluding  virally altered  epithelial cells  (koilocytes)  in  the  upper
layers;  they are  exophytic, show ing epithelial folds, but  no  ob-
vious papillary architecture  is present. Condylom a acum inatum
is  caused  by  epithelial  infect ion  w ith  HPV and  displays  short ,
blunt , rounded  fronds of hyperplast ic epithelium  w ithout  kera-
tin ization  and  m arked  koilocyt ic  changes.  Focal  epithelial
hyperplasia is form ed by m ultiple oral papillom as of buccal m u-
cosa and  tongue induced  by HPV infect ion. Keratoacanthom a is

a keratin izing lesion  of the m ucosa of the skin  and  lip  w ith  rap-
id  grow th  and  clin ically  im pressive  craterlike  center  filled  by
hyperkeratosis. Histologically, there  is a  certain  degree  of squa-
m ous atypia  w ithout  significant  infiltrative  features. Hairy leu-
koplakia  is  a  well-dem arcated  verruciform  hyperkeratotic
plaque  of the  lateral tongue  in  HIV-posit ive  patients  related  to
EBV infect ion.  Morphologically, the  lesion  displays  superficial
hyperkeratosis w ith  parakeratosis and large collections of koilo-
cyt ic in term ediate cells w ith  in tracellular edem a and  basophilic
viral nuclear  inclusions. Frictional keratosis presents as a w hite
hyperkeratotic line  along the  occlusal plane  on  buccal m ucosa;
it  displays  surface  keratin ization  and  m ild  inflam m ation. Leu-
koedem a  presents  as  bilateral  sem itranslucent  gray  or  w hite
plaques  on  buccal m ucosa  that  typically  have  ret icular  streaks
of th ickened  keratin  w ith  in tracellular  edem a  on  m icroscopic
exam ination. White  sponge  nevus  show s w hite  keratotic m ac-
ules and  plaques on  buccal or  labial m ucosa w ith  extensive and
prom inent  in tracellular  edem a  in  spinous  layers  on  histologic
evaluation . Actinic keilit is  is  related  to  excessive  sun  exposure
and  consists  of atrophic squam ous epithelium  w ith  underlying
solar  elastot ic degeneration  of the  lam ina  propria  and  chronic
inflam m ation .

Fig. 21.45  Basaloid  squamous cell carcinoma has a  predilection for the  hypopharynx, piriform  sinus, and  supraglott is and  has a more  aggressive
clinical course. It  characteristically has nests of basaloid tumor cells with large, hyperchromatic nuclei and scant  cytoplasm  (basaloid features), often
accompanied  by central necrosis (comedo-type  necrosis) alternating  with  areas of regular squamous cell carcinoma.
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Squam ous cell carcinom a is the  m ost  frequent  m alignancy of
the  upper  aerodigestive  t ract . It  a ects  adults  of both  genders
w ith  variable  incidence  rates  worldw ide  according to  local ex-
posure  to  carcinogens  (tobacco,  alcohol,  industr ial  pollution,
and an  unresolved role of HPV infect ion).

Oral cavity and  laryngeal epithelial precursor lesions are clin-
ically recognized as leukoplakia (well-delineated w hite elevated
patch), erythroplakia (ill-delineated  soft  red  patch), or  a com bi-
nation  of the  two, form ing speckled  leukoplakia. Although  the
histologic exam inat ion  of leukoplakias frequently finds just  hy-
perplasia of squam ous epithelium , occasionally various degrees
of dysplasia can  be encountered. Erythroplakia m ost of the tim e
harbors dysplastic changes and  has a  h igher  percentage  of m a-
lignant  t ransform ation. Squam ous  cell  dysplasia  im plies  archi-
tectural changes (irregular stratification, loss of cellular polarity,
increased  m itoses, and  dyskeratosis) and  cytologic criteria (ani-
sonucleosis, nuclear  pleom orphism , anisocytosis, cellular  pleo-
m orphism , nuclear  hyperchrom asia, and  increased  nuclear-to-
cytoplasm ic ratio). The 2005 WHO classification  of precursor le-
sions distinguishes several categories:
●  Squam ous hyperplasia: increased num ber of spinous cells

(acanthosis) and/or basal and parabasal cells (basal cell hyper-
plasia) w ith  regular stratification  and m aturation

●  Squam ous dysplasia, m ild

●  Squam ous dysplasia, m oderate
●  Squam ous dysplasia, severe
●  Squam ous cell carcinom a in  situ: full-th ickness epithelial in -

volvem ent  w ith  abnorm al superficial m itoses and not  yet
recognizable invasion

Simple  hyperplasia  has  a  likelihood  of  undergoing  m alignant
progression  of  less  than  1%,  w hereas  severe  dysplasia  pro-
gresses to m alignancy in  15 to 25% of cases15 (� Fig. 21.37).

Inflammatory Epithelial Lesions
Lichen  planus is an  autoim m une m ucositis w ith  a  subepithelial
band  of m arked  chronic inflam m ation  and  alterat ions  of basal
epithelial layers, including ballooning degeneration  of epithelial
cells  and  apoptotic single  cells  form ing Civatte  bodies. On  im -
m unofluorescence,  there  is  a  linear  deposit ion  of  fibrinogen
along the basem ent  m em brane.16 Inflam m atory m ucosal ulcer-
ations  show  granulation  tissue  w ith  prom inent  inflam m ation
surrounded  by erythem atous hyperplast ic epithelium . Dysplasia
or  squam ous cell carcinom a needs to be  ruled  out  by histologic
investigation. Pem phigus  vulgaris  is  a  bullous  autoim m une  in-
flam m atory  condit ion  of the  oral  m ucosa  w ith  a  characteristic
fishnet  pattern  of  intercellular  imm unoglobulin  deposits  and

Fig. 21.46  Adenosquamous carcinoma displays invading  islands of malignant  epithelium  with  intercellular bridges (squamous cells) alternating  with
areas of columnar epithelial lining  and  mucin  production (glandular differentiation), shown best  with  mucicarmine  stain.
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im m une complem ent  deposits on  im m unofluorescent  exam ina-
t ion. Intraepithelial  blistering  is  seen  w ith  sparing of the  basal
epithelial  layer  (suprabasal  bullae).17 Mucous  m em brane  pem -
phigoid, also  an  autoim m une  m ucositis,  displays  subepithelial
blister  form ation  and  is  characterized  by  im m unoglobulin  and
complem ent  deposits along the basem ent  m em brane. Am algam
tattoo  presents  clin ically  as  gray  m acules  and  is  related  to  the
epithelial  im plantat ion  of  heavy  metal  from  dental  filling
(� Fig. 21.38).

Other  pigm ented  epithelial  lesions  include  oral  m elanotic
m acule, the m ucosal equivalent  of the freckle on  the skin . It  dis-
plays otherw ise  norm al epithelium  w ith  a  basal in traepithelial
deposition  of m elanin  pigm ent. Mucosal m elanocytic  nevus  is
likew ise the m ucosal counterpar t  of the skin  nevus and consists
of well-delineated  subepithelial clusters of cytologically benign
m elanocytes. Oral  m elanocytic  neuroectoderm al  tum or  of  in-
fancy (ret inal anlage tum or) is a congenital tum or derived  from
neural crest  cells and  is located  in  the oral cavity, other cranio-
facial sites, brain , skin , m ediastinum , epididym is, uterus, and  so
on. Microscopically, it  displays sm all neuroblastic cells and larg-
er  m elanin-containing  epithelial  cells  in  a  vascularized, dense
fibrous  strom a.  Im m unhistochem ically,  the  tum or  displays  a
polyphenotypic expression  of neural, m elanocyt ic, and  epithe-

lial m arkers.18 Mucosal m elanom a follow s the sam e pattern  de-
scribed in  the sinonasal m ucosa.

21.3.3  Hypopharynx, Larynx, and
Trachea
Infect ious/Inflam m atory/Anatom ic/Idiopathic
Laryngeal tuberculosis, sarcoidosis, rh inosporidiosis, and  rh ino-
sclerom a have  m orphological changes identical to the  ones de-
scribed  in  the  sinonasal  location. Specific  laryngeal  infect ious
agents include  Treponema  pa llidum  (syphilis), Act inomyces, No-
cardia , Candida  a lbicans, Coccidioides immit is, Paracoccidioides,
Bla stomyces, Cryptococcus, Histopla sma  capsula tum, cytom ega-
lovirus, Tr ichinella  spira lis, and  others. Isolat ion  of the  etiologic
agent  requires  a  com bined  m icrobiological  and  h istom orpho-
logic e or t .

Vocal  fold  polyps  are  characterized  by  subepithelial  m yx-
oid ,  edem atous,  vascular,  or  hyaline  changes  in  various
propor t ions w ith  a  norm al or  m ildly hyperplast ic surface  ep i-
thelium  (� Fig.  21.39).  Con tact  u lcers  are  poster ior  vocal
fold  lesions  com posed  of granulat ion  t issue  w ith  in flam m a-
tory in filt rates.

Fig. 21.47  Chronic sclerosing sialadenitis shows atrophic salivary gland parenchyma with edema, fibrosis, and chronic inflammation. Sialadenitis can
be acute suppurative or, more frequently, chronic. The lat ter is associated with sialolithiasis and displays morphologically various degrees of glandular
atrophy, fibrosis, and  chronic inflammation  with  occasional intraductal mineralized  concretions (lithiasis).
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Laryngeal  cysts  are  of  four  categories:  (1)  laryngoceles,
w hich  are  pulsion  d iver t icu la  of  the  saccule  (harbor  fu ll-
th ickness  laryngeal  w all  st ructures,  including  resp iratory-
type  ep ithelial  lin ing);  (2)  saccular  cysts, result ing  from  ob-
struct ion  of  the  saccule  (harbor  m ucus  reten t ion  cysts  that
push  on  the  thyrohyoid  m em brane  and  are  analogous  to  the
ones  in  the  sinonasal  t ract);  (3)  ductal  cysts  (squam ous, on -
cocyt ic,  or  tonsillar  cysts), the  m ost  com m only  encoun tered
cysts,  all  m ucin -filled  and  arising  from  m inor  salivary  duct
obstruct ion  (squam ous and  oncocyt ic cysts  are  located  in  the
glot t is, ven t ricles, aryepiglot t ic  folds, and  ep iglot t is, w hereas
tonsillar  cysts  are  located  in  the  vallecula  and  show  sur-
rounding lym phoid  hyperp lasia, � Fig. 21.40);  (4) m iscellane-
ous  ep ithelial  cysts  (ep iderm al, derm oid , and  branch ial  cleft
cysts).19

Laryngeal  amyloidosis  displays  dense  subepithelial  am or-
phous  deposits  of orange  color  on  Congo  red  stain  w ith  apple
green  birefringence  under  polarized  light  exam ination
(� Fig.  21.41).  Wegener  granulom atosis,  pem phigus  vulgaris,
and  m ucous  pem phigoid  are  sim ilar  to  the  lesions  of the  oral
cavity and sinonasal t ract  previously described.

Neoplasm s
Laryngeal papillom atosis  is  associated  w ith  hum an  papillom a-
virus  infect ion,  and  dem onstrates  a  h igh  recurrence  rate  but
low  potent ial  for  m alignant  degeneration  (� Fig. 21.42). Squa-
m ous  cell carcinom as  of the  larynx  and  hypopharynx  account
for  34% of upper  aerodigestive  t ract  carcinom as  and  are  found
(in  decreasing frequency) in  the supraglot tis, glot tis, hypophar-
ynx, subglott is, and  rarely the t rachea.20 Morphologically, these
lesions  range  from  well-di erent iated  tum ors  to  poorly  di er-
en t iated, undi erentiated, and  spindle  cell carcinom as, all w ith
significant  invasive  features, especially  perineurally, and  lym -
phatic  m etastat ic  potent ial.  The  best  outcom e  is  noted  w ith
glottic tum ors and  the  worst  outcom e  w ith  tum ors  in  a  hypo-
pharyngeal, subglottic, or  tracheal location. Several m orpholog-
ical features  are  of prognost ic significance:  involvem ent  of the
resection  m argins, lymphatic  invasion  (especially  w ith  extrac-
apsular  extension), perineural  invasion , and  invading  front  of
the  tum or  (expansive  pushing borders have  a  better  prognosis,
w hereas  infiltrative  borders  w ith  isolated  tum or  islands  at  a
distance from  the  m ain  m ass have  a  less favorable  prognosis)21

(� Fig. 21.43, � Fig. 21.44, � Fig. 21.45).

Fig. 21.48  Acquired  immunodeficiency syndrome–related  parotid  gland  cysts show multiple  irregular lymphoepithelial islands with  occasional
lymphoepithelial cysts in  a  background  of marked  chronic inflammatory infiltrate.
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Papillary  squam ous  cell  carcinom a  is  frequently  located  in
the  supraglot tis  and  has a  better  prognosis. It  im plies papillary
architecture  w ith  a  m alignant  squam ous  epithelial  covering.
Spindle  cell carcinom a is m ost  frequently present  in  the  glot tis
and has a prognosis sim ilar to that of regular squam ous cell car-
cinom a. It  is  a  biphasic  tum or  in  w hich  areas  of regular  squa-
m ous  cell  carcinom a  alternate  w ith  sarcom atoid-appearing
areas of spindle epithelial cells. Acantholyt ic squam ous cell car-
cinom a,  located  in  the  hypopharynx  and  supraglot tis,  show s
acantholytic detachm ents betw een squam ous cells, creating the
appearance  of glandular  di eren tiation . Adenosquam ous carci-
nom a  displays  invading  islands  of m alignant  epithelium  w ith
intercellular  bridges alternating w ith  areas of colum nar epithe-
lial lin ing and m ucin  production  (� Fig. 21.46).

Rare lymphoepithelial carcinom as are  identical to the  sim ilar
ent ity of the sinonasal tract. Neuroendocrine tum ors of the lar-
ynx  are  sim ilar  to  the  carcinoid, atypical  carcinoid, and  sm all
cell carcinom as described in  the sinonasal tract. Laryngeal para-
gangliom a is  m orphologically identical to  the  one  described  in
the m iddle ear. Malignant  m elanom as of larynx follow  the sam e
pattern  as their sinonasal counterpar ts.

21.3.4  Salivary Glands
Infect ious/Inflam m atory/Anatom ic/Idiopathic
Salivary gland heterotopia is com m only encountered  as an  inci-
dental  finding  and  consists  of  m orphologically  unrem arkable
serous  and  m ucous  acin i w ith  occasional ducts. The  m ost  fre-
quent location  is in tranodal (in  cervical lym ph nodes); an  extra-
nodal location  is  described  as  h igh  heterotopia  (m andible, ear,
palatine  tonsil, mylohyoid  m uscle, pituitary gland, and  cerebel-
lopont ine  angle) or  low  heterotopia  (associated  w ith  the  bran-
chial pouches of the lower  neck and  thyroid  gland).22 Polycystic
(dysgenet ic) disease  is  a  rare  developm ental abnorm ality char-
acterized  by  varying  degrees  of honeycom bed  cystic  changes.
Chronic sclerosing sialadenitis show s atrophic salivary gland

parenchym a w ith  edem a, fibrosis, and  chronic inflam m ation
(� Fig. 21.47).

The  m icroscopic hallm ark of Sjögren  syndrom e  is  a  lympho-
cyt ic  sialadenitis  present  in  m inor  salivary  glands  (frequently
biopsied  in  the  lip), in  m ajor  salivary  glands, and  in  lacrim al
glands.  Morphologically,  there  is  chronic  inflam m ation
w ith  lymphoid  hyperplasia  and  focal  lymphoepithelial  islands

Fig. 21.49  Pleomorphic adenoma displays a proliferation of cytologically bland myoepithelial cells forming  irregular nests in  a myxoid mesenchymal
background. The former component displays cuboidal, basaloid, squamous, spindle, plasmacytoid, or clear cells. The mesenchymal component  shows
myxoid changes, fibrosis, and rarely cartilaginous or osseous metaplasia. Recurrence after surgical treatment  is encountered in 3.4% of cases after 5
years and  in  6.8% after 10  years. Many recurrent  pleomorphic adenomas are  multifocal. Pleomorphic adenomas account  for 60% of salivary gland
neoplasms. Of these, 80% arise  in  the  parotid  gland, 10% in  the  submandibular gland, and  10% in  minor salivary glands.
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(compact  clusters  of  epithelial  and  myoepithelial  cells  sur-
rounded  by inflam m ation). The  risk  for  developing non-Hodg-
kin  lymphom as is significantly h igher  in  individuals w ith  Sjög-
ren  syndrom e  than  in  age-m atched  control subjects. Mucocele
and  ranula show  degenerative m ucin-filled  spaces w ithout  epi-
thelial lin ing (m ucus extravasation). Mucus retention  cyst  is an
intraductal accum ulat ion of m ucin  and is lined by stratified  epi-
thelium . Lym phoepithelial cyst  is usually seen  in  m ajor salivary
glands  and  consists  of  a  stratified  squam ous  epithelial  lin ing
w ith  surrounding lymphoid hyperplasia (� Fig. 21.48).

Necrotizing  sialom etaplasia  is  a  react ive  process  of  m inor
salivary  glands  in  the  palate  or  other  oropharyngeal  sites  in
w hich  squam ous m etaplasia reaches in to glandular  acini, m im -
icking infiltrative islands of a squam ous m alignancy. Lack of m i-
tot ic activity and  nuclear atypia help  distinguish  it  from  a squa-
m ous cell carcinom a.

Neoplasm s
Pleom orphic adenom as account  for  60% of salivary gland  neo-
plasm s. Of these, 80% arise  in  the  parotid  gland  (� Fig. 21.49).
Myoepitheliom as  account  for  1.5% of  all  tum ors  in  salivary

Fig. 21.50  Warthin  tumor (papillary cystadenoma lymphomatosum) accounts for 3.5% of all epithelial tumors of the  salivary glands, is almost
exclusively found in the parotid gland, and can be multifocal or bilateral. Morphologically, it  displays a characteristic cystic and papillary configuration
in which epithelial cells with oncocytic metaplasia (high number of intracytoplasmic mitochondria, seen as large amount  of pink, granular cytoplasm)
arranged in double layers and forming papillary structures alternate with areas of lymphoid hyperplasia. A low recurrence rate is seen after resection.

Fig. 21.51  Acinic cell carcinomas are  malignant  tumors, most  com-
monly seen in the parotid gland, characterized by at  least  partial acinic
differentiation  (cytoplasmic zymogen secretory granules), as well as
intercalated  smaller cells and  vacuolated  and  clear cells.
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glands  and  are  composed  of  proliferating  myoepithelial  cells
w ith  spindle, epithelioid, or plasm acytoid features. They are less
prone  to  recur  than  pleom orphic adenom as. Basal cell  adeno-
m as are  rare  benign  tum ors of proliferating epithelial and  my-
oepithelial  cells  w ith  a  basaloid  appearance  and  trabecular
grow th  pat tern . They are  like  pleom orphic adenom as in  w hich
there  is  no m esenchym al part . Recurrence  after  complete  exci-
sion  is rare.

Warthin  tum or (papillary cystadenom a lym phom atosum ) ac-
counts for  3.5% of all epithelial tum ors of the  salivary glands, is
alm ost exclusively found in  the parotid gland, and can  be m ulti-
focal or bilateral (� Fig. 21.50).

Oncocytic adenom a (oncocytom a) is a rare salivary gland  be-
n ign  tum or  composed  of oncocyt ic epithelial cells  that  grow  in
a  nesting  and  trabecular  pattern .  Canalicular  adenom a  fre-
quently a ects the upper lip  and is composed  of row s of colum -
nar  epithelial cells form ing canaliculi. Sebaceous adenom as are
benign  salivary  gland  neoplasm s  w ith  proliferating  sebaceous
units;  som e show  intervening lymphoid  tissue (sebaceous lym -
phadenom as).  Ductal  papillom as  and  cystadenom as  are  also
rarely seen.

Acin ic cell carcinom as are  characterized  by acinic di eren tia-
tion, as  well  as  in tercalated  sm aller  cells  and  vacuolated  and

Fig. 21.53  Adenoid  cystic carcinoma accounts for approximately 10%
of salivary gland malignancies. Histologically, a cribriform  pat tern with
mucopolysaccharide-filled  spaces is seen; note  the  monotony of the
proliferating  myoepithelial cells with  angulated  hyperchromatic nuclei
and  scant  clear cytoplasm. Histologic grading  correlates well with
clinical outcome

Fig. 21.52  Mucoepidermoid  carcinoma is the  most  common malignant  salivary gland  tumor. It  has malignant  epithelium  in  which  mucinous cells
alternate  with areas of epidermoid  differentiation (large  cells with visible  intercellular bridges and  no complete  maturation to keratin production). A
three-tiered  grading  system  has good  correlation  with  clinical outcome.
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clear cells (� Fig. 21.51). Mucoepiderm oid carcinom a has m alig-
nant epithelium  in  w hich  m ucinous cells alternate w ith  areas of
epiderm oid  di erentiat ion  (� Fig. 21.52). Adenoid  cystic carci-
nom a  accounts  for  approxim ately  10% of salivary gland  m alig-
nancies  and  displays  a  cribriform  pattern  w ith  m ucopolysac-
charide-filled spaces (� Fig. 21.53).

Polym orphous  low -grade  adenocarcinom a  arises  m ostly  in
the  palate  and  is  characterized  by  cytologic  uniform ity, h isto-
logic  diversity,  and  an  infiltrative  grow th  pat tern .  Epithelial–
myoepithelial carcinom a, a  rare  m alignant  tum or, show s bilay-
ered  ductlike structures w ith  an  inner  layer  of cuboidal epithe-
lial cells and  an  outer  layer  of myoepithelial cells w ith  clear  cy-
toplasm . A rare  m alignant  tum or  is  clear  cell carcinom a (hyali-
nizing  clear  cell  carcinom a)  arising  m ostly  in  in traoral  m inor
salivary glands. It  show s  a  m onom orphic clear  cell population
w ith  a  h igh  glycogen  content.  Basal  cell  adenocarcinom a  has
proliferating  myoepithelial  cells  w ith  frequent  areas  of ductal
di erentiation  (� Fig. 21.54). Carcinom a ex pleom orphic adeno-
m a  is  a  m ixed  tum or  in  w hich  the  epithelial  component  has
undergone m alignant t ransform ation  (� Fig. 21.55).

Sebaceous  carcinom a  and  sebaceous  lym phadenocarcinom a
are  rare  m alignant  tum ors w ith  sebaceous di erentiation. Oth-

er  m alignant  tum ors  include  cystadenocarcinom a,  m ucinous
adenocarcinom a, oncocytic carcinom a, salivary duct  carcinom a,
adenocarcinom a not otherw ise specified, carcinosarcom a, squa-
m ous cell carcinom a, sm all cell carcinom a, large cell carcinom a,
and lymphoepithelial carcinom a.

21.3.5  Thyroid and Parathyroid Glands
Infect ious/Inflam m atory/Anatom ic/Idiopathic
Thyroglossal  duct  cysts  are  the  m ost  com mon  cystic  develop-
mental abnorm alities of the neck, arising along a tract  in  the an-
terior  m idline  between  the  tongue  and  thyroid  gland
(� Fig. 21.56). Subacute  granulomatous  thyroiditis  (de  Quervain
thyroiditis) presents w ith  neck pain  follow ing an  upper  respira-
tory tract  viral episode. Microscopically, it  presents  as  focal dis-
ruption  of the  thyroid  follicles  triggering  a  react ive  chronic  in-
flam mation  with  granulom as  and  fibrosis. Palpation  thyroiditis
shows foci of histiocytic  accum ulation  in  disrupted  thyroid  fol-
licles and  is the result  of frequent  palpation  of the thyroid  gland.
Hashim oto thyroiditis is characterized  by lymphoplasmacytic in-
filtration  of the  thyroid  parenchyma with  focal lymphoid  follicle

Fig. 21.54  Basal cell adenocarcinoma is the  malignant  counterpart  of basal cell adenoma. These  lesions have  proliferating  myoepithelial cells with
frequent  areas of ductal differentiation  (epithelial and  myoepithelial bilayering  of lumina).
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formation. There is also react ive oncocytic changes in  the thyroid
epithelium  Hashimoto thyroiditis is an  autoimm une disorder  af-
fecting individuals w ith  a  genetic predisposition;  it  is associated
with  a variety of other autoim mune diseases (� Fig. 21.57).

In  Riedel thyroiditis, hyalin ized  fibrosis  replaces  the  norm al
parenchym a and  extends in to adjacent  soft  t issues of the  neck.
The m ild  inflam m atory component  is usually m ixed  and  is also
associated  w ith  occasional foci of venulit is. Amyloidosis  (amy-
loid  goiter) is a  rare  condition  characterized  by the  m assive  in-
terstit ial deposit ion  of am orphous  congophilic deposits  (apple
green  birefringent  under  polarized  light).  Hyperplasia  of  the
thyroid gland  m ay be associated with  hyperfunct ion  (Graves dis-
ease), hypofunction  (endem ic goiter, dysm orphogenic goiter), or
norm al  function  (m ultinodular  goiter).23 Graves  disease  show s
di use  and  sym m etric enlargem ent  of the  thyroid  gland, w hich
is  beefy  red  on  cut  surfaces. Microscopically, there  is  preserva-
tion  of  the  norm al  lobular  architecture;  follicles  appear  sm all
and  irregular, contain  pale-staining colloid, and  display  num er-
ous papillary epithelial infoldings w ith  basally placed nuclei.

Dysm orphogenic goiter  is  usually present  early in  childhood
and  m orphologically show s di use or  nodular hyperplasia w ith

irregular  epithelial  islands  and  foci  of nuclear  pleom orphism .
Multinodular  goiter  (nontoxic, sim ple, adenom atoid, or  colloid
goiter) harbors asym m etric enlargem ent  w ith  incompletely en-
capsulated  hyperplastic  nodules  undergoing  partial  degenera-
tion  w ith  hem orrhage,  calcification ,  fibrosis,  cyst  form ation ,
and  rarely ossification. There  is variation  in  follicular  size, areas
of  papillary  hyperplasia,  and  occasional  oncocyt ic  changes
(� Fig. 21.58).

Neoplasm s
Follicular  adenom as  are  benign  thyroid  tum or  that  are  com -
pletely encapsulated  by a  th in  rim  of fibrous  tissue  and  retain
follicular  architecture  (� Fig. 21.59). Hyalin izing  trabecular  ad-
enom a is another benign  encapsulated  tum or  w ith  a trabecular
grow th  pat tern  and  hyalin ization.  The  proliferating  follicular
cells  display  nuclear  enlargem ent  and  grooves;  they  are  fre-
quently  m isinterpreted  as  atypia  or  even  papillary  carcinom a
on FNA biopsies.

Papillary  carcinom a  is  the  m ost  com m on  thyroid  m alignant
tum or,  typically  present ing  in  adults;  it  is  m ore  com m on  in

Fig. 21.55  Carcinoma ex pleomorphic adenoma is a mixed tumor in which the epithelial component undergoes malignant  transformation, which can
be  only focally present  and  can be  confined  within  the  capsule  of the  benign tumor in  which  it  arises. Note  the  large  undifferentiated  malignant
epithelial cells (left  side  of image) arising  in  and  invading  the  pleomorphic adenoma (right  side  of image).
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wom en. Papillary carcinom as are  usually di usely  invasive  tu-
m or  and  have  high  propensity  for  lym phatic  invasion
(� Fig.  21.60).  Follicular  carcinom a  is  usually  a  solitary  large
m ass w ith  a  th ick  fibrous  capsule  and  norm al follicular  or  m i-
crofollicular  architecture;  follicular  cells  can  be  seen  penetrat-
ing the th ick fibrous capsule of the tum or) (� Fig. 21.61).

Poorly  di eren tiated  carcinom a  (insular  carcinom a) displays
a solid  grow th  pat tern  w ith  poorly di erentiated  round  epithe-
lial cells, is h ighly invasive, and  has m etastat ic potential. Undif-
ferentiated  (anaplastic)  carcinom a  is  a  rare  and  aggressive  tu-
m or  harboring  undi eren tiated  epithelial  cells  w ith  areas  of
spindle  cells, pleom orphic  giant  cells, or  epithelioid  cells. Dis-
tant  m etastases are usually present  by the t im e of presentation.
Medullary thyroid  carcinom a arises from  C cells  (calcitonin-se-
creting cells) of the thyroid  and  is a neuroendocrine  tum or; tu-
m or cells are im m unoreactive to calcitonin  (� Fig. 21.62).

Spindle  cell  tum or  w ith  thym uslike  di erentiation  (SETTLE)
and  carcinom a  show ing  thym uslike  di erentiation  (CASTLE)
are  rare  m alignant  tum ors  in  w hich  there  is  co-expression  of
cytokeratin  and  CD5  (T cell  m arker). Other  m alignant  thyroid

tum ors are squam ous cell carcinom a, m ucoepiderm oid  carcino-
m a, and m ucinous carcinom a.

Parathyroid  adenom a  usually  involves  a  single  parathyroid
gland,  and  areencapsulated  neoplasm s  composed  of  solidly
proliferating chief cells or oncocytes w ith  clear cytoplasm  form -
ing solid  and  focally follicular  arrangem ents  w ithout  in terven-
ing adipocytes (� Fig. 21.63). Rare  lesions are  parathyroid  cysts
that  are  lined  by  a  single  layer  of com pressed  cuboidal  epi-
thelial  cells  and  show  groups  of  chief  or  oxyph ilic  cells  in
neighboring  fibrous  t issue.  Parathyroid  carcinom a  is  d iag-
nosed  based  on  in filt rat ive  features  including  desm oplast ic
react ion  to  invasion ;  cytologically,  it  d isp lays  cells  iden t ical
to those  of parathyroid  adenom a. Pr im ary ch ief cell hyperpla-
sia  is  characterized  by  hyperp lasia  of  all  four  parathyroid
glands  accom panied  by  hyperparathyroid ism . Approxim ately
75% of cases  are  sporadic, w hereas  the  rest  are  par t  of m ult i-
p le  endocrine  neoplasia  syndrom es. Morphologically, there  is
nodular  grow th  of ch ief cells  w ith  a  norm al num ber  of onco-
cytes  and  transit ional  oncocyt ic  cells  and  preserved  in t ra-
glandular  adipocytes.24

Fig. 21.56  Thyroglossal duct  cysts, the most common cystic developmental abnormalities of the neck, arise along the anterior midline (mostly below
and  some  above  the  hyoid  bone, and  very few in  the  tongue). Histologically, the  cysts are  lined  by ciliated  respiratory-type  epithelium, squamous
epithelium, or both and  occasionally harbor at tached  vestiges of thyroid  parenchyma.
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21.3.6  Soft -Tissue Tum ors of the  Head
and Neck
Neoplasm s
Juvenile  hyaline  fibrom atosis  is  an  extrem ely  rare  disorder
characterized  by  the  presence  of  subcutaneous  tum orlike
m asses, predom inantly  in  the  head  and  neck. The  nodules  are
composed  of plum p  fibroblasts in  a  hyalin ized  collagen  replac-
ing  norm al  t issues. Nuchal  fibrom as  are  benign, well-circum -
scribed  but  unencapsulated  nodules  in  the  posterior  neck  and
upper  back  that  harbor  bundles  of m ature  collagen  w ith  focal
en trapm ent  of nerve  bundles, adipocytes, and  skeletal m uscle
fibers. Desm oid-type  fibrom atosis  show s poorly circum scribed
soft-t issue  m asses  composed  of proliferating spindle  cells  w ith
a  uniform  appearance  in  a  collagenous  background. Although
no  cytologic  atypia  or  m itotic  act ivity  is  seen, the  lesion  has
infiltrative  m argins  and  is  frequently  incompletely  excised,
therefore show ing a high  recurrence rate. Derm atofibrosarcom a

Fig. 21.57  Hashimoto thyroiditis harbors lymphoplasmacytic infiltration  in  the  thyroid  parenchyma with  focal lymphoid  follicle  formation and
surrounding reactive oncocytic changes in the thyroid epithelium (Hurthle cell metaplasia). Hashimoto thyroiditis is an autoimmune disorder affecting
individuals with a genetic predisposition; it  is associated with a variety of other autoimmune diseases, such as Graves disease, Sjögren syndrome, and
rheumatic diseases. Patients with Hashimoto thyroiditis have a significant risk for the development of non-Hodgkin lymphomas; it  is asserted that  they
also  have  a  higher risk for the  development  of papillary carcinoma.

Fig. 21.58  An adenomatoid goiter has a large variation of hyperplastic
thyroid  follicles with  cytologically benign follicular cells.
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protuberans arises in  the derm is and  subcutis on  the t runk and
proxim al  extrem it ies,  w ith  a  certain  percentage  a ect ing  the
head  and  neck.25 It  displays  a  dense  cellular  proliferation  of
spindle  fibroblasts w ith  a  honeycom b pattern , infiltrative  m ar-
gins, and  lit t le  m itotic  activity;  neoplastic  cells  are  im m unor-
eact ive  to vim entin  and  CD34 w hile  usually factor  XIIIa–  nega-
tive. Adult  fibrosarcom as are di usely infiltrating m alignant  tu-
m ors  of soft  t issues  that  are  h ighly  cellular  and  show  hyper-
chrom atic  spindle  nuclei  w ith  frequent  m itoses;  the  grow th
pattern  is  storiform  or  herringbone-like. Tum or  size  and  depth
of  invasion  are  prognostically  significant.  Pleom orphic  m alig-
nant  fibrous  histiocytom a  (undi erent iated  high-grade  pleo-
m orphic  sarcom a)is  an  aggresive  tum or, invading  w idely  and
m etastasizing; it  has a poor prognosis (� Fig. 21.64).

Traum atic  neurom as  arise  after  traum a  or  surgery  and  are
composed  haphazardly  arranged  nerves  and  fibrous  tissue.
Neurofibrom as  and  schwannom as  are  both  benign  tum ors  of

the  nerve  sheath . The  form er  arise  in  the  substance  of a  nerve
and  en trap  nerve  fibers  w ith in  the  m ass,  w hereas  the  latter
grow  attached  to a nerve and  do not  harbor  nerve fibers w ithin
the  m ass. Both  contain  proliferating Schwann  cells  (im m unor-
eact ive to S-100) w ith  scattered fibroblasts and perineurial cells
(� Fig. 21.65).

Perineuriom as  are  deep  or  superficially  located  soft-t issue
nodules composed  of sm all spindle cells. They derive from  peri-
neurial  cells  and  are  epithelial  m em brane  an tigen–positive
w hile  S-100–negat ive.  Nuclear  p leom orph ism  in  a  neurofi-
brom a, a  h igh  degree  of cellu larit y, increased  m itotic act ivity,
and  tum or  necrosis  all  suggest  a  m alignan t  t ransform ation
(m alignan t  per ipheral  nerve  sheath  tum or).  Perineuriom as
have  an  aggressive  clin ical  courses  and  m etastat ic  poten t ial.
Lipom as  are  collect ions  of  m ature  ad ipocytes  and  are  fre-
quen t ly  encoun tered  in  the  head  and  neck;  surgical  excision
is  curat ive. Spindle  cell  lipom a  and  pleom orph ic  lipom a  are

Fig. 21.59  Follicular adenomas are benign thyroid tumors of adults that are completely encapsulated, usually by a thin rim of fibrous tissue, and retain
follicular architecture  (follicular differentiation) with  a  normal amount  of colloid. A follicular adenoma has proliferating  follicular cells (lower part  of
image) that  are larger than normal follicular cells of the thyroid (upper part  of image). The cells have moderately enlarged nuclei in comparison with
the  normal thyroid. No tumor capsule  or vascular invasion  is found. Variants of follicular adenomas include  oncocytic adenoma (Hurthle  cell
adenoma), follicular adenoma with papillary hyperplasia, signet-ring cell follicular adenoma, mucinous follicular adenoma, lipoadenoma (with included
groups of adipocytes), clear cell follicular adenoma, atypical adenoma, and  follicular adenoma with  bizarre  nuclei.
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the  ends of a  com m on  h istologic spectrum ;  they are  w ell-cir-
cum scribed  soft -t issue  m asses  of  bland  spindle  cells  w ith
various  adipocyt ic  com ponen ts  and  scat tered  m ult inucleated
gian t  cells  w ith  rad ially  arranged  nuclei  in  a  floret-like  pat-
tern . Lipoblastom as are  ben ign  pediatric tum ors  com posed  of
m ature  and  im m ature  ad ipocytes, the  lat ter  corresponding to
lipoblasts in  various stages of developm en t. The lipoblasts are
usually very scarce. Well-di eren t iated  liposarcom a, an  in ter-
m ediate  m alignan t  m esenchym al tum or, is  com posed  of m a-
ture  adipocytes  w ith  sign ifican t  variat ion  in  cell  size,  focal
adipocyt ic  nuclear  atypia, and  hyperchrom asia. Dedi eren t i-
ated  liposarcom a  show s  areas  of  fibrosarcom a  or  p leom or-
ph ic  m alignan t  fibrous  h ist iocytom a.  Myxoid  liposarcom a
show s  prim it ive,  round  to  oval,  non lipogen ic  m esenchym al
cells  and  various  num bers  of  lipoblasts  in  a  m yxoid  st rom a.
Pleom orph ic liposarcom a  harbors  bizarre  cells  and  lipoblasts.
Papillary  endothelial  hyperplasia  is  an  in travascular  clot  or-
gan izat ion  and  recanalizat ion  of a  th rom bosed  vessel  after  a
t raum at ic even t ;  it  show s pseudopapillae  lined  by p lum p, re-
act ive  endothelial  cells. Capillary  hem angiom as  are  irregular
proliferat ions  of th in  w alled  capillaries  w ith  bland  endothe-
lial cells (� Fig. 21.66).

Kaposiform  hem angioendotheliom a  is  a  locally  aggressive,
im m ature vascular neoplasm  w ith  a Kaposi sarcom a–like fascic-
ular  spindle cell grow th  pattern . Epithelioid  hem angioendothe-

liom a  is  a  vascular  tum or  that  usually originates  in  a  vessel. It
show s  centrifugal  extension  in to  neighboring  soft  t issue  w ith
partial vessel wall destruction  by proliferating epithelioid  endo-
thelial cells w ith  a low  rate of m itotic activity and  scattered  nu-
clear  pleom orphism . It  is considered  a vascular  tum or  of in ter-
m ediate  m alignancy  betw een  hem angiom as  and  angiosarco-
m as.  Angiosarcom as  of  the  head  and  neck  h ighly  aggressive
vascular  tum ors  w ith  m etastatic potential and  a  h igh  local re-
currence rate (� Fig. 21.67).

Leiomyom as are  benign  sm ooth-m uscle  tum ors arising from
pilar  sm ooth  m uscles  or  the  m uscularis  of blood  vessels. They
are  typically not  well circum scribed  and  harbor  in terlacing fas-
cicles of lightly eosinophilic spindle  cells w ith  cigar-shaped  nu-
clei. The cells are  positive for  sm ooth-m uscle  actin  and  desm in .
Leiomyosarcom as  are  rare  in  the  head  and  neck. Microscopi-
cally,  they  show  increased  cellularity,  nuclear  pleom orphism
and  hyperchrom asia, and  frequent  m itoses. Deep-seated  leio-
myosarcom as  have  a  m ore  aggressive  clin ical  course.  Adult
rhabdomyom as  arise  in  the  pharynx, oral  cavity, tongue  base,
and  larynx.  They  are  benign  lobulated  tum ors  of  str iated
m uscle, display  large  polygonal  or  round  cells  w ith  abundant
eosinophilic  cytoplasm ,  and  are  im m unoreact ive  to  m uscle-
specific actin , desm in, and  myogenin . Rhabdomyosarcom as are
m alignant  str iated  m uscle  tum ors  of  ch ildhood.  Em bryonal
rhabdomyosarcom as  show  prim it ive  cells  in  various  stages  of
myogenesis. Alveolar rhabdomyosarcom as show  predom inantly
prim itive  cells  w ith  a  h igh  nuclear-to-cytoplasm ic  ratio. Pleo-
m orphic rhabdomyosarcom as, arising exclusively in  adults, con-
sist  of  undi eren tiated  round  to  spindle  cells  w ith  frequent
pleom orphic  nuclei. Epithelioid  sarcom a  is  a  tum or  of  young
adults  that  seldom  involves  the  head  and  neck. It  is  composed
of epithelioid and spindle cells w ith  nuclear atypia and frequent
tum or  necrosis. The cells are  characteristically positive for  both
vim entin  and epithelial m arkers, like cytokeratin  and/or epithe-
lial  m arker  an tigen . Alveolar  soft-par t  sarcom a  is  a  m alignant
tum or of young adults involving the tongue and  orbit  m ost  fre-
quently. It  characteristically show s an  organoid  grow th  pattern
w ith  th in , fibrous  septation. The  cells  are  polygonal and  show
sharp cell borders and large nuclei w ith  prom inent  nucleoli. Oc-
casionally, there  are  rhom boid  or  rod-shaped  crystalline  inclu-
sions that are positive for periodic acid–Schi . Synovial sarcom a
a ects young adults. On histologic exam inat ion, it  can  be bipha-
sic (epithelial cells and spindle cells), m onophasic (usually spin-
dle  cells alone), or  poorly di eren tiated. Epithelial cells are  im -
m unoreact ive  to  cytokeratins, w hile  vim entin  is  present  in  the
spindle  cells.  Soft-tissue  type  hem angiopericytom a  rarely  af-
fects the head and neck (� Fig. 21.68).

21.3.7  Bone Lesions of the Head and
Neck
Neoplasm s
Osteom a is a  benign  osseous tum or, alm ost  exclusively present
in  head  and  neck, arising  in  the  paranasal  sinuses, m andible,
bony  part  of  the  external  auditory  canal,  and  soft  t issues
(tongue, buccal m ucosa, and  nasal cavity);  it  is  composed  of a

Fig. 21.60  Papillary carcinoma of the  thyroid  shows predominantly
papillary (solid or follicular areas possible) architecture of the neoplasm
with multilayered malignant  epithelial cells that  have distinct  cytologic
features (nuclear clearing, nuclear grooving, conspicuous nucleoli, and
occasional intranuclear pseudoinclusions) and  atypia. Psammoma
bodies (concentric calcium  deposits) are  very characteristic but  rarely
encountered. Papillary carcinoma is by far the  most  common thyroid
malignant  tumor; it  manifests in  adult  life  and  shows a  female
predilection. Papillary carcinomas can be  encapsulated but  are  usually
diffusely invasive  tumors that  break through the  thyroid  capsule  and
have  high propensity for lymphatic invasion. Microscopic foci of
papillary carcinoma smaller than  1 cm  are  described  as papillary
microcarcinomas. Variants of papillary carcinoma have been described
(follicular, oncocytic, clear cell, macrofollicular, solid, diffuse sclerosing,
tall and  columnar cell), all with  similar clinical outcomes.
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proliferation  of compact  lam ellar  bone  w ith  a  reduced  num ber
of haversian  canals. Histologically  identical is  exostosis, w hich
involves larger  areas  of the  external auditory canals  bilaterally
and  is distinguished  from  osteom a on  clinical grounds. Osteoid
osteom a is a  rare  benign  bone tum or  of young adults arising in
the cervical spine, m andible, m axilla, and various skull bones; it
characteristically  presents  w ith  pain  relieved  by  salicylates. It
show s a central n idus w ith  a peripheral denser rim  on  radiolog-
ic exam ination;  th is is  m atched  on  histologic exam ination  by a
central n idus w ith  new  bone  form ation  and  active  osteoblastic
rim m ing followed  by m ature  bone  form ation  at  the  periphery
and balanced osteoclast ic and osteoblastic activity.

Osteosarcom a is rare in  the head and neck; typically a ect ing
the  m andible, m axilla, skull bones, and  rarely the  vertebrae  of
adults (� Fig. 21.69).

Chondrom a  is  a  ben ign  car t ilaginous  tum or  rarely  seen  in
the  skull  base  and  other  bones  of  the  head  and  neck  or  in
soft  t issues. It  show s  lobules  of hyaline  car t ilage  w ith  w ell-
form ed  chondrocytes  in  un rem arkable  lacunae.  Osteochon-
drom a  is  a  pedunculated  ben ign  tum or  protruding  from  the
paren t  bone  that  rem ains in  d irect  con t inuit y w ith  the  cortex
of the  a ected  bone;  its  d istal par t  d isp lays a  car t ilage  cover-
ing.  Chondroblastom a  show s  sm all,  densely  p roliferat ing
chondroblasts w ith  w ell-defined  borders and  ren iform  nuclei
w ith  lit t le  m itot ic  act ivity.  Chondrosarcom a  can  a ect  any
area  of

bone  in  the  head  and  neck  as  well  as  the  larynx  in  adults
(� Fig. 21.70).

The  general grad ing system  of sarcom as (based  on  di eren-
t iat ion ,  m itoses,  and  necrosis)  correlates  w ell  w ith  clin ical

Fig. 21.61  Follicular carcinoma has neoplastic follicular cells breaking  through the  thick fibrous capsule  of the  tumor (mushrooming  capsular
invasion). Follicular carcinoma accounts for 10 to 15% of thyroid malignancies. It is mostly a solitary large mass with a thick fibrous capsule and normal
follicular or microfollicular architecture. Invasiveness is identified  along  its capsule  (complete  capsular penetration  with  spread  into  neighboring
thyroid tissue) or in vessels (most  distant  metastases are blood-borne). Minimally invasive follicular carcinoma shows few foci of vascular and capsular
invasion but  retains the  general shape  of an  encapsulated  neoplasm; its prognosis is excellent. Widely invasive  follicular carcinoma shows multiple
areas of invasion  such  that  the  initial capsule  of the  tumor can barely be  recognized; distant  metastases are  usually present  by the  time  of
presentation.
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Fig. 21.62  Medullary thyroid carcinoma has neoplastic neuroendocrine
cells with  a stippled  chromatin  pat tern  (salt  and  pepper nuclei) and
elongated, hyperchromatic nuclei, as well as amyloid deposition within
the  tumor and  invasive  features; note  the  unremarkable  neighboring
thyroid  follicle. Medullary thyroid  carcinoma arises from  C cells
(calcitonin-secreting cells), and the tumor cells are  immunoreactive to
calcitonin.

Fig. 21.63  Parathyroid  adenoma usually involves a single  parathyroid  gland. The tumors are  delicately encapsulated  neoplasms composed  of solidly
proliferating chief cells or oncocytes with clear cytoplasm forming solid and focally follicular arrangements without intervening adipocytes; frequently,
a  rim  of unremarkable  parathyroid  parenchyma is at tached.

Fig. 21.64  Pleomorphic malignant  fibrous histiocytoma (undifferenti-
ated  high-grade  pleomorphic sarcoma) displays bizarre, pleomophic
cells growing  in  a  fascicular or storiform  pat tern  with  marked  nuclear
hyperchromasia and frequent  mitoses. It  invades widely, metastasizes,
and  has a  poor prognosis.

21.3  Tissue Pathology

173



outcom e.26 Som e  show  prim it ive  areas  w ith  undi eren t iated
cells  (m esenchym al chondrosarcom a). Chordom a  of the  head
and  neck, an  in term ediate-grade  m alignan t  tum or  that  reca-
p itu lates  notochord  h istology,  a ects  the  clivus  (m ost  chor-
dom as  generally  arise  in  the  sacrococcygeal  area).  It  show s
m ult ivacuolated ,  physaliferous  cells  in  a  m ucinous  st rom a;
the  cells  are  im m unoreact ive  to  S-100,  ep ithelial  m arkers,
and  vim ent in  (� Fig. 21.71).

Ossifying fibrom a is an  extraosseous neoplasm  of fibrous t is-
sue  w ith  central osteoid  form ation  including som e  osteoclast ic
activity  and  m ineralization. Aneurysm al  bone  cyst  a ects  the
m andible, m axilla, and  m idline bone structures of the head  and
neck in  young adults (� Fig. 21.72).

21.3.8  Hem atopoiet ic Lesions of Head
and Neck
Infect ious/Inflam m atory/Anatom ic/Idiopathic
Mononucleosis  lymphadenit is  a ects  adolescents  and  young
adults. If a  h istologic diagnosis is necessary (unsuccessful sero-
logic investigation), the  excised  lym ph  node  show s part ially ef-
faced  lymphoid  arch itecture,  an  expanded  paracort ical  T-cell
zone, and  occasional im m unoblasts. Hum an  im m unodeficiency
lymphadenitis  show s  three  dist inct  m orphological  patterns

Fig. 21.65  Schwannoma is characterized  by proliferating spindle
Schwann cells with  a  fair amount  of pink cytoplasm  and  indistin-
guishable cell borders; note the nuclear palisading around the acellular
pink area (Verocay body).

Fig. 21.66  Capillary hemangiomas are  irregular proliferations of thin-
walled  capillaries with  bland  endothelial cells in  a  loose  collagenous
stroma.

Fig. 21.67  Angiosarcomas demonstrate  irregular and  anastomosing
vascular spaces with  markedly pleomorphic endothelial cells and
numerous atypical mitoses. The head and neck are  the most  common
locations of cutaneous angiosarcomas. These  are  highly aggressive
vascular tumors with  metastatic potential and  a high local recurrence
rate.

Fig. 21.68  Soft-tissue  type  hemangiopericytoma exhibits dense, pro-
liferating  pericytes with  mitotic activit y. It  harbors densely cellular
elongated cells with numerous intervening vessels with focal staghorn
branching; a  high number of mitoses is linked  to  a  more  aggressive
clinical course, but  the  criteria  for malignancy are  ill defined. The
tumor cells are  immunoreactive  to CD34 and  CD99. Soft-tissue  type
hemangiopericytoma is generally deep-seated  but  rarely affects the
head and  neck.
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Fig. 21.69  Osteosarcoma in  the  head  and  neck is rare  and  affects
mandible, maxilla, skull bones, and  rarely the  vertebrae  of adults. On
microscopic examination, it  shows malignant  mesenchymal cells with
osteoid  formation (immature  bone  with  incomplete  haversian system
formation); in  parallel, it  can show fibroblastic, chondroblastic, or
various mesenchymal differentiations. Seen  here  are  trabeculae  of
woven bone  with  a single  layer of osteoblastic rimming  in  a fibrous
stroma.

Fig. 21.70  Chondrosarcoma is characterized by irregularly distributed atypical chondrocytes with large, atypical, hyperchromatic nuclei and mitoses in
irregular lacunae. Chondrosarcoma can  affect  any area of bone  in  the  head  and  neck as well as the  larynx in  adults.

Fig. 21.71  Fibrous dysplasia shows bone  trabeculae  with  lamellar and
woven bone, both  devoid  of osteoblastic rimming. It  is well circum-
scribed  and  composed  of bone  replacement  by fibroblastic stroma
with  irregular bone  trabeculae  arising  directly from  the  fibrous tissue
without  the  presence  of osteoblasts. Fibrous dysplasia  affects flat
bones in  the  head and  neck.
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based  on  stage  of evolution. Pat tern  A displays enlarged  lymph
nodes w ith  m ildly disturbed  lymphoid  architecture  and  aggre-
gates  of m onocytoid  cells. Pattern  B show s  follicle  e acem ent
w ith  lymphocytic depletion  and  vascular  hyperplasia. Pattern  C
show s  hyalin ized  germ inal  centers  w ith  t ransfixing, collagen-
ensheathed  ar terioles and  extensive angiogenesis.27 Cat-scratch
lymphadenitis  usually  presents  w ith  unilateral m atted  lympa-
denopathy  show ing  necrotizing  granulom as  w ith  central  m i-
croabscesses  (Bartonella  henselae).  Toxopla sma  lym phadenitis
reveals  posterior  cervical  lymphadenopathy  w ith  well-pre-
served  react ive  lymphoid  architecture, perifollicular  and  in tra-
follicular clusters of epithelioid cells, and patches of m onocytoid
cells w ithout  granulom as or  necrosis. Mycobacterial lymphade-
nitis  presents  as  caseating necrosis  w ith  granulom as  in  w hich
rare  bacilli  can  be  found  on  special  stains  (acid-fast  bacilli)
(� Fig.  21.73).  Sarcoidosis  lymphadenopathy  m ay  be  seen  in
m ultisystem  sarcoidosis  (� Fig. 21.74). Kim ura  lymphadenop-
athy, is com m on in  young Asian  m ales, usually seen  in  the neck
and  periauricular  areas  (� Fig.  21.75).  Kikuchi  lymphadenop-
athy, also  seen  predom inantly  in  young  Asians, can  be  found
in  unilateral cervical lymph  nodes and  generally resolves spon-
taneously  (� Fig. 21.76). Sinus  histiocytosis  w ith  m assive  lym -
phadenopathy  (Rosai-  Dorfm an  disease)  is  generally  seen  in

Fig. 21.72  Giant  cell reparative granuloma (aneurysmal bone cyst) is a
well-circumscribed, benign, variably cystic bone tumor with peripheral
woven bone  formation accompanied  by osteoblastic rimming  in  a
fibrous and  focally hemorrhagic stroma with  unevenly distributed
multinucleated osteoclast-type  giant  cells. Note the  neighboring  bone
trabeculae with reactive woven bone changes. It  affects the  mandible,
maxilla, and  midline  bone  structures of the  head  and  neck in young
adults.

Fig. 21.73  Mycobacterial lymphadenitis is defined  by irregular areas of caseous necrosis delineated  by granulomas in  lymph nodes.  Mycobacterium
tuberculosis lymphadenitis, the most  common type of extrapulmonary tuberculosis, usually affects multiple lymph nodes. Histologically, it  presents as
caseating  necrosis with  granulomas in  which  rare  bacilli can  be  found  on special stains (acid-fast  bacilli).
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children  and  adolescents, presenting w ith  m assive  generalized
lymphadenopathy of long durat ion  (� Fig. 21.77).

Inflam m atory  pseudotum or  show s  enlarged,  tum orlike
lymph  nodes  and  soft-t issue  m asses.  It  displays  fascicles  and
w horls of spindle  cells  (fibroblasts  and  myofibroblasts) accom -
panied  by vascular  proliferation  and  m oderate  chronic inflam -
m atory infiltration  w ithout evidence of m onoclonality.

Neoplasm s
Hodgkin  lymphom a  (classic type) show s four  distinct  variants.
Nodular sclerosis Hodgkin  lym phom a is the m ost  com m on type
in  the United  States and  show s lymph  node arch itecture  e ace-
m ent due to fibrosis. Lym phoid cells, w ith  an  eosinophilic back-
ground,  harbor  a  large  num ber  of  Reed-Sternberg  cells  and
Hodgkin  cells  (im m unoreact ive  to  CD30  and  CD15  but  CD20-
negative)  (� Fig. 21.78). Lym phocyte-rich  Hodgkin  lym phom a
show s few  Reed-Sternberg cells  in  a  largely lym phocyt ic back-
ground.  Mixed-cellularit y  Hodgkin  lymphom a  is  the  m ost
com m on  type  in  underdeveloped  countries  and  show s  m ixed

features  of the  first  two. Lym phocyte  depletion  Hodgkin  lym -
phom a  a ects  elderly  pat ients  and  show s  severe  lymphocyte
depletion  and  few  Reed-Sternberg cells w ith  a  di use  fibrillary
background.28 Nodular  lymphocyte–predom inant  Hodgkin
lymphom a show s a nodular grow th  pat tern , usually focal archi-
tectural replacem ent , and scattered neoplastic lymphocyt ic/h is-
tiocytic  cells, w hich  are  in  fact  CD20-positive  but  CD30-  and
CD15-negative  neoplastic  B lymphocytes.  No  Reed-Sternberg
cells  are  present. Marginal zone  B-cell lymphom a  (MALT lym -
phom a) is a low -grade lymphom a of adults arising in  lymph no-
des  or  extranodally. It  harbors  m onotonous  m onoclonal sm all
lymphocytes  w ith  slight  nuclear  angulation, very  few  m itoses,
and  B phenotype (CD20-positive w ith  frequent  CD43 coexpres-
sion  and  light  chain  restr ict ion). Sm all lymphocyt ic lymphom a
a ects elderly persons and  displays m onotonous sm all lympho-
cytes w ith  hyperchrom at ic nuclei and  sligh t  nuclear contour  ir-
regularit y (im m unoreactive to CD20, CD23, and CD5) w ith  com -
plete e acem ent of lymphoid architecture. Occasional prolifera-
tion  centers populated  by prolymphocytes are  present . Mantle
cell lymphom a is clin ically aggressive and displays m onotonous,

Fig. 21.74  Sarcoidosis lymphadenopathy accompanies multisystemic sarcoidosis. Histologically, it  displays non-necrotizing  granulomas with  well-
preserved  lymphoid  architecture.
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m edium -size  lym phocytes  w ith  vesicular  nuclei,  conspicuous
basophilic  nuclei, and  a  fair  am ount  of m itoses  (im m unoreac-
tive to CD20, CD5, and cyclin  D1). Follicular lymphom a has high
incidence  in  Western  countries  and  a ects  elderly  persons. It
can  show  part ial or  complete  nodal involvem ent  w ith  a  follicu-
lar  or  di use  grow th  pattern . It  comprises cleaved  cells (im m u-
noreact ive to CD20, CD10, Bcl-2, and  Bcl-6) that  can  be sm all or
large  corresponding to a low  or h igh  histologic grade  of follicu-
lar  lymphom a,  respect ively.  Di use  large  B-cell  lym phom a  is
the m ost  com m on lymphom a in  Western  countries and is h igh-
grade. It  can  be  nodal or  extranodal and  harbors  large  B lym -
phocytes (positive for  CD20 w ith  variable staining for CD10 and
Bcl-6)  w ith  a  h igh  m itotic  count  and  tum or  necrosis.  Burkitt
lymphom a is a h igh-grade B-cell lymphom a

a ect ing young adults (� Fig. 21.79).
Myeloid  sarcom a  (extram edullary myeloid  cell tum or) is  the

tissue  counterpar t  of chronic myeloid  leukem ia  in  w hich  circu-
lating m alignant  myeloid  cells (im m unoreact ive to CD13, CD15,
CD33,  CD43,  and  CD117)  form  t issue  m asses.  Extranodal  NK

(natural killer)/T-cell lymphom a, nasal type, and  peripheral T-
cell lym phom a are  the  m ost  frequent  T-cell lymphom as of the
head  and  neck. They are  high-grade  and  display various  T-cell
antigen  deletions in  neoplastic lymphocytes. Plasm acytom a is a
proliferation  of atypical  plasm a  cells  w ith  a  h igh  m itotic  rate
(� Fig. 21.80).

21.3.9  External, Middle, and Internal
Ear
External Ear
Infect ious/Inflammatory/Anatomic/Idiopathic
The  m ost  com m on  congenital lesion  of the  external ear  is  the
accessory  tragus, w hich  m icrosopically  is  a  fragm ent  of cart i-
lage  covered  by  unrem arkable  skin  and  subcutaneous  t issue.
Preauricular  cysts  and  sinuses  are  derived  from  the  first  bran-
chial arch  and  consist  of spaces lined  by squam ous-  or  respira-

Fig. 21.75  Histologically, Kimura lymphadenopathy shows preserved  lymphoid  architecture  with  scat tered  and  diffuse  eosinophilic infiltration  in  a
background of capillary endothelial hyperplasia in lymph nodes. Kimura lymphadenopathy, common in young Asian males, shows predilect ion for the
neck and  periauricular areas.
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tory-type epithelium . Type I anom aly is cystic and ent irely ecto-
derm al,  w hereas  type  II  also  contains  cartilage.  Keloids  are
thick, irregular  scars w hich  grow  beyond  the lim its of the origi-
nal scar (� Fig. 21.81).

Chondroderm atitis  helicis  nodularis  a ects  the  external  ear
and  consists of ulcerations w ith  granulation  tissue, necrobiosis
of underlying cart ilage, and surrounding hyperplasia of skin .

Neoplasms
Squam ous  cell  carcinom a  is  associated  w ith  act in ic  injury  and
consists  of  atypical  squam ous  cells  w ith  in tercellular  desm o-
som es and  various degrees of keratin ization. It  tends to  invade
w idely in to  soft  t issues  and  along perineural spaces. Basal cell
carcinom as arise  from  the  basal layer  of the  epiderm is  and  in-
vade the derm is as irregular  nests of basaloid  cells w ith  periph-
eral  palisading. Som e  variants  have  irregular  borders  and  are
di cult  to  completely  excise  by  standard  m ethods
(� Fig. 21.82). Malignant  m elanom a is characterized  by nests of

m elanocytes  w ith  atypical  nuclei  and  conspicuous  nucleoli
form ing  basal  epiderm al  nests  and  spreading  in to  the  upper
layers of the  epiderm is. Melanocytes are  im m unoreact ive  to  S-
100, MART-1 (Melan-A), and HMB-45 (� Fig. 21.83).

Undi eren tiated  epithelial  cells  w ith  scant  cytoplasm  and
large  nuclei  harboring  stippled  chrom atin  are  seen  in  Merkel
cell  carcinom a,  as  are  frequent  m itoses,  tum or  necrosis,  and
dense core cytoplasm ic granules (� Fig. 21.84). Derm atofibrom a
is  a  benign  tum or  of skin  composed  of proliferating spindle  fi-
broblasts  ), various  am ounts  of deposited  collagen, and  in ter-
vening m acrophages (� Fig. 21.85). Nodular fasciit is is a react ive
grow th  secondary  to  traum a.  Histologically,  nodular  fasciit is
presents w ith  a loosely arranged  proliferation  of myofibroblasts
harboring occasional m itoses in  a hypocellular  or  myxoid  back-
ground (� Fig. 21.86).

Kaposi sarcom a is a low -m alignancy m esenchym al neoplasm
of skin  and  subcutaneous t issue, but  also w ith  w ide  spread  vis-
ceral  involvem ent;  it  is  usually  linked  to  im m une  deficiency.

Fig. 21.76  Biopsied lymph nodes in Kikuchi lymphadenopathy display partially preserved lymphoid architecture with patchy areas of necrosis, nuclear
debris, aggregates of histiocytes, apoptotic cells, and  a  total lack of neutrophils and  eosinophils. Kikuchi lymphadenopathy, predominant  in  young
Asians, affects cervical lymph nodes unilaterally and  has a  benign clinical course  with  spontaneous remission.
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Microscopically,  it  displays  irregular  vascular  spaces  lined  by
atypical endothelial cells w ith  a low  rate  of m itotic activity and
extravasated  erythrocytes. Tum or cells show  nuclear  im m unor-
eact ivity  for  hum an  herpesvirus  8  (HHV-8).29 Angiolymphoid
hyperplasia w ith  eosinophilia  is a  chronic inflam m atory condi-
tion  presenting w ith  swelling of skin  and  subcutaneous soft  t is-
sues in  the  head  and  neck, especially in  the  periauricular  area;
m icroscopically,  it  show s  proliferating  capillaries  and  various
degrees  of  lymphocyt ic  infiltrate  w ith  num erous  eosinophils.
External auditory canal cholesteatom a is a  keratin-filled  pearly
expansion  usually  located  in  the  inferior  aspect  of  the  canal.
Long-standing lesions can  be erosive/destructive of bone. Ceru-
m inom a  (adenom a  of cerum inous  glands)  derives  from  trans-
form ed  apocrine  sweat  glands  of  the  external  auditory  cana
(� Fig. 21.87).

Malignan t  tu m ors of the  cerum inous glands can  be  adeno-
carcinom as  (low -  or  h igh -grade)  or  have  salivary  glan d
tum or  d i eren t iat ion  (adenoid  cyst ic  or  m ucoepiderm oid
carcinom as).

Middle  Ear and Inner Ear
Infect ious/Inflammatory/Anatomic/Idiopathic
Chronic otit is m edia, seen  in  all age groups, show s lymphoplas-
m acyt ic infiltration  of the  m iddle  ear  m ucosa. Granulat ion  tis-
sue  can  be  associated  (form ing aural polyps that  hang in to  the
external ear  canal through  tym panic perforations). Cholesterol
granulom as  are  derived  from  intralesional  bleeding.  Fibrosis
and calcification  of the tym panic m em brane can  follow  (tym pa-
nosclerosis), in flam m ation  can  a ect  the m astoid  (chronic m as-
toiditis), and the tegm en can  be eroded, allow ing brain  t issue to
hern iate  in to the  m iddle  ear  (encephalocele).30 Specific inflam -
m atory  processes  of  the  nasal  cavities  and  paranasal  sinuses,
like  sarcoidosis, Wegener  granulom atosis, tuberculosis, fungal
infect ions,  and  others,  can  also  occur.  Cholesteatom a  of  the
m iddle  ear  arises  from  retract ion  pockets of squam ous epithe-
lium  in  the  tym panic m em brane  or  from  squam ous m etaplasia
of the m iddle ear  m ucosa in  long-standing inflam m ation  and  is
istologically sim ilar to its external auditory canal (� Fig. 21.88).

Fig. 21.77  Sinus histiocytosis with  massive  lymphadenopathy (Rosai-Dorfman disease) affects children  and  adolescents, presents with  massive
generalized lymphadenopathy of long duration, and can have a self-limited clinical course. Lymph node biopsies show effacement of lymphoid follicles
with  marked  dilatation  of interfollicular sinuses by an  accumulation of histiocytes (S-100  immunohistochemical stain). Cells are  CD68- and  S-100–
positive  while  CD1a- and  Langerin-negative, devoid  of necrosis, and  capable  of engulfing  lymphocytes (emperipolesis).
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Neoplasms
Adenom as of the m iddle ear  are benign  epithelial proliferations
of packed sm all glands w ith  single layer of cuboidal or colum nar
cells (� Fig. 21.89). The sam e epithelium  can  develop schneider-
ian-type papillom as of the m iddle ear (usually inverted papillo-
m as), w hich  are  histologically identical to their  nasal and  para-
nasal sinus counterpar ts. Choristom as of the m iddle ear include
salivary gland  choristom as and  glial heterotopias, in  w hich  be-
nign  salivary  gland  and  glial t issue  vestiges  are  found, respec-
tively.  Paraganglia  are  collections  of  neuroendocrine  cells  of
neural  crest  origin  that  m igrate  during  em bryologic evolution
in  close association  w ith  cranial nerves, large vessels, and  auto-
nom ic nerves  and  ganglia. We  dist inguish  adrenal paraganglia
(m ainly  secreting  adrenalin)  and  extra-adrenal  paraganglia,
w hich  can  be  sym pathetic  (m ainly  secreting  noradrenalin)  or
parasym pathetic  (m ainly  secreting  dopam ine). Benign  tum ors
derived  from  extra-adrenal paraganglia, all h istologically iden-
tical, are found in  decreasing order of prevalence at  the bifurca-
tion  of  the  com m on  carotid  artery,  m iddle  ear,  vagus  nerve,

aortic arch, and  other  unusual locations, such  as the larynx, or-
bit , cauda equina, nasopharynx, and others. The m iddle ear par-
agangliom as  are  m ost  frequently  attached  to  the  jugular  vein
bulb  (jugular  paragangliom a)  and  less  frequently  to  the  tym -
panic nerve  (branch  of the  glossopharyngeal nerve) in  the  area
of  the  m edial  prom ontory  wall  (tym panic  paragangliom a).31

Collect ively,  they  are  called  jugulotym panic  paragangliom as
(� Fig. 21.90).

Other  benign  tum ors  infrequently  involving  the  m iddle  ear
are  m eningiom a,  schwannom a  (acoustic  neurom a;  see
� Fig. 21.65), and  lipom a  of the  in ternal auditory canal. Malig-
nant  tum ors of the m iddle ear comprise squam ous cell carcino-
m as, adenocarcinom as, and  others. Considered  to  arise  in  the
inner  ear  w ith  possible  secondary  involvem ent  of the  m iddle
ear  is  the  endolym phatic sac tum or  (aggressive  papillary m id-
dle ear tum or), a neoplasm  w ith  low -grade m alignant  potential.
It  can  occur  sporadically  but  can  also  be  associated  w ith  von
Hippel-Lindau  disease. On  m icroscopic  exam ination,  it  show s
variable  papillary, follicular, or  glandular  arrangem ent  covered

Fig. 21.78  Classic Hodgkin lymphoma, nodular sclerosing variant demonstrates fibrous bands separating nodules; a few Reed-Sternberg cells are seen
with  background  eosinophilic infiltration.
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Fig. 21.79  Burkit t  lymphoma is characterized  by monotonous malignant  large  B lymphocytes with  frequent  scat tered  macrophages (starry sky
appearance). Burkit t  lymphoma is a high-grade B-cell lymphoma affecting young adults. It  harbors large neoplastic B cells (immunoreactive to CD20,
CD10, and  Bcl-6  with  Epstein-Barr virus positivity); the  large  numbers of macrophages at test  to  the  high  turnover rate  of neoplastic cells.

Fig. 21.81  Keloids are  thick, extend  beyond  the  limits of the  original
scars, and  are  raised  with  dense, irregular collagen bundles. The
earlobes are  frequently affected  by keloid  formation next  to  areas of
piercing.

Fig. 21.80  Plasmacytoma is a proliferation of atypical plasma cells
(immunoreactive  to CD38 and  CD138) with  light- and  heavy-chain
restrict ions, a  high  mitotic rate, and  occasional necrotic foci with
characteristic cartwheel nuclei, perinuclear hof (clearing at  the nuclear
concavity), and  basophilic cytoplasm.
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by cytologically bland  epithelial cells  in  a  single  row ;  temporal
bone invasion  or m iddle ear infiltration  is described.

21.4  Roundsm anship
●  FNA as a  screen ing test  for  thyroid  nodules can  subcatego-

rize  them  as ben ign  or  suspicious, e ect ively preven t ing

unnecessary surgery. A specific d iagnosis m ay not  always
be  possible.

●  FNA as a screening test  for salivary m asses is e cient  in  dis-
tinguish ing benign  from  m alignant en t ities, thus facilitating
preoperative planning.

●  Subm ission  of the FNA sam ple of a lymph  node for flow
cytom etry analysis is essential if non-Hodgkin  lym phom a is
suspected; conversely, if Hodgkin  lymphom a is h igh on  the

Fig. 21.83  Malignant  melanoma is characterized  by nests of melano-
cytes with  atypical nuclei and  conspicuous nucleoli forming  basal
epidermal nests and spreading  into the  upper layers of the  epidermis.
Malignant  melanoma is one  of the  great  mimics among  neoplastic
lesions; it  can  be  pigmented  or amelanotic, ulcerated  or nodular, and
histologically it  displays an  array of cytologic features ranging  from
large  epithelioid  cells to  spindle  and  fusiform  cells suggesting  a
mesenchymal lesion. Melanocytes are  immunoreactive  to S-100,
MART-1 (Melan-A), and  HMB-45. Proper margins of resection  may be
difficult  to  achieve  on the  skin  of the  external ear because  of
anatomical restrict ions.

Fig. 21.82  Basal cell carcinoma displays invading  islands of epithelial
cells with  large  hyperchromatic nuclei and  scant  cytoplasm; note  the
connection to the basal layer of the epidermis (upper left  corner). Basal
cell carcinomas arise  from  the  basal layer of the  epidermis and  invade
the  dermis as irregular nests of basaloid  cells with  peripheral
palisading. Most  are  nodular and  therefore  easily excised; other
variants (multifocal superficial and  invading  morphea type) have
irregular borders and  are  difficult  to  completely excise  by standard
methods.

Fig. 21.84  Sheets of undifferentiated  epithelial cells with  scant
cytoplasm  and  large  nuclei harboring  stippled  chromatin  are  seen  in
Merkel cell carcinoma, as are  frequent  mitoses, tumor necrosis, and
dense  core  cytoplasmic granules; note  individual cell necrosis. Tumor
cells react  to  neuroendocrine  markers (synaptophysin, chromogranin,
and  CD56) and  characteristically show paranuclear dotlike  staining
with  CK-20 (a  low-molecular-weight  cytokeratin  fraction).

Fig. 21.85  Dermatofibroma is a poorly circumscribed benign tumor of
skin composed of proliferating spindle fibroblasts (factor XIIIa–positive
and  CD34-negative), various amounts of deposited  collagen, and
intervening  macrophages.
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di erential diagnostic list , the entire sam ple should  be saved
for m orphological exam inat ion.

●  FNA of lymph  nodes can  reliably suggest a lymphoprolifera-
tive process and therefore justify an  open  biopsy (the gold
standard for the h istopathologic diagnosis of lymphoid
lesions).

●  The correlation  of clin ical, im aging, and cytologic findings is
always desirable.

●  In  the head and neck, skin , epithelial, neural, respiratory,
digestive, glandular, soft-t issue, bone, vascular, and lymphoid
norm al elem ents are com bined in  highly specialized

structures w ithin  a relat ively sm all anatom ical area. The com -
plexity of the pathologic processes here is unparalleled by
that  in  any other area of the hum an body.

●  The num ber of head and neck neoplasm s w ith  concom itan t
features of several di eren t structures is h igh.

●  Frozen  sections in  m elanocytic skin  lesions should  be lim ited
to surgical resection  m argins; the m ain  lesion should  be
exam ined on  perm anent  sect ions only after appropriate
fixation.

●  Malignant skin  lesions of head and neck can  be excised w ith
only lim ited oncologic m argins, and they should be excised
w ith  frozen  sect ion  assessm ent of the surgical resection
m argins.

Fig. 21.86  Nodular fasciitis is a  reactive  rapid  growth  linked  to  a
traumatic event. It  presents with  a  loosely arranged  proliferation of
myofibroblasts harboring  occasional mitoses in  a  hypocellular or
myxoid  background; note  the  occasional nuclear pleomorphism  of
fibroblasts.

Fig. 21.87  Ceruminoma (adenoma of ceruminous glands) derives from
transformed apocrine  sweat  glands of the  external auditory canal. It  is
an unencapsulated  subcutaneous glandular epithelial neoplasm  with
epithelial and  myoepithelial cells (bilayered  disposition) and  an
apocrine  type  of apical decapitation  (apical snouting).

Fig. 21.88  Cholesteatoma of the  middle  ear arises from  retraction
pockets of squamous epithelium  in  the  tympanic membrane  or from
squamous metaplasia of the  middle  ear mucosa in  long-standing
inflammation. Histologically similar to  its external auditory canal
counterpart, cholesteatoma of the  middle  ear shows an accumulation
of flaky keratin  with  fragments of squamous epithelium.

Fig. 21.89  Adenomas of the  middle  ear are  unencapsulated  benign
epithelial proliferations of closely packed small glands with single layer
of benign  cuboidal or columnar cells.
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22  The Role  of Radiat ion Therapy in the Managem ent  of
Head and Neck Cancer
Kenneth S. Hu and Louis B. Harrison

22.1  Int roduct ion
Radiation  therapy is an  in tegral component  in  the  t reatm ent  of
head  and  neck tum ors. Machine-generated  X-rays were discov-
ered  by William  Roentgen  in  1895. The first  radioact ive  isotope
(radium ) was  discovered  in  1899  by Marie  Curie  and  was  first
applied  in  the  treatm ent  of head  and  neck cancer  in  the  early
1900s. Radioactive  isotopes  continue  to  be  useful today in  the
form  of brachytherapy. Machine-generated  high-energy X-rays
are the m ainstay of treatm ent  for  the m ajority of head and neck
tum ors.  Early  orthovoltage  and  superficial  voltage  m achines
were  lim ited  in  application  because  of skin  injury  during  the
treatm ent  of subcutaneous  tum ors. Not  until the  developm ent
of the  high-energy linear  accelerator  in  the  1960s could  exter-
nal  beam  radiation  be  in tegrated  in to  the  treatm ent  of  head
and  neck  cancer  w ithout  prohibitive  skin  toxicity. Sim ulation,
computed  tom ography  (CT)–based  treatm ent  planning,  field
shaping w ith  m otorized  m ultiple-leaf collim ators, and  in tensity
m odulation  of  radiation  represent  importan t  advances  that
have  allowed  the  h ighly  conform al  delivery  of radiation , opti-
m izing  the  therapeutic  ratio  by  concentrating  the  radiation
around  the tum or  w hile  sparing adjacent  norm al t issue such  as
salivary glands, pharyngeal m uscles, and cranial nerves. Curren t
radiation  delivery  system s  allow  m illim eter  precision  and  si-
m ultaneous di erential dosing to areas at  variable levels of risk.
Such  high  levels of conform ality increase the ability to in tegrate
radiation  in  a m ultidisciplinary m anner  to provide excellent  lo-
coregional control and focus on  organ  funct ion preservation.

22.2  Radiobiology
Radiation  works  prim arily  by  causing  reproduct ive  cell  death
such  that  tum ors  are  unable  to  replicate. The  target  of  treat-
m ent  is  the  tum or  DNA, in  w hich  free  radical form ation  from
ionizing  radiation  therapy  causes  perm anent  double-strand
breakage. Norm al  t issues  have  a  greater  capacity  than  tum or
cells  to  repair  them selves  after  radiation  exposure. Fract iona-
tion  exploits the repair di erent ial such  that doses high  enough
to kill tum ors but  that  spare  the  funct ion  and  in tegrity of nor-
m al t issue are used. In  general, radiation  doses of 50, 60, and  70
gray (Gy) are required for elect ive t reatm ent, m icroscopic resid-
ual  disease, and  gross  tum or, respect ively. Advanced  stage  T3
and  T4  tum ors usually require  the  concurrent  addition  of a  ra-
diation  sensitizer  during  radiation  therapy  to  achieve  a  h igh
probability of tum or control. Head  and  neck squam ous cell car-
cinom as  have  the  unique  characteristic  of delayed  accelerated
tum or  repopulation  during radiation  therapy, w hich  m akes the
total treatm ent  t im e a vital aspect  of optim al radiation  delivery.
The  phenom ena  of on-treatm ent  repopulation  and  di erential
repair  ability  underlie  the  rationale  for  several altered  fract io-
nated  radiation  regim ens  proven  to  im prove  locoregional
control. Shortening the  duration  of t reatm ent  w ith  accelerated
radiation  regim ens from  a conventional t im e of 7 to 6 weeks or

less  has  yielded  significant  gains.  Also,  escalating  the  dose
beyond the conventional dose of 70 up to 80 Gy w ith  hyperfrac-
tionation  and  adm inistering two t reatm ents per day exploit  the
repair  advantage  of norm al t issue  over  tum or  such  that  long-
term  toxicity is no di eren t but  tum or control is improved.

22.2.1  General Approaches to
Im proving Locoregional Cont rol w ith
Radiat ion Therapy
Because  of  their  location,  cancers  of  the  head  and  neck  can
severely  im pact  speech,  m astication,  taste,  swallow ing,  and
cosm esis. Eradicating disease and preserving organ  funct ion  are
im portant  goals  of  t reatm ent.  For  early-stage  disease, single-
m odality therapy is preferred, w hereas a complex m ultidiscipli-
nary evaluation  is  needed  for  locoregionally advanced  disease.
Im portant  advances have been  m ade, w ith  altered fractionation
and the incorporation  of chem otherapy used to im prove disease
control. More recent  advances include better targeting of tum or
through  improved  im aging,  radiation  delivery,  and  biologic
therapies. The preservation  of quality of life and  organ  function
is  a  crucial  end  point  that  guides  the  select ion  of an  optim al
treatm ent for individual patien ts.

22.2.2  Radiat ion Techniques and
Part icle  Therapies
Multiple  m ethods  of delivering  radiation  therapy  to  optim ize
the  therapeutic  ratio  have  been  developed.  The  m ainstay  of
treatm ent  has  been  w ith  external beam  techniques, w hich  de-
liver  photons generated  by m achine  and  shaped  by blocks and
collim at ion  before  the  patient  is  treated. Brachytherapy  is  the
direct  placem ent  of  radioactive  sources  in  the  tum or  and  is
m ost  often  used  as  a  boost  to  augm ent  a  course  of external
beam  radiation.  Such  an  approach  perm its  escalation  of  the
dose  to the  prim ary site  and  decreased  exposure  of norm al t is-
sues to the dose.

External Beam  Radiat ion
Two-Dimensional Technique
In  the  tradit ional two-dim ensional technique, t reatm ent  fields
are  designed  based  on  bony landm arks and  w ide m argins up  to
2 cm , w ith  X-rays delivered  to  opposed  lateral fields  and  a  low
anterior  neck  field. The  target  volum e  of the  parallel opposed
fields should include the prim ary site w ith  m argin  plus draining
lymph  nodes  of the  upper  neck, w ith  a  h igh  m atch  above  the
arytenoids  for  oropharynx  lesions  and  a  low  m atch  below  the
cricoid cart ilage for laryngeal/hypopharyngeal lesions.

Radiation  therapy has im proved  vastly from  the  in itial use  of
or thovoltage/radium  sources,  block-shaped  beam s,  and  plain
film –based  im aging w ith  large  setup  uncertain ty  to  the  use  of
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high-energy  linear  accelerators  w ith  dynam ic  leaf collim ation
and  CT-based  treatm ent  planning  w ith  precise  setup  and  im -
m obilization. The  evolution  in  t reatm ent  planning has allowed
the  better-targeted  delivery  of  radiation,  w ith  sparing  of  the
structures  im portant  for  salivation,  hearing,  swallow ing,  and
chew ing. Additionally, nausea can  be prevented.

Intensity-Modulated Radiat ion Therapy
Recent  e or ts  to  im prove  radiation  dose  conform ality  and  re-
duce  toxicity  have  been  m ade  w ith  three-dim ensional and  in-
tensity-m odulated  radiation  therapy (IMRT) techniques to treat
complex, irregularly  shaped  head  and  neck  tum ors. IMRT has
generated  t rem endous  en thusiasm  because  it  allow s  exquisite
dose  conform ality w ith  sparing of adjacent  organs. Each  radia-
tion  field  is  divided  in to  a  num ber  of beam lets  w ith  the  aid  of
an  in tensity  m odulator  and  inverse  treatm ent  planning.  The
di erent  beam lets are  added  to  form  a  cum ulative  dose  distri-
but ion  tailored  to the shape of the tum or and  respect ing desig-
nated  norm al t issue  tolerance  constrain ts. IMRT also  o ers  the
possibility  of  di erential  dosing  to  the  elect ive  nodal  basin ,
high-risk  nodal  areas, and  prim ary  tum or  sites  w ith  resultant
m odestly accelerated radiation.

Cancers  of the  oropharynx  and  nasopharynx  are  ideal  sites
for  IMRT because  the  tum ors  often  present  in  close  proxim ity
to sensitive norm al t issues such  as the parotid glands or involve
the  pharyngeal wall/retropharyngeal nodes  close  to  the  spinal
cord. Locoregional control of 87 to 89% appears sim ilar and pos-
sibly  better  than  that  ach ieved  w ith  conventional  techniques
based  on  in itial  single-institution  series.  IMRT regim ens  of
70 Gy in  33 or 35 fractions are well tolerated, even w ith  concur-
ren t chem otherapy (� Fig. 22.1).

To date, the  greatest  benefit  of IMRT in  regard  to toxicity has
been  the  reduct ion  of severe xerostom ia compared  w ith  stand-
ard  techniques. Eisbruch  et  al showed  that  stim ulated  salivary
flow  can  be  preserved  if the  m ean  dose  to  one  parotid  gland
w ith  IMRT is 26 Gy or  less, w ith  full recovery occurring up  to 2
years  after  treatm ent . This  is  clearly an  important  advance  be-
cause  xerostom ia  is  the  prim ary  quality-of-life  complain t
am ong  long-term  survivors  of  head  and  neck  cancer  t reated
w ith  radiation.

IMRT m ay also  be  used  to  spare  the  cochlea, nausea  center,
constrictor  m uscles, carotid  arteries, m inor  salivary  glands  of
the  oral  cavity,  subm andibular  gland,  larynx,  and  pterygoid
m uscles.

Brachytherapy
Brachytherapy, or  the im plantat ion  of radioact ive seeds directly
into  the  target  volum e,  o ers  dose  escalation  to  tum or  and
sparing of surrounding norm al tissue by inverse-square attenu-
ation,  producing  excellent  dose  conform ality.  Norm al  t issue
toxicity  is  fur ther  lessened  because  the  dose  of external beam
radiation  is reduced, w hich  is  especially advantageous in  those
receiving concurrent chem otherapy.

Stereotact ic Radiotherapy
Stereotact ic  radiation  delivers  h ighly  focused  radiation  to  tu-
m ors  through  the  use  of rigid  im m obilization  techniques  and
non-coplanar  beam  arrangem ents. The  forem ost  advantage  of

stereotact ic radiation  is that  it  delivers a single  (stereotactic ra-
diosurgery  [SRS])  or  hypofract ionated  (stereotact ic  radiation
therapy [SRT]) dose of radiation  having an  ablative e ect  on  the
tum or  w ith  subm illim eter  m argins of precision, allow ing m uch
sm aller  t reatm ent  volum es. The  poten t ial  benefit  of SRT over
SRS is that  the m ultiple fract ions allow  the repair of norm al t is-
sue, w ith  the  increased  possibility  of organ  funct ion  preserva-
tion, an  im portant  consideration  w hen  tum ors  are  adjacent  to
the  optic nerve  pathways, brain , and  spinal cord. Both  techni-
ques  require  the  use  of a  stereotact ic  fram e, w hich  creates  a
highly  accurate  three-dim ensional  localizing  system  orient ing
the  treatm ent  planning  system  to  the  precise  location  of the
target.  Stereotactic  radiation  is  delivered  by  either  of  two
m ethods:  (1)  a  gam m a  kn ife  device, w hich  comprises  201  in-
dependently controlled  cobalt  sources arranged  in  a  helm et, or
(2)  a  linear  accelerator,  w ith  conversion  accom plished  via  a
specialized  collim ating device. Stereotact ic radiation  is best  ap-
plied  to  tum ors  that  are  less  than  4  to  5 cm  in  size  and  well
delineated  on  CT,  m agnetic  resonance  (MR)  im aging,  or  an-
giography. It  is  m ost  often  used  as  a  boost  after  a  course  of
external  beam  radiation  or  as  salvage  therapy. It  has  proved
particularly  useful  in  m alignant  tum ors  of the  skull  base  and
paranasal  sinuses, as  well  as  benign  tum ors  such  as  paragan-
gliom as,  m eningiom as,  pituitary  adenom as,  vascular  m alfor-
m ations, and  acoust ic neurom as.

Part icle  Therapy
Radiation  w ith  heavy  part icles, such  as  protons  and  neutrons,
o ers  unique  advantages  in  dose  deposit ion . Protons  deposit
radiation  close  to the  tum or, w ith  radiation  falling o dram ati-
cally  posterior  to  the  target  in  a  Bragg  peak  dist ribut ion . This
allow s  the  exquisite  control  of dose  deposition.  Traditionally,
protons have been  used to t reat  uveal m elanom as and chondro-
sarcom as of the skull base, as well as adenoid  cystic carcinom as
of the parotid  and  lacrim al glands. Neutrons o er  the high  par-
ticle  treatm ent  of tum ors  thought  to  be  resistant  to  radiation
and destroy tum ors w ithout  reliance on  oxygenat ion  because of
their  h igh  linear  energy  transfer  propert ies.  They  have  been
m ost  successfully  used  in  the  t reatm ent  in  suboptim ally  re-
sected adenoid cystic carcinom as.

Altered Fract ionated Radiat ion
Altered  fract ionated  radiation  therapy attempts to  im prove  tu-
m or  control either  by accelerating radiation  t reatm ent  to  over-
com e tum or repopulation  or by dose escalation  w ith  hyperfrac-
tionation  to m ake  use  of the  radiation  repair  advantage  of nor-
m al  t issues  over  tum or. Radiation  therapy  can  be  successfully
accelerated  by delayed  concom itan t  boost  or  a  Danish  regim en
of six conventional t reatm ents per  week, w hereas dose  escala-
tion  is  best  accom plished  by hyperfract ionation. Meta-analysis
has  indicated  a  survival  advantage  of hyperfractionation  w ith
dose escalat ion  compared w ith  convent ional fract ionation.

A landm ark tr ial conducted  by the  Radiation  Therapy Oncol-
ogy  Group  (RTOG 90–03)  compared  the  leading  U.S.  altered
fract ionated  regim ens  for  cancers, prim arily  stages  III and  IV
head  and  neck  cancers  or  stage  II  hypopharynx  or  base  of
tongue cancers. At  8 years of follow -up, the results showed that
hyperfractionated  radiation  therapy  and  accelerated  radiation
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by  delayed  concom itant  boost  im proved  locoregional  control
by 7  to  8% over  conventional fract ionation, w ith  im proved  dis-
ease-free survival.

Concurrent  Radiat ion and Chem otherapy
Num erous  overviews  dem onstrate  the  advantage  of  adding
chem otherapy to  radiation. A m eta-analysis  by Monnerat  et  al
concluded  that  concurrent  chem otherapy o ers  an  8% survival
benefit ,  induct ion  chem otherapy  a  2% benefit ,  and  adjuvant
therapy a  1% benefit . In  general, there  is  a  10  to  20% im prove-
m ent  in  locoregional control w ith  concurren t chem otherapy.

The  French  In tergroup  (GORTEC 94–01)  Phase  III  random -
ized  tr ial established  concurren t  chem oradiation  as  the  stand-
ard  treatm ent  for  locoregionally  advanced  oropharyngeal  dis-
ease.  Long-term  follow -up  dem onstrated  im proved  5-year
overall  survival  and  disease-free  survival  and  a  locoregional
control advantage w ith  com bined  therapy (conventional radia-
t ion  w ith  three  cycles  of concurrent  carboplatin /5-fluoroura-
cil) over  conventional radiat ion  alone  in  patients w ith  stage  III
and  IV oropharyngeal  carcinom a. Still,  despite  such  in tensive
therapy,  locoregional  failure  occurred  in  m ore  than  50% of
patien ts.

Fig. 22.1  (a) A 62-year-old  man with  a  T2  N2b  M0 base  of tongue  carcinoma treated  with  combined  external beam  radiation and  concurrent
chemotherapy, brachytherapy implant, and  planned  neck dissection. External beam  radiation was delivered  with  intensity modulation  in  a reduced
dose of 5,940 cGy to the involved primary site and nodes followed by a 20-Gy brachytherapy boost. (b) Dose–volume histogram demonstrating dose
distribution from  course  of intensity-modulated  radiation therapy.
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Chemotherapy Combined with Altered
Fract ionated Radiat ion
E orts  to  fur ther  im prove  locoregional  control  and  survival
have  explored  com bining  concurrent  chem otherapy  w ith  al-
tered  fract ionated  radiation  because  both  approaches  inde-
pendently  im prove  outcom e  for  pat ien ts  w ith  head  and  neck
cancer. The  present  challenge  is  to  find  the  optim al chem ora-
diation  regim en(s) that  o er  h igh  rates of locoregional control
and  organ  funct ion  preservation  w ith  acceptable m orbidity and
the  possibility of in tegrat ion  w ith  new  biologic agents or  addi-
tional chem otherapy.

The  m ajority of Phase  III t rials show  a benefit  of the  addition
of concurrent  chem otherapy  to  altered  fractionated  radiation
w ith  either  hyperfract ionation  or  delayed  concom itant  boost
(DCB)  compared  w ith  the  sam e  radiation  regim en  alone.
Budach  et  al estim ate  a  2-year  survival benefit  of 12% w ith  the
addition  of chem otherapy to either hyperfractionation  or accel-
erated radiation.

Conventional versus Altered Fract ionated
Concurrent  Chemoradiat ion
How ever,  tw o  recen t  random ized  tr ials  have  show n  no  lo-
coregional  con t rol  or  survival  benefit  of altered  fract ionated
radiat ion  over  conven t ional  fract ionation  in  patien ts  receiv-
ing concurren t  chem oradiat ion . Thus, conven tion al fract iona-
t ion  is  m ost  com m only  used  in  the  set t ing  of  concurren t
chem oradiat ion .

Role of Induction Chemotherapy
Induct ion  chem otherapy  has  been  used  to  reduce  the  tum or
burden  and  increase  the  successful  t reatm ent  of tum ors  w ith
organ  preservat ion  therapy.  Th is  is  par t icu larly  eviden t  in
pat ien ts  w ith  larynx  and  hypopharynx  cancers.  Mult ip le
m eta-analyses  show  on ly  a  m inor  survival  benefit  of  induc-
t ion  chem otherapy. How ever, recent  data  show  that  the  addi-
t ion  of  docetaxel  (Taxotere;  Sanofi-Aven t is)  to  induct ion
chem otherapy  w ith  cisp lat in /5-fluorouracil  follow ed  by  rad i-
at ion  or  concurren t  chem oradiat ion  im proves survival and  lo-
coregional con trol.

A landm ark  tr ial random ized  202  selected  pat ients  w ith  lo-
cally advanced  hypopharyngeal cancer  to radical resection  w ith
postoperat ive  irradiat ion  or  to  induction  chem otherapy  w ith
two or  three  cycles of cisplat in /5-fluorouracil followed  by con-
ventional  fract ionated  radiation  (70 Gy for  7  weeks)  if the  pa-
tien ts  had  a  clin ical complete  response  after  induction  chem o-
therapy. At a m edian  follow -up of 51 m onths, there was no stat-
istical di erence betw een the arm s in  rates of local and regional
failure. At 5 years of follow -up, there was no significant  survival
di erence  (34% vs  29%). For  all  patients  entered  in  the  organ
preservation  arm , the 3-year organ preservation  rate was 42%.

Most  recently, the addition  of docetaxel to induction  cisplatin
and  fluorouracil  (TPF)  compared  w ith  induct ion  PF alone  in-
creased  larynx preservation. GORTEC 2000–01 random ized  220
patients w ith  hypopharynx or larynx cancer for  w hom  total lar-
yngectomy would  be  required  to  either  TPF or  PF followed  by
convent ionally  fract ionated  radiation  to  70 Gy.  At  a  m edian
follow -up  of  35  m onths,  larynx  preservation  at  3  years  was

im proved by about 10% such that three-quar ters achieved organ
preservation .

Other  induction  chem otherapy  t rials  w ith  TPF before  radia-
tion  or  concurrent  chem oradiation  showed  an  im provem ent  in
overall survival versus induct ion  PF. However, the benefit  of in-
duct ion  TPF in  the  setting  of standard  cisplatin-based  concur-
rent  chem oradiation  has  not  been  established, and  its  role  in
the treatm ent of head and neck cancer continues to be defined.

Biologic Therapy: C225
Epiderm al  grow th  factor  receptor  (EGFR)  is  com m only  ex-
pressed  in  head  and  neck  cancer  cell  lines. Ang  repor ted  in  a
study of a cohort of RTOG 90–03 patients that  patien ts w ho had
tum ors  expressing  a  h igher  than  m edian  level  of EGFR had  a
greater  risk  for  2-year  locoregional  relapse, lower  2-year  dis-
ease-free  survival, and  lower  2-year  overall survival compared
w ith  patients  w ho  had  tum ors  expressing  lower  than  m edian
or  m edian  levels  of EGFR. No  di erence  in  distant  m etastases
were noted betw een the two groups.

A pivotal  Phase  III  tr ial  reported  by  Bonner  et  al  dem on-
strated  the  benefit  of adding  cetuxim ab  (C225), a  m onoclonal
antibody targeting EGFR, to radiation. In  th is t rial, 424  patients
w ith  stage  III or  IV head  and  neck cancer  (prim arily of the  oro-
pharynx/hypopharynx)  were  random ized  to  7  weeks  of C225
plus  radiation  (convent ional fract ionation  or  altered  fract iona-
tion) or  to radiation  alone. At a m edian  follow -up of 38 m onths,
C225/radiation  was superior  to  radiation  alone  w ith  respect  to
2-year locoregional control, 2-year  overall survival, and  m edian
overall  survival. With  regard  to  toxicity, the  addition  of C225,
unlike  the  addition  of concurrent  chem otherapy or  the  acceler-
ation  of radiation, did  not  significantly  increase  grade  3  or  4
m ucositis but  was associated  w ith  increased  rates of derm atit is
and infusion  react ion.

22.3  Role of Radiat ion Therapy in
Specific Sites of Disease
Radiation  therapy  has  been  used  preoperatively  or  postopera-
tively  in  the  defin itive  treatm ent  of head  and  neck  squam ous
cell  carcinom as  in  conjunct ion  w ith  curative-in tent  surgical
resection , and  also  as radical t reatm ent  to  avoid  surgical extir-
pation  in  an  attempt  to  m ain tain  organ  in tegrity and  preserve
organ  funct ion. The  site-specific roles and  treatm ent  outcom es
are sum m arized in  the follow ing paragraphs.

22.3.1  Oral Cavity
In  general, prim ary surgery w ith  radical resection  and  selective
neck  dissect ion  is  recom m ended  for  oral  cavity  cancer  as  sin-
gle-m odality therapy in  stage  I and  II. Adjuvant  radiation  ther-
apy should  be  considered  in  the  presence of perineural or  lym -
phovascular invasion  or in  cases w ith  close m argins.

For  stage  III and  IV disease, radical  resection  w ith  adjuvant
radiation  alone  or  concurrently  w ith  chem otherapy  should  be
considered. Factors warran t ing consideration  for radiation  ther-
apy  include  lymphovascular  or  perineural  invasion ,  level  IV
nodal  involvem ent,  and  the  presence  of  m ultiple  nodes. Risk
factors  warranting  the  incorporation  of chem otherapy concur-
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rently  w ith  radiation  are  positive  m argins  at  the  prim ary  site
and  extracapsular  nodal extension. In  h igh-risk patien ts receiv-
ing adjuvant  radiation, the total treatm ent  t im e from  the day of
surgery to the end  of radiation  therapy is best  kept  to 11 weeks
or less.

For  patients w ith  locoregionally advanced  tum ors of the  oral
cavity tum ors w ho are  not  candidates for  resection, concurrent
chem oradiation  rem ains  the  standard.  If  defin itive  radiation
therapy  is  considered,  the  in tegration  of  brachytherapy  w ith
external beam  radiation  has  yielded  excellent  outcom es in  pa-
tients w ith  oral cavity tum ors.

22.3.2  Oropharynx
Early-stage oropharyngeal carcinom a is often  treated  with  a sin-
gle  m odality. This can  be  either  a  surgical resection  or  radiation
therapy. The  decision  between  these  two  m odalit ies  often  de-
pends  on  the  expert ise  of the  treating  center  and  also  the  ex-
pected  functional  outcome.  Chemotherapy  is  rarely  used  in
treating  early-stage  oropharyngeal  cancer. The  overall  outcome
for patients w ith  early-stage disease is excellent, w ith  a cure rate
that  often  exceeds  90%.  Conventionally  fract ionated  radiation
therapy alone controls the majority of early-stage oropharyngeal
lesions but  may be  suboptim al for  T2 base  of tongue  and  poste-
rior  pharyngeal  wall  cancers.  For  tonsil  cancers,  several  large
single-institutional  series  have  show n  excellent  local  control
after  conventional fract ionated  radiation  alone  (1.8  to  2.0 Gy per
dose over 6.5 to 7 weeks to doses of 65 to 70 Gy), approxim ating
80 to 90% for T1 to T2 lesions and  63% to 74% for T3 lesions.

Ipsilateral External Beam  Radiat ion Therapy
for Early-Stage Tonsil Cancer
In  general, m ost  lateralized  T1 to T2 lesions in  patients w ith  an
N0  or  N1  neck  can  be  treated  w ith  ipsilateral radiation  fields.
Lesions  that  cross  the  m idline, extensively  involve  the  tongue
base or soft  palate, or  are  associated  w ith  N2 or  m ore advanced
neck disease  should  receive  comprehensive bilateral neck ther-
apy. Such  an  approach  m inim izes  irradiation  to  the  contrala-
teral salivary  glands  and  reduces  the  incidence  of xerostom ia.
Eisbruch  et  al  dem onstrated  that  patients  treated  unilaterally
experience less xerostom ia and have a better quality of life than
do those  t reated  w ith  bilateral IMRT w ith  contralateral parotid
sparing.

Many early-stage soft  palate  and  pharyngeal wall cancers are
near  m idline, leaving bilateral neck and  retropharyngeal nodes
at  risk. Therefore, external beam  radiation  therapy is often  pref-
erable  because  of  comprehensive  nodal  coverage  w ith  high
rates of control for  T1 and  T2 lesions, sim ilar  to those for  tonsil
cancers. Also, funct ional deficits after  surgery, such  as uvulopa-
latal insu ciency requiring prosthetic obturators to prevent  re-
flux  in to  the  nasopharynx/nasal  cavity, can  be  avoided. Large
single-institution  series  show  sim ilarly h igh  rates  of local con-
trol after external beam  radiation  therapy alone.

Treatm ent  of Locally Advanced Resectable
Disease : Stages III and IV
Radiation  alone  provides  less  optim al rates  of  local  control  in
patien ts w ith  resectable T3 and  T4 lesions or  w ith  advanced  N2

and N3 neck disease (because of h igh  rates of persistent  disease
after  t reatm ent)  compared  w ith  com bined  treatm ent  but  m ay
be  considered  in  patients  w ith  in term ediate-stage  cancers (T1/
T2  N1  or  T3  N0). However, the  m ajority  of pat ients  w ith  oro-
pharyngeal cancer w ill present  w ith  stage III or stage IV disease
and  do  require  a  m ultim odality  approach  that  com bines  che-
m otherapy, radiation  therapy, and  surgery. The  choice  of  the
m odality to be used  often  depends on  the treating team  and its
experience. The  options  include  the  follow ing:  (1) Surgery fol-
lowed  by  radiation  therapy or  chem oradiation. (2)  Concurrent
chem oradiotherapy, w hich  is  considered  by m any to  represent
the  standard  of care  in  the  t reatm ent  of patien ts  w ith  locally
advanced  oropharyngeal cancer. The  agent  m ost  studied  is  bo-
lus  cisplatin  at  100 m g/m 2 given  every  3  weeks  during  radia-
tion .  Pat ients  w ho  cannot  tolerate  th is  dose  and  schedule  of
platinum  can  be treated  w ith  weekly chem otherapy w ith  pacli-
taxel/carboplatin , cisplatin , or  cetuxim ab. (3) Sequential induc-
tion  chem otherapy followed by radiation  therapy or concurren t
chem oradiotherapy. The  induct ion  chem otherapy regim en  that
is  m ost  w idely  used  is  TPF, given  every  3  weeks  for  a  total  of
three  cycles,  followed  by  radiation  alone  or  radiation  w ith
weekly carboplatin .

For  patients  w ith  T4  or  N3  disease, chem oradiation  therapy
or  sequential induction  chem otherapy  followed  by concurren t
chem oradiotherapy  is  considered. Sequential chem oradiother-
apy  is  preferable  for  th is  group  of patients  if  they  have  good
perform ance  status  because  they have  a  worse  prognosis  than
the group w ith  resectable  disease, w ith  a cure rate  of 25 to 40%
at 5 years.

Hum an Papillom avirus–Related
Oropharyngeal Carcinom a
Recently, infect ion w ith  the hum an papillom avirus (HPV), espe-
cially HPV-16, has been  identified  as the  predom inant  risk fac-
tor  in  the  Western  world  for  developing oropharyngeal cancer.
It  is currently estim ated  that  50 to 60% of cases of oropharyng-
eal  cancer  are  related  to  HPV-16. The  m ajor  characteristics  of
th is en t ity are the follow ing:
●  Patients are about 10 years younger than  those w ith  sm ok-

ing- or alcohol-related oropharyngeal cancer. Many pat ien ts
w ith  HPV-related oropharyngeal cancer are in  their fort ies
and early fift ies.

●  Patients are often  nonsm okers and nondrinkers.
●  Patients typically present  w ith  a sm all prim ary lesion  and

bulky lymphadenopathy.
●  The pathology specim en often  has a  “basaloid” appearance.
●  The prognosis is excellent. Patients w ith  HPV-related oro-

pharyngeal cancer, even  those w ith  locally advanced disease,
have excellent  survival, w ith  a cure rate that often  exceeds 85
to 90%. This has led to the developm ent of clin ical t rials tar-
geted specifically toward th is patien t  population. Until those
tr ials are completed, t reatm ent should not  be m odified based
on HPV status.

HPV status can  be  checked  via  fluorescent  in  situ  hybridization
(FISH)  or  polym erase  chain  react ion  (PCR).  Alternatively,  p16
im m unohistochem ist ry can  serve  as a  surrogate  for  HPV infec-
tion  and  be  used  to  assess  HPV status. These  tests  are  all per-
form ed  on  the  surgical  specim en. It  is  strongly  recom m ended
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that  the  HPV status  of all  patients  w ith  oropharyngeal  cancer
be assessed, given  its prognost ic im plicat ions.

Brachytherapy for Oropharyngeal Cancer
Brachytherapy has been  a  m ainstay treatm ent  for  oropharyng-
eal  cancers  for  decades,  and  excellen t  results  have  been  re-
ported. Brachytherapy, or  the  im plantat ion  of radioact ive seeds
directly in to the  target  volum e, allow s escalation  of the  dose  to
the  tum or  and  the  sparing of surrounding norm al t issue  by in-
verse-square  attenuation, producing excellent  dose  conform al-
ity. Norm al tissue  toxicity is  fur ther  lessened  because  the  dose
of external beam  radiation  is  reduced, w hich  is  especially  im -
portant  in  those receiving concurren t chem otherapy.

Consisten tly  excellent  results  w ith  the  use  of th is  approach
for  base  of tongue disease have been  reported  by m ultiple  cen-
ters. Moreover, it  has been  dem onstrated that  such  an  approach
im proves  the  chance  for  swallow ing  preservation  compared
w ith  conform al external beam  radiation  alone.

22.3.3  Nasopharynx
Nasopharyngeal  carcinom as  are  located  in  a  h ighly  enriched
lymphatic drainage  area, w hich  favors  early regional spread  to
the  retropharyngeal and  cervical nodes  (unilaterally and  bilat-
erally). The  prim ary  tum or  exists  in  an  occult  location  w ith  a
propensity  to  invade  the  skull  base,  surrounding  sinuses,
nerves, and  soft-t issue spaces before presenting clin ically. Radi-
ation  therapy has  been  the  m ainstay treatm ent  because  it  can
cover  the large areas of potential locoregional spread. Advances
in  radiation  delivery w ith  IMRT, im aging, in tegration  of chem o-
therapy,  standardization  of  an  in ternationally  agreed-upon
staging  system , m ultidisciplinary  care, and  scien tific exchange
have  led  to  significant  im provem ents  in  tum or  control  and
quality of life.

In  general, pat ients w ith  early-stage  tum ors are  am enable  to
treatm ent  w ith  radiation  therapy  alone  w ith  h igh  rates  of  lo-
coregional control, w hereas those  w ith  T3  or  T4  lesions or  sig-
nificant  nodal  disease  require  m ore  in tensive  chem oradiation
treatm ent  because  outcom es w ith  radiation  therapy alone have
been  associated  w ith  higher  rates  of  locoregional  failure  and
distant  m etastases.

Patients w ith  early-stage  disease  account  for  fewer  than  10%
of all patients w ith  nasopharyngeal cancer  and  m ay be  treated
w ith  radiation  therapy  alone.  Conventional  fractionation  and
two-dim ensional technique have show n  generally good  locore-
gional control rates for  early-stage  tum ors but  suboptim al out-
com es  for  locoregionally  advanced  tum ors. After  conventional
radiation , local control is obtained in  75 to 95% of T1/T2 tum ors,
compared  w ith  44  to  80% of  T3/T4  tum ors.  Im provem ent  in
early-stage disease control has been  obtained by either dose es-
calation  w ith  brachytherapy or  im proved  conform al technique.
Moreover,  w ith  conform al  techniques,  im proved  preservation
of salivary  gland  function , hearing, and  overall  quality  of  life
has been  dem onstrated.

Although  excellent  outcom es  are  obtained  in  the  t reatm ent
of early-stage  disease w ith  radiotherapy alone, 20 to 60% of pa-
tien ts w ith  advanced-stage disease experience locoregional fail-
ure  after  radiotherapy only and  h igh  rates of distant  m etastases
(50 to 70%), w ith  5-year overall survival rates of 28 to 56%.

In  the  United  States, the  standard  of care  is  concurrent  che-
m oradiation  w ith  cisplatin  chem otherapy  and  radiation  fol-
lowed  by three  cycles of adjuvant  chem otherapy comprising 5-
fluorouracil  and  cisplat in . The  basis  for  such  treatm ent  is  the
landm ark  Phase  III random ized  Intergroup  Study  0099, w hich
dem onstrated  that  compared  w ith  radiation  alone, the addition
of three  cycles  of CDDP (cis-diam m inedichloroplatinum ) to  ra-
diation  therapy  followed  by adjuvant  CDDP/5-fluorouracil  im -
proved  3-year locoregional control and  decreased the incidence
of  distant  m etastases,  w hich  t ranslated  in to  an  approxim ate
10% increase  in  3-year  progression-free  and  overall survival. In
the  chem oradiation  arm , there  was a  h igher  incidence of grade
3/4 leukopenia and vom iting. Com pliance w ith  the planned reg-
im en was comprom ised because only two-th irds of the patients
were  able  to  complete  all  three  cycles  of concurrent  cisplat in ,
w ith  an  additional one-fourth  able  to complete  two concurrent
cycles.  Only  60% of  pat ients  received  two  to  three  planned
cycles  of  adjuvant  chem otherapy.  Alternative  schedules  used
outside  the  United  States  have  included  weekly  cisplatin
(40 m g/m 2) w ith  radiation  alone  w ithout  adjuvant  chem other-
apy and induction  chem otherapy followed by chem oradiation.

22.3.4  Hypopharynx
Patien ts  w ith  early-stage  disease  constitute  about  25% of  all
those  w ho  present  w ith  hypopharyngeal  cancers.  Im portant
goals in  patien ts w ith  T1  or  T2  resectable  disease  are  to  obtain
local control w hile  optim izing swallow ing and  voice  preserva-
tion, w hich  can  be  accom plished  w ith  either  conservation  sur-
gery or  radiation  therapy. Neck  m anagem ent  is  indicated  even
in  patients w ith  N0  disease, w ho w ill have  a  30  to  40% risk  for
occult  neck m etastases.

Early-stage  lesions, including  T1  or  low -bulk  T2  hypophar-
yngeal  squam ous  cell  carcinom as,  m ay  be  e ectively  t reated
w ith  external beam  radiation  therapy, especially w hen  the  tu-
m ors are  exophytic and  do  not  involve  the  apex. Radiation  has
the advantage of sterilizing occult  and early cervical m etastases,
obviating the  need  for  nodal dissection. The  local control rates
for  T1/T2  lesions  treated  w ith  radiation  therapy  alone  vary
w idely  depending  on  the  series, radiation  technique/dose, pa-
tient  selection  factors, and  neck  staging. Taken  together, local
control varies  from  47  to  90%, and  5-year  survival varies  from
11  to 52%. In  general, the  best  results  have been  obtained  w ith
convent ional fract ionation  to doses h igher  than  65 Gy for T1 le-
sions and hyperfractionated radiation  for T2 lesions in  large sin-
gle-institution  series.

Prim ary  resection  is  m ost  often  considered  for  advanced,
bulky  hypopharyngeal cancers  because  tum or  control  and  or-
gan  preservation  are  suboptim al after  nonsurgical therapy, and
patien ts often  have m orbidity such  as chronic aspirat ion  due to
the destruction  of norm al t issues by the tum or or  t reatm ent. In
such  a setting, total laryngectomy w ith  part ial or  total pharyng-
ectomy  m ust  be  considered  m andatory, followed  by  adjuvant
radiation w ith  or w ithout chem otherapy.

For  advanced-stage  lesions, laryngopharyngectomy followed
by  postoperative  radiation  w ith  or  w ithout  chem otherapy  is
standard  treatm ent . Sm all tum ors w ith  nodal involvem ent  and
nonbulky T3  lesions  m ay be  considered  for  m anagem ent  w ith
radiation  therapy and  chem otherapy. In  th is  sett ing, induction
chem otherapy followed  by radiation  alone has been  considered
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as well as an  alternative to concurrent  chem oradiation  in  an  ef-
fort  to  m inim ize  long-term  swallow ing complications resulting
from  fibrosis. Patients  w ho  are  to  be  considered  for  induction
up  front  should  be evaluated  for a three-drug regim en w ith  TPF
because  th is  im proves the  chance  for  organ  preservation  com -
pared  w ith  two-drug  therapy. The  addition  of docetaxel  to  PF
increases  larynx  preservation . Standard  concurrent  t reatm ent
consists  of th ree  doses  of cisplatin  w ith  7  weeks  of radiation
therapy.

For  selected  patients w ith  advanced  hypopharyngeal tum ors
w ho have  good  laryngopharyngeal funct ion, com bined-m odal-
ity  therapy  w ith  prim ary  chem oradiation  m ay  be  considered.
Radiation  alone  results  in  suboptim al  rates  of  local  control  in
patien ts  w ith  T3/T4  lesions  or  w ith  advanced  N2/N3  neck dis-
ease  because  of h igh  rates of persistent  disease. Induction  che-
m otherapy followed by radiation  therapy or concurrent  chem o-
radiation  is the best t reatm ent option.

22.3.5  Larynx
Glot t ic Larynx
Early-stage  vocal  fold  lesions  are  h ighly  curable  because  they
have a low  propensity for nodal m etastasis and can  be m anaged
w ith  single-m odality treatm ent . Surgery or  radiation  is consid-
ered  for  early-stage lesions, w hereas m ost  often  a  com bination
of  chem otherapy,  surgery,  and  radiation  is  considered  for
advanced  lesions. For  advanced  lesions, m ultidisciplinary treat-
m ent  is designed to m axim ize tum or cure, preserve organ  func-
tion, address  regional  spread, and  be  tailored  to  the  patient’s
com orbidities and preferences.

Radiation  therapy w ithout  chem otherapy o ers  an  excellen t
chance  for  tum or  control  and  organ  funct ion  preservation  in
early-stage disease. Current  techniques use sim ple opposed  lat-
eral fields  to  t reat  the  larynx, typically prescribing 63  to  65 Gy
in  28  or  29  fract ions  over  5  1/2  weeks  (� Fig. 22.2). Treatm ent
to  the  larynx  alone  w ithout  elect ive  nodal  coverage  spares
treatm ent  of the  m ajor  salivary glands, m andible, and  orophar-
ynx/oral cavity. The  t reatm ent  t im e  and  total dose  are  impor-
tant.  The  total  duration  of  t reatm ent  is  ideally  less  than  6
weeks.  For  patients  w ith  T2  lesions  and  im paired  vocal  cord
m obility, a  hyperfractionated  radiation  schedule  can  im prove
local  control,  albeit  w ith  increased  acute  toxicity.  T2  lesions
that  invade areas of the supraglottic larynx m ay require elect ive
nodal treatm ent . For T1 and T2 lesions, rates of local control are
typically greater than  90% and 80%, respect ively.

Total laryngectomy followed  by postoperat ive  radiation  ther-
apy once  represented  the  standard  of care  for  advanced  glottic
laryngeal cancers. However, in  the  Departm ent  of Veterans Af-
fairs  (VA)  Laryngeal  Cancer  Study,  organ  preservation  was
achieved  in  two-thirds  of patients  undergoing  induction  che-
m otherapy  w ith  three  cycles  of  5-fluorouracil/cisplatin  fol-
lowed by radiation  w ithout comprom ise of survival in  compari-
son  w ith  the  control arm  of total laryngectomy and  postopera-
tive  radiation. A subsequent  landm ark  random ized  in tergroup
tr ial of pat ien ts w ith  prim arily T2/T3  tum ors compared  the  VA
regim en  w ith  concurrent  chem oradiation  w ith  high-dose  cis-
platin  or  radiation  alone  and  dem onstrated  that  concurrent
chem oradiation  is superior  to the VA regim en  in  improving lar-
ynx  preservation  (from  75  to  88%) and  represents  the  current
standard  of care. No  di erence  in  overall  survival  was  noted
am ong  all  three  arm s  because  of  h igh  surgical  salvage  rates.

Fig. 22.2  Early-stage  glottic larynx cancer treated  with  opposed  lateral fields in  the  two-dimensional technique. The  top  and  bottom  borders are
positioned  to  account  for larynx motion during  treatment. Note  that  the  lymph nodes were  not  electively treated.  PTV, planning  target  volume.
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Thus,  for  patients  w ith  good  perform ance  status,  7  weeks  of
daily  radiation  to  deliver  70 Gy given  concurrently  w ith  h igh-
dose  cisplat in  at  100 m g/m 2 for  three  cycles  is  recom m ended.
More  in tensive  induct ion  regim ens  consisting  of  three  drugs
(TPF)  followed  by  radiation  alone  have  also  im proved  organ
preservation  and m ay serve as an  alternative to concurrent che-
m oradiation. The two approaches have not  been  compared  in  a
random ized sett ing for larynx cancers.

In  debilitated  patients  w ho  are  unable  to  tolerate  standard
chem otherapy, other options include radiation  therapy alone or
radiation  therapy w ith  a biologic therapy consist ing of a m ono-
clonal antibody targeting the EGFR.

For  patients  undergoing radiation  therapy alone, a  course  of
altered  fract ionated  radiation  therapy m ay be  considered  w ith
either  hyperfract ionation  or  accelerated  radiation  by  delayed
concom itant  boost, based  on  the  outcom es favoring  these  two
schedules  over  conventional  once-daily  t reatm ent  reported  in
RTOG 90–03.

The  pat ients  excluded  from  the  above  studies  had  tum ors
that  invaded  cartilage  and/or  extended  outside  the  larynx in to
soft  t issues. For  these  patien ts, total laryngectomy followed  by
adjuvant  radiation  w ith  possible  concurrent  chem otherapy  is
the standard treatm ent .

Supraglot t ic Larynx
Patients  w ith  tum ors  located  in  the  supraglottic  larynx, even
early-stage  tum ors, require  m anagem ent  of  the  neck  because
regional involvem ent  is  likely  regardless  of stage. The  prim ary
tum or  can  spread  in to the  paralaryngeal space  and  cause  vocal
cord  fixation, in to  the  pre-epiglottic space  w ith  extension  in to
the  tongue base, through  the  thyroid  cartilage  in to the  soft  tis-
sues outside the larynx, and laterally in to the hypopharynx.

T1/T2 lesions of the  supraglot tic larynx require  m anagem ent
of  the  prim ary  site  w ith  elect ive  treatm ent  of  the  draining
lymph  nodes at  levels II th rough  IV. Like  early-stage  vocal cord
cancers, these  tum ors  m ay  be  m anaged  w ith  single-m odality
therapy. Radiation  consists  of 66  to  70 Gy to  t reat  the  prim ary
site  and  elect ive  neck  therapy  to  a  dose  of 50  to  54 Gy. With
convent ional  technique,  the  superior  aspects  of  the  parotid
glands  m ay  be  spared, in  addition  to  the  superior  constrictor
m uscles.

For pat ients w ho have advanced supraglott ic cancers, chem o-
radiation  is recom m ended if they have an  appropriate perform -
ance  status  and  good  baseline  laryngopharyngeal  funct ion,
w hereas  prim ary  resection  followed  by  adjuvant  radiation  is
recom m ended  for  patien ts w ho have  disease  w ith  extralaryng-
eal spread or poor baseline funct ion.

Subglot t ic Larynx
Tum ors located under  the vocal cords are rare and clin ically dif-
ficult  to visualize, even  w ith  endoscopy, requiring exam ination
under  anesthesia.  Because  of  their  occult  nature,  they  often
present  as  advanced  lesions  invading  the  trachea  and  soft  t is-
sues of the  neck. Such  tum ors m ay spread  to the  inferior  cervi-
cal nodal chains as well as the superior m ediastinal nodes. Radi-
ation  therapy m ay be considered  to cover  the tum or and exten-
sive  lymphatic  drainage  area, w hereas  a  com bined  a  surgical
approach m ay best for T4 lesions.

22.4  Toxicit y of Radiat ion Therapy:
Opt im izing Pat ient  Outcom es
The  m ajor  sequelae  of  radiation  therapy  can  be  divided  in to
acute and chronic side e ects. These depend on  total dose, frac-
tion  size,  fract ionation ,  prior  or  concom itant  therapy  (i.e.,
surgery or  chem otherapy), and  target  volum e. Mucositis  is  the
m ajor  dose-lim iting toxicitiy of radiation. Severe  m ucositis  can
result  in  treatm ent  breaks, w hich  can  comprom ise locoregional
control and cause infect ion  in  patien ts comprom ised by chem o-
therapy. Xerostom ia is the m ost  pervasive chronic side e ect  of
radiation  therapy (� Table 22.1).

In  order  to  optim ize  the  chance  for  successful radiation  ther-
apy,  patients  must  avoid  smoking  during  treatment  (smoking
increases  radiation  resistance  of the  tumor) and  be  highly com-
pliant  w ith  the  radiation  schedule, avoiding treatm ent  delays to-
taling more than  5 days during the course of treatment, and they
must  be  proactive  with  supportive  measures  to  complete  treat-
ment. Patients should  undergo a  pretreatment  evaluation  with  a
speech/swallowing team , nutritionist , and pain  management  and
psychosocial service  team  to help  them  cope  with  the  acute  and
chronic e ects  of treatment. A pre-irradiation  dental evaluation
should  include  Panorex  im aging, dental extractions  if indicated,
and  provision  of a fluoride tray, which  may be useful for  patients
with  fillings  to  wear  during radiation  therapy treatments  as  fil-
lings may cause increased mucositis from  radiation  scatter.

22.4.1  Acute Side E ects
Patien ts  usually  begin  to  experience  m orbidity  from  radiation
during  the  th ird  week  of treatm ent  in  the  form  of derm atit is,
decreased  m ucus  product ion, sore  throat, hoarseness, dyspha-
gia, fatigue, dysgeusia, and  xerostom ia. Rarely, w ithin  the  first
week of t reatm ent, patients  m ay develop  a  parotit is  related  to
inspissated  m ucus  from  xerostom ia. By  the  second  half of the
treatm ent ,  as  sym ptom s  in tensify,  m ost  patients  require
cream s/em ollients for  skin  desquam ation , m ucolytics, narcotics
for  pain , an tiem etics, and  a change of diet  soft  solids and  liquid
nutr it ional supplem ents. Gastrostomy tube  placem ent  m ay be
considered  for  patients  not  deem ed  strong enough  to  proceed
through  treatm ent ,  especially  patien ts  receiving  concurren t
chem oradiation.  Patients  m ay  develop  severe  weight  loss,
w hich  w ill  im pair  their  ability  to  heal  and  to  complete  treat-

Table 22.1  Complications of chemoradiation treatment

Complicat ion  Incidence  (%)

Dysgeusia  90

Chewing, eating  difficulties  80

Xerostomia  78–95

Anorexia, weight  loss, malnutrition  55–85

Dysphagia  40–65

Mucositis, stomatitis  35–75

Infection  14

Osteoradionecrosis  5–15
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m ent.  It  is  important  to  m inim ize  treatm ent  breaks  during
therapy because im paired  tum or control has been  show n  to oc-
cur, especially w ith  treatm ent  break days of m ore than  5 days.

22.4.2  Chronic Side E ects
Patien ts  w ill recover  for  several weeks  to  several m onths  after
treatm ent  and  w ill typically be o m edications by 4 to 6 weeks
after  treatm ent.  Im portan t  long-term  side  e ects  include
fibrosis  of the  neck  and  m ast icatory  m uscles, epilation, chon-
dronecrosis,  dysphagia,  hypothyroidism ,  and  xerostom ia.
Preventive  swallow ing  exercises  are  im portan t  to  m inim ize
cricopharyngeal  str icture  and  fibrosis  of  the  swallow ing
m uscles  (w hich  can  lead  to  aspiration  and  feeding  tube  de-
pendence). Dental  decay  and  osteoradionecrosis  m ay  best  be
prevented  by m eticulous dental hygiene  and  avoidance of den-
tal extract ion /im plantantion.

22.5  Direct ions for Future
Research
The RTOG-H5022 randomized  trial w ill test  whether the addition
of C225  to  concurrent  chemoradiation  consisting  of accelerated
radiation  by delayed  concomitant  boost  w ith  two cycles of CDDP
improves outcome versus concurrent chemoradiation  alone.

Given  the  excellent  outcom es  achieved  w ith  present  regi-
m ens in  HPV-positive patients w ho have oropharyngeal cancer,
m ultiple  institut ions  and  cooperative  groups are  exploring the
possibility of treatm ent  dein tensification. Lower doses of radia-
tion  and  fewer  cycles  of chem otherapy m ay be  used  to  obtain
sim ilar results but decrease toxicity.

For patients w ho require t reatm ent  in tensificat ion  because of
very aggressive disease, several approaches have been  explored
including the addition  of induction  chem otherapy, escalation  of
radiation  dose, such  as the application  of a brachytherapy boost
and in tegrat ion  of biologic therapies to concurren t  chem oradia-
tion. Other  approaches  include  identifying  radioprotectan ts  to
decrease  m ucositis  and  im proving  radiation  t reatm ent  techni-
ques to preserve  organ  function  and  allow  patients to complete
treatm ent  and  m ain tain  quality of life. For  example, dysphagia-
orien ted  IMRT is being studied  to reduce the  risk for  long-term
dependence  on  tube  feeding after  chem oradiation  by decreas-
ing  the  dose  to  structures  important  in  swallow ing,  such  as
constrictor m uscles.

Incorporating im aging characteristics and m olecular profiling
represent  im portant  e orts  to  further  individualize  t reatm ent
to  find  the  right  balance  of treatm ent  in tensity  so  as  to  eradi-
cate  disease  w ith  tolerated  doses  that  best  m axim ize  organ
preservation  and cosm esis.

22.6  Roundsm anship
●  Radiation works prim arily by causing reproduct ive cell death

such that  tum ors are unable to replicate. The target of treat-
m ent  is the tum or DNA, in  w hich  free radical form ation from
ionizing radiation  therapy causes perm anent double-strand
breakage.

●  Norm al t issues have a greater capacity than  tum or cells to re-
pair them selves after radiation  exposure. Fract ionation  ex-

ploits the repair di erential by using doses that are high
enough to kill tum ors but  that spare the funct ion  and in teg-
rity of norm al t issue.

●  In  general, radiation  doses of 50, 60, and 70 Gy are required
for elect ive t reatm ent, m icroscopic residual disease, and gross
tum or, respect ively.

●  Head and neck squam ous cell carcinom as have the unique
characteristic of delayed accelerated tum or repopulation  dur-
ing radiation  therapy. The phenom ena of on-treatm ent repo-
pulation  and di erential repair ability underlie the rationale
for several altered fract ionated radiation  regim ens proven  to
im prove locoregional cont rol. Shortening the durat ion of
treatm ent  and escalat ing the dose w ith  hyperfract ionation
have yielded significant gains.
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23  Diseases and Neoplasm s of the Oral Cavit y
Helen Yoo Bowne

23.1  Int roduct ion
The oral cavity is the  portal of entry for  the  aerodigestive  tract ,
and  its  funct ions  include  taste, m astication, digestion  of food,
swallow ing, and  speech. Bordered  an teriorly  by  the  verm ilion
and  posteriorly by the  soft  palate  superiorly and  circumvallate
papillae  inferiorly, the  subunits  of the  oral cavity consist  of the
lips, buccal m ucosa, upper and lower alveolar ridges, retrom olar
tr igone, oral tongue (anterior  two-thirds of the m obile  tongue),
hard palate, and floor of m outh  (� Fig. 23.1).

23.2  Applied Anatom y
The  m ucosa  lin ing  the  oral cavity  is  largely  squam ous  epithe-
lium  interspersed  by  1,000 m inor  salivary  glands.  The  m inor
salivary glands are concentrated in  the hard and soft  palate. The
alveolar  ridge  is  composed  of the  osseous alveolar  process and
overlying gingiva  lined  by m ucosa. The  floor  of m outh  m ucosa
is  supported  by  the  mylohyoid, geniohyoid, and  genioglossus
m uscles.  The  sublingual  gland  and  num erous  m inor  salivary
glands lie betw een the m ucosa and these m uscles.

The  an terior  two-thirds  of  the  m obile  tongue  are  lined  by
squam ous  epithelium . The  dorsum  of the  tongue  is  also  lined
by fungiform , filiform , and  circumvallate  papillae. The  in trinsic
m uscles of the tongue, w hich  include the superior  longitudinal,
inferior longitudinal, ver tical, and  t ransverse m uscles, are sepa-

rated  at  the  m idline  by the  m edian  raphe, and  their  m uscular
functions  produce  speech  and  swallow ing.  The  extrinsic
m uscles  of the  tongue  (genioglossus, hyoglossus, styloglossus,
and  palatoglossus)  also  assist  in  the  m ovem ent  of the  tongue
backw ard, forward, upward, and dow nward.

The m otor supply to the lips and cheek via the orbicularis oris
and  buccinator  m uscles is provided  by the facial nerve. The hy-
poglossal nerve  innervates  the  in tr insic  and  extrinsic  m uscles
of the  tongue. The  m uscles  that  control  the  m ovem ent  of the
m andible  include the  m asseter, temporalis, and  m edial and  lat-
eral pterygoids, controlled  by the  second  and  th ird  divisions of
the  tr igem inal nerve. Sensory  innervation  of the  oral cavity  is
supplied  by  the  superior  and  inferior  alveolar  and  lingual
nerves (branches of second and th ird divisions of the tr igem inal
nerve). Taste is m ediated  by the innervation  of the chorda tym -
pani  and  secretom otor  fibers  to  the  subm andibular  salivary
gland, w hich  t ravel w ith  the lingual nerve.

The vascular supply to the oral cavity consists of the branches
of the  external  carotid  artery. The  lingual  arteries  supply  the
tongue, w hile facial arteries support  the buccal m ucosa and  lips
and  the  in ternal m axillary and  inferior  alveolar  arteries supply
the  alveolar  ridges. The  lym phatics  of the  oral  cavity  drain  to
the  subm ental, subm andibular, and  upper  jugular–jugulodigas-
tr ic lymph  nodes. There is direct  lym phatic drainage to the low -
er  jugular  lymph  nodes  from  the  tongue. The  upper  alveolar
ridge and buccal m ucosa also drain  to buccinator lymph nodes.

Fig. 23.1  (a) Drawing and (b) photo showing structures of the oral cavity, including the lip, alveolus (gingiva), hard palate, buccal mucosa, retromolar
trigone, floor of mouth, and  tongue.
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23.3  Classificat ion of the Disease
Process
Diseases of the oral cavity m ay be classified  in to neoplastic and
nonneoplastic processes. Benign  and  m alignant  neoplastic dis-
eases  m ay originate  from  the  m ucosa, salivary glands, or  m es-
enchym al t issues, including  bone, m uscle, and  fibroblastic  t is-
sues. Malignant  neoplasm s  m ay be  squam ous  cell carcinom as,
adenocarcinom as,  sarcom as,  or  other,  less  com m on  cancers,
such  as  m ucosal  m elanom as,  m alignant  peripheral  nerve
sheath  tum ors, or  granular  cell  tum ors.  Benign  neoplasm s  of
the  oral  cavity  m ay  be  pleom orphic  or  m onom orphic  adeno-
m as,  papillom as,  fibrom as,  neurilem m om as,  leiom yom as,
pyogen ic  granulom as, ben ign  m elanonevi, or  various  ben ign
odontogen ic  tum ors. Nonneoplast ic  d iseases  consist  of cysts
(e.g.,  ranula  and  m ucocele)  and  in flam m atory  condit ions,
w hich  m ay  be  classified  as  (1)  in fect ions, (2)  oral m an ifesta-
t ions of system ic d isorders, or  (3) various m edical condit ions.
In fect ious  d iseases  and  head  and  neck  m anifestat ions  of sys-
tem ic disease  a ect ing the  oral cavit y are  covered  in  Chapter
13  and  Chapter  19.

23.4  Malignant  Neoplasm s of the
Oral Cavit y
23.4.1  Incidence and Et iology
Oral cavity cancers account  for  30% of all head  and  neck m alig-
nancies. Yearly, 22,000 new  cases of oral cavity cancers (exclud-
ing  lip  cancers)  are  diagnosed, and  oral  cavity  cancers  are  re-
sponsible for  6,000 to 7,000 deaths per  year. The m ost  com m on
m alignancy of the oral cavity is squam ous cell carcinom a (95%).
The  m ost  com mon  location  of carcinom a  of the  oral  cavity  is
the oral tongue, followed  by the floor of m outh . Risk factors as-
sociated  w ith  squam ous cell cancer are the follow ing:(1) tobac-
co exposure  in  any form  (cigarettes, cigars, pipes, and  chew ing
tobacco);  (2) alcohol consumption  (risk is increased  w hen  both
tobacco  and  alcohol are  consum ed);  (3)  chew ing betel quid  (a
com m on  practice  in  south  central Asia  and  Melanesia);  and  (4)
infect ion  w ith  carcinogenic  strains  of  hum an  papillom avirus
(HPV-16  and  HPV-18), as  well as  sun  exposure  for  lip  carcino-
m a.

23.4.2  Pathogenesis
The  carcinogenesis of squam ous cell cancers  is  associated  w ith
m utagenic  environm ental  exposure  to  tobacco,  alcohol,  betel
products, and HPV, coupled w ith  genet ic susceptibility and  pre-
disposition. Progression  to  cancer  is  thought  to  occur  in  m ulti-
ple  steps, causing  alterations  in  tum or  suppressor  genes  and
oncogenes.  A variety  of  genet ic  changes  have  been  reported
in  head  and  neck  squam ous  cell  carcinom a. They  include  p16
inact ivation  (70%)  via  deletion  (predom inantly)  or  prom oter
m ethylat ion  and  am plificat ion , p53  m utation  (50  to  80%), HPV
integration  (25% in  oropharyngeal  cancer),  and  epiderm al
grow th  factor  receptor  (EGFR)  axis  alteration  (80  to  90%)  via
am plificat ion, overexpression , and dow nstream  activation.

Loss of 9p21 results in  inact ivation  of the p16 gene, w hich  in-
h ibits  cyclin-dependent  kinase  (CDK) involved  in  G1  cell cycle
regulation, and  inactivation  of th is  protein  enables  cells  to  es-
cape  senescence. Loss  of chrom osom e  9p21  occurs  in  the  m a-
jority of invasive  tum ors  and  is  also  frequently present  in  dys-
plasia  and  carcinom a  in  situ . Loss  of p16  appears  to  be  neces-
sary for the im m ortalization  of keratinocytes.

When  DNA dam age  is  detected,  p53  norm ally  stops  cell
cycle  progression . Loss  of p53  fun ct ion  from  m utat ions  per-
m its  the  progression  of cancers  from  preinvasive  to  invasive
lesions. A p53  m utat ion  is  prevalen t  in  pat ien ts  w ho  sm oke
and  drin k alcohol. Squam ous cell carcinom a  induced  by HPV-
16  and  HPV-18  is  not  associated  w ith  p53  m utat ions. Instead ,
the  viral  oncoprotein  E6  prom otes  increased  degradat ion  of
p53.

EGFR expression  is  norm al in  t issues of the  derm is, gastro-
in test inal t ract , and  kidneys. How ever, dysfunct ion  of th is  re-
ceptor  occurs  in  80  to  90% of head  and  neck  squam ous  cell
carcinom as. EGFR is  related  to  m ult ip le  pathways  con trolling
cellu lar  proliferat ion ,  apoptosis,  invasion ,  angiogenesis,  and
m etastasis. There  are  num erous addit ion al genet ic alterat ions
that  p lay a  role  in  carcinogenesis, proliferat ion , invasion , and
m etastasis. Research  and  technology  advancem en t  in  the  fu-
ture  w ill  help  elucidate  and  fur ther  clarify  the  pathogenesis
of  carcinom a  and  even tually  lead  to  m ore  specifically  tar-
geted  therapies.

23.4.3  Natural History and Progression
Often, prem alignant  changes  related  to  epithelial  and  subepi-
thelial disturbances  m ay appear  as  leukoplakia  (w hite  lesions;
� Fig.  23.2)  or  erythroplasia  (red  lesions).  Histologically,  th is
m ay represent  hyperkeratosis, parakeratosis, and  dysplasia  as a
result  of keratin  and/or  cytoplasm ic  changes. The  risk  for  the
developm ent  of  invasive  carcinom a  in  leukoplakia  is  4  to  6%,
w hereas the  risk is as h igh  as 30% in  erythroplasia. Progression
of the severity of dysplasia leads to carcinom a in  situ , then  frank
invasion  and  subsequent  m etastasis to local and  regional cervi-
cal  lymph  nodes.  In  som e  pat ients,  progressive  cytologic
changes that  are  not  apparent  m ay develop  in to  invasive  squa-
m ous  cell  carcinom a.  Eventually,  distant  m etastasis  to  lung,

Fig. 23.2  Leukoplakia of the  floor of mouth.
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liver,  and  bone  occurs.  If  left  untreated,  the  disease  is  fatal.
Treatm ent  at  earlier  stages  of  disease  is  associated  w ith  im -
proved survival and cure rates.

23.4.4  Potent ial Disease Com plicat ions
Com plicat ions  of untreated  oral  tongue  cancer  include  severe
pain  w ith  im paired  speech  and  swallow ing, w hich  can  lead  to
aspiration  pneum onia  and  significant  m orbidity. As  a  result  of
poor  oral  in take  due  to  pain  or  dysphagia,  m alnutrit ion  is  a
com m on  problem . Invasion  of the  surrounding tissues, such  as
the  nasal  cavity,  by  cancers  arising  from  the  hard  palate
(� Fig. 23.3) or  upper  alveolus m ay cause  nasal obstruct ion  and
bleeding. Involvem ent  of the  pterygoid  m uscles  w ill  cause  se-
vere pain  and problem s w ith  m astication  as well as trism us. Tu-
m ors of the buccal m ucosa can  perforate the skin , and lesions of
the gingiva w ill erode the m andible (� Fig. 23.4).

23.4.5  Disease Staging : Am erican Joint
Com m it tee  Cancer Staging
Although  invasion  to  a  depth  of m ore  than  2 m m  and  higher
histologic grade are associated w ith  an  increased  risk for lymph
node m etastasis, the curren t  tum or  (T) grading system  is based
on  the  size  of the  prim ary  lesion. T1  lesions  are  sm aller  than
2 cm , T2  lesions  are  2  to  4 cm , and  T3  lesions  are  larger  than
4 cm . T4 lesions are  m ore  extensive;  T4a disease  includes inva-
sion  of underlying soft  t issues, bone, or  overlying skin , w hereas
T4b  lesions are  very advanced, w ith  invasion  of the  m asticator
space, pterygoid  plates, and  skull base w ith  or  w ithout  in ternal
carotid artery encasem ent .

Involved  lymph  nodes are  classified  by size  and  laterality. N1
nodal disease  is  involvem ent  of a  single  ipsilateral lym ph  node
3 cm  or less in  size. N2 disease is m ore extensive; N2a disease is
involvem ent  of a single  ipsilateral lymph  node larger  than  3 cm
but  sm aller  than  6 cm ;  N2b  disease  is  involvem ent  of m ultiple
ipsilateral nodes (none larger  than  6 cm ), and  N2c disease is in -
volvem ent of bilateral or contralateral lymph nodes, none larger

than  6 cm . Finally, any nodal m etastasis larger than  6 cm  is clas-
sified as N3 disease.

For  the  classification  of oral  cavity  cancers, stage  0  is  an  in
situ  prim ary lesion  w ith  no nodal or  distan t  m etastases. Stage  I
disease  is  a  T1  lesion  and  stage  II is  a  T2  lesion, each  w ith  no
nodal or  distant  m etastases. Stage  III disease  is a T3 lesion  w ith
no nodal or distant  m etastases, as well as any T1–T3 lesion  w ith
N1 nodal disease  and  no distan t  m etastases. Stage  IV disease  is
divided in  IVA, IVB, and  IVC disease. A T1–T3 lesion  w ith  N2 no-
dal disease or a T4a prim ary lesion  w ith  N0–N2 nodal disease is
stage IVA disease. Stage IVB disease includes any prim ary tum or
w ith  N3 nodal disease or a T4b lesion  w ith  any nodal state. Any
distant  m etastasis establishes stage IVC disease.

23.4.6  Present ing Com plaints and
Clinical Findings
Presenting sym ptom s include  persistent  ulcers for  m ore  than  3
weeks, pain  at  the  site  of  the  lesion , pain  on  swallow ing, re-
ferred  otalgia, altered  speech , and  a  lum p  in  the  neck. The clin-
ical presentat ion  of oral cavity m alignancies  m ay be  ulcerative
and  endophytic w ith  underlying firm  and  indurated  soft-t issue
components. Pain  is  usually  severe  w ith  ulcerated  lesions  and
w ith  lesions  located  in  the  lateral  border  of  the  tongue
(� Fig. 23.5)  and  adjacent  floor  of m outh. Carcinom as  arising

Fig. 23.3  Squamous cell carcinoma of the  hard  palate  arising  from
squamous papilloma.

Fig. 23.4  Floor of mouth carcinoma with  erosion of the  mandible.

Fig. 23.5  Oral tongue  cancer on  the  lateral surface  with  ulceration.
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from  squam ous papillom as m ay have papillary project ions, and
exophytic  lesions  m ay  exhibit  keratotic, verrucous, and  cauli-
flower  appearances. Occasionally, a  superficial  leukoplakic  le-
sion  presenting  for  a  prolonged  period  of  t im e  w ith  benign
pathology m ay change  and  progress to  carcinom a (� Fig. 23.6).
Bleeding from  the  surface  of these  lesions  is  h ighly suggestive
of friability and m alignancy.

23.4.7  Medical Evaluat ion and Physical
Exam inat ion
A comprehensive  history, including  the  patient’s  social h istory
and  etiologic risk factors such  as tobacco and  alcohol use  and  a
fam ily  history of cancer, should  be  obtained. A complete  head
and  neck  exam ination  including  fiber-opt ic  nasopharyngolar-
yngoscopy  is  perform ed. Palpat ion  of tum ors  to  delineate  the
extent  of the  lesion  and  inspect ion  of tum ors  in  proxim ity  to
adjacent  m andible  and  m axilla  are  essential. Occasionally, ex-
am ination  under general anesthesia w ith  biopsy is indicated  for
severely painful tum ors that  cannot  be thoroughly evaluated  in
the  o ce. A wedge  or  punch  biopsy of t issue  including the  pe-
riphery of the lesion  and  su cient  depth  is needed  to establish
the diagnosis and detect  invasion .

23.4.8  Test ing
In  addition  to obtaining a diagnosis w ith  a t issue biopsy, the ex-
am iner  routinely  has  specim ens  assessed  for  the  presence  of
HPV because  th is  is  associated  w ith  im proved  survival and  fa-
vorable response to treatm ents. Although  the guidelines for  the
treatm ent  of HVP-positive  tum ors  have  not  yet  changed  com -
pared  w ith  those  for  tobacco-  related  squam ous  cell  carcino-
m as, studies are  under  way to determ ine  w hether  adjustm ents
in  the  curren t  standard  of care  w ith  decreased  side  e ects  can
be achieved.

Once  the  diagnosis is  established  by biopsy, im aging studies,
including  computed  tom ography  (CT)  w ith  in travenous  con-
trast  or  m agnetic  resonance  (MR)  im aging  of  the  neck  and
positron  em ission  tom ography  (PET)–CT, is  recom m ended  to
complete  the  staging  of cancer. CT is  essential  in  determ ining
bone  invasion  by  tum or, and  MR im aging  is  superior  for  soft-
t issue  details.  PET-CT w ill  provide  advanced  inform ation  re-
garding the patien t’s pulm onary status and  occasionally second
synchronous prim ary cancers or distant  m etastases.

23.4.9  Di erent ial Diagnosis
The  di eren tial  diagnosis  of  lesions  of  the  oral  cavity  repre-
senting  squam ous  cell  carcinom a  includes,  in  order  of  fre-
quency, m inor  salivary  gland  m alignancies  and  adenocarcino-
m as such  as  m ucoepiderm oid  carcinom a, adenoid  cystic carci-
nom a, and  low -grade polym orphous adenocarcinom a. Mucosal
m elanom as  (� Fig.  23.7)  and  other  rare  tum ors  such  as
lymphom as  and  sarcom as  (including  rhabdomysarcom a, lipo-
sarcom a, and  m alignant  fibrous  histiocytom a)  should  also  be
included  in  the  di erential.  Although  rare,  granular  cell  tu-
m ors  and  m etastatic  disease  from  another  prim ary  site  are
also possibilit ies.

23.4.10  Medical and Surgical
Treatm ents and Com plicat ions
The three m ain  m odalities of t reatm ent of oral cavity cancer are
surgery, radiation  therapy, and  chem otherapy. Early-stage  can-
cers (stages I and  II) can  be t reated  e ectively w ith  one m odal-
ity (either  surgery or  radiation  alone). For  advanced-stage  can-
cers (stages III and  IV), a  m inim um  of two com bined  t reatm ent
options is  required, and  for  very advanced  cases, all th ree  m o-
dalit ies  are  required. Even  early-stage  cancers  w ith  pathologic
features  suggestive  of aggressive  behavior, such  as  extracapsu-

Fig. 23.6  (a) Lateral tongue  and  (b) lateral floor of mouth squamous cell carcinoma arising  from  leukoplakia.
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lar  extension  and  perineural  and  vascular  invasion ,  warrant
treatm ent  w ith  additional m odalit ies.

Appropriate  goals of treatm ent  are  (1) to cure  the  cancer, (2)
to  preserve  or  restore  form  and  funct ion , and  (3)  to  m inim ize
the  side  e ects  of t reatm ent. Other  factors  to  consider  in  for-
m ulating a  t reatm ent  plan  are  anterior  or  posterior  location  of
tum ors,  proxim ity  to  bone,  depth  of  invasion,  and  histologic
type. Sm all tum ors in  the  an terior  part  of the oral cavity can  be
surgically  excised  in traorally  w ith  m inim al  funct ional  deficit .
Surgery  rather  than  radiation  is  the  treatm ent  of  choice  for
early oral cavity cancer because of the long-term  sequelae of xe-
rostom ia  and  the  risk  for  dental caries  and  osteoradionecrosis
of the  m andible. If surgery is  chosen  for  the  treatm ent  of early
lesions, elect ive  neck  dissection  should  be  perform ed  for  tu-
m ors of the oral tongue and floor of m outh  and for tum ors w ith
significant depth  of invasion , w hich  have a h igher rate of lymph
node  m etastasis  in  clin ically  N0  necks. In  patients  w ith  clin i-
cally palpable  neck disease, a m inim um  of comprehensive  neck
dissection  including levels I through V is advised.

For  m ost  pat ients  w ith  large  prim ary  tum ors, surgery  w ith
reconstruct ion followed by radiation  or chem oradiation  therapy

is  the  t reatm ent  of choice. The  location  of the  prim ary  tum or
w ill dictate  the  various  surgical approaches  described. Mandi-
bulotomy, lower cheek flap, visor flap, and upper cheek flap  ap-
proaches  are  som e  of the  surgical techniques  used  to  gain  ac-
cess  to  the  prim ary  tum or. Vert ical or  horizontal  m andibulec-
tomy or  segm ental m andibulectomy m ay be  incorporated  in to
the surgical plan, depending on  the proxim ity and  level of bone
invasion  by the  tum or. Appropriate  reconstruct ion  w ith  fibula,
radial  forearm , or  anterolateral  th igh  free  flaps  is  m ost  com -
m only employed  for  the restoration  of funct ion  and  form  in  the
oral  cavity  (� Fig. 23.8). Although  not  optim al, pedicled  flaps,
such  as a  pectoralis m ajor  myocutaneous flap, or  rotation  flaps
w ith  local t issue, such  as  tongue  or  cheek  m ucosa, m ay be  re-
quired  for  reconstruct ion  of the  oral  cavity  defects  in  certain
circum stances. Patients w ith  significant concurren t  m edical dis-
ease  m ay not  be  candidates for  lengthy m icrovascular  free  flap
procedures, and  alternative  reconstruct ions w ith  a  shorter  op-
erating tim e  m ay be  the  option. Defects  that  require  su cient
donor  t issue to prevent  funct ional comprom ise (such  as tether-
ing of the  tongue) but  are  not  large  enough  to require  a  m icro-
vascular  free flap  m ay benefit  from  local tissue  transfer  techni-
ques and/or skin  grafts.

Com plicat ions  of surgery  include  bleeding, aspiration  pneu-
m onia,  and  fistula  form ation .  Late  complications  are  poor
speech  clarity, as  well as  m astication  and  swallow ing dysfunc-
tion. Early complications of radiation  therapy consist  of m ucosi-
tis  and  loss  of taste. Late  complications  involve  perm anent  xe-
rostom ia, dental caries, and  osteoradionecrosis. Chem otherapy-
associated  complications  include  myelosuppression;  nausea/
em esis; alopecia; m ucositis; pulm onary, renal, and  hepatic dys-
function ;  and  neuropathy, including  ototoxicity  m anifested  by
nerve hearing loss and peripheral vestibular sym ptom s.

23.4.11  Prognosis
The  m ost  important  factor  determ ining prognosis and  survival
is the stage of disease at  presentation. The overall 5-year surviv-
al rates for  stages I and  II are  80% and  70%, respect ively. For  pa-
tients  w ith  stages  III and  IV disease, the  survival rates are  55%
and 30%, respect ively.

Fig. 23.7  (a) Invasive  (early) mucosal melanoma of the  ventral tongue. (b) Advanced  mucosal melanoma of the  floor of mouth.

Fig. 23.8  Reconstruction of the oral tongue with lateral thigh free flap
after nearly total glossectomy. This patient  is able  to  eat  and  speak
intelligibly.
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23.5  Benign Neoplasm s and Cysts
of the Oral Cavit y
Benign  tum ors of the  oral cavity originate  from  the  various tis-
sues  (epithelium ,  salivary  glands,  m uscles,  fibrous  t issues,
nerve, and  bone)  of the  oral  cavity. Epithelial  tum ors  such  as
squamous  papilloma s  are  caused  by  HPV-6  and  HPV-11. They
m ay occur  on  the  oral tongue, lips, and  buccal m ucosa, usually
closer to the lip . The surface of these lesions appears warty w ith
papillary  project ions. Malignant  changes  in  papillom as  associ-
ated  w ith  HPV-6  and  HPV-11  are  rare.  These  lesions  can  be
treated  w ith  surgical excision  or  carbon  dioxide  laser  ablation
w ith  excellent control.

Fibroma s of the  oral tongue  and  buccal m ucosa  m ay develop
as a result  of local t raum a and  irr itation. They are found in  1.2%
of  the  adult  population.  They  appear  as  sm ooth,  well-de-
lineated,  subm ucosal  m asses  that  can  be  sessile  or  peduncu-
lated. They are  usually solitary and  m easure  less than  1.5 cm . If
sym ptom atic, these  lesions  can  be  locally  excised. Otherw ise,
they can  be clin ically observed.

Fewer  than  10% of salivary  gland  tum ors  arise  from  m inor
salivary glands, and  20  to  40% of m inor  salivary gland  tum ors
are  benign.  The  m ost  com m on  adenoma  arising  from  m inor
salivary glands of the oral cavity is pleom orphic adenom a, m ost
com m only  found  on  the  hard  palate.  Other  benign  salivary
gland  tum ors  include  canalicular  adenom a, papillary  cystade-
nom a, oncocytom a, and  myoepitheliom a. These  tum ors gener-
ally present  as  sm ooth, painless, slow ly grow ing m asses. Com -
plete surgical excision can  usually be achieved t ransorally.

Mucoceles of the lips are cystic lesions that  form  as a result  of
the  extravasation  of  glandular  contents  in to  the  surrounding
tissue, usually after  local traum a. A retention  cyst  or  ranula  is
caused  by obstruction  of the  ducts  w ith  subsequent  dilatation
of the  sublingual gland  and  form ation  of a  cyst. A plunging ra-
nula is a cyst  that  plunges under  the mylohyoid  m uscle in to the
neck. Surgical excision  or  m arsupialization  is  the  treatm ent  of
choice for retention  cysts.

Dermoid  cysts,  enter ic  duplica t ion  cysts,  and  na soalveolar
cysts are  rare  congenital conditions of the  oral cavity. Derm oid
cysts occur along em bryonic fusion lines and form  from  trapped
epithelial cells. They are lined  by keratin izing squam ous epithe-
lium  and  m ay contain  epiderm al appendages  such  as  hair  fol-
licles  and  sweat  glands. Enteric  duplication  cysts  contain  gas-
trointestinal m ucosa  and  are  lined  w ith  colum nar  or  stratified
squam ous  epithelium . Both  types  can  be  found  in  the  floor  of
m outh  and  tongue. These congenital cysts m ay enlarge to cause
functional problem s of the  oral cavity. Com plete  surgical exci-
sion  is curative. Nasoalveolar  cysts m ay arise  from  trapped  epi-
thelial  cells  betw een  the  lateral  and  m edial  m axillary  nasal
processes. They  becom e  sym ptom atic  later  in  life  as  the  cysts
increase  in  size  and  present  as  sm ooth, nontender, soft  swel-
lings  in  the  nasolabial  area.  On  exam inat ion,  the  cysts  m ay
cause  subm ucosal  elevation  over  the  gingivolabial  sulcus  or
floor of the nose, or displacem ent of the nasal alae. Excision  can
usually be achieved via the sublabial approach.

Granular  cell tumors are  of neural origin , as are  neur ilemmo-
ma s (schwannomas) and  neurofibroma s. Fifty percent  of granu-
lar  cell tum ors occur  in  the  oral cavity, and  the  tongue  is  m ost
com m only  involved. Up  to  15% of patients  have  synchronous

lesions.  They  present  as  firm ,  pain less,  pink,  nodular,  sessile
m asses. Granular cell tum ors are m alignant in  about 1% of cases.
Treatm ent  requires surgical excision, w ith  an  overall recurrence
rate  of  10%. Neurofibromas  are  the  m ost  com m on  peripheral
nerve  tum ors  found  in  the  oral cavity  and  are  derived  from  a
com bination  of Schwann  cells and  perineural fibroblasts. Multi-
ple  neurofibrom as m ay be  associated  w ith  von  Recklinghausen
neurofibrom atosis. In  patients w ith  th is disorder, 70% of neuro-
fibrom as occur in  the oral cavity and usually involve the tongue.
They present  as painless, slow ly grow ing m asses but  are  tender
to palpation . Surgical excision  is the treatm ent  of choice, w ith  a
low  risk  for  recurrence. Malignant  transform ation  of a  solitary
neurofibrom a is rare, but  sarcom a m ay arise  in  15% of patients
w ith  von  Recklinghausen neurofibrom atosis.

Pyogenic granuloma s, or  epulides  (� Fig. 23.9), m ay occur  in
any part  of the  oral cavity but  m ost  com m only involve  the  gin-
giva  or, in  certain  conditions, t issue  that  is  prone  to  the  devel-
opm ent  of an  exuberant  inflam m atory  react ion . Etiologic  fac-
tors  include  repeated  traum a  and  irr itat ion, infect ions, dental
eruption , and  pregnancy. Histologically, pyogenic  granulom as
consist  of  proliferative  vascular  channels  and  fibrous  tissues.
They m ay appear as raised, red  to purple lesions. Epulides grav-
idarum  are self-lim iting, but others require surgical excision.

Vascular  tum ors  (� Fig.  23.10)  of  the  oral  cavity  include
hem angiom as  and  ar teriovenous  vascular  m alform ations.
Hem angiom as of the head  and  neck are  com m on, w ith  14% oc-
curring  in  the  oral cavity, m ost  frequently  in  the  lip. They are

Fig. 23.9  Pyogenic granuloma.
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usually  present  at  bir th  and  grow  during  a  rapid  proliferative
phase,  followed  by  spontaneous  regression  over  years.  Thus,
in tervention  is  recom m ended  only  for  sym ptom atic  lesions.
Vascular  m alform ations, on  the  other  hand, becom e  clin ically
apparent  later  in  life  and  m ay progress  over  years. When  they
are sym ptom atic, surgical excision  and/or  sclerosing agents can
be  used  for  t reatm ent, w ith  variable  results  depending on  the
size and location  of these m alform ations.

Torus palatinus (� Fig. 23.11) and  torus m andibularis are  be-
nign, bony grow ths on  the  m idline  of the hard  palate  or  on  the
lingual surface of the m andible. Tori of the oral cavity occur in  3
to 56% of the  adult  population  and  are  m ore  com m on  in  wom -
en. They can  be  pedunculated  or  broad-based, and  they range
from  sm all to  large  (occupying alm ost  the  ent ire  palate). They
are  usually asym ptom atic, but  w hen  they cause  problem s w ith
eating or  pain  from  repeated  t raum a, a  bur  or  osteotom es  can
be  used  to  rem ove  the  bony m asses. Tori are  composed  m ostly
of lam ellar  bone, w ith  sm all m arrow  spaces that  do not  involve
the deeper cancellous bone of the m andible or palate.

The  follow ing  section  on  odontogenic tumors  and  cysts  is  a
brief sum m ary of the  m ore com m only encountered  lesions. For
detailed  inform ation  regarding  odontogenic  tum ors  and  cysts,
the reader  is referred  to the list  of recom m ended reading at  the
end of th is chapter.

Odontogenic cyst  is a  “pathologic cavity lined  by epithelium  of
odontogenic derivation,” usually nonkeratinized. Cyst  expansion
occurs as  a  result  of the  accum ulation  of inflam m atory cells, fi-
brin ,  serum , and  desquam ated  cells  and/or  m itotic  act ivity  of
the  cystic wall. Com m on  odontogenic cysts  include  dentigerous
cyst  (follicular  cyst), eruption  cyst, kera tinizing odontogenic cyst,
and  odontogenic keratocyst. Eruption  cyst  is a subtype of dentig-
erous  cyst  that  is  confined  by overlying alveolar  m ucosa. These
cysts  are  associated  w ith  the  crow ns of unerupted  teeth, devel-
oping  teeth,  and  odontom as.  Fluid  accum ulates  betw een  re-
duced  enam el  epithelium  and  tooth  crow n.  Treatm ent  is
enucleation  at  the  t im e  of  tooth  extraction. Dentigerous  cysts
potentially  have  the  ability  to  transform  into  true  neoplasm s.

Associated  am eloblastom as  are  noted  in  17%, and  rarely  squa-
m ous cell carcinom as and  m ucoepiderm oid  carcinom as.

Keratin izing odontogenic cysts have  an  epithelial lin ing w ith
thin  keratin ization. Keratin izing  odontogenic cysts  are  usually

Fig. 23.10  (a) Hemangioma of the  tongue. (b) Venous vascular malformation of the  tongue.

Fig. 23.11  Torus palatinus.
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asym ptom atic  and  are  not  associated  w ith  basal  cell  nevus
syndrom e  (Gorlin-Goltz  syndrom e). These  cysts  have  a  recur-
rence rate of 2% after  rem oval w ith  curettage. Odontogenic ker-
atocyst  is  also  defined  as  a  kera tocyst ic  odontogenic  tumor, a
term  that  stresses  the  neoplastic nature  of th is  lesion. Soft-t is-
sue  extension,  extension  in to  adjacent  bones  w ith  bony  de-
struct ion ,  and  increased  m itotic  activity  h istologically  have
been  reported. These lesions are m ore com m on in  the m andible
than  in  the  m axilla. Patients are  often  sym ptom atic, w ith  swel-
ling, pain , and  t rism us, especially  w hen  the  cysts  are  infected,
athough  odontogenic  keratocysts  are  frequently  identified  as
incidental findings on  radiographs. Because the recurrence rate
is as h igh  as 62% w ith  enucleation  alone, additional curettage is
recom m ended, w hich decreases the recurrence to 10%.

Malignant  transform ation  of odontogenic cysts  is  rare  but  is
considered  to  arise  from  residual cysts  in  an  edentulous  area.
Malignant  lesions are  likely to  present  w ith  pain , swelling, and
dysethesia. The age at occurrence is the sixth  or seventh  decade,
w ith  a 2:1 m ale predom inance. Treatm ent  is based  on  size, h is-
tologic type, and histologic grade.

Ameloblastoma  is  the  m ost  com mon  odontogenic neoplasm .
Am eloblastom as arise  from  rests of prim it ive  dental lam ina re-
lated to the enam el organ  in  alveolar bone. These tum ors gener-
ally  present  in  the  th ird  decade  of life  as  a  pain less, expansile
m ass  in  the  m andible  (85%)  or  m axilla.  Radiography  reveals
unilocular  or  m ultilocular  radiolucency  w ith  cort ical bone  ex-
pansion . Histologically, they are  solid  infiltrating tum ors w ith  a
follicular  or  plexiform  pattern . Standard  amelobla stoma  is  the
m ost  aggressive  of the  benign  odontogenic tum ors. Am eloblas-
tom as can  readily infiltrate  m edullary bone, but  compact  bone
such  as  the  inferior  border  of the  m andible  or  ram us provides
som e  barrier  protect ion .  Resection  w ith  adequate  m argins
(1 cm ) beyond  the  radiographic evidence  of tum or  is  the  treat-
m ent  of choice  to  prevent  recurrence. The  recurrence  rate  can
be high  as 22%, w ith  one-half of recurrences occurring w ithin  5
years. Rarely, m alignant  t ransform ation  can  occur.

Unicyst ic amelobla stoma s account  for  15% of all am eloblasto-
m as. Most  are  located  in  the  posterior  m andible. They occur  in
the second and th ird decades and are usually asym ptom atic un-
less inflam ed. Unicystic am eloblastom as are unilocular and uni-
cystic, display no connective tissue invasion, and are considered
prognostically distinct  from  the  standard  am eloblastom as. His-
tologic features involve only the lum inal and in tralum inal walls.
The size of the lesion  should  be less than  2 cm . These lesions re-
quire only enucleation  for  t reatm ent.

Malignant  amelobla stomas  are  am eloblastom as  w ith  distan t
m etastasis,  w hich  m ay  occur  m any  years  follow ing  a  delay
in  treatm ent  or  years  after  treatm ent .  The  lung  is  the  m ost

com m on  site, w ith  reported  cases in  the  cervical lymph  nodes
as  well. Amelobla st ic  carcinoma  is  rare  but  has  histologic  fea-
tures  associated  w ith  m alignancy,  such  as  increased  m itoses,
nuclear pleom orphism , and hyperchrom atism .

23.6  Roundsm anship
●  For m alignant neoplasm s, the stage at presentat ion  predicts

survival, w ith  improved outcom e for early stages.
●  Early-stage cancers (stages I and II) m ay be cured w ith  a sin-

gle m odality of treatm ent , w hereas advanced cancers (stages
III and IV) require a com bined m odality of treatm ents.

●  Sm oking and alcohol consumption  are im portant  risk factors
associated w ith  squam ous cell carcinom a.

●  Hum an papillom avirus–associated squam ous cell carcinom as
in  nonsm okers have an  im proved clinical response to
treatm ent .

●  Benign oral cavity neoplasm s and cysts are curable w ith  local
excision w hen sym ptom atic.

●  Biopsy of uncertain  characteristic lesions of the oral cavity
should be perform ed to determ ine pathology.

●  The di erence betw een the biological behavior of unilocular
am eloblastom a and that of standard am eloblastom a, w hich
dictates appropriate surgery, m ust be recognized.
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24  Diseases and Neoplasm s of the Pharynx and Esophagus
Pat Colley and Stimson P. Schantz

24.1  Anatom y
24.1.1  Pharynx
The  pharynx  is  the  shared  cham ber  of the  respiratory and  di-
gestive  tracts. It  can  be  divided  in to  three  separate  parts:  the
nasopharynx, the  oropharynx, and  the  hypopharynx. The  m ost
superior of these structures is the nasopharynx, extending infe-
riorly from  just  posterior  to the nasal choanae to the soft  palate.
Below  the  nasopharynx is the  oropharynx, th rough  w hich  food
and  air  pass  in to  the  hypopharynx,  w here  food  enters  the
esophagus  and  air  enters  the  larynx. These  three  areas  of the
pharynx are discussed separately below.

Nasopharynx
The nasopharynx is the portion  of the pharynx continuous w ith
the nasal cavity. It  begins at  the nasal choanae. The lateral walls
of the  nasopharynx contain  the  eustachian  tube  orifices, each
bounded  posteriorly by the torus tubarius. Im m ediately behind
the  torus  is  the  pharyngeal recess  (fossa  of Rosenm üller). The
cribriform  plate  and  sphenoid  sinus form  the  superior  portion
of the  nasopharynx, w ith  the  clivus  m aking  up  the  posterior
border. Because  the  nasopharynx  is  cont iguous  w ith  the  nasal
cavity, the m ucosa of th is region  is m ade up  m ostly of pseudos-
tratified  colum nar  ciliated  epithelium . The  lymphoid  tissue  in
the  nasopharynx, the  pharyngeal tonsil, is  a  m idline  structure
that  occasionally  extends  laterally  to  the  eustachian  tubes  as
Gerlach  tonsils.

Oropharynx
The  oropharynx is  the  largest  of the  areas  w ithin  the  pharynx.
It  extends from  the border of the soft  and  hard  palate  inferiorly
to  the  level of the  hyoid  and  the  vallecula. The  m ucosa  of th is
region  is  m ainly  stratified  squam ous  epithelium  and  is  inner-
vated by cranial nerves IX and X in  the pharyngeal plexus. Nota-
ble  subsites  w ith in  the  oropharynx  are  the  tonsillar  fossae
(including  the  tonsils),  soft  palate  (including  the  uvula),  the
base of tongue, and the pharyngeal wall.

The  base  of  tongue  is  defined  as  the  con t inuat ion  of  the
lingual tongue  from  the  circum vallate  papilla  to  the  vallecula.
It  con tains m uscles as well as the lingual tonsils. Blood  supply
to  th is  area  com es  from  the  lingual  ar teries.  Th is  area  is
considered  a  m idline  st ructure,  so  that  m alignan t  involve-
m ent  carr ies  a  h igh  risk  for  m etastat ic  spread  to  bilateral
lym phat ics.

The tonsillar fossa is an  area form ed by the palatoglossus (an-
terior  tonsillar  pillar) and  palatopharyngeus (posterior  tonsillar
pillar) m uscles; it  houses the palatine tonsil itself. It  receives its
blood  supply  from  the  dorsal lingual branch  of the  lingual ar-
tery, tonsillar and  ascending palatine branch  of the facial ar tery,
ascending  pharyngeal  ar tery, and  descending  palatine  branch
of the m axillary artery. The palatine tonsils are the m ost  visible
part  of the  Waldeyer  ring, w hich  includes  the  adenoids, pala-
tine tonsils, and lingual tonsils.

The  soft  palate  and  uvula  are  directly  posterior  to  the  hard
palate  and  are  m ade  up  of stratified  squam ous m ucosa  overly-
ing m uscle. These  m uscles act  in  coordination  to seal the  naso-
pharynx  and  propel  food  dow n  the  oropharynx  during  swal-
low ing. The  pharyngeal wall has sim ilar  layers  of m ucosa  w ith
underlying m uscle.

Hypopharynx
This area extends from  the hyoid  bone to the  inferior  border  of
the  cricoid  cart ilage. The hypopharynx serves as a t ransit  point
for  all  substances  en tering  the  esophagus. It  receives  innerva-
tion  from  the superior laryngeal nerve.

Muscles of the  Pharynx
The  m ajor  m uscles of the  oropharynx are  the  superior, m iddle,
and  inferior  constrictor  m uscles.  These  three  overlapping
m uscles  encircle  the  oropharynx, each  inser t ing  in to  the  pha-
ryngeal  raphe  posteriorly.  The  superior  constr ictor  originates
from  m ultiple  poin ts,  including  the  m edial  pterygoid  plate,
pterygoid  m andibular  raphe, alveolar  process  of the  m andible,
and  lateral tongue. The  m uscle  courses  superiorly and  posteri-
orly toward the skull base and inserts in to the pharyngeal raphe
just  inferior  to the base  of the skull. The superior  border of th is
m uscle  lies just  inferior  and  posterior  to  the  pharyngeal recess
in  the nasopharynx and  form s the Passavant  ridge during swal-
low ing. The  m iddle  constrictor  originates only from  the  cornua
of the  hyoid  bone  and  fans out  as  it  courses posteriorly to  in -
ser t  in to  the  raphe.  Last ly,  the  in ferior  constr ictor  m uscle
originates  from  the  lateral side  and  in ferior  cornu  of the  thy-
roid  car t ilage  as well as the  cricoid  car t ilage. It  courses poste-
riorly  to  inser t  in to  the  raphe, w ith  the  m ost  in ferior  fibers
form ing the  cricopharyngeus m uscle. All th ree  of the  pharyn-
geal  constr ictors  are  innervated  by  pharyngeal  branches  of
the  vagus nerve, w ith  a  sm all con t ribu t ion  from  the  recurren t
laryngeal branch  in fer iorly.

In  addition  to the constrictor m uscles, five sm aller  m uscles in
the  pharynx play an  im portan t  role  in  its function. The  palato-
glossus originates from  the  soft  palate  and  inserts in to the  side
of the  tongue. It  is  innervated  by the  vagus nerve  via  the  pha-
ryngeal plexus and  is the  only m uscle  of the  tongue  that  is not
innervated  by  the  hypoglossal  nerve.  The  palatopharyngeus
also originates from  the soft  palate but  travels farther  in feriorly
to  join  the  stylopharyngeus  and  insert  on to  the  posterior  bor-
der  of the  thyroid  cartilage. It  too  is  innervated  by  the  vagus
nerve  via  the  pharyngeal  plexus.  Both  the  palatopharyngeus
and  palatoglossus  are  continuous  w ith  their  counterpar ts  on
the opposite side of the pharynx via the soft  palate. Fibers from
the  m usculus  uvulae  in tertw ine  w ith  those  of the  palatophar-
yngeus and  palatoglossus as th is m uscle  courses from  its origin
on  the posterior  nasal spine inferiorly to form  the uvula. The le-
vator  veli  palatin i  and  tensor  veli  palatin i  are  the  final  two
m uscles of the  pharynx. The levator  veli palatin i acts as an  ele-
vator  of the soft  palate  and  t ravels from  its origin  at  the  under-
surface  of the  petrous  port ion  of the  tem poral bone  inferiorly
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and an teriorly to inser t  in to the soft  palate. The tensor veli pala-
tin i is just  anterior and lateral to the levator and originates from
the  base  of the  m edial  pterygoid  plate, the  spina  angularis  of
the  sphenoid  bone, and  the  lateral wall of the  cart ilage  of the
auditory tube. It  passes  inferiorly to  insert  near  the  m idline  of
the  soft  palate. The  tensor  veli palatin i plays an  im portant  role
in  proper funct ioning of the eustachian  tube; contract ion  of th is
m uscle  opens  the  tube  and  allow s  m iddle  ear  pressure  equal-
ization.  The  tensor  veli  palatin i  is  innervated  by  the  m edial
pterygoid  nerve, a branch  of the th ird  division  of the t rigem inal
nerve. The levator  veli palatin i shares innervation  w ith  the oth-
er  m uscles  of  the  soft  palate  and  is  innervated  by  the  vagus
nerve.

24.1.2  Esophagus
The  esophagus  begins  at  the  inferior  end  of the  hypopharynx
and  cont inues  inferiorly  for  38  to  40 cm  before  ending  at  the
cardia  of the  stom ach. The  cricopharyngeus, or  upper  esopha-
geal sphincter, form s  the  entrance  to  the  esophagus. As  stated
above, the  cricopharyngeus is m ade up  of a  port ion  of the  infe-
rior  constrictor  m uscle  and  is  therefore  skeletal m uscle. How -
ever, it  is  not  under  voluntary control. Relaxat ion  of the  upper
esophageal sphincter  is  triggered  by the  swallow  reflex  and  is
therefore  under  control of the  vagus  nerve. The  cricopharyng-
eus is the  narrowest  portion  of the  entire  gastrointestinal t ract
and  therefore  the  area at  w hich  a  foreign  body is m ost  likely to
becom e  lodged. Inferior  to  the  upper  esophageal  sphincter  is
the  body of the  esophagus, consist ing of cervical, thoracic, and
intra-abdom inal portions. The  esophagus ends  at  the  cardia  of
the  stom ach, just  below  the  lower  esophageal  sphincter.  The
lower  esophageal  sphincter  is  a  2-  to  4-cm -long  area  of  in-
creased pressure just  above the cardia of the stom ach; it  relaxes
as a  food  bolus travels dow n  the  esophagus to allow  entry in to
the stom ach.

There are three dist inct  layers w ith in  the esophagus: the m u-
cosal, subm ucosal, and  m uscular  layers. The  esophagus  lacks  a
serosal  layer,  m aking  perforation  m ore  likely,  allow ing  the
spread  of m alignancy, and  m aking surgical repair  sign ificantly
m ore  challenging. The  m ucosal  layer  is  composed  alm ost  en-
tirely of stratified  squam ous epithelium  except for the m ost dis-
tal 1  to  3 cm , w hich  is  lined  by colum nar  epithelium  sim ilar  to
that  of  the  stom ach.  The  m uscular  layer  of  the  esophagus  is
composed  of outer  longitudinal fibers and  inner  circular  fibers.
The  upper  th ird  of  these  m uscle  fibers  is  striated  m uscle,
w hereas  the  inferior  two-th irds  is  sm ooth  m uscle.  These
m uscles receive innervation  from  the vagus nerve and  the sym -
pathet ic chain . The  blood  supply to the  esophagus com es from
the  inferior  thyroid  artery, thoracic  aorta, and  left  gastric  and
inferior phrenic arteries.

24.2  Funct ion
The basic funct ions of the  pharynx are  respirat ion  and  degluti-
t ion. During respiration, the  pharynx m ust  sim ply rem ain  pat-
en t  and  allow  air  to pass from  the  oral and  nasal cavit ies to the
larynx and  lungs. However, the  act  of swallow ing is  a  complex
sequence  of events that  requires precise  t im ing and  the  proper
function ing of m ultiple  m uscle  groups as well as cranial nerves

V, VII, IX, X, and  XII. The swallow  is typically divided  in to three
phases:  oral, pharyngeal, and  esophageal. The  oral phase  con-
sists  of m astication , addition  of saliva  to the  oral contents, and
assessm ent  of the  safety of the  food. This entire  phase  is under
voluntary control. When  the  decision  is  m ade  to  proceed  w ith
swallow ing, the  bolus  is  pressed  against  the  anterior  tonsillar
pillar.  This  activates  pressure  receptors  innervated  by  cranial
nerves IX and X and in itiates the involuntary pharyngeal phase.

The  pharyngeal phase  begins w ith  contraction  of the  levator
and  tensor  veli palatin i in  order  to  elevate  the  soft  palate  and
create  a  seal  against  the  posterior  pharyngeal  wall. This  pre-
vents  regurgitation  of the  bolus  in to  the  nasopharynx. At  the
sam e tim e, the superior  constr ictor  begins to contract, creating
the  Passavant  ridge, just  above  its  m ost  superior  border  in  the
nasopharynx. Respiration  pauses  at  th is  t im e, typically  during
expiration . Next, the true vocal folds close, followed by the false
vocal folds. The arytenoids are pulled  against  the epiglottis, and
the  bolus  is  m oved  farther  in to  the  oropharynx  by  base  of
tongue  elevation  and  contraction  of  the  constr ictor  m uscles.
The larynx is elevated  w ith  the  base  of tongue  causing rotat ion
of the  epiglottis posteriorly over  the  laryngeal vestibule. Eleva-
tion  of the  larynx causes dilation  of the  cricopharyngeus;  th is,
w hen  com bined  w ith  act ive  relaxation  of the  sam e  m uscle, al-
low s  passage  of the  bolus  in to  the  cervical  esophagus, w here
the  esophageal phase  of swallow ing begins. Prim ary peristalsis
of the esophagus is in it iated  by bolus entry in to the esophagus;
the bolus is then  propelled dow n the esophagus at  a rate of 5 to
10 cm  per  second. Next , the lower esophageal sphincter  relaxes
and  allow s the  bolus to pass in to the  stom ach. Secondary peri-
stalsis  then  clears  the  esophagus  of any  rem aining  food  par-
ticles. In  total, it  takes 4 to 7 second for all three phases of swal-
low ing  to  propel  a  bolus  from  the  oropharynx  through  the
esophagus in to the stom ach.

24.3  Infect ious, Inflam m atory
Lesions of the Pharynx
Pharyngitis  is  one  of the  m ost  com m on  reasons  w hy a  pat ient
visits  h is  or  her  prim ary care  physician  and  accounts  for  15  to
20% of all  o ce  visits. It  is  defined  as  an  inflam m ation  of the
m ucosa and  subm ucosa of the pharynx and can  a ect  the naso-
pharynx,  oropharynx,  and  hypopharynx.  The  in troduct ion  of
bacteria or  viruses in to th is area causes a significant  react ive in-
flam m atory response because of the h igh  concentration  of lym -
phatic  t issue  in  the  Waldeyer  ring. In  certain  instances, infec-
tions in  th is area can  lead  to system ic disease, causing substan-
tial m orbidity and m ortality.

24.3.1  Bacterial Pharyngit is
The norm al bacterial flora of the  pharynx is m ade up  m ostly of
gram -positive  aerobic  organism s  that  live  com m ensally  until
their environm ent is altered by outside forces or new organism s
are  in troduced. These  changes  typically  m anifest  clin ically  as
pharyngitis. The m ost  com m on  cause of bacterial pharyngit is is
infect ion  by  group  A β-hem olytic  streptococci.  Patien ts  w ith
pharyngitis due to infect ion  by group A β-hem olytic streptococ-
ci  typically  describe  a  sore  throat,  di culty  swallow ing, and
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headache. Cough and rhinorrhea are not  usually associated w ith
group  A β-hem olytic  streptococcal  pharyngit is.  The  onset  of
group  A  β-hem olytic  streptococcal  pharyngit is  tends  to  be
m ore  sudden  than  that  of  viral  pharyngit is.  On  exam ination,
these  patients  can  have  a  h igh-grade  fever,  soft  palate  pete-
chiae, and  exudative  tonsils. Tender  an terior  cervical  adenop-
athy is seen  60% of the t im e w ith  group  A β-hem olytic strepto-
coccal pharyngitis. However, the h istory and  physical exam ina-
tion  often  can  be m isleading in  patien ts w ith  acute pharyngitis.
Centor et  al created  an  algorithm  for  the  m anagem ent  of group
A β-hem olytic  streptococcal  pharyngitis  based  on  clin ical  fac-
tors  that  incorporates  the  absence  of cough, swollen  anterior
cervical lym phadenopathy, presence  of fever  and  tonsillar  exu-
date, and  pat ient  age. However, th is algorithm  still requires that
the  m ajority of patien ts  undergo laboratory testing in  order  to
confirm  the  diagnosis  of  group  A β-hem olytic  streptococcal
pharyngitis. Laboratory testing typically consists of either  rapid
antigen  detect ion  testing  (RADT)  or  tradit ional  throat  culture.
The  gold  standard  for  the  confirm ation  of group  A β-hem olytic
streptococcal pharyngit is  rem ains  throat  culture  because  of its
high  sensitivity  (90  to  95%)  and  ability  to  identify  antibiotic
sensitivit ies.  However,  th roat  cultures  take  a  m inim um  of 24
hours to provide clin icians w ith  accurate results. The RADT was
developed  as  a  m ore  rapid  m eans  of providing sim ilar  data  to
the  t reating  physician.  With  sensitivit ies  ranging  from  79  to
88% and  specificit ies  above  95%, RADT provides  an  excellent
alternative  to  throat  culture, and  results  are  available  im m edi-
ately. Throat  cultures are  typically collected  in  addition  to  per-
form ing  RADT because  of the  potential  developm ent  of rheu-
m atic  fever  as  a  result  of  not  treating  group  A β-hem olytic
streptococcal pharyngitis.

The treatm ent of group A β-hem olytic streptococcal pharyng-
itis  typically consists  of oral or  in travenous an tibiotic adm inis-
tration. Although  group  A β-hem olytic streptococcal pharyngi-
tis  is  a  self-lim ited  disease,  an t ibiot ics  are  given  to  provide
acute  sym ptom  relief,  reduce  suppurative  complications,  and
reduce  com municability.  Penicillin  is  still  the  recom m ended
first-line  therapy  in  m ost  areas  of the  country. However, if β-
lactam ase–producing  organism s  are  present,  treatm ent  w ith
clavulanate or another β-lactam ase–inhibit ing agent  in  addition
to  penicillin  is  required. Patients  w ho  are  allergic to  penicillin
can  be treated w ith  erythromycin  or a first-generation  cephalo-
sporin . Antibiotic t reatm ent of group A β-hem olytic streptococ-
cal pharyngitis  reduces sym ptom  duration  by an  average  of 16
hours and  significantly reduces rates of peritonsillar  and  retro-
pharyngeal  abscesses.  The  treatm ent  of  group  A β-hem olytic
streptococcal  pharyngitis  w ith  an tibiotics  prevents  rheum atic
fever  regardless  of w hether  the  group  A β-hem olytic  strepto-
coccal pharyngitis  has  been  fu lly  eradicated  or  not . Ant ibiot ic
use  does not  have  an  e ect  on  the  developm ent  of acute  post-
streptococcal glom erulonephrit is.

Rheum atic fever  is  a  rare  complication  of un treated  group  A
β-hem olytic  streptococcal  pharyngeal  infect ion  that  develops
after local invasion  of bacteria causes the release of extracellular
toxins and  proteases. Group  A β-hem olytic streptococci also re-
lease  M  proteins  system ically  that  are  sim ilar  in  structure  to
myocardial sarcolem m al an tigens. These  proteins  stim ulate  an
inflam m atory  response  against  the  patient’s  ow n  cardiac
m uscle, join ts, blood  vessels, and  subcutaneous tissues. The  di-
agnosis is m ade w ith  the  Am erican  Heart  Association  m odified

Jones criteria (� Table 24.1). The disease typically resolves after
6 weeks but  can  have last ing neurologic and  cardiac e ects. The
patien t  m ust  have  a  preceding streptococcal infect ion  and  two
m ajor  criteria  or  one  m ajor  and  two m inor  criteria  in  order  for
the diagnosis to be m ade. Treatm ent  involves an tibiotics for  the
group  A β-hem olytic  streptococcal  pharyngeal  infect ion , non-
steroidal  anti-inflam m atory  drugs,  and  cort icosteroids,  w ith
possible treatm ent of cardiac complications.

Another  complication  of acute  group  A β-hem olytic strepto-
coccal pharyngitis is scarlet  fever. This condition  m anifests as a
red, punctate, blanching rash  that  in it ially appears on  the t runk
but  then  quickly  spreads  to  the  en t ire  body, sparing  the  face,
palm s,  and  soles.  Pat ients  w ill  also  have  a  swollen ,  red,  and
m ottled  “straw berry” tongue  (� Fig. 24.1), along  w ith  perioral
skin  erythem a  and  desquam ation. The  product ion  of erythro-
genic  toxin  and  lysis  of  the  bacteria  by  a  bacteriophage  is

Table 24.1  American Heart  Association’s modified Jones criteria

Major  criteria  Minor criteria

Carditis  Fever (101° to 102°)

Polyarthritis  Arthralgia  without  edema

Sydenham  chorea (St. Vitus dance)  Prolonged  PR Interval on electro-
cardiogram

Subcutaneous nodules  Acute  phase  reactants: increased
erythrocyte  sedimentation  rate,
presence  of C-reactive  protein  or
leukocytosis

Erythema marginatum  History of rheumatic fever or the
presence  of inactive  rheumatic
heart  disease

Evidence  of preceding  β-hemolytic
streptococcal infectiona

Note: The diagnosis requires two major criteria or one major and two minor
criteria, along with evidence of a  prior streptococcal infection.
aEvidence of preceding streptococcal infection: increased antistreptolysin O or
other streptococcal antibodies, positive throat culture for group A β-
hemolytic streptococci, positive result  of rapid antigen detection testing
(RADT), or recent scarlet  fever.

Fig. 24.1  “Strawberry tongue” of scarlet  fever.
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believed  to  be  the  m echanism  behind  th is  complication  of
group  A β-hem olytic  streptococcal pharyngitis. Before  the  ad-
vent  of antibiotics, th is condition  carried  a sm all but  significant
m ortality  risk  that  has  all but  disappeared  since  the  discovery
of penicillin .

Besides group  A β-hem olytic streptococci, other  bacteria  can
cause  acute  pharyngit is.  The  second  m ost  com m on  cause  of
bacterial  pharyngitis  is  Staphylococcus  (S. aureus  or  S. sa livar-
ius). Infect ion  by these  bacteria  tends  to  take  place  in  patients
w ho  are  dehydrated  or  are  being  t reated  w ith  antibiotics.
Pat ien ts  m ay  presen t  w ith  m ucopurulen t  drainage,  pharyn-
geal erythem a, and  edem a  as  w ell as  tonsillar  pustu les. Anti-
staphylococcal  an tibiot ics,  eryth rom ycin ,  or  first -generat ion
cephalosporins are  the  an tibiot ics of choice for  staphylococcal
pharyngit is.

Another bacterial species know n to cause pharyngitis is Cory-
nebacterium diphther iae. This gram -positive rod is found m ostly
in  children  younger  than  the  age  of  10  years  in  developing
countries. After  the bacteria gain  access to the pharynx, bacteri-
al  exotoxin  production  causes  local  inflam m ation  and  t issue
necrosis, result ing in  the  gray m em brane  classically associated
w ith  diphtheria. The  local  inflam m ation  can  a ect  the  entire
pharynx as well as the larynx, putt ing the patien t  at  risk for air-
way  obstruction. In  addition, toxins  released  system ically  can
cause cardiomyopathy and dysrhythm ias. The proper  t reatm ent
of  diphtheria  includes  m anagem ent  of  the  airway  as  well  as
antitoxin  and  antibiotic  therapy.  Widespread  im m unization
program s  have  nearly  eradicated  diphtheria  in  developed
nations.

Bordetella  per tussis had  been  nearly eradicated  in  developed
countries  but  is  now  having  a  strong  resurgence  because  of
waning im m unity  in  adults  vaccinated  in  childhood  (as  an  in-
creasing num ber  of parents are  choosing not  to vaccinate  their
children). Infect ion  by th is gram -negative  coccobacillus is char-
acterized  by  a  low -grade  fever  and  upper  respiratory  sym p-
tom s. This m arks the catarrhal phase  of the  disease. The parox-
ysm al phase follow s, defined  by the developm ent  of paroxysm s
of coughing followed  by a  loud  inspiratory gasp  that  gives th is
disease its nam e, w hooping cough. During th is phase, B. pertus-
sis  produces  an  exotoxin  that  attacks  ciliated  epithelium
and  causes  necrosis  and  m ucopurulent  exudate. The  paroxys-
m al phase  typically  lasts  2  to  4  weeks  and  is  followed  by  the
convalescent  stage, during  w hich  the  coughing  attacks  slow ly
dissipate. The treatm ent  of w hooping cough is w ith  a m acrolide
antibiotic  in  conjunct ion  w ith  supportive  care. It  is  im portan t
to  note  that  an tibiotic  therapy  w ill  not  alter  the  course  of
the  illness  but  w ill  decrease  infect iousness  and  spread  of the
disease.

Sexually t ransm itted  diseases cause inflam m ation  of the m u-
cosal surfaces and  can  therefore  a ect  the  pharynx along w ith
the genitals. Neisser ia  gonorrhoeae is a gram -negative diplococ-
cus  transm it ted  through  sexual  contact  that  can  cause  sore
throat, tonsillar hypertrophy, and lym phadenopathy. Culture on
chocolate or Thayer-Mart in  agar is required  for identification  of
the  organism . The  treatm ent  of gonococcal pharyngitis  m ay be
di cult  because of a h igh  incidence of antibiotic resistance, but
ceft riaxone and doxycycline are recom m ended first-line agents.
Infect ion  by the  spirochete  Treponema  pa llidum  m ay present  as
pain less, dark  red  papules  on  the  tonsils  or  pharyngeal  wall,
typically seen  in  secondary syphilis 2 to 3 m onths after prim ary

infect ion .  These  lesions  are  h ighly  contagious,  and  treatm ent
w ith  penicillin , tet racycline, or erythromycin  is required.

24.3.2  Viral Pharyngit is
Viral pharyngitis is the m ost com m on cause of a sore throat. Pa-
tients  tend  to  have  a  low -grade  fever  and  other  associated
sym ptom s  of  an  upper  respiratory  tract  infect ion ,  such  as
coughing, sneezing, and  rhinorrhea, as  well as  generalized  ad-
enopathy. The  clin ical course  of viral pharyngitis is m ore  indo-
lent  than  that  of bacterial pharyngitis  and  is  not  responsive  to
antibiotic  t reatm ent.  Many  viruses  are  associated  w ith  phar-
yngitis, including coronavirus, adenovirus, and  rhinovirus. Clin-
ically, it  is di cult  to  distinguish  w hich  virus is responsible  for
a  part icular  infect ion. However, certain  viruses  cause  distinct
physical findings and require special m ent ion  below.

Infect ion  of  the  pharynx  by  herpes  sim plex  virus  (hum an
herpesvirus, or  HHV)  presents  w ith  inflam m ation  of the  oral
and  pharyngeal  m ucosa  as  well  as  sm all  vesicular  lesions
throughout  the  sam e  area. It  is  caused  by one  of the  two sero-
logically distinct  subtypes of HHV. Type 1 HHV is typically asso-
ciated w ith  oral or  pharyngeal infect ion, w hereas type 2 is seen
m ore  com m only  in  genital  infect ions.  However,  both  viruses
can  a ect  either  area w ithout  restriction. The original in fect ion
by  HHV can  m anifest  sym ptom s  for  7  to  10  days  followed  by
quick  resolution . Neonates  or  pat ients  w ith  comprom ised  im -
m une  system s are  at  risk for  dissem inated  infect ion  by th is  vi-
rus  and  should  be  m onitored  for  central  nervous  system  in-
volvem ent. The diagnosis of HHV infect ion  is m ade through  tis-
sue  culture,  Tzanck  preparation,  or  an tigen  detect ion.  Tissue
culture  is  the  gold  standard  but  can  take  up  to  4  to  5  days  to
provide a result . Tzanck preparation  and antigen  detect ion  tests
are  quicker  but  have  a  sensitivity  rate  betw een  50% and  70%.
The  treatm ent  of HHV pharyngit is  is  w ith  an  antiviral, such  as
acyclovir  or  valacyclovir. However, th is  has  not  been  show n  to
decrease  the  durat ion  of illness or  reduce sym ptom atology and
m ay best be reserved for the im m unocomprom ised patien t.

Epstein-Barr  virus  (EBV) infect ion  leads  to  infect ious  m ono-
nucleosis, an  illness  associated  w ith  exudat ive  tonsillit is, fever,
posterior  t riangle cervical lymphadenopathy, and  m alaise. Clas-
sically,  pat ients  also  have  splenom egaly  on  exam ination,
although  th is has been  show n to be present only in  roughly 50%
of patients w ith  th is disease. EBV infects B lymphocytes and has
been  linked  to nasopharyngeal carcinom a and  Burkitt  lympho-
m a, although other factors are believed to be involved in  the de-
velopm ent  of these  m alignancies. The  diagnosis  of th is  disease
is  based  on  clin ical  h istory  and  serum  testing  for  heterophile
antibodies  w ith  the  m onospot  test .  Com plications  associated
w ith  infect ious  m ononucleosis  include  splenic  rupture  and
acute  airway  obstruct ion  due  to  pharyngotonsillar  in flam m a-
tion. However, in  the  large  m ajority of pat ients, the  sym ptom s
resolve after  2 to 6 weeks of supportive care. Antibiotics should
be  avoided  in  these  patients  because  they  are  ine ect ive  in
treating  the  disease, and  patien ts  given  am picillin  or  another
penicillin  develop a severe rash.

Pharyngitis  caused  by coxsackievirus  A m ost  often  occurs in
children  younger  than  5  years of age. It  is  characterized  by ve-
sicular or ulcerative lesions along the tonsillar pillars and buccal
m ucosa  know n  as  herpangina. This  illness  has  a  rapid  course
that  includes  h igh  fevers  and  possible  vesicular  lesions  on  the
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extrem it ies, including the  palm s  of the  hands  and  soles  of the
feet . The  lesions  on  the  extrem it ies  appear  several  days  after
the fever  and  pharyngitis begin . The diagnosis is m ade by clin i-
cal h istory and  physical exam ination. The t reatm ent  of herpan-
gina is supportive.

24.3.3  Fungal Pharyngit is
Although  not  a  group  of organism s  com m only associated  w ith
pharyngitis, fungi can  invade  and  dam age  the  pharyngeal m u-
cosa in  individuals w ith  comprom ised  im m une system s. Candi-
da  species  are  m ost  com m only  responsible  for  th is  condition .
Patients  w ith  fungal  pharyngitis  w ill  have  a  w hite,  cheesy
plaque  along  their  oral or  pharyngeal m ucosa  that  is  typically
easily  rem oved  to  reveal  erythem a  below.  The  diagnosis  is
m ade  by  Gram  stain  or  periodic  acid–Schi  stain  of a  culture.
Treatm ent  is  w ith  topical nystatin  or  an  oral azole. Individuals
w ith  no  known  history of im m unosuppression  should  be  sent
for further im m une testing once th is diagnosis is confirm ed.

24.3.4  Com plicat ions of Pharyngit is
Although infect ions of the pharynx are com m on, severe compli-
cations  are  rare. Most  of these  illnesses  resolve  spontaneously
w ith  few, if any, long-term  sequelae. Occasionally, patien ts w ith
pharyngitis  w ill develop  a  condition  that  requires in tervention
beyond  antibiotic  treatm ent  (e.g.,  peritonsillar  abscess).  The
spread of infect ion  beyond the tonsillar capsule allow s purulent
m aterial  to  collect  betw een  the  tonsillar  capsule  m edially  and
the  superior  constrictor  laterally.  Patients  have  odynophagia,
tr ism us, and  soft  palate  swelling;  uvular  deviation  away  from
the  a ected  side  and  fullness  in  the  superior  soft  palate  are
seen  on  physical  exam ination. Sym ptom s  of pharyngitis  typi-
cally  exist  for  at  least  5  days  before  an  abscess  develops. The
treatm ent  of  a  peritonsillar  abscess  is  incision  and  drainage
w ith  culture-directed  antibiotic treatm ent  for  7 to 10 days. Un-
treated, a  peritonsillar  abscess  can  spread  to  the  parapharyng-
eal  and  retroesophageal  spaces,  causing  airway  obstruction,
venous  throm bosis, bacterem ia;  it  m ay also  spread  to  the  m e-
diastinum  or  even  the  central nervous system . However, these
severe  complications are  rare  now  because  of the  e ectiveness
of  antibiotic  treatm ent .  Patients  w ith  recurrent  episodes  of
peritonsillar  abscess  are  advised  to  undergo  an  elective  tonsil-
lectomy after resolution  of their sym ptom s, w ith  the goal of re-
ducing or elim inating the risk for future infect ions.

24.4  Malignant  Lesions of the
Pharynx and Esophagus
24.4.1  Nasopharyngeal Cancer
Incidence and Background
Nasopharyngeal carcinom a  (NPC) is  a  squamous  cell carcinom a
that  develops  from  the  epithelium  of the  nasopharynx. It  is  a
rare  cancer  with  an  incidence of less than  1 per  100,000 in  m ost
countries. However, NPC occurs  at  a  significantly  higher  rate  in
certain  groups, such  as  ethnic  Chinese  in  the  southern  part  of
China, Aleut  Native  Am ericans  in  Alaska, and  Southeast  Asians.
The  incidence  in  southern  China  has been  docum ented  to  be  as

high  as 30 per 100,000. The increased  incidence is believed  to be
related  to nitrosam ines found in  heavily salted  fish  in  this area.

EBV is thought  to play som e oncogenic role  in  th is tum or be-
cause  of the  high  rates  of EBV genom e  detect ion  in  NPC speci-
m ens. Nearly all pat ien ts w ith  NPC also have EBV infect ion , and
EBV RNA is found  in  alm ost  all NPC cells. However, no substan-
tial causative evidence has ever  been  found  supporting the role
of EBV in  NPC developm ent. The  use  of EBV serology has been
proposed  as  a  possible  m eans  of screening patients  for  NPC in
regions w here its incidence is h igh.

It  is  likely that  genetic factors  also  play a  role  in  NPC, based
on  the  fact  that  first-degree  relatives  of patien ts  w ith  NPC are
six  tim es  m ore  likely  to  develop  th is  cancer  than  are  controls.
Additionally, the incidence of NPC rem ains high  am ong Chinese
w ho  have  im m igrated  to  the  United  States,  although  it  de-
creases  som ewhat  am ong  Chinese  born  in  North  Am erica.
These North  Am erica– born  Chinese should  have NPC incidence
rates sim ilar  to  those  of the  general populat ion, but  their  rates
rem ain  elevated  despite  rem oval of the  causative  environm en-
tal agents. To date, the only genetic associations m ade w ith  NPC
are HLA-BW46 and HLA-B17.

Classificat ion
The  World  Health  Organization  (WHO) created  a  classification
of  NPC based  on  histopathology  (� Table  24.2).  Type  I is  the
second  m ost  com m on  type  of NPC in  North  Am erica  and  is re-
ferred  to  as  sporadic  NPC. Histopathologically, squam ous  dif-
ferentiation  is  seen  and  is  sim ilar  to  that  in  other  epiderm oid
carcinom as of the  head  and  neck. Type  I NPC is  not  associated
w ith  EBV but  is related  to tobacco and  alcohol exposure. It  car-
ries  a  poor  prognosis  because  of  its  lack  of  radiosensit ivity.
Type  II NPC is  the  least  com m on  type. Together  w ith  type  III
NPC,  it  m akes  up  the  nonkeratin izing,  or  endem ic,  types  of
NPC.  Type  III  NPC is  the  m ost  com m on  form .  It  includes  a
group  of h istopathologically sim ilar  form s of NPC, such  as lym -
phoepitheliom a  and  anaplast ic  and  clear  cell  variants.  Both
type  II NPC and  type  III NPC are  associated  w ith  EBV and  are
radiosensit ive.

Presentat ion
Nearly  all  pat ien ts  w ith  NPC are  sym ptom atic  at  the  t im e  of
diagnosis. One  percen t  of NPCs are  inciden tally discovered  on
exam ination  or  im aging. The  m ost  com m on  sym ptom  of NPC
at  the  t im e  of d iagnosis is a  neck m ass, follow ed  by aural fu ll-
ness  and  nasal  obst ruct ion . Neck  m asses  typ ically  presen t  in
level  II or  V and  occur  bilaterally  in  20% of pat ien ts. Cran ial
neuropath ies  suggest  in filt rat ion  of  the  skull  base.  Cran ial
nerves  III  th rough  VI  are  the  m ost  com m only  involved  be-
cause  of their  location  in  relat ion  to the  skull base  and  caver-
nous sinus.

Table 24.2  World Health Organization classification of nasopharyngeal
carcinomas

Type  I  Keratinizing  squamous cell carcinoma

Type  II  Nonkeratinizing  squamous cell carcinoma

Type  III  Undifferentiated  carcinoma
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Evaluat ion
Com puted tom ography (CT) of the head and neck should  be ob-
tained, as well as m agnetic resonance  (MR) im aging, for  all pa-
tients  w ith  NPC.  CT provides  inform ation  regarding  cranial
bone  involvem ent  and  possible  lymph  node  m etastases.  MR
im aging allow s better  visualization  of the soft  t issues, including
neural structures closely associated w ith  the nasopharynx.

Di erent ial Diagnosis
The  di eren tial  diagnosis  for  NPC is  lim ited  but  includes  in-
flam m ation, infect ion, lymphom a, and  Tornwaldt  cyst. Individ-
uals  w ith  Tornwaldt  cysts  have  m idline  nasopharyngeal  cysts
that can m im ic NPC lesions.

Staging
The  staging of NPC is  based  on  the  2010  Am erican  Joint  Com -
m ittee on  Cancer (AJCC) staging guidelines. Both  tum or and  no-
dal staging  are  unique  compared  w ith  that  for  the  rest  of the
pharynx. The  parapharyngeal space  is a  potent ial space shaped
like an  inverted  pyram id, w ith  its base at  the skull base and  ex-
tending inferiorly to the  cornu  of the hyoid  bone. It  is bordered
m edially by the constrictor m uscle and laterally by the ram us of
the  m andible  and  deep  lobe of the  parotid. Involvem ent  of th is
space portends a m ore locally advanced tum or.

A T1  lesion  is  confined  to  the  nasopharynx or  can  extend  to
the oropharynx or nasal cavity w ithout  involvem ent  of the par-
apharyngeal space, w hereas a T2 lesion  extends in to th is space.
If the  bony structures  of the  anterior  skull base  or  sinuses  are
involved, the  lesion  is  T3. T4  lesions have  in tracranial invasion
and/or  involvem ent  of cran ial nerves, hypopharynx, or  orbit , or
they extend in to the infratem poral fossa or m asticator space.

Unilateral cervical nodal m etastasis above the supraclavicular
fossa  and/or  uni-  or  bilateral  retropharyngeal  nodal  involve-
m ent  not  larger than  6 cm  represent  N1 disease. N2 status is bi-
lateral supraclavicular  cervical nodal m etastasis not  larger  than
6 cm . Nodal m etastasis larger than  6 cm  is classified  as N3a, and
nodal disease in  the supraclavicular  fossa is N3b. In  situ  disease
is classified  as stage  0, and  T1  lesions w ith  no  nodal or  distant
m etastasis are stage I. T1 disease w ith  N1 nodal status or T2 pri-
m ary lesions w ith  N0 or N1 status are stage II disease. The com -
bination  of a  T1  or  a  T2  prim ary lesion  w ith  N2  nodal status is
stage  III. T4  lesions  w ith  N0–N2  nodal disease  are  classified  as
stage IVA; any lesion  w ith  N3 nodal disease is stage IVB; any le-
sion w ith  distant  m etastasis is stage IVC.

Treatm ent
Early-stage  NPC is  t reated  w ith  radiation  therapy;  m ore  ad-
vanced  NPC is typically treated  w ith  com bined  chem oradiation
therapy.  Doses  of  60  to  70 Gy  are  adm inistered  via  external
beam  radiation  to the  nasopharynx and  both  sides of the  neck.
Accurate  staging  w ith  precise  pretreatm ent  im aging  by CT or
MR im aging has  allow ed  bet ter  dosim etry and  a  reduct ion  in
dam age  to  adjacen t  t issue, reducing m orbidity  in  such  sensi-
t ive  areas  as  the  p itu itary, eyes, ears, and  surrounding neural
structures.

Surgical  resection  of  NPC is  typically  reserved  for  patients
w ith  tum or  recurrence  or  radiation  failure.  Operating  in  the

nasopharynx  is  technically  challenging  because  of the  lack  of
accessibility  of  th is  area.  Contraindicat ions  for  surgical  in ter-
vention  include carotid  involvem ent, skull base erosion, and  in-
tracran ial involvem ent. NPC can  be  approached  from  either  an
open  or  an  endoscopic approach. Endoscopic treatm ent  is  rare
and  is  used  prim arily for  sm all recurrences in  the  central por-
tion  of the posterior nasopharyngeal wall.

There  are  m ultiple  options  for  an  open  approach. A lateral
rhinotomy w ith  a  m edial m axillectomy can  be  used  for  recur-
rences lim ited to the nasopharynx or involving the pterygopala-
tine  fossa. This  procedure  carries  few  side  e ects  but  provides
lim ited  access  compared  w ith  other  approaches, including  the
m axillary sw ing. In  th is approach, a Weber-Ferguson  incision  is
m ade, and  the  outer  m axillary wall is rotated  laterally w ith  the
skin  and  soft  t issue  attached. Access to the  pterygopalatine fos-
sa  is  improved  w ith  the  m axillary  sw ing  but  at  the  cost  of a
larger incision  than  is used for the lateral rh inotomy.

The other indication  for surgery in  patients w ith  NPC is resid-
ual neck disease. The surgery of choice for  th is situation  is radi-
cal neck dissect ion, based  on  the  fact  that  recurrent  nodal dis-
ease is often  along the chain  of lymph  nodes of the upper in ter-
nal jugular  vein  as well as the  accessory nerve. Also, m etastatic
lymph  nodes have a h igher  propensity for  extracapsular  spread
in  NPC than  in  other squam ous cell carcinom as of the head  and
neck. Because the  areas involved  in  th is surgery have been  pre-
viously  radiated, the  risk  for  carotid  blowout  is  h igher;  there-
fore, incisions should  be  planned  carefully, and  a  pedicled  flap
(e.g., a  pectoralis  m ajor  flap) should  be  used  for  carotid  cover-
age if there is a risk for th is complication.

Outcom es
Local and  regional control of NPC depends  on  the  stage  but  in
general ranges  betw een  70% and  80% w ith  com bined  therapy.
Five-year  survival is  also  betw een  70% and  80% depending on
the  stage. However,  the  risk  for  recurrence  of NPC continues
after  5  years, and  10-year  survival ranges from  10  to  40%. This
decrease  in  long-term  survival is  due  partly to  the  high  rate  of
distan t  m etastases  in  NPC. Betw een  25% and  30% of patients
w ith  NPC w ill  develop  distant  m etastases, the  highest  rate  of
any  head  and  neck  cancer. This  should  be  considered  w hen  a
patient  previously treated for NPC is being followed.

Com plicat ions of Treatm ent
Side  e ects  of radiation  for  NPC include  m ucositis, xerostom ia,
sinusit is, otit is  m edia w ith  e usion , sensorineural hearing loss,
tr ism us, pituitary dysfunct ion, and cranial nerve palsies.

24.4.2  Oropharyngeal Cancer
Incidence and Background
Cancers  of the  oropharynx m ake  up  12% of all m alignancies of
the head  and  neck. More than  90% of all oropharyngeal cancers
are squam ous cell carcinom a (SCC). The overall incidence of or-
opharyngeal SCC had  been  declin ing because of decreased  rates
of  sm oking  and  alcohol  in take.  However,  betw een  1973  and
2004, the  incidence  rate  increased,  especially  in  w hite  m ales
younger  than  60 years old. In  th is sam e tim e period, the  rate  of
oropharyngeal SCC that  tested  positive  for  hum an  papillom avi-

24.4  Malignant  Lesions of the Pharynx and Esophagus

209



rus (HPV) nearly tr ipled, from  a rate of 16.3% betw een 1984 and
1989 to a rate of 72.7% betw een  2000 and  2004. Oropharyngeal
SCC had  always  been  related  to  two  m ain  environm ental  fac-
tors, tobacco  and  alcohol  in take;  however, clin icians  are  now
confronted  w ith  oropharyngeal SCC that  lack the usual risk fac-
tors but  are positive for HPV.

The  oropharynx is composed  m ain ly of m ucosa, so it  is  clear
w hy SCC accounts for  the  m ajority of m alignant  lesions in  th is
region .  However,  the  presence  of  the  Waldeyer  ring  of  lym -
phoid  t issue  in  th is area  is the  reason  w hy the  next  m ost  com -
m on m alignancy seen  in  the oropharynx is lymphom a, typically
involving  th e  palat ine  tonsils  or  base  of tongue. Lym phoepi-
theliom as also  can  develop  from  th is  r ing of lym ph oid  t issue
bu t  are  rare. Besides  m ucosa  and  lym phoid  t issue, the  oro-
pharynx  con tain s  m inor  salivar y  glan ds  that  can  un dergo
m alignan t  t ran sform at ion  an d  lead  to  salivary gland  carcino-
m a. Oropharyngeal  m alignancies  can  becom e  very  large  be-
fore  the  onset  of sym ptom s. For  th is  reason , oropharyngeal
SCC typ ically  presen ts  at  an  advan ced  tum or  stage  and  w ith
a  rate  of cervical  lym ph  node  involvem en t  h igh er  than  50%
for  all  subsites.  Lym ph  node  m etastases  ten d  to  occur  in  a
stepw ise  p rogression , beginn ing at  the  superior  lym ph  nodes
in  level II and  p roceeding in feriorly th rough  levels  III and  IV.
In  add it ion ,  m any  oropharyngeal  st ruct ures  are  m idline, so
both  sides  of  th e  neck  m ust  be  considered  in  t reatm en t
p lann ing.

Evaluat ion
CT should  be  perform ed  in  all patients w ith  oropharyngeal and
hypopharyngeal SCC to  assess  for  lymph  node  m etastases  and
evaluate for  invasion  in to surrounding structures. Patients w ith
lesions  in  the  inferior  oropharynx  and  hypopharynx  should
undergo  direct  laryngoscopy  and  esophagoscopy  in  order  to
fully assess tum or involvem ent.

Di erent ial Diagnosis
The di erential diagnosis for  an  oropharyngeal lesion  addition-
ally  includes  infect ion ,  leukoplakia  or  erythroplakia,  eosino-
philic granulom a, pyogenic granulom a, giant  cell tum or, papil-
lom a, and verruciform  xanthom a.

Staging
The  staging  of oropharyngeal  cancer  follow s  the  TNM  (tum or
node m etastasis) staging system  and  is based  on  the  2010 AJCC
staging guidelines.

A T1  lesion  is  no  larger  than  2 cm . A T2  lesion  is  larger  than
2 cm  but  sm aller  than  4 cm . Tum ors that  are larger than  4 cm  or
extend  to the  lingual surface  of the  tongue  are  classified  as T3.
T4a  lesions  invade  the  larynx, extrinsic  tongue  m uscles, hard
palate, pterygoid, or  m andible. T4b  lesions  are  very  advanced
locally, w ith  invasion  of the lateral pterygoid  m uscle, pterygoid
plates, lateral  nasopharynx, or  skull  base, or  they  encase  the
carotid artery.

N1  nodal  disease  is  a  single  ipsilateral  lymph  node  3 cm  or
sm aller. N2 disease is m ore extensive: N2a disease is a single ip -
silateral  lymph  node  larger  than  3 cm  but  sm aller  than  6 cm ;
N2b  disease  is  m ultiple  ipsilateral  nodes  (none  larger  than
6 cm ), and  N2c disease includes bilateral or contralateral lymph

nodes, none larger than  6 cm . Finally, any nodal m etastasis larg-
er  than  6 cm  is classified as N3.

In  situ  disease  is  classified  as stage  0, and  T1 lesions w ith  no
nodal or  distant  m etastasis are  stage  I. T2  prim ary lesions w ith
N0 status are  stage II disease. T3 prim ary lesions w ith  no nodal
involvem ent  or  T1–T3 lesions w ith  N1 nodal status are stage III.
T4a lesions w ith  N0–N2 nodal disease or T1–T3 lesions w ith  N2
nodal  disease  are  classified  as  stage  IVA;  T4b  prim ary  lesions
w ith  any N status or  any lesions w ith  N3 nodal status are  stage
IVB; any lesion  w ith  distant  m etastasis is stage IVC.

Treatm ent
Tonsils and Lateral Pharyngeal Wall
The  tonsils  and  surrounding pillars  are  the  m ost  com m on  site
of carcinom a  in  the  oropharynx. Malignancies  in  th is  location
can  grow  very large  before  detect ion. They m ost  often  present
w ith  dysphagia, odynophagia, otalgia, t rism us, or  a  neck  m ass.
Extension  to adjacent  structures is com m on, including the base
of  tongue,  soft  palate,  retrom olar  tr igone,  and  pterygoid
m uscles.  At  the  tim e  of  diagnosis,  clin ically  positive  cervical
lymphadenopathy  accom panies  76% of  tonsil  carcinom as  and
45% of tonsillar  pillar carcinom as. Contralateral lymph  node in-
volvem ent  is found betw een 5% and 11% of the t im e.

Early tonsillar cancer can  be treated by either surgery or radi-
ation  therapy.  Locoregional  control  rates  and  complications
have  been  show n  to  be  equivalent  for  both  t reatm ent  m odal-
ities. Because  it  o ers  sim ilar  control  rates, radiation  therapy
has becom e the treatm ent of choice for early tonsillar cancers.

Advanced  tonsillar  cancers  can  be  t reated  w ith  a  variety  of
options, and  a  m ultidisciplinary  approach  is  appropriate. Sur-
gery is often  a viable option  but  should  be com bined w ith  post-
operative  radiation  therapy  or  chem oradiation  therapy.  Ad-
vanced  tonsillar  cancer  can  also  be  treated  w ith  funct ional or-
gan  preservation  therapy that  com bines chem otherapy and  ra-
diation. Several studies  have  show n  that  chem oradiation  ther-
apy  achieves  good  locoregional  control  and  has  survival  rates
sim ilar  to those  of surgery w ith  postoperative  radiation  for  ad-
vanced  oropharyngeal SCC. However, no large random ized  con-
trol  tr ials  that  compare  surgery  plus  radiation  versus  organ
preservation  therapy have been  conducted at  th is t im e. Because
of th is, organ  preservation  therapy is often  chosen  as the in itial
therapy for tonsillar cancer, and surgery is used as salvage treat-
m ent after failure of the chem oradiation  therapy.

In  addition  to treatm ent  of the  prim ary lesion, nearly all pa-
tients  w ith  tonsillar  cancer  require  treatm ent  of  clin ically
present  cervical  m etastases. Tonsillar  SCC has  a  rate  of nodal
m etastases  h igher  than  20% for  all  T stages, and  prophylactic
treatm ent  of a  clin ically negative  neck is required. Lym ph  node
m etastases  can  be  t reated  w ith  neck  dissection  or  radiation
therapy,  w ith  both  o ering  sim ilar  control  rates;  because  of
th is, the  m ethod  of neck t reatm ent  is typically the  sam e  m eth-
od as is chosen  to treat  the prim ary lesion.

Tonsillar  SCC can  be  approached  t ransorally, but  th is  is  lim -
ited  to the  excision  of very sm all lesions confined  to the  tonsil-
lar  pillar. Transoral robotic surgery m ay expand  the  num ber  of
lesions  that  can  be  approached  through  the  m outh , but  given
the  success  of radiation  therapy  in  treating  sm all  tonsillar  le-
sions,  the  role  of  transoral  robotic  surgery  m ay  be  lim ited.
Another  approach  to tonsillar  SCC is  to  use  an  anterior  m andi-
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bulotomy w ith  m andibular  sw ing. This approach  provides good
access  to  tonsillar  cancers  w ithout  bony  involvem ent. If bony
involvem ent  is  present , a  segm ental m andibulectomy w ith  en
bloc  resection  encom passing  the  tum or  and  involved  bone  is
used. Rem oving  such  a  large  piece  of t issue  carries  significant
m orbidity  and  typically  requires  osteomyocutaneous  flap  re-
construction .

Patients  w ith  early  tonsillar  SCC have  high  5-year  survival
and locoregional control rates—80% and 90%, respect ively. How -
ever, both  of these  rates  drop  significantly w ith  advanced  ton-
sillar  SCC. The  5-year  survival  and  locoregional  control  rates
range from  20 to 50% for stages III and IV disease.

Soft  Palate
SCC of the soft  palate is uncom m on and accounts for  fewer than
2% of all head  and  neck cancers. Because these lesions typically
appear  on  the  oral surface  of the soft  palate, they are  easily de-
tectable  and  frequently  noted  earlier  than  those  at  other  oro-
pharyngeal sites. Second  prim ary lesions  are  found  13% of the
tim e, and  m etachronous  lesions  are  noted  26% of the  t im e  in
patien ts  w ith  soft  palate  SCC. Rates  of regional m etastasis  are
higher  than  20% for all T stages, w ith  rates of bilateral spread as
high  as 15% for  SCC of the  soft  palate. Tum or  th ickness of m ore
than  than  3 m m  in  th is  area  has been  associated  w ith  regional
m etastasis.

The  treatm ent  of soft  palate  SCC is  by  radiation  therapy  or
com bined  chem oradiation . Sm all lesions on  the  soft  palate  can
be  surgically excised  transorally, but  the  resection  of larger  tu-
m ors has a h igh  rate  of velopharyngeal insu ciency and  is best
avoided. In  addition  to treatm ent of the prim ary lesion, patients
w ith  soft  palate  SCC should  receive  bilateral irradiat ion  of the
neck or bilateral neck dissect ion  depending on  the in itial stage.

The  rate  of  locoregional control  of soft  palate  SCC is  h igher
than  75% for  early through  stage  III lesions. The  5-year  survival
is h igher  than  65% for  th is sam e group  of patients. However, lo-
coregional  control  and  survival  both  drop  to  below  40% for
stage IV lesions.

Base of Tongue
This region  stretches from  the circumvallate papillae of the pos-
terior  tongue  to the  vallecula. SCC of the  base  of tongue  is  less
com m on, but  m ore  aggressive, than  that  of the  oral tongue. In
addition  to  SCC of the  base  of tongue, th is area  can  give  rise  to
lymphom as  because  of the  presence  of the  lingual  tonsil. Pa-
tients  w ith  base  of tongue  SCC present  m ost  com m only  w ith
otalgia  and  odynophagia. The  diagnosis  is  di cult  because  of
challenges in  exam ining th is area. SCC of the base of tongue can
invade  other  oropharyngeal subsites as well as the larynx. Cer-
vical lymph  node  m etastases  are  present  in  m ore  than  60% of
patien ts at  the  t im e  of presentat ion. SCC of the  base  of tongue,
w hich  is a m idline structure, involves bilateral cervical nodes in
20% of cases.

Radiation  therapy  or  chem oradiation  therapy  is  typically
used for base of tongue cancer, w ith  surgery reserved for super-
ficial  lesions  and  salvage  after  radiation  failure. Both  surgery
and  radiation  therapy  have  sim ilar  survival  outcom es,  but
operating  in  th is  area  is  classically  associated  w ith  significant

m orbidity  and  funct ional  disturbances.  The  cervical  lymph
node basins on  both  sides of the neck should  receive t reatm ent
in  patients w ith  lesions of the  base  of tongue. If radiation  ther-
apy is used  for  the  prim ary site, then  it  is typically used  for  the
neck as well.

The  surgery for  base  of tongue  cancers is a  hem iglossectomy
and  can  be  approached  through  m ethods sim ilar  to those  used
for  tonsillar cancer. A m andibulotomy w ith  a m andibular  sw ing
can  be  used  to gain  access to the base of tongue. Base of tongue
lesions  can  also  be  treated  surgically  through  the  neck  via  a
suprahyoid  pharyngotomy  approach.  However,  both  of  these
approaches  carry  a  m oderate  risk  for  postoperative  functional
m orbidity. If a  total or  nearly  total glossectomy is  required  for
larger  lesions,  laryngectomy  m ay  be  necessary  to  prevent
chronic  aspiration. Recently, the  transoral  approach  has  been
advocated  for  appropriately selected  patien ts w ith  early base of
tongue  lesions. This  operat ion  can  be  perform ed  w ith  a  hand-
held  endoscope  and  a  laser  or  robotically.  Both  endoscopic
transoral  surgery  and  transoral  robotic  surgery  have  been
show n  to have excellen t  locoregional control rates (h igher  than
85% for early base of tongue lesions).

Early base  of tongue  cancer  is  associated  w ith  a  5-year  sur-
vival  rate  h igher  than  85% and  a  com parable  locoregional
con trol  rate.  How ever,  advanced  base  of  tongue  carcinom a
has  a  survival  rate  of  less  than  50% and  is  a  par t icu larly  ag-
gressive lesion .

Pharyngeal Wall
Lesions involving th is subsite are rare but  aggressive, w ith  early
invasion  in to  surrounding  structures  such  as  the  prevertebral
fascia  and  hypopharynx.  The  m etastatic  potential  is  low  for
early pharyngeal wall cancers. Therefore, treatm ent  of the lym -
phatic  basins  is  often  not  required. Because  m ost  pharyngeal
wall  lesions  cross  the  m idline, lymph  node  m etastases, w hen
present, are  often  bilateral, and  t reatm ent  of both  sides  of the
neck is  required. Lym phat ic drainage  is prim arily to  ret rophar-
yngeal and  parapharyngeal lymph  nodes  but  also  m ay involve
levels II through  IV.

Pharyngeal wall cancers can  be t reated w ith  surgery or radia-
tion  therapy. If  surgery  is  perform ed, postoperative  radiation
therapy  or  chem oradiation  therapy  is  typically  incorporated.
Because of its proxim ity to the spinal cord, adm inistering radia-
tion  therapy to the posterior pharyngeal wall is challenging and
requires precise  planning. The  treatm ent  of lymph  node  m eta-
stases  involves  t reating  the  retropharyngeal lym ph  nodes  and
therefore  incorporates  radiation  therapy either  as  the  prim ary
treatm ent or as adjuvant therapy after neck dissection .

Pharyngeal  wall  lesions  typically  present  at  an  advanced
stage  and  carry a  poor  survival rate. One  study noted  a  5-year
survival rate of less than  40% based on  tum or staging.

Com plicat ions of Treatm ent
Side  e ects of radiation  for  oropharyngeal SCC include m ucosi-
tis, xerostom ia, sinusit is, osteoradionecrosis, dysphagia, laryng-
eal  edem a, and  carotid  artery  rupture. Surgical  complications
depend  on  the  approach  used  but  include  infect ion , m alocclu-
sion, and di culty w ith  speech and swallow ing.
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24.4.3  Hypopharyngeal Cancer
Hypopharyngeal  cancer  accounts  for  6% of all  head  and  neck
cancers  and  has  a  worldw ide  incidence  of from  0.8  to  5  cases
per  100,000  persons.  It  is  m ore  com mon  in  well-developed
countries. Of all hypopharyngeal cancers, 95% are SCC. These le-
sions are typically discovered late and are confined to the hypo-
pharynx only 15% of the t im e. Regional lym ph  node m etastases
are noted at presentation  in  65% of patients.

The  m ain  risk  factors  for  hypopharyngeal  SCC are  tobacco
and alcohol use, as for other head and  neck cancers. In  addition,
hypopharyngeal cancer has also been  associated w ith  vitam in  C
deficiencies, exposure  to  asbestos  and  steel  or  coal dusts, and
iron  deficiency. Gastric reflux has been  im plicated in  hypophar-
yngeal  cancer, but  no  strong  association  has  been  discovered.
Plum m er-Vinson  syndrom e, however, has been  associated  w ith
hypopharyngeal SCC, particularly in  the postcricoid  region. This
syndrom e  a ects  m ainly  wom en  and  m anifests  w ith  the  triad
of dysphagia,  glossit is,  and  iron  deficiency  anem ia.  Im proved
nutrit ion  and  dietary  fortification  have  reduced  the  incidence
of Plum m er-Vinson  syndrom e  along w ith  its role  in  hypophar-
yngeal SCC.

The  hypopharynx  is  divided  in to  three  separate  anatom ical
subsites:  the  piriform  sinus,  posterior  hypopharyngeal  wall,
and  postcricoid  space.  The  piriform  sinus  is  by  far  the  m ost
com m on  subsite  of hypopharyngeal cancer, accounting for  ap-
proxim ately  75% of all  lesions. The  posterior  pharyngeal  wall
accounts for 20%, and the postcricoid region  accounts for the re-
m ain ing  5%. The  hypopharynx  is  a  physically  sm all  space, so
cancers  tend  to  invade  surrounding structures  quickly. Lesions
of the  piriform  sinus  can  spread  to  the  subglottis, paraglott ic
space, and  thyroid  cartilage. Posterior  hypopharyngeal wall le-
sions  tend  to  spread  superiorly  in to  the  lower  oropharynx,
w hereas  cancers  of  the  postcricoid  space  often  spread  to  the
cervical esophagus. Subm ucosal spread  underneath  in tact  epi-
thelium  is frequently seen w ith  hypopharyngeal cancers.

Presentat ion
The m ost  com m on  sym ptom s at  presentation  are  odynophagia,
referred otalgia, dysphagia, hoarseness, and neck m ass.

Evaluat ion
See the earlier sect ion  on  evaluation  of the oropharynx.

Staging
The staging of hypopharyngeal cancer  follow s the  TNM staging
system  and is based on  the AJCC guidelines from  2010.

A T1 lesion is no larger than  2 cm  and is lim ited to one subsite
of the hypopharynx. A T2 lesion  is larger  than  2 cm  but  sm aller
than  4 cm  w ithout  fixat ion  of  the  hem ilarynx,  or  it  invades
m ore  than  one  hypopharyngeal subsite  or  an  adjacent  site. T3
tum ors  are  larger  than  4 cm  or  associated  w ith  fixation  of the
hem ilarynx. T4a  lesions invade  the  thyroid  or  cricoid  cartilage,
hyoid  bone,  thyroid  gland,  or  prelaryngeal  strap  m uscles  or
subcutaneous fat . T4b lesions invade the prevertebral fascia, en-
case the carotid artery, or involve m ediastinal structures.

N1  nodal  disease  is  a  single  ipsilateral  lymph  node  3 cm  or
sm aller  in  size. N2  disease  is  m ore  extensive:  N2a  disease  is  a

single  ipsilateral lymph  node larger  than  3 cm  but  sm aller  than
6 cm , N2b disease is m ultiple ipsilateral nodes (none larger than
6 cm ), and  N2c disease is bilateral or contralateral lymph  nodes,
none larger  than  6 cm . Finally, any nodal m etastasis larger  than
6 cm  is classified  as N3.

In  situ  disease  is  classified  as stage  0, and  T1 lesions w ith  no
nodal or  distant  m etastasis are  stage  I. T2  prim ary lesions w ith
N0 status are  stage II disease. T3 prim ary lesions w ith  no nodal
involvem ent  or  T1–T3 lesions w ith  N1 nodal status are stage III.
T4a lesions w ith  N0–N2 nodal disease or T1–T3 lesions w ith  N2
nodal  disease  are  classified  as  stage  IVA;  T4b  prim ary  lesions
w ith  any  N status  or  any  lesion  w ith  N3  nodal  status  is  stage
IVB; any lesion  w ith  distant  m etastasis is stage IVC.

Di erent ial Diagnosis
See  the  di erential  diagnosis  for  oropharyngeal  cancer  above.
In  addition ,  carcinom a  of  the  larynx  and  esophagus  should
be  included  in  the  di erential  diagnosis  for  hypopharyngeal
lesions.

Treatm ent
Early hypopharyngeal cancer is generally treated w ith  radiation
therapy because  the  disease-free  survival rates are  comparable
and  laryngeal and  pharyngeal funct ion  is significan tly better  in
patien ts  treated  w ith  radiation  than  in  those  treated  w ith  sur-
gery. Surgery is reserved for salvage after radiation  failure or for
lesions  that  are  located  in  technically resectable  areas, such  as
the upper piriform  sinus and posterior pharyngeal wall. Transo-
ral  endoscopic  resection  w ith  a  laser  is  typically  used  for  the
surgical treatm ent  of early hypopharyngeal cancers. Additional
approaches for  early lesions include  part ial laryngopharyngec-
tomy  and  com bined  suprahyoid  w ith  lateral  pharyngectomy.
The  part ial  laryngopharyngectomy  can  be  used  for  cancers  of
the  m edial  wall  of the  piriform  sinus  that  are  at  least  1.5 cm
from  the  apex. The  com bined  suprahyoid  resection  w ith  lateral
pharyngectomy can be considered for early posterior hypophar-
yngeal wall cancers.

Advanced  hypopharyngeal  cancers  involve  surrounding
structures,  including  the  larynx  and  cervical  esophagus,  and
therefore the t reatm ent  is sim ilar  to that for laryngeal or esoph-
ageal cancer. Organ  preservation  chem oradiation  is  com m only
used  as first-line  therapy for  advanced  hypopharyngeal cancer.
Surgery is  reserved  for  poor  responders  and  typically  involves
laryngectomy  or  laryngopharyngectomy.  Esophageal  involve-
m ent  m ay require esophagectomy w ith  gastr ic pull-up.

Hypopharyngeal  cancer  has  a  h igh  rate  of  cervical  lymph
node  m etastasis, and  the  prim ary lesions  often  cross  the  m id-
line. Because  of th is, both  sides  of the  neck  require  t reatm ent
at  all T stages. The decision  w hether  to use radiation  or  surgery
is  typically  based  on  the  treatm ent  of choice  for  the  prim ary
lesion.

Outcom es
Outcom es  of  the  t reatm ent  of  hypopharyngeal  SCC depend
on  the  subsite  of  the  lesion. Pharyngeal  wall  SCC carries  the
worst  prognosis,  w ith  a  5-year  survival  rate  of  21%. Patients
w ith  piriform  sinus  lesions  have  the  highest  survival rate  (ap-
proxim ately  50%). Postcricoid  carcinom a  has  a  survival rate  of

Diseases and Neoplasms of the Pharynx and Esophagus

212



35%. In  addition, the rate of distant  m etastases is h igh  for hypo-
pharyngeal cancer, approaching 20% depending on  the T stage.

24.4.4  Esophageal Cancer
Incidence and Background
In  2012, there  were  an  estim ated  17,460  new  cases of esopha-
geal cancer  in  the  United  States. More  than  95% of these  cases
w ill be SCC or adenocarcinom a of the esophagus. Until recently,
SCC accounted  for  the  large  m ajority  of esophageal m alignan-
cies. However, in  the  past  two decades, the  incidence of adeno-
carcinom a has continued  to rise  w hile  the  incidence of SCC has
fallen . Now, these  two types of m alignancy occur  w ith  roughly
equal  frequency  in  the  esophagus;  adenocarcinom as  occur
m ostly in  the distal esophagus, w hereas SCC is m ore evenly dis-
tr ibuted throughout all the levels of the esophagus.

Risk factors for  esophageal cancer  vary depending on  the his-
tologic  type. The  risk  factors  for  esophageal  SCC are  sm oking,
alcohol,  Plum m er-Vinson  syndrom e,  a  h istory  of  radiation
treatm ent  to  the  m ediastinum , and  nonepiderm olytic  palm o-
plantar  keratoderm a.  Risk  factors  for  adenocarcinom a  of  the
esophagus  include  Barrett  esophagus, obesity, acid  reflux, to-
bacco use, and  a h istory of radiation  t reatm ent. Barrett  esopha-
gus is m etaplasia of the squam ous m ucosa in  the distal esopha-
gus  to  colum nar  epithelium  sim ilar  to  that  of  the  stom ach.
Metaplasia  progresses  to  dysplasia,  followed  by  m alignant
transform ation  at a rate of 0.5% per  year.

Presentat ion
At  the tim e of diagnosis, betw een  50% and  60% of patients w ith
esophageal  carcinom a  have  an  unresectable  prim ary  tum or,
m aking prom pt  diagnosis  of th is  disease  extrem ely im portant.
The  propensity  for  advanced  disease  is  believed  to  be  largely
due  to  the  lack of serosa  around  the  esophagus and  to  the  fact
that  esophageal  cancer  is  usually  asym ptom at ic  in  its  early
stages. Sym ptom s of esophageal cancer  include dysphagia, ody-
nophagia, and  weight  loss. Hoarseness m ay also  occur  and  car-
ries a  poor  prognosis because  it  is a  sign  of invasion  of the  lar-
ynx. Carcinom a of the cervical esophagus is rare and m ost  often
com es from  the spread of hypopharyngeal cancer  to the esoph-
agus rather than  an  esophageal prim ary.

Evaluat ion
Patien ts  w ith  esophageal  carcinom a  require  CT of  the  neck,
thorax, and/or  abdom en  depending on  the  location  of the  pri-
m ary  lesion.  Endoscopic  ultrasound  and  barium  esophagram
also  provide  valuable  inform ation  about  esophageal carcinom a
and  are typically obtained. In  addition  to im aging studies, flexi-
ble or rigid esophagoscopy should  be perform ed to visualize the
m ass and obtain  a h istopathologic diagnosis.

Staging
The  staging of esophageal cancer  follow s the  TNM staging sys-
tem  and is based on  the 2010 AJCC guidelines. It  includes tum or
type, depth , and  spread;  nodal m etastasis;  distant  m etastasis;
h istologic grade; and tum or location.

A T1  lesion  invades  the  lam ina  propria, m uscularis  m ucosae
(T1a),  or  subm ucosa  (T1b).  T2  lesions  invade  the  m uscularis
propria, and  T3  lesions invade  the  advent it ia. T4  status im plies
invasion  of adjacent  structures:  resectable  tum ors invading the
pleura,  pericardium ,  or  diaphragm  (T4a)  or  unresectable  tu-
m ors  invading  other  structures, including  the  aorta, ver tebral
body, and t rachea (T4b).

N1  nodal disease  implies  the  involvem ent  of one  to  two  re-
gional  lym ph  nodes, N2  three  to  six  nodes, and  N3  seven  or
m ore regional nodes.

Staging of Squamous Cell Carcinoma of the
Esophagus
In  situ  disease  (h igh-grade  dysplasia) is classified  as stage  0. T1
low -grade lesions w ith  no nodal or distant  m etastases are stage
IA;  if the  tum or  is  of in term ediate  or  h igh  grade, it  is stage  1B,
as  are  low -grade  T2–T3  lesions of the  lower  esophagus (below
the  lower  border  of the  inferior  pulm onary  vein). T2  prim ary
lesions w ith  N0 status (in term ediate or h igh  grade if in  the low -
er esophagus, or low  grade if in  the m iddle or upper esophagus)
are  stage  IIA disease. T2–T3 prim ary lesions w ith  N0 status (in-
term ediate  or  h igh  grade  in  the  upper  or  m iddle  esophagus) or
any  T1–T2  lesions  w ith  N1  disease  are  classified  as  stage  IIB.
Any T1–T2 lesion  w ith  N2 disease, T3 lesion  w ith  N1 disease, or
T4a lesion  w ith  N0 disease  is stage IIIA;  T3 lesions w ith  N2 dis-
ease are  stage IIIB. A T4a prim ary lesion  w ith  N1–N2 nodal dis-
ease, any T4b lesion, and any lesion w ith  N3 nodal status is con-
sidered  to  be  stage  IIIC. Any lesion  w ith  a  distan t  m etastasis  is
stage IV.

Staging of Adenocarcinoma of the Esophagus
In  situ  disease  (h igh-grade  dysplasia) is classified  as stage  0. T1
low -  or  in term ediate-grade  lesions  w ith  no  nodal  or  distant
m etastases  are  stage  IA;  if the  tum or  is  h igh-grade, it  is  stage
1B, as are low - or  in term ediate-grade T2 lesions. High-grade T2
prim ary lesions w ith  N0 status are stage IIA disease. T3 prim ary
lesions w ith  N0 status or any T1–N2 lesions w ith  N1 disease are
classified  as stage  IIB. Any T1–T2 lesion  w ith  N2 disease, T3  le-
sion w ith  N1 disease, or T4a lesion  w ith  N0 disease is stage IIIA;
T3  lesions w ith  N2  disease  are  stage  IIIB. A T4a  prim ary lesion
w ith  N1–N2 nodal disease, any T4b lesion, and  any lesion  w ith
N3 nodal status is considered  to be stage  IIIC. Any lesion  w ith  a
distan t  m etastasis is stage IV.

Di erent ial Diagnosis
The  di erential  diagnosis  for  esophageal  carcinom a  includes
achalasia, eosinophilic esophagitis, leiomyosarcom a, and  peptic
str ictures due to reflux.

Treatm ent
The  treatm ent  options  for  esophageal  cancer  include  surgery,
radiation, and  chem otherapy. The  optim al  treatm ent  depends
on the location  and stage of the disease. Surgery is an  option  for
a  m inority  of  pat ien ts  w ith  early-stage  disease  and  typically
consists of a part ial or  total esophagectomy. This can  be accom -
plished  through  a  transthoracic or  trans-h iatal approach  if the
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tum or  involves the  thoracic or  distal esophagus. Gastric trans-
position  or  pull-up  is required  for  reconstruction  of th is defect .
A t ranscervical  approach  can  be  used  for  access  to  cervical
esophageal cancer lesions. However, m ost  tum ors have invaded
the  esophageal  wall  by  the  t im e  they  are  diagnosed  or  have
m etastasized  to regional lymph  nodes, m aking complete  surgi-
cal resection  nearly im possible. For these pat ients, chem oradio-
therapy  is  often  chosen  as  first-line  t reatm ent.  Chem oradio-
therapy m ay also  be  used  preoperatively to  reduce  tum or  size
and  allow  complete  resection. However, no survival benefit  has
been  dem onstrated  from  preoperative  radiation  therapy, che-
m otherapy, or com bined chem oradiotherapy.

Outcom es
The  overall prognosis for  esophageal cancer  is poor. The  5-year
survival rate  for  pat ients  w ith  stage  II disease  or  worse  is  less
than  15%. Stage  I disease  has a  survival rate  of m ore  than  50%,
but diagnosis at  th is stage is rare.

24.5  Roundsm anship
●  NPC occurs at  a significantly h igher rate in  certain  groups,

such  as ethnic Chinese in  the southern  part  of China, Aleut
Native Am ericans in  Alaska, and Southeast  Asians.

●  The proper evaluation  of NPC includes CT and MR im aging.
●  Betw een 25% and 30% of pat ients w ith  NPC w ill develop dis-

tant  m etastases, the highest  rate for cancer at  any head and
neck site.

●  Plum m er-Vinson  syndrom e (associated w ith  hypopharyngeal
SCC) a ects m ainly wom en and m anifests w ith  the t riad of
dysphagia, glossitis, and iron  deficiency anem ia.

●  Hypopharyngeal cancers often  cross the m idline and have a
high  rate of cervical lymph node m etastasis, so that  treatm ent
of both  sides of the neck is required at all T stages.

24.6  Recom m ended Reading
[1]  Esophagus and  esophagogastric junction. In :  Edge  SB, Byrd  DR, Com pton  CC,

et  al, eds. Am erican  Join t  Com m ittee  on  Cancer  (AJCC) Staging  Manual. 7th
ed. New  York, NY: Springer; 2010:129–144

[2]  Al-Sarraf M, LeBlanc M, Giri PG et  al. Chem oradiotherapy versus radiotherapy
in  patien ts  w ith  advanced  nasopharyngeal cancer:  phase  III random ized  In-
tergroup study 0099. J Clin  Oncol 1998; 16: 1310–1317

[3]  Pharynx. In :  Edge  SB, Byrd  DR, Com pton  CC, et  al, eds. Am erican  Joint  Com -
m ittee  on  Cancer  (AJCC)  Staging  Manual. 7th  ed. New  York, NY:  Springer;
2010:63–79

[4]  Erkal HS, Serin  M, Am dur RJ, Villaret  DB, Str inger  SP, Mendenhall WM. Squa-
m ous cell carcinom as of the  soft  palate  treated  w ith  radiation  therapy alone
or follow ed  by planned neck dissection. In t  J Radiat  Oncol Biol Phys 2001; 50:
359–366

[5]  Law  S, Wong J. Current  m anagem ent of esophageal cancer. J Gastrointest  Surg
2005; 9: 291–310

[6]  Lin  DT, Cohen  SM, Coppit  GL, Burkey BB. Squam ous cell carcinom a of the oro-
pharynx and hypopharynx. Otolaryngol Clin  North  Am  2005; 38: 59–74, viii

[7]  NCCN  guidelines.  h ttp://w w w.nccn.org/professionals/physician_gls/f_guide-
lines.asp# site.  Fort  Washington,  PA:  National  Com prehensive  Cancer  Net-
work; 2013. Accessed October 16, 2013

[8]  Takes  RP,  Strojan  P,  Silver  CE et  alIn ternational  Head  and  Neck  Scientific
Group. Current  trends in  in itial m anagem ent  of hypopharyngeal cancer:  the
declin ing use of open  surgery. Head Neck 2012; 34: 270–281

[9]  Wei WI, Sham  JST. Nasopharyngeal carcinom a. Lancet  2005; 365: 2041–2054
[10]  Centor  RM, Witherspoon  JM, Dalton  HP, Brody CE, and  Link K. The  diagnosis

of strep  throat  in  adults  in  the  em ergency  room . Medical  Decision  Making
1981, 1(3):239–246

Diseases and Neoplasms of the Pharynx and Esophagus

214



25  Diseases and Neoplasm s of the Larynx
Edward M. Sta ord

25.1  Int roduct ion
In  the  field  of  head  and  neck  oncology, the  evolut ion  of  the
treatm ent  of  laryngeal  cancer  has  followed  the  adage  “every-
thing  old  is  new  again .” Although  laryngeal  cancer  was  once
treated  prim arily as a surgical disease, advances in  “organ  pres-
ervation” protocols  and  in tensity-m odulated  radiation  therapy
(IMRT) ushered  in  a new  paradigm  in  its treatm ent . Now, par tly
because  of  treatm ent  failures  and  som etim es  poor  functional
outcom es in  patients t reated w ith  prim ary radiotherapy or che-
m oradiotherapy,  the  pendulum  has  shifted  again  over  the
course of the last  decade, w ith  a reem ergence of prim ary surgi-
cal therapy in  the treatm ent  of both  early and  advanced laryng-
eal cancer. With  advances in  transoral endoscopic techniques as
well as a  new -found  appreciation  for  t im e-tested  open  conser-
vation  approaches  to  laryngeal  surgery,  the  treatm ent  algo-
rithm  for  laryngeal  cancer  dem onstrates  the  need  for  today’s
head  and  neck surgeons to have  all the  available  tools, surgical
and  nonsurgical, at  their  disposal  in  treating  th is  challenging
m alignancy. If there  is one  subsite  in  the  head  and  neck w here
the  surgeon’s  judgm ent  is  of param ount  im portance  in  choos-
ing am ong a variety of treatm ent options, it  is the larynx.

25.2  Incidence of Disease
Cancer of the larynx, compared  w ith  other m alignancies, such  as
cancers of the breast  or lung, is relatively uncom m on. It  accounts
for  fewer  than  1% of all  hum an  m alignancies. Within  the  head
and  neck,  however,  laryngeal  cancer  is  m uch  m ore  com m on,
representing roughly 25% of all head  and  neck cancers. Accord-
ing  to  the  Am erican  Cancer  Society, there  w ill be  an  estim ated
12,360  new  cases  of  laryngeal  cancer  in  the  United  States  in
2012. There  will also  be  an  estimated  3,650  deaths  attributable
to  laryngeal cancer. According to  the  Surveillance  Epidemiology
and  End  Results (SEER) database, the  5-year  survival of patients
with  laryngeal  cancer  depends  predominantly  on  the  presence
of regional and  distant  disease. From  1996  to  2004, overall sur-
vival for  all T stages was 62.5%: the  rates were 80.9% for  patients
with  local disease, 50.2% for  patients  w ith  m etastatic disease  in
the neck, and  23.4% for  those with  distant  disease.

25.3  Term inology
In order to understand the diagnost ic and treatm ent  algorithm s
in  the  t reatm ent  of laryngeal carcinom a, one  m ust  understand
the associated  term inology. First, w hen  discussing the larynx as
a funct ional unit , the  surgeon  w ill refer  to the  prim ary disease,
or  the  site  at  w hich  the  carcinom a  originates. The  prim ary le-
sion  is  then  described  as  occurring  in  the  supraglot tic  larynx,
glottic larynx, or subglottic larynx. As w ith  other head and neck
m alignancies, w hen  the  carcinom a  spreads outside  the  area  of
the  prim ary  lesion, the  staging  of the  m alignancy  is  a ected.
With  regard  to  lymph  node  m etastases,  these  are  described
as  regiona l  w hen  they  occur  in  the  central  and  lateral  neck
compartm ents. When  m etastases  occur  outside  the  head  and

neck, they  are  described  as  distant. Finally, particularly  pert i-
nent  w ith  cancer of the larynx, any extension  of disease outside
the  boundaries  of  the  larynx  is  categorized  as  ext ra laryngea l
spread (� Fig. 25.1).

With  regard  to treatm ent , surgical therapies are  divided  in to
several categories. Surgery that  em ploys endoscopic laser  tech-
n iques to rem ove laryngeal carcinom a is categorized  as transo-
ral  laser  surgery.  Techniques  that  em ploy  robotic  technology
are categorized  as transoral robotic surgery (TORS). Open  surgi-
cal  techniques  that  rem ove  part  but  not  all  of  the  larynx  are
categorized  as  conservation  laryngeal surgery. With  regard  to
the  use  of  radiation  therapy,  techniques  that  treat  laryngeal
cancer  w ithout  surgical excision  but  w ith  radiation  and  possi-
bly the addition  of chem otherapy are  called  organ  preservation
techniques.  Finally,  radiation  therapy  or  chem otherapy  given
after  surgical  excision  is  described  as  adjuvant  treatm ent ,
w hereas neoadjuvant chem otherapy precedes surgical excision .

25.4  Applied Anatom y
As  w ith  all  surgical  disease, a  thorough  understanding  of the
underlying  anatomy  is  indispensable  for  an  understanding  of
the pathogenesis of laryngeal cancer. The larynx can  be divided
in to  three  subsites:  supraglot tic,  glottic,  and  subglottic.  Each
subsite  of the larynx has a unique  em bryonic developm ent  and
subsequently  distinct  lym phatic  drainage  patterns. The  glottic
larynx, or  glottis, includes  the  paired  true  vocal folds, an terior
com m issure, and  posterior com m issure. The supraglott ic larynx
is  that  portion  of the  larynx  superior  to  the  glottis, including
the false vocal folds, arytenoids, aryepiglottic folds, and  epiglot-
tis. The  subglottic larynx begins  10 m m  below  the  free  m argin
of the t rue  vocal folds and  extends to the  inferior  border  of the
cricoid  cartilage. With  regard  to  the  substance  of the  larynx, it
consists  of  a  bony  and  cartilaginous  fram ework,  fibroelast ic
ligam ents, m uscles, and  m ucosal and  subm ucosal surfaces. The

Fig. 25.1  Extralaryngeal spread as visualized in a patient  with T4 glottic
squamous cell carcinoma on computed tomography. Note the erosion
of the  outer table  of the  thyroid  cartilage.
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bony  and  cartilaginous  fram ework  includes  the  thyroid  cart i-
lage, cricoid  cartilage, epiglottis, hyoid bone, and arytenoids.

Created  by the  various car tilages, ligam ents, and  m em branes
of the  larynx are  several distinct  spaces that  are  of crit ical im -
portance  in  evaluating the  stage  of laryngeal cancer, including
the pre-epiglottic space, paraglott ic space, and  subglottic space.
Of part icular  im portance  is  a  structure  called  the  conus elast i-
cus, w hich  originates from  the  cricoid  cart ilage, attaches poste-
riorly  to  the  arytenoid  car tilages,  and  condenses  m edially  to
form  the vocal ligam ent. Anteriorly, the conus elasticus attaches
to  the  thyroid  cartilage  at  the  Broyle  ligam ent, also  know n  as
the  anterior  com m issure  tendon. Because  th is  area  is devoid  of
an  inner  perichondrium  (the  thyroid  cartilage  norm ally  has
both  an  inner  and  an  outer  perichondrium ),  it  is  a  frequent
source  of spread  for  lesions involving the  anterior  com m issure.
The  anterior  com m issure  is the  area w here  the  paired  true  vo-
cal  folds  m eet  and  is  a  frequent  site  of  involvem ent  in  early
larynx  cancers.  Other  laryngeal  ligam ents  and  m em branes  of
im portance  in  delineating the  potent ial spaces of the larynx in-
clude the  thyrohyoid  m em brane, quadrangular  m em brane, and
hyoepiglottic ligam ent.

The  in tr insic m uscles  of the  larynx control the  m ovem ent  of
the  true  vocal folds. All in trinsic m uscles  of the  larynx  are  in-
nervated  by the  recurrent  laryngeal nerve  except  the  cricothy-
roid  m uscle.  The  cricothyroid  m uscle  produces  tension  and
elongation  of the  vocal folds  and  is  innervated  by the  external
branch  of the  superior  laryngeal nerve. Other  in tr insic m uscles
of note  include  the  posterior  cricoarytenoid, the  only abductor
of the  vocal fold. The  rem ainder  of the  in t rinsic m uscles of the
larynx serve as vocal fold adductors to som e extent .

25.5  The Disease  Process
25.5.1  Et iology
The  etiology of squam ous cell carcinom a (SCC) of the  larynx is
typically  m ultifactorial. As  w ith  other  types  of head  and  neck

cancer, alcohol and  tobacco  in take  have  a  synergistic  e ect  in
the  pathogenesis  of SCC, the  m ost  com m on  pathologic type  of
squam ous  cell  cancer. Other  factors  prom oting  carcinogenesis
include  asbestos, ionizing  radiation, wood  dust, gastroesopha-
geal reflux  disease, and  n it rogen  m ustard. The  role  of the  hu-
m an  papillom avirus (HPV) in  the  pathogenesis of SCC in  m any
locations  of  the  head  and  neck  has  been  elucidated  over  the
course  of the  last  decade. Like  disease  in  other  subsites  of the
head  and  neck, HPV-associated  disease  m ay behave in  a biolog-
ically  distinct  m anner.  Organ  preservation  approaches  in  the
treatm ent of HPV-associated disease require less aggressive and
toxic  regim ens,  particularly  in  the  choice  of  chem otherapy
agents. Studies elucidating the role  of “deintensificat ion” in  the
treatm ent  of HPV-related  disease have yet  to reach  a consensus
in  th is regard. In terestingly, laryngeal papillom atosis, w hich  is a
benign  HPV-related  condition  of  the  larynx,  is  thought  to
undergo  m alignant  transform ation  in  up  to  10% of adult  pa-
tients w ith  chronic disease.

25.5.2  Pathogenesis and Pathology
Laryngeal m alignancies

Despite  the  variety of m alignancies described  in  the  larynx,
SCC predom inates.  A few  notes  on  the  m ore  com m on  vari-
et ies  of  SCC. Carcinom a  in  situ  is  characterized  as  dysplasia
that  involves  the  en t ire  th ickness  of the  m ucosa  but  does not
involve  the  basem ent  m em brane. Microinvasive  carcinom a  is
defined  by  m alignan t  cells  that  do  penetrate  the  basem ent
m em brane  in to  the  superficial lam ina  propria  of the  resp ira-
tory  epithelium . Invasive  SCC, the  m ost  com m on  variety, ac-
coun ts  for  1% of all  cancers  and  95% of all  laryngeal cancers.
Invasive  SCC,  like  m icroinvasive  carcinom a,  penetrates  the
basem ent  m em brane  and  extends  th rough  the  lam ina  prop -
ria, but  it  also invades in to the  underlying t issues—in  the  case
of the  larynx, the  underlying  vocalis  m uscles  (� Fig. 25.2  and
� Fig. 25.3a).

Table 25.1  Laryngeal malignancies

Epithelial  Neuroectodermal  Mesenchymal

Squamous cell carcinoma
●  Carcinoma in  situ
●  Microinvasive  carcinoma
●  Invasive  squamous cell carcinoma

Neuroendocrine  carcinoma
●  Carcinoid  tumor
●  Atypical carcinoid  tumor
●  Small cell undifferentiated  neuroendocrine

carcinoma

Chondrosarcoma

Papillary (exophytic squamous cell) carcinoma  Mucosal malignant  melanoma  Synovial sarcoma

Verrucous carcinoma  Fibrosarcoma/malignant  fibrous histiocytoma

Spindle  cell squamous carcinoma  Malignant  schwannoma

Basaloid  squamous carcinoma  Liposarcoma

Adenosquamous carcinoma  Rhabdomyosarcoma

Lymphoepithelial-like  carcinoma  Angiosarcoma/Kaposi sarcoma

Giant  cell carcinoma  Leiomyosarcoma

Minor salivary gland  tumors
●  Adenoid  cystic carcinoma
●  Mucoepidermoid  carcinoma

Hematolymphoid  etiology

Source: Data  from Wenig BM. Atlas of Head and Neck Pathology. Philadelphia, PA: Saunders Elsevier; 2008.
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25.5.3  Natural History and Progression
of Disease by Site
Supraglot tic SCCs account  for  roughly 25 to 40% of all laryngeal
cancers  and  include  carcinom as  of  the  epiglottis,  false  vocal
folds, aryepiglottic folds, ventricles, and  arytenoids, in  order  of
descending  frequency. In  fact , 50% of supraglott ic  carcinom as
involve  the  epiglottis, w ith  a  m ajority of supraglott ic lesions in
other  locations  part ially  involving  the  epiglot tis.  The  natural
history of supraglot tic  tum ors  is  to  spread  upward  toward  the
free  edge  of the  epiglottis  and  aryepiglottic folds, in to the  pre-
epiglottic  space, or  outside  the  larynx  in to  the  piriform  sinus
m ucosa  or  tongue  base. In  contrast  to  pat ients  w ith  carcinom a

of the  glottic  larynx, those  w ith  early-stage  supraglot tic carci-
nom as  m ay  not  have  dysphonia.  They  often  present  w ith  a
globus sensation, cough, and  exertional dyspnea, depending on
the  size  of the  lesion . Occasionally, a  neck  m ass  alone  m ay be
the  presenting  sym ptom . This  is  explained  by  a  characteristic
that  distinguishes supraglot tic carcinom as from  glottic carcino-
m as:  the  rich  lym phatic drainage of the supraglot tic larynx. Up
to 50% of pat ients w ith  supraglottic carcinom a have  a  clin ically
positive  lymph  node  m etastasis. Additionally, as the  T stage  in-
creases, the likelihood that regional lymph node m etastases w ill
be  present  at  the  t im e  of diagnosis  increases as well;  sim ilarly,
as  the  size  of  clin ically  positive  lymph  node  m etastases  in-
creases, so  does  the  likelihood  that  contralateral  lymph  node

Fig. 25.2  (a) Layers of the  glottic larynx, from  superficial to  deep. (b) Depth  of in  situ, microinvasive, and  invasive  carcinoma of the  larynx.
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m etastases w ill be present. In  par ticular, carcinom as of the epi-
glottis  are  prone  to  bilateral  lymph  node  m etastases.  Even
am ong  patients  w ith  early-stage  epiglottic  lesions, up  to  20%
have occult  bilateral lymph node m etastases at  the t im e of diag-
nosis. Clinically, supraglot tic  carcinom as  range  from  exophytic
to  ulcerative.  Patients  w ith  exophytic  tum ors  present  w ith
m ore airway sym ptom s, often w ith  a  “ball valve” e ect  if the le-
sions are very bulky, as the lesions m ay in term ittently cause ob-
struct ion  during  quiet  respiration. In terestingly, those  tum ors
that  are  very bulky and  less ulcerative  often  tend  to be less hy-
poxic and, accordingly, respond better to radiation  therapy.

Accounting for 60 to 65% of all laryngeal SCCs, glottic carcino-
m as  are  the  m ost  com m on  type  of laryngeal carcinom a  in  the
United  States. These lesions com m only present  w ith  dysphonia
in  the  early stages and  w ith  progressive  airway complaints the
later  stages. Glot tic carcinom as m ost  com m only involve the an-
terior  two-thirds of the vocal folds; involvem ent  of the posteri-
or  one-th ird  of the  glottis  is uncom m on. The  natural h istory of
spread  follow s  predictable  patterns,  including  contralateral
spread across the anterior com m issure, an terior spread through
the  Broyle  ligam ent  w ith  subsequent  spread  in to  the  thyroid
cartilage  and  soft  t issues  of the  neck, extension  to  involve  the
posterior  com m issure and  postcricoid  m ucosa, and  supraglott ic

extension  (� Fig. 25.3b). As lesions that  start  in  the supraglot tis
less com m only spread to involve the glottis, lesions that  involve
the  glottis  and  epiglottis  or  other  areas  of the  supraglot tic lar-
ynx  are  typically staged  as  glot tic prim ary lesions. Of note, in-
volvem ent of the anterior com m issure is an  im portant  prognos-
tic consideration , particularly w hen  a  choice  is  m ade  betw een
organ  preservation  and  prim ary  surgical approaches. Mult iple
reports in  the literature suggest  that  early-stage lesions that  in-
volve  the  an terior  com m issure  are  relatively  less  curable  w ith
radiation  than  w ith  t ransoral  laser, TORS, or  open  part ial  lar-
yngeal  surgery  techniques.  As  m entioned  previously,  in  con-
trast  to the supraglot tis, the glottic larynx has a relative paucity
of  lymphatic  drainage.  Routine  treatm ent  of  the  neck  is  not
necessary  for  early-stage  lesions  (T1  or  T2), w hereas  regional
lymph node m etastases are m ore com m on in T3 and T4 disease.

Cancers of the subglott ic larynx are the least  com m on type of
laryngeal cancer. They account  for  betw een  1 and  8% of laryng-
eal cancers. Subglot tic SCCs are defined as those lesions that be-
gin  1 cm  below  the  apex  of  the  ventricle  and  extend  to  the
superior  m argin  of  the  cricoid  car t ilage.  These  are  typically
poorly di erentiated  and  often  have a prolonged  asym ptom atic
period;  patients  w ill present  late  in  the  course  of disease  w ith
airway  obstruction .  The  natural  h istory  of  spread  is  typically
circum ferential and  anterior, w ith  involvem ent  of the  cricothy-
roid  m em brane and thyroid. They can  also spread posteriorly to
involve  the  esophagus, inferiorly  in to  the  trachea, or  in to  the
fram ework of the  larynx, including  the  thyroarytenoid  m uscle
and  cricoarytenoid  joint. Regional  lym ph  node  m etastases  are
less  com m on  than  in  supraglottic  carcinom as  but  m ore  com -
m on  than  in  glottic carcinom as. When  regional m etastat ic dis-
ease  occurs, subglott ic carcinom as tend  to spread  to prelaryng-
eal  and  pretracheal  nodal  basins.  Because  patients  tend  to
present  w ith  advanced  disease, the  overall 5-year  survival rate
is a dism al 40%; m any pat ients treated  w ith  total laryngectomy
have early an  recurrence w ith  peristom al disease.

25.5.4  Potent ial Disease Com plicat ions
Disease complications of untreated  carcinom a are typically res-
piratory, phonation-related, or digestive. Progressive airway ob-
struct ion  is inevitable  in  untreated  SCC of the  larynx. This m ay
begin  as in term itten t  dyspnea w ith  a ball valve lesion  and prog-
ress  to  constant  dyspnea  w ith  m inim al exertion. Typically, the
patien t  w ill develop str idor, w hich  m ay be inspiratory or bipha-
sic  depending  on  the  site  of the  prim ary  lesion. Occasionally,
the  lesion  m ay bleed, and  the  pat ien t  m ay not ice  m ild  hem op-
tysis. In  addition , although  supraglott ic lesions do not  necessa-
rily cause  vocal changes, lesions involving the  glottic larynx in-
variably cause  som e  m easure  of hoarseness  and  occasionally a
breathy voice depending on  the  extent  of disease. Finally, swal-
low ing  problem s  m ay  develop  because  of sim ple  tum or  bulk,
coexisting vocal fold  paralysis, or  extralaryngeal spread  of dis-
ease in  the piriform  sinus or  postcricoid  m ucosa. Com plications
of m etastat ic disease  depend  on  the location  of the  m etastases,
w hich  can  occur in  areas as varied  as the lungs, liver, brain , and
spine. Term inal events from  untreated  disease  are  often  caused
by catastrophic airway obstruction  or  hem orrhage  from  vascu-
lar sites adjacent  to areas of prim ary disease (� Fig. 25.4).

Fig. 25.3  (a) Squamous cell carcinoma with  invasion through the
basement  membrane, indicating invasive disease. (b) Thyroid cartilage
invasion at  the  microscopic level. Notice  invasion of squamous cell
carcinoma into the  islands of cartilage.
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25.6  Disease Grading : Am erican
Joint  Com m it tee  on Cancer Staging
The  Am erican  Joint  Com m ittee  on  Cancer  (AJCC) guidelines are
based  on  the  TNM (tum or  node  m etastasis) system  of staging.
The T stage depends not  on  size but  on  extent  of disease w ith in
the anatom ical divisions of the larynx. The N and  M staging cri-
teria  are  sim ilar  to those  used  in  other  regions of the  head  and
neck. Of note, disease  in  each  division  of the larynx (supraglot-
tic, glottic, and  subglott ic) is staged  separately because carcino-
m a in  each  region  exhibits distinct  biological behavior.

25.6.1  Supraglot t is
Tum ors that  are  confined  to one subsite  of the  supraglottis and
do not  a ect  vocal fold  m obility are  classified  as T1  lesions. T2
lesions involve the m ucosa of m ore than  one adjacent  glottic or
supraglott ic  subsite  or  region  outside  the  glot tis,  such  as  the
m ucosa  of the  vallecula, m edial  wall  of the  piriform  sinus, or
base  of tongue, w ithout  laryngeal fixation. A tum or  lim ited  to
the  larynx w ith  vocal fold  fixation  and/or  invasion  of the  post-
cricoid  region, pre-epiglottic  space, paraglott ic  space, or  inner
cortex of the thyroid  cartilage are considered  T3 lesions. T4 sta-
tus  indicates  m oderately  advanced  (T4a)  or  very  advanced
(T4b) prim ary disease. T4a  lesions invade  the  thyroid  cartilage
and/or  invade  tissues  beyond  the  larynx, w hereas  T4b  lesions
invade  the  prevertebral  space  or  m ediastinum  or  encase  the
carotid ar tery.

25.6.2  Glot t is
T1 lesions involve one (T1a) or both  (T1b) vocal folds, w hich  re-
tain  norm al  m obility.  T2  lesions  extend  in to  the  supraglot tis
and/or  subglott is  or  im pair  vocal  fold  m obility. T3  lesions  are
lim ited  to the larynx, w ith  vocal fold  fixation  and/or  paraglott ic
space  and/or  thyroid  cartilage  invasion. T4a  lesions  penetrate
the  outer  thyroid  cart ilage  cortex and/or  invade tissues beyond
the  larynx.  As  w ith  supraglott ic  lesions,  T4b  prim ary  lesions
invade  the  prevertebral  space  or  m ediastinum  or  encase  the
carotid ar tery.

25.6.3  Subglot t is
T1  subglottic  lesions  are  lim ited  to  the  subglottis.  T2  lesions
extend to the vocal folds; m obility is either norm al or im paired.
T3  lesions  are  lim ited  to  the  larynx  and  cause  vocal  fold
fixation . T4a lesions invade the thyroid  or cricoid  cartilage and/
or  invade  t issues  beyond  the  larynx. As  w ith  supraglott ic  and
glottic  lesions,  T4b  prim ary  lesions  invade  the  prevertebral
space or m ediastinum  or encase the carotid artery.

Regard less  of the  subsite  w ith in  the  larynx  of the  prim ary
tum or, N1  status  im plies  involvem en t  of a  single  lym ph  node
that  is  ipsilateral  and  sm aller  than  3 cm .  N2a  indicates  in -
volvem en t  of a  single  ipsilateral lym ph  node  larger  than  3 cm
but  sm aller  than  6 cm . N2b disease  describes the  involvem en t
of m ult ip le  ipsilateral nodes, none  larger  than  6 cm , and  N2c
describes  the  involvem ent  of con t ralateral or  bilateral nodes,
none  larger  than  6 cm . N3  status is  reserved  for  nodal d isease
larger  than  6 cm .

Stage  0  indicates in  situ  disease. T1  lesions  w ith  no  regional
or  distan t  m etastases  are  classified  as  stage  I;  likew ise, T2  dis-
ease  w ithout  nodal or  distant  m etastases is stage  II. T3  disease
w ith  no nodal or  distant  disease, or  T1–T3 disease w ith  N1 dis-
ease, is considered  stage III. T4a prim ary disease w ith  N0 or  N1
nodal status, and  T1–T3 disease  w ith  N2 nodes, are  considered
stage IVA; T4b disease w ith  any N disease, or any T disease w ith
N3 disease, is considered  stage  IVB. Any distant  m etastasis  im -
plies stage IVC disease.

Fig. 25.4  Coronal positron emission  tomography demonstrating  pri-
mary disease at  the level of the  supraglott ic and glottic larynx, as well
as mediastinal pretracheal metastatic adenopathy. Terminal events can
result from the direct extension of both primary and metastatic disease
into vascular structures.
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25.7  Pret reatm ent  Medical
Evaluat ion
As for other m alignancies of the head  and  neck, a thorough  his-
tory and  physical exam ination  are  of param ount  im portance in
the  diagnosis and  ultim ate  preoperative work-up  of the pat ien t
w ith  laryngeal  cancer. Of particular  im portance  are  the  pres-
ence  of any progressive  airway complaints and  the  presence  of
ear  pain  or dysphagia, w hich  m ay indicate  the possibility of ex-
tralaryngeal  spread. Although  indirect  m irror  laryngoscopy  is
ent irely appropriate on  a screening head and neck exam ination,
fiber-optic laryngoscopy provides a panoram ic view  of the sub-
sites of the larynx, as well as the oropharynx and  hypopharynx.
Fiber-optic laryngoscopy allow s the  exam iner  to determ ine the
subsite(s) of involvem ent and assess the m obility of the true vo-
cal folds and arytenoids, and it  can provide evidence of extralar-
yngeal extension. For  subtle  lesions of the  glottic larynx, video
stroboscopy m ay provide additional detail, as well as determ ine
the  depth  of invasion  of glottic  carcinom as. Palpation  of both
the  central  and  lateral  neck  is  crit ical  to  screen  for  regional
lymph  node  m etastasis.  In  addition,  palpation  of  the  thyroid
cartilage should  reveal norm al laryngeal crepitus w hen  the lar-
ynx is m oved back and  forth . The loss of norm al laryngeal crep-
itus m ay indicate extension  of a laryngeal prim ary in to the pre-
vertebral fascia. Occasionally, tum or extending through the thy-
roid lam ina can  be palpated.

25.7.1  Radiographic Im aging
Preoperative im aging m odalit ies include computed tom ography
(CT), m agnetic  resonance  (MR) im aging, ultrasound, and  posi-
tron  em ission  tom ography (PET)–CT. The relative m erits of each
are  discussed  as follow s. CT is particularly helpful in  determ in-
ing the  presence of thyroid  cart ilage  erosion. In  a  review  of the
bony  w indow s  of a  noncontrast  CT scan , a  deossified  appear-
ance  of the  inner  table  of the  thyroid  cartilage  can  predict  at
least  T3  and  som etim es  T4  disease. Furtherm ore, the  addition
of  in travenous  contrast  is  helpful  in  screening  for  regional
lymph  node  m etastasis. MR im aging, because  it  tends  to  pro-
vide better detail of soft-t issue planes, is often  superior  to CT in
determ ining the extent  of pre-epiglottic or  paraglot tic space in-
volvem ent. Ultrasound  of the  central and  lateral nodal basins,
in  the  hands of a  skilled  ultrasonographer, can  serve  as  an  ad-
junct  to  the  clin ical  exam ination  in  screening  for  regional
lymph  node  m etastasis. Finally, in  the  setting of laryngeal can-
cer, PET-CT probably has the largest  role  in  the work-up  of dis-
tant  disease, although  in  the setting of biopsy-proven  disease, it
often  does not  add  any inform ation  beyond  that  obtained  from
the  clin ical exam ination  and  t raditional staging m odalit ies, in-
cluding chest  radiography, liver  funct ion  studies, and  the previ-
ously discussed m odalit ies of CT, MR im aging, and ultrasound.

25.7.2  Direct  Laryngoscopy and Biopsy
There  is  no  substitute  for  direct  laryngoscopy in  the  staging of
laryngeal  cancer,  although  dynam ic  evaluation  of  the  larynx
w ith  flexible  laryngoscopy is  crit ically  im portant  in  determ in-
ing  vocal  fold  and  arytenoid  m obility. If  no  gross  airway  ob-
struct ion  is  present, an  orotracheal in tubation  w ith  anesthesia

is ent irely appropriate. The GlideScope GVL video laryngoscope
(Verathon, Bothell, WA)  can  provide  excellent  visualization  of
the  airway, w hich  can  assist  in  the  placem ent  of the  endotra-
cheal tube  around  an  obstruct ing laryngeal lesion. Often, how -
ever, there  is  som e  degree  of supraglottic or  glottic airway ob-
struct ion  beyond  the  com fort  of the  anesthesia  team , and  the
otolaryngologist  m ust  take  a leadership  role  in  establishing the
airway. In  th is circum stance, the  table  should  be  turned  90  de-
grees, w ith  the otolaryngologist  at  the head of the table. For pa-
tients  w ho  have  an  airway  that  can  safely  accom m odate  a
sm all-caliber  (5.5  to  6 m m )  endotracheal  tube, the  anesthesia
team  m ay  provide  sedation  w ith  propofol  or  a  volatile  anes-
thetic. If, w ith  an  oral airway in  place, the  patien t  can  be  safely
ventilated  w ith  a  bag m ask, a  short-act ing paralytic w ill be  ad-
m inistered. The  otolaryngologist  w ill  then  in tubate  through  a
Dedo  laryngoscope. If the  airway is  m arginally patent, an  Esh-
m ann  stylet  can  be  placed  through  the  glottic airway, w ith  the
endotracheal tube  then  placed  in to  the  trachea  over  the  stylet
via Seldinger technique. In  the event  that the pat ient cannot tol-
erate a supine position  or is not able to be safely ventilated w ith
a  bag m ask, fiber-optic nasal in tubation  is  an  excellent  option.
Many  anesthesiologists  are  trained  in  oral  fiber-optic  in tuba-
tion  or  w ill  attem pt  fiber-optic  nasal  in tubation  w ith  the  pa-
tient  supine. This  is  inadvisable  in  the  patient  w ith  laryngeal
cancer and an  obstruct ing lesion . Before the fiber-optic laryngo-
scope  is  placed  in to  the  glottic in let, the  topical application  of
4% lidocaine  can  prevent  laryngospasm  during  the  in tubation.
After  establishm ent  of the  airway via  nasal fiber-optic in tuba-
tion, a  suspension  m icrolaryngoscopy can  com m ence. The  oro-
tracheal tube  can  then  be  placed  through  the  vocal folds under
direct  visualization  as  the  nasotracheal tube  is  w ithdraw n. Fi-
nally, for  those  patien ts  w ith  str idor,  in  w hom  a  safe  airway
cannot  be  established  by another  m ethod, an  awake tracheoto-
my can  be  perform ed  very quickly and  safely  im m ediately be-
fore staging direct  laryngoscopy.

After  establishm ent  of the airway, direct  laryngoscopy is per-
form ed. The  Dedo  and  Hollinger  laryngoscopes  are  used  m ost
com m only.  The  Hollinger,  or  anterior  com m issure,  laryngo-
scope  is particularly helpful in  staging laryngeal carcinom a be-
cause  it  a ords  an  excellent  view  of the  anterior  com m issure.
The  Dedo  laryngoscope  is  w ider  and  easier  to  suspend  for  m i-
crolaryngoscopy, and  the  surgeon  can  pass  instrum ents  m ore
easily  th rough  the  lum en  of th is  laryngoscope. Other  laryngo-
scopes  com m only used  include  the  Lindholm  laryngoscope, or
supraglott iscope, w hich  provides a m ore panoram ic view  of the
supraglott ic  and  glottic  larynx.  Finally,  the  Zeitels  Universal
Modular  Glott iscope, like  the  Hollinger, has  a  tapered  tip  that
a ords  an  excellent  view  of  the  glottic  airway  and  an terior
com m issure. In  addition , like the t raditional sliding Jackson  lar-
yngoscope, the Zeitels laryngoscope has a base that  the surgeon
can  rem ove  after  suspension.  This  is  helpful  in  situations  in
w hich  the  surgeon  m ust  in tubate  through  a  laryngoscope  be-
cause  one  can  w ithdraw  the  scope  over  the  endotracheal tube
m ore easily (� Fig. 25.5 and � Fig. 25.6).

The  anterior  extent  of  tum or,  involvem ent  of  the  an terior
com m issure, and involvem ent of the false vocal folds, vent ricles,
postcricoid  area, hypopharyngeal  m ucosa, and  m ucosa  of the
arytenoids  are  all factors  of particular  im portance  in  staging a
supraglott ic or  glottic carcinom a. Rigid  angled  endoscopes  can
be helpful in  determ ining the  inferior  extent  of a  glottic lesion,
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as well as in  determ ining subglottic extension  in  circum stances
in  w hich  a  t ransglottic carcinom a is  present. When  partial lar-
yngeal  surgery  approaches  are  being  considered,  a  thorough
assessm ent  of  the  arytenoids  preoperatively  and  in traopera-
tively is of param ount  im portance. All partial laryngeal surgical
excisions require  at  least  one fu lly m obile and  sensate  cricoary-
tenoid  complex  w ith  no  involvem ent  of  the  in ter-arytenoid
m ucosa. Traditionally, palpation  of the  arytenoids  at  laryngo-
scopy was  em phasized;  however, w ith  advancem ents  in  fiber-
optic technology and  “distal chip” fiber-optic laryngoscopes in
com m on  use, m uch  of th is  in form ation  can  be  determ ined  be-
fore staging laryngoscopy. Arytenoid  fixation , w hen present , in -
dicates involvem ent of the cricoarytenoid joint  w ith  tum or. This
m ay preclude conservation  approaches to laryngeal surgery. Of
note, t rue  vocal fold  fixation  is  not  the  sam e  as arytenoid  fixa-
tion; vocal folds m ay be fixed  because of tum or bulk or because
of paraglot tic space involvem ent.

The  biopsy of a  laryngeal lesion  can  be  complicated  by pre-
vious  radiation  therapy, and  superficial biopsies  m ay not  yield
enough  evidence  for  a  pathologist  to  render  a  diagnosis.
Unfortunately,  deep  biopsies  in  the  postradiation  setting  can

precipitate  laryngeal edem a and  som etim es chondronecrosis if
cartilaginous  structures  are  exposed.  Diagnosing  persistent
disease  early after  treatm ent  is  part icularly challenging in  th is
regard  because  severe  osteonecrosis  of  the  larynx  can  m im ic
laryngeal  cancer. Finally, for  those  obstruct ing  supraglot tic  or
glottic tum ors diagnosed  by in traoperative frozen  section  anal-
ysis, the  use  of a laryngeal m icrodébrider  to reduce tum or bulk
can  im provee  the  airway in  those  pat ien ts w ho m ay ultim ately
be candidates for organ  preservation  therapy.

25.7.3  Di erent ial Diagnosis
As  m entioned  previously, the  vast  m ajority of laryngeal carci-
nom as are  SCCs, and  although  a  great  variety of pathologic le-
sions  can  develop  in  th is  area,  a  biopsy  often  only  confirm s
w hat  the  surgeon  has  first  strongly  suspected.  Nonetheless,
there  are  several conditions to m ention  that  can  m im ic laryng-
eal cancer. For  example, collagen  vascular  diseases, such  as sar-
coidosis,  amyloidosis,  and  Wegener  granulom atosis,  can  all
cause  m ass lesions of the  larynx. In ternal laryngoceles can  give
the appearance of significant glottic edem a that m ay look suspi-
cious for carcinom a. Of note, the head  and  neck surgeon  should
be  wary  of the  in ternal  laryngocele  in  a  longtim e  sm oker  be-
cause  an  in ternal laryngocele  can  develop  in  the  presence  of a
coexisting SCC. Certain ly  (HPV-related)  laryngeal papillom ato-
sis  in  an  adult  can  m im ic the  appearance  of SCC (� Fig. 25.7).
Although  rare, other  benign  epithelial  lesions,  such  as  m inor
salivary gland  tum ors, m ay be  present  in  the  larynx. A variety
of  benign  m esenchym al  and  neuroectoderm al  lesions  can
present  in  the  larynx, including granular  cell tum ors, rhabodo-
myom as, paragangliom as, lipom as, and  hem angiom as, as  well
as num erous less com m on  entit ies. These have variable appear-
ances and less com m only m im ic SCC. Finally, in  the patient  w ith
suspected  persisten t  or  recurrent  disease  after  defin itive  radio-
therapy or  chem oradiotherapy, one  m ust  consider  the  possibil-
ity of osteoradionecrosis  of the  larynx because  profound  post-
treatm ent  edem a, although  suspicious  for  m alignancy, m ay be
negative on  serial biopsy despite the developm ent of airway ob-
struct ion  (� Fig. 25.8).

Fig. 25.6  Zeitels Universal Modular Glottiscope. It  is beveled anteriorly
and  good  for the  anterior larynx, and  like  the  sliding  Jackson
laryngoscope, it  can  be  retracted  around  an endotracheal tube  after
intubation.

Fig. 25.7  Left  glottic lesion, pedunculated. The ultimate diagnosis was
papillary squamous cell carcinoma. The  patient  tested  positive  for
human papillomavirus and  was treated  with  transoral laser excision
with  negative  margins.

Fig. 25.5  Hollinger laryngoscope. This laryngoscope is ideal for difficult
airways and  the  anterior larynx.
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25.8  Medical Treatm ent  of
Laryngeal Cancer
Part  of the m ultidisciplinary evaluation  of the patient  w ith  glot-
tic carcinom a includes an  assessm ent  by a  radiation  oncologist .
Early glottic m alignancies are  notable for  a low  incidence of oc-
cult  nodal m etastasis, and  therefore  single-m odality treatm ent
w ith  curative  radiotherapy alone  is often  an  acceptable  m odal-
ity  for  m any pat ients. Radiation  therapy has  m any advantages,
including  its  noninvasive  nature,  acceptable  vocal  outcom es,
and  excellent  local control rates. For  patients  w ith  early-stage
lesions, funct ional outcom es are generally very good, w ith  m ost
experiencing only self-lim ited  sym ptom s of m ucositis, xerosto-
m ia, dysphagia, and  local soft-t issue  react ions. Advances in  ra-
diation  therapy  techniques,  predom inantly  the  use  of  IMRT,
have  allowed  the  radiation  oncologist  to  provide  treatm ent  to
the larynx alone w hile sparing other sites in  the neck in  settings
w here  there  is  no  clin ical  presence  or  lit t le  risk  for  regional
lymph  node  m etastasis.  Although  vocal  quality  does  change
after  radiation  therapy, m ost  pat ients  experience  a  return  to
nearly  norm al  phonation  1  year  after  the  treatm ent  of  early
glottic cancer. With  regard to outcom es, prim ary radiation  ther-
apy of early T1  glot tic carcinom a results  in  excellent  local con-
trol rates, typically around 90%. Local control rates for T2 glottic
carcinom as  are  less  impressive  but  are  as  h igh  as  80% in  re-
ported  series. Of note, in  m any published  series, patients  w ith
involvem ent  of the anterior  com m issure at  diagnosis w ho were
treated  w ith  prim ary  radiotherapy  generally  fared  worse  in
term s of local control.

The  treatm ent  of supraglot tic m alignancies w ith  prim ary ra-
diotherapy generally results in  excellent  control rates exceeding
90% for  early-stage  lesions. The  supraglottic  larynx  has  m ore

substantial lymphatic drainage than  the glottic larynx, so treat-
m ent  volum es are  generally higher  because  the  radiation  field
m ust  include  the  prim ary lesion  as  well as  the  regional lymph
node  basin . The  specifics of radiation  techniques vary w ith  the
institut ion  and  range  from  single-fraction  once-daily  treat-
m ents to tw ice-daily hyperfract ionation  and  accelerated  hyper-
fract ionation  schedules.

Although  advanced  (stage  III or  IV) laryngeal cancer  had  tra-
ditionally  been  m anaged  w ith  prim ary  surgical  therapy  and
possibly postoperat ive radiotherapy, a landm ark study from  the
Departm ent  of Veterans  A airs  Laryngeal Cancer  Study  Group
in 1991 dem onstrated that induct ion chem otherapy w ith  defin-
itive radiotherapy provides h igh  larynx preservation  rates w ith-
out  comprom ising overall survival. The past  20 years have seen
a  dram atic  increase  in  the  use  of chem oradiation  protocols  in
treating  advanced  laryngeal  cancer.  This  paradigm  shift  has
been  controversial because  chem oradiation  protocols are  asso-
ciated  w ith  not-insignificant  toxicity, including long-term  dys-
phagia  and  xerostom ia.  Higher  radiation  treatm ent  volum es
can  result  in  the devastating complication  of osteoradionecrosis
of the  larynx, w hich  can  necessitate  a t racheotomy or  total lar-
yngectomy, even  in  the  setting  of disease  control.  Coinciding
w ith  th is  paradigm  shift ,  an  overall  survival  decrease  am ong
patien ts w ith  head  and  neck cancer  was noted  by Ho m an  and
others  in  a  review  of the  National  Cancer  Data  Base  betw een
the years of 1985 and  2001. The reasons for  th is change in  sur-
vival  are  controversial.  Current  practice  guidelines  from  the
Am erican  Society  of  Clin ical  Oncology  recom m end  a  larynx
preservation  strategy, w ith  surgery or  radiation, for  all patients
w ho have T1 or  T2 disease. For  patients w ho have T3 or  T4 dis-
ease w ithout  tum or invasion  through  cartilage in to soft  tissues,
a  larynx  preservation  strategy  including  chem oradiation  ther-
apy  is  an  acceptable  treatm ent  option.  These  regim ens  m ay
include  neoadjuvant  chem otherapy  w ith  concurrent  chem ora-
diation,  or  alternatively  concurrent  chem oradiation .  Choices
am ong chem otherapeutic agents are  diverse, ranging from  tra-
ditional  platinum -based  agents  such  as  cisplatin  to  newer
agents  such  as  cetuxim ab, a  m onoclonal antibody and  epider-
m al grow th  factor receptor (EGFR) inhibitor.

With  regard  to  postoperative  radiotherapy  or  postoperat ive
chem otherapy, m any factors are  considered. First , the  extent  of
the disease is important  to consider, including w hether  there is
a  close  or  positive  m argin , angiolym phat ic invasion, or  any ex-
tralaryngeal spread. With  regard  to  the  status  of the  neck, the
presence  of m ultiple  positive  lym ph  node  m etastases  and  ex-
tracapsular  spread  is  considered  w hen  the  need  for  adjuvant
chem otherapy or  radiation  is determ ined. Adjuvant  treatm ents
are  determ ined  in  conjunct ion  w ith  colleagues  from  m edical
and radiation  oncology.

25.9  Roundsm anship
●  Th e  clin ical exam in at ion  is  crit ically  im portan t  in  the

preoperat ive  evaluat ion  of th e  pat ien t  w ith  laryngeal
cancer. Understaging  a  pat ien t  can  resu lt  in  t reatm en t
failures  and  in t raoperat ive  m isadven tures. Of par t icu lar
im portan ce  in  th e  stagin g of lar yn geal carcin om a  is  an te-
rior  com m issure  involvem en t  and  subglot t ic extension
(� Fig. 25.9).

Fig. 25.8  Right  glottic and  false  fold  squamous cell carcinoma in  an
elderly woman who was treated with definitive radiotherapy. Persistent
postoperative  edema prompted  repeat  biopsy, which confirmed
persistent  disease.
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●  The supraglott ic larynx lymphatic supply m ust  be respected;
elect ive treatm ent of the neck for patients w ith  even  early-
stage supraglot tic lesions should be considered.

●  Many treatm ent  m odalit ies exist  for the t reatm ent of laryng-
eal cancer. Any t reatm ent m ust  be tailored to the individual
patient, taking in to account  the biological behavior of the tu-
m or as well as the ability of the pat ient  to participate act ively
in  recovery and rehabilitation . One size does not fit  all.

●  Although squam ous cell carcinom a is far and away the m ost
com m on type of laryngeal cancer, in  the nonsm oking pat ien t
w ith  few  risk factors, conditions such  as collagen vascular dis-

ease and other benign processes of the larynx can  m im ic
laryngeal carcinom a. One should  use caut ion  in  relying on  an
intraoperative frozen section  results alone before undertaking
definitive surgical extirpation.

25.10  Recom m ended Reading
[1]  Am erican  Cancer  Society.  Laryngeal  and  Hypopharyngeal  Cancer.  Atlanta,

GA: Am erican  Cancer Society; 2012
[2]  Larynx. In : Edge SB, Byrd DR, Com pton  CC, et  al, eds. Am erican  Joint  Com m it-

tee  on  Cancer (AJCC) Cancer Staging Manual. 7th  ed. New  York, NY: Springer;
2010:81–92

[3]  Chiu  RJ, Myers EN, Johnson  JT. E cacy of routine  bilateral neck dissection  in
the  m anagem ent  of supraglottic  cancer. Otolaryngol Head  Neck  Surg  2004;
131: 485–488

[4]  Ho m an  HT, Porter  K, Karnell LH et  al. Laryngeal cancer in  the United  States:
changes in  dem ographics, patterns of care, and  survival. Laryngoscope 2006;
116 Suppl 111: 1–13

[5]  Pfister  DG, Laurie  SA, Weinstein  GS et  alAm erican  Society of Clin ical Oncol-
ogy. Am erican  Society of Clin ical Oncology clin ical practice  guideline  for  the
use  of larynx-preservation  strategies  in  the  treatm ent  of laryngeal cancer. J
Clin  Oncol 2006; 24: 3693–3704

[6]  National Inst itutes of Health , National Cancer Institute. Surveillance Epidem i-
ology and End Results. 2012.  . Accessed October 16, 2013

[7]  Weinstein  GS, Laccourreye  O, Brasnu  D, et  al. The role  of CT and  MR in  plan-
n ing conservation  laryngeal surgery. In :  Yousem  D, ed. Neuroim aging Clin ics
of North  Am erica. Philadelphia, PA: W. B. Saunders; 1996:497–504

[8]  Wenig BM. Atlas of Head  and  Neck Pathology. 2nd  ed. New  York, NY:  Saun-
ders Elsevier; 2008:405–534

[9]  Wolf  GT et  alThe  Departm ent  of  Veterans  A airs  Laryngeal  Cancer  Study
Group. Induction  chem otherapy plus  radiation  compared  w ith  surgery  plus
radiation  in  patien ts  w ith  advanced  laryngeal  cancer. N  Engl  J Med  1991;
324: 1685–1690

[10]  Wolf GT. Reexam ining  the  treatm ent  of advanced  laryngeal  cancer:  the  VA
laryngeal cancer study revisited. Head Neck 2010; 32: 7–14

Fig. 25.9  Squamous cell carcinoma of the  larynx. Transglottic lesion
with  extension  into the  subglottis.

25.10  Recommended Reading

223



26  Surgery of the Laryngopharynx
Edward M. Sta ord

26.1  General Types of Interven-
t ion, Rat ionale, and Goals
The  goal  of surgical  therapy  for  laryngeal  cancer, as  for  other
m alignancies in  the head  and  neck, is the  extirpation  of all dis-
ease  w ith  negative  m argins. Although  postoperat ive  radiother-
apy m ay be indicated in  certain  situat ions, regardless of the sur-
gical  m odality  chosen , negative  m argins  should  take  priority.
Certain ly, w ith  advances  in  organ  preservation  techniques  and
the m orbidity added  by postoperat ive radiotherapy, th is princi-
ple  should  guide  the  surgeon’s  decision-m aking  process, both
in  choosing am ong surgical m odalit ies  and  in  determ ining the
appropriate  extent  of resection. Although  the  goal of negative
m argins is unam biguous, there are  a variety of other considera-
tions  that  in form  the  decision-m aking  process. Of param ount
im portance, regardless  of the  surgical  m odality  chosen, is  the
preservation  of funct ion. Therefore, included  am ong  the  goals
of therapy should  be  a  plan  to  ensure  voice  rehabilitation, the
adequacy  and  safety  of the  airway, and  short-  and  long-term
nutrit ional strategies.

26.2  Pert inent  Anatom y
As was discussed  in  Chapter  25, the  larynx is divided  in to sub-
sites:  the  supraglott ic, glottic, and  subglottic larynx, each  w ith
its  ow n  unique  em bryonic developm ent  and  lymphatic  drain-
age. The supraglot tic larynx is the port ion of the larynx superior
to the glottis, including the false vocal folds, arytenoids, aryepi-

glottic folds, and  epiglottis. The subglottic larynx begins 10 m m
below  the free m argin  of the true vocal folds and extends to the
inferior  border  of  the  cricoid  cartilage. Finally, the  glottis  in-
cludes  the  paired  t rue  vocal  folds, as  well  as  the  an terior  and
posterior com m issures. Of particular  im portance to the surgeon
is an  understanding of the anatom ical spaces created by various
cartilages, ligam ents, and  m em branes  of the  larynx, including
the  pre-epiglottic,  paraglott ic,  and  subglott ic  spaces.  Under-
standing these  spaces is crit ically im portant  in  staging patients
appropriately.

The  pre-epiglottic space  is  an  anatom ical space  w ith  the  fol-
low ing  boundaries:  anteriorly, the  thyrohyoid  m em brane  and
the inner  table  of the thyroid  cart ilage;  posteriorly, the epiglot-
tis;  superiorly,  the  hyoepiglottic  ligam ent  and  m ucosa  of  the
vallecula; and  inferiorly, the thyroepiglottic ligam ent. By defin i-
tion, involvem ent  of the  pre-epiglottic space  upstages a laryng-
eal carcinom a to at  least  a T3 lesion  (� Fig. 26.1).

The  paraglot tic space  borders  the  glottis  laterally. This space
extends  both  above  and  below  the  t rue  vocal folds  and  is  cre-
ated  by  the  follow ing  boundaries:  m edially, the  quadrangular
m em brane,  ventr icle,  and  conus  elasticus;  laterally,  the  peri-
chondrium  of the  thyroid  lam ina  and  cricothyroid  m em brane;
an terosuperiorly, the  pre-epiglottic  space;  and  posteriorly, the
m ucosa  of  the  piriform  sinus.  Extension  in to  the  paraglott ic
space often  portends the transglott ic and  extralaryngeal spread
of disease (� Fig. 26.2).

The subglott ic space is a discrete anatom ical space defined by
the  cricoid  cart ilage  inferiorly and  a  distance  of 5  to 10 m m  in-
ferior  to the true vocal fold  m argin . When  the  extent  of disease
is  not  clear  by physical exam inat ion  alone, im aging m odalit ies
including  computed  tom ography  and  in  particular  m agnetic

Fig. 26.1  Laryngeal carcinoma with  involvement  of the  pre-epiglott ic
space.  Fig. 26.2  Glottic carcinoma with  extension  into the  paraglottic space.
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resonance  im aging  can  help  elucidate  it  in  the  pre-epiglottic
and  paraglot tic spaces, w hich  often  results  in  the  upstaging of
disease. This inform ation  is  invaluable  preoperatively or  before
the  in itiat ion  of treatm ent  if organ  preservation  techniques are
em ployed.

A detailed description  of the subsites of the larynx is included
in  the  previous  chapter, but  a  m ore  detailed  discussion  of the
glottic  larynx  is  appropriate  to  review. The  boundaries  of the
true vocal folds are the vocal processes of the arytenoids poste-
riorly and  the  anterior  com m issure  an teriorly. The layers of the
vocal folds, from  superficial to deep, include the epithelium , fol-
lowed  by  the  lam ina  propria, followed  by  the  vocalis  m uscle.
The  cart ilaginous fram ework of the  larynx at  the  glottic larynx
is of particular  im portance  in  term s of how  disease  spreads lo-
cally. A structure  called  the  conus  elasticus, w hich  originates
from  the  cricoid  cartilage, attaches posteriorly to the  arytenoid
cartilages  and  condenses  m edially  to  form  the  vocal ligam ent.
Anteriorly, the  conus elasticus  attaches to the  thyroid  cartilage
at  the  Broyle  ligam ent, also  know n  as the  anterior  com m issure
tendon. This area is devoid  of an  inner  perichondrium  and  con-
sequently  is  a  frequent  source  of spread  for  lesions  involving
the  an terior  com m issure. Understanding  th is  anatom ical  rela-
tionship  inform s  decision  m aking  w hen  disease  involves  the
anterior  com m issure  because  the  extent  of  disease  m ay  be
underestim ated by flexible laryngoscopy alone.

26.3  Specific Techniques
26.3.1  Endoscopic Techniques
(Including Specific Indicat ions for Each
Technique)
Transoral laser  m icrosurgical approaches for  t reating squam ous
cell  carcinom a  of the  larynx  have  im proved  significantly  over
the last  20  years, w ith  advances in  endoscopic instrum entation
and  laser  technology. Advantages over  prim ary radiation  ther-
apy  or  conservation  laryngeal  surgery  include  an  abbreviated
treatm ent  t im e, potent ially requiring only an  outpatient  surgi-
cal procedure. In  addition, w ith  transoral laser  approaches, pri-
m ary  control  is  often  attainable  w ithout  adjuvant  radiation
therapy. Transoral  laser  techniques  provide  oncologic  control
rates roughly equivalent  to  those  of organ  preservation  techni-
ques,  again  typically  exceeding  90% for  early-stage  lesions.
Overall  survival  rates  are  also  comparable. In  addition ,  cost–
benefit  analyses  argue  in  favor  of transoral laser  m icrosurgical
approaches.  Myers  and  colleagues  from  Pittsburgh  dem on-
strated transoral laser surgery for T1 glottic lesions to be a cost-
e ect ive  option  compared  w ith  open  conservation  laryngeal
surgery and  radiation . A later  report  from  the sam e group dem -
onstrated equivalen t quality-of-life outcom es and funct ional re-
sults  w hen  patients  t reated  w ith  endoscopic  excision  were
compared  w ith  those  treated  w ith  radiation, and  the  patients
treated  w ith  radiation  had  an  increased  num ber  of work hours
m issed  and  increased  costs related  to travel. Finally, although  it
has tradit ionally been  accepted  that  vocal quality is better  after
radiation  therapy  than  after  transoral  laser  m icrosurgery  for
glottic carcinom as, m any reports have questioned  th is assump-
tion. Although the postsurgical pat ient  tends to have a breathier
voice  and  the  postradiation  therapy  patient  a  harsher,  raspy

voice, vocal quality after laser cordectomy is overall comparable
w ith  voice quality after radiation  therapy.

The  carbon  dioxide  laser  is  indispensable  in  transoral endo-
scopic approaches. The  wavelength  of the  carbon  dioxide  laser
is  10,600 nm . The  helium –neon  (He-Ne)  aim ing  beam  allow s
excellent  finesse  and  control of th is  laser. Typically, the  laser  is
applied  through  an  operating  binocular  m icroscope  (400-m m
lens)  and  controlled  w ith  a  m icrom anipulator. Carbon  dioxide
laser  fibers  can  be  threaded  through  the  distal aspect  of rigid
instrum ents and  provide  the  surgeon  w ith  other  options w hen
exposure  is  challenging. The  surgeon  w ill  select  the  spot  size,
power  of the  laser, and  m ode  of the  laser  (i.e., cont inuous  or
pulse). The system  is always tested on  a tongue blade before use
on  the patien t. Nd:YAG (neodym ium :yttr ium  alum inum  garnet)
and KTP (potassium  t itanyl phosphate) lasers, in  contrast  to car-
bon  dioxide  lasers, are  absorbed  by  red  pigm ent  and  m ay  be
preferable  w ith  very  vascular  lesions. These  lasers  are  helpful,
for  example, in  the  treatm ent  of subglottic or  vascular  tracheal
lesions, such  as hem angiom as.

The lesion  is always photographically docum ented  before  re-
sect ion  is  begun.  After  a  secure  airway  has  been  established
w ith  a laser-safe endotracheal tube, a rigid  0-degree endoscope
is used  to assess and  docum ent  the extent  of disease. An  angled
endoscope  m ay  be  helpful  in  assessing  the  anterior  com m is-
sure. Even  w hen  a  sm all-caliber  (5.0  or  sm aller)  endotracheal
tube is used, the posterior  com m issure is often  obscured  by the
endotracheal  tube.  This  can  be  displaced  anteriorly  to  allow
better  visualization , but  rem oving the endotracheal tube is nec-
essary to fully assess the extent of the lesion.

Endoscopic  approaches  can  address  the  vast  m ajority  of
early-stage  and  som e  late-stage  laryngeal  carcinom as.  These
approaches, w ith  or  w ithout  robotic assistance, allow  the  suc-
cessful treatm ent  of lesions ranging from  T1  to  lim ited  T3  dis-
ease. For  a  variety of glottic T1  lesions, including T in  situ , T1a,
and  T1b  lesions,  endoscopic  cordectomy  is  an  e ect ive  (and
cost-e ective)  approach  associated  w ith  m inim al  m orbidity,
and  it  provides  superior  funct ional  and  oncologic  outcom es.
Mid-fold  T1a  lesions are  am ong the  m ost  readily accessible  for
th is  approach. T1  lesions  extending  in to  the  anterior  com m is-
sure  can  be  addressed  w ith  th is technique  as long as the  expo-
sure  obtained  perm its  an  adequate  anterior  exposure. Of note,
one  of the  long-held  principles  of oncologic  resection  is  Hal-
stead’s  principle  of  en  bloc  resection .  For  the  surgeon  using
transoral laser  techniques, it  is often  not  possible, or  advisable,
to attempt en  bloc resection.

Endoscopic m anagem ent  is  often  the  best  option  for  patients
w ith  early-stage  supraglottic squam ous cell carcinom a, particu-
larly lesions of the  suprahyoid  epiglott is  and  aryepiglott ic folds.
As  w ith  glottic lesions, the  traditional principles  of en  bloc re-
section  are  less  relevant  w ith  these  approaches  because  early
epiglott ic m alignancies are  often  best  addressed  w ith  the  initial
line  of resect ion  through  the  tum or, w hich  facilitates lateral re-
section  and  adequate  m argins. As w ith  patients  w ho are  candi-
dates  for  open  conservation  laryngeal  surgery,  a  preoperative
pulm onary  and  speech–language  pathology  evaluation  m ay  be
helpful, although  patients  treated  w ith  endoscopic  approaches
often  recover  m ore  quickly than  their  counterparts  undergoing
open  approaches (� Fig. 26.3, � Fig. 26.4, � Fig. 26.5, � Fig. 26.6).

Finally, for  patien ts  w ith  m ore  extensive  disease, including
those w ith  T3 disease, endoscopic approaches can  be an  appro-
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priate  prim ary  strategy  as  long  as  the  extent  of pre-epiglottic
space  involvem ent  has  been  evaluated  by  im aging  and  judged
to be resectable. Robotic techniques are part icularly appropriate
for  d isease  that  is  at  a  m ore  advanced  stage. Although  these
approaches  are  st ill in  their  in fancy, early data  are  prom ising
in  term s  of  both  feasibility  and  oncologic  e cacy.  Robotic
techn iques o er  increased  degrees of freedom , allow ing m ore
th ree-dim ensional  access  to  the  larynx. A caut ionar y  note  in
review ing  the  literature  for  pat ien ts  t reated  w ith  t ransoral
endoscopic  techn iques  is  that  in  som e  of the  reports  tout ing
the  superior  oncologic  e ect iveness  of  these  approaches,  a
sign ifican t  percen tage  of the  patien ts also have  received  post-
operat ive  radiotherapy.

26.3.2  Surgical Managem ent
Open Managem ent  of Laryngeal Cancer:
Techniques and Indicat ions
The open  m anagem ent  of glottic and  supraglott ic m alignancies
is  t im e-tested  and  oncologically  sound. In  increasing  level  of
complexity,  these  procedures  range  from  laryngofissure  w ith
cordectomy  and  reconstruction, ver tical  part ial  laryngectomy,

open  supraglot tic laryngectomy, and supracricoid laryngectomy
to total laryngectomy. All approaches that  do not  result  in  com -
plete  extirpat ion  of the  larynx are  referred  to  as  organ  preser-
vation  techniques.

Cordectomy w ith  reconstruction  is ideal for  T1 glottic lesions
that  would  otherw ise be  am enable  to t ransoral laser  m icrosur-
gical excision. However, som e  pat ients (including pat ients w ith
tr ism us or  retrognath ia, and  possibly pat ien ts w ith  prior  radio-
therapy)  do  not  have  su cient  anterior  exposure  for  these  le-
sions  to  be  addressed  endoscopically. This  approach  is  not  rec-
om mended  for  patients  w ith  disease  involving the  contralateral
vocal fold. A tracheotomy is  generally  necessary  with  this  tech-
nique. For  a  simple  cordectomy, healing by secondary intention
is  an  acceptable  reconstruct ive  strategy, followed  by  alloplastic
medialization  procedures if necessary. Intraoperative reconstruc-
tion  based  on  use  of  the  ipsilateral  strap  m uscles  to  augment
the  neocord  has  also  been  described. Most  com monly, patients
who  undergo  open  cordectomy  with  laryngofissure  typically
compensate  well  from  a  speech  and  swallowing  standpoint,
although  they m ay have a breathy voice postoperatively.

Fig. 26.3  Supraglottic carcinoma before  treatment.

Fig. 26.4  Same patient  as in � Fig. 26.3 after treatment  with transoral
laser surgery.

Fig. 26.5  Carcinoma of the  laryngeal surface  of the  epiglottis before
treatment.

Fig. 26.6  Same  patient  as in  � Fig. 26.5  after transoral laser surgery.
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Vertical partial laryngectomy is m ost  com m only used  to treat
T1  and  selected  T2  lesions of the  vocal folds. A tracheotomy is
likew ise  required  for  th is  approach. Contraindicat ions  to  th is
approach  include  T3  disease  w ithout  cricoarytenoid  joint  in -
volvem ent;  th is is better  addressed  w ith  a  supracricoid  laryng-
ectomy. A laryngofissure  is  perform ed;  the  thyrotomy location
is  determ ined  by  the  location  of the  tum or  as  assessed  endo-
scopically. In  the standard  vertical partial laryngectomy, the re-
sect ion  extends  from  the  anterior  com m issure  to  include  the
full extent of one m em branous vocal fold and the in tr insic m us-
culature  of the  larynx posteriorly to  the  vocal processes  of the
arytenoids. Many “extensions” of th is procedure have been  de-
scribed, including  the  frontolateral vert ical hem ilaryngectomy,
posterolateral vert ical laryngectomy, and  extended  vert ical lar-
yngectomy (� Fig. 26.7). In  addition, as w ith  sim ple cordectomy,
a variety of local reconstruct ive techniques have been  described
to facilitate voice restoration .

Open  supraglot tic  laryngectomy  is  appropriate  for  T1  and
T2  lesions  of  the  supraglot tic  larynx, w ith  local  control  rates
for  T1  disease  exceeding 90%. Contraindications  include  glottic
level  involvem ent, invasion  of the  cricoid  or  thyroid  cartilage,

involvem ent of the tongue base to w ith in  1 cm  of the circumval-
late  papillae,  and  involvem ent  of  the  deep  m uscles  of  the
tongue base or pre-epiglot tic space. The typical supraglottic lar-
yngectomy preserves both  true vocal folds, both  arytenoids, the
tongue  base,  and  the  hyoid  bone  (� Fig.  26.8).  Pre-epiglottic
space  involvem ent  necessitates  resection  of  the  hyoid, w hich
can  otherw ise be left  in tact . Of part icular  im portance w hen  the
hyoid  is resected  is preservation  of the  superior  laryngeal neu-
rovascular  pedicle. This  is  likew ise  crit ically  im portant  in  the
supracricoid  laryngectomy. Reconstruct ion  is  sim ilar  to  that  of
the supracricoid laryngectomy.

The supracricoid  laryngectomy has perhaps the  m ost  diverse
utilit y  because  it  can  be  used  in  T1b, T2, T3, and  selected  T4
supraglott ic  and  glot tic  carcinom as. It  can  also  be  used  in  pa-
tients w ith  decreased vocal fold  m otion  or fixation, pre-epiglot-
tic space  invasion , glottic involvem ent  at  the  anterior  com m is-
sure  or  ventricle, or  lim ited  thyroid  cartilage  erosion  w ithout
extralaryngeal  spread. Excellent  local control rates  and  5-year
survival data  are  typical in  m ost  large  series. Contraindications
to  supraglott ic laryngectomy include fixation  of the  arytenoids
secondary  to  cricoarytenoid  join t  fixation , extrinsic  laryngeal

Fig. 26.7  Extent  of vertical partial laryngectomies.
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m uscle  involvem ent,  recurrent  laryngeal  nerve  involvem ent,
subglottic extension  beyond  1 cm  or  direct  invasion  of the  cri-
coid, posterior com m issure involvem ent, extralaryngeal spread,
or  disease  extension  to the  outer  perichondrium  of the  thyroid
cartilage. The surgical excision  is en  bloc and  includes both  true
vocal folds, both  false vocal folds, both  paraglott ic spaces, som e-
tim es the epiglottis, and  the ent ire thyroid  cartilage, and  it  m ay
include  one  partial or  full arytenoid  (� Fig. 26.9). Of particular
im portance  in  the  surgical resection  is  preservation  of the  re-
current laryngeal nerve w hen the cricothyroid joint  is disar t icu-

lated.  As  m entioned  previously,  preservation  of  the  superior
laryngeal neurovascular  bundle  is  of crit ical im portance  in  en-
suring  postoperative  rehabilitation  of  swallow ing. The  recon-
struct ion  is  predicated  upon  im pacting  the  hyoid  bone  and
tongue  base  w ith  or  w ithout  the  epiglottis  to  the  cricoid  cart i-
lage  w ith  three  sym m etric  1–0  Vicryl  subm ucosal  sutures
(� Fig. 26.10).

The complications of all conservational approaches to laryng-
eal surgery are  very sim ilar. Aspiration  and  postoperat ive  dys-
phagia  are  com m on  in  the  early postoperat ive  setting but  m ay

Fig. 26.8  Tissue  resected  in  supraglott ic laryngectomy.
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be  prolonged  in  som e  patients, result ing in  the  need  for  a  per-
cutaneous  gastrostomy.  Pharyngocutaneous  fistula  can  occur,
although  the  risk is m uch  less than  w ith  total laryngectomy. Of
note, it  is crit ically im portan t  in  open  techniques such  as supra-
cricoid  laryngectomy  to  separate  the  t racheotomy  from  the
reconstructed  neolarynx  and  rem ainder  of the  neck  contents.
Finally, an  inability to  decannulate  the  pat ient  m ay result  from
an  inadequate  glottic airway secondary to reconstruction  tech-
nique or recurren t  laryngeal nerve injury.

Finally, total laryngectomy involves  extirpation  of the  en tire
larynx as well as the  hyoid  and  several tracheal rings, depend-
ing on  the level of subglottic extension. Total laryngectomy cre-
ates a complete  separation  betw een  the  upper  respiratory t ract
and  pharyngoesophageal t ract . It  is a t im e-tested  and  oncologi-
cally sound  procedure. The  procedure  typically begins  w ith  an
awake t racheotomy if the  patient  has airway obstruction. Typi-
cally, a  “h igh  t rach” is  advisable  to  provide  additional  trachea
that  w ill be  rem oved  w ith  the  specim en. For  lesions  involving
the  supraglott ic  larynx,  or  in  circum stances  in  w hich  nodal
m etastases  are  present  at  diagnosis, bilateral  neck  dissections
are  perform ed  first. In  the  N0  neck, a  bilateral  select ive  neck

dissection  m ay be  appropriate. Next , the  suprahyoid  and  infra-
hyoid  m uscles are divided, and  the inferior constrictors are div-
ided  at  the lateral lam ina of the thyroid  cartilage. A freer  eleva-
tor  is  used  to m obilize  the  piriform  sinus m ucosa  superiorly to
preserve  as  m uch  m ucosa  as  possible  for  closure  of the  phar-
ynx. The  superior  and  inferior  parathyroid  glands  should  then
be  identified  and  lateralized  on  the  side  of the  prim ary lesion
w hile the inferior  thyroid  artery is preserved. On  the side of the
prim ary  lesion, the  thyroid  lobe  is  typically  included  w ith  the
specim en. The  contralateral  thyroid  lobe  is  m obilized  o  the
trachea w ith  Bovie  cautery, leaving both  the  superior  pole  vas-
cular pedicle and the inferior thyroid artery blood supply in tact.
Once  the  suprahyoid  m usculature  has  been  divided, the  hyoid
bone is m obilized, typically w ith  an  Allis clamp, and  the greater
cornu  of the hyoid  is freed  from  the  surrounding soft-t issue  at-
tachm ents.  The  hypoglossal  nerve  is  identified  and  carefully
preserved  w hile  the  greater  cornu  is  m obilized  laterally
(� Fig.  26.11).  At  th is  t im e,  if  a  tracheotomy  was  previously
perform ed, the  t rachea  should  be  t ransected  at  the  level of the
tracheotomy. A 2–0  polypropylene  suture  should  be  placed  in
the  distal trachea  to  prevent  retract ion  of the  t rachea  in to  the

Fig. 26.9  En bloc resection in  supracricoid  laryngectomy.
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m ediastinum . The back wall of the trachea m ay be divided w ith
a  No.  15  blade  or  Bovie  cautery  dow n  to  the  “party  wall” be-
tween the esophagus and trachea.

Deciding w here  to enter  the  pharynx is predicated  upon  the
preoperative  laryngoscopy or  direct  laryngoscopy at  the  begin-
ning of the  case. Generally, the surgeon  should  endeavor  to en-
ter  the  pharynx  in  an  area  uninvolved  w ith  tum or, w hich  w ill
allow  extirpat ion  of the  larynx  under  direct  visualization. This
m ay be  in  the  vallecula, piriform  sinus, or  postcricoid  m ucosa.
The  vallecula  is  generally  the  m ost  expeditious  route.  Place-

m ent  of a  Yankauer  suct ion  or  sm all Deaver  retractor  in to  the
vallecula  of the  patient’s  oropharynx  w ill indicate  an  approxi-
m ate  location  to  enter. Once  the  pharyngeal m ucosa  has  been
incised, the  epiglottis  m ay be  grasped  w ith  an  Allis  clamp. The
surgeon, positioned  at  the  head  of the  table, then  uses  curved
Mayo  scissors  to  incise  the  pharyngoepiglottic  ligam ent, care-
fully leaving a  healthy m argin  of t issue  around  the  tum or. This
continues inferiorly. One should endeavor to leave as m uch piri-
form  sinus  m ucosa  as  is  oncologically  feasible.  Inferiorly,  the
postcricoid  m ucosa w ill be incised, allow ing rem oval of the lar-
ynx. When  the  m argins of resection  are  unclear, in traoperative
frozen  sect ion  consultat ion  is  appropriate. Additional  tracheal
m argins  should  be  sent  as  well. A prophylact ic stom aplasty  is
helpful in  ensuring a  patent  tracheostoma, par ticularly if post-
operative  radiotherapy is  contem plated. One  option  is  a  m odi-
fied  W-plasty. The  m idline  trachea  is  incised  through  roughly
two  t racheal rings. A W-shaped  wedge  of skin  is  then  excised
from  the  peristom al skin . A 2–0  polypropylene  suture  is  used,
in  a  half-m attress technique, to  bring each  apex of the  trachea
to the bases of the W. Then, 2–0 polypropylene sutures w ith  al-
ternating  2–0  Polyglact in  910  sutures  are  used  to  create  the
lower half of the stom a (� Fig. 26.12). A cricopharyngeal myoto-
my should  be perform ed before closure of the pharynx. If a tra-
cheoesophageal  puncture  (TEP)  is  to  be  placed,  a  right-angle
clamp  should  en ter  the  posterior  wall of the  trachea 1 cm  infe-
rior  to  the  proposed  stom a. A 14F red  rubber  catheter  is  then
placed  through  the  puncture  site  in to  the  esophagus.  Som e
centers w ill place  a  nasogastr ic feeding tube  as well for  enteric
nutr it ion  during the  early postoperative  period;  however, w ith
appropriate  care,  the  red  rubber  catheter  w ill  allow  enteric

Fig. 26.10  (a,b) Reconstruction after supracricoid  laryngectomy is facilitated  by a  cricohyoido(epiglot to)pexy, impacting  the  residual neoglottis
superiorly near the  base  of the  tongue. This allows food  boluses to pass posteriorly behind  the  airway, preventing  aspiration. The  epiglottis can  be
sacrificed, if necessary, for oncologic reasons.

Fig. 26.11  During  total laryngectomy, the  hyoid  is freed  from  the
superior muscles and mobilized. The hypoglossal nerve is at  risk during
this dissection and  should  be  preserved.
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nutr it ion  and  is less uncom fortable for  the  patient  than  a naso-
gastr ic feeding tube.

Closure  of the  pharynx  depends  on  a  variety  of factors, in-
cluding the am ount of available piriform  sinus m ucosa, w hether
the patient  has previously been  treated w ith  radiation, and  sur-
geon  preference. If adequate  piriform  sinus m ucosa is available,
a  ver tical closure  w ith  an  inverted  Connell suture  is  a  reliable
closure. This  typically  begins  w ith  an  anchoring  suture  in  the
tongue  base  and  extends inferiorly in  the  vertical plane. A reli-
able assistant  should  invert  the edges of the piriform  m ucosa as
the  surgeon  proceeds  inferiorly  w ith  the  closure. A horizontal
closure  is  m ore  challenging, particularly  toward  the  center  of
the closure, because it  is often  under m ore tension  at  th is point.
Finally, a  T closure  has  the  disadvantage  of a  tr ifurcat ion  at  its

center,  w hich  is  a  natural  point  of  weakness  of  the  closure.
When  perform ed  properly, however, all  of these  m ethods  are
acceptable  choices  (� Fig. 26.13). Im bricating  sutures  reinforc-
ing the  pharyngeal closure  are  appropriate, although  closure  of
the  constr ictor  m uscles  m ay result  in  postoperative  dysphagia.
Saline  dyed  w ith  m ethylene  blue  is  then  placed  in to  the  neo-
pharynx w ith  a  bulb syringe to rule  out  extravasation  of saline.
Focal areas  of leakage  m ay be  addressed  w ith  im bricating  su-
tures. To  m inim ize  the  risk for  pharyngocutaneous fistula, m e-
ticulous care  is  used  w hen  the  pharynx is  closed, regardless of
the  m ethod  em ployed. Fibrin  glue  along  the  closure  m ay help
m inim ize fistula rates.

Reconstruct ion  in  the  post radiation  setting  m ay  proceed
as  described.  Other  options,  even  in  the  sett ing  of  adequate

Fig. 26.12  (a) AW-stomaplasty planned to enlarge the tracheostomy. (b) The anterior trachea is split  and mobilized to be sutured to the apices of the
W-plasty. (c) Completed  stomaplasty.

Fig. 26.13  (a,b,c) Pharyngeal closure  can be  in  the  shape  of a  T, vertical or horizontal.
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piriform  sinus  m ucosa, m ay  include  closure  w ith  a  pectoralis
m ajor  myocutaneous  flap  reconstruction,  radial  forearm  free
flap  reconstruction, or  an terolateral th igh  free  flap  reconstruc-
tion. Advantages  of these  closures  m ay  include  decreased  risk
for  pharyngoesophageal str icture  and  decreased  rates  of phar-
yngocutaneous fistula. Several groups have described  the use of
prophylact ic “m uscle-only” pectoralis  m uscle  flaps to  augm ent
the  pharyngeal closure  in  the  setting of salvage  laryngectomy,
w ith  successful  decreases  in  the  incidence  of  postoperative
pharyngocutaneous fistula form ation .

Voice  restoration  techniques after  total laryngectomy are  di-
verse. TEP provides in telligible  esophageal speech  in  appropri-
ately  chosen  pat ients.  Patients  w ho  are  candidates  for  a  TEP
should  have  good  or  correctable  eyesight  and  good  hand–eye
coordination, and  they should  be  reliable  in  term s of follow -up
because a TEP needs to be cleaned and changed on  a regular ba-
sis. A variety of hands-free system s allow  the patien t  to phonate
w ithout having to occlude the TEP opening digitally. An  elect ro-
larynx  is  another  option,  w hich  provides  robotic-sounding
speech  w hen  the  patient  places the  m achine  on  the  skin  of the
neck or in  the m outh  w ith  an  oral cavity adapter.

Finally, for  selected  patients w ho were  form erly t reated  w ith
prim ary  radiotherapy or  chem otherapy and  w ho  present  w ith
persistent  or  recurren t  disease,  although  total  laryngectomy
tradit ionally has  been  the  standard  of care, t ransoral laser  m i-
crosurgical  and  open  conservational  laryngeal  surgery  ap-
proaches  are  gaining  acceptance. Steiner  and  colleagues  have
advocated  transoral  laser  m icrosurgery  as  a  surgical  m odality
in  the salvage setting. Holsinger and others have advocated con-
servation  laryngeal surgical approaches, including supracricoid
laryngectomy,  in  the  salvage  setting,  although  w ith  an  in-
creased  risk for  postoperat ive aspirat ion, dysphagia, and  airway
obstruct ion  secondary  to  neolaryngeal  edem a.  Nonetheless,
these  strategies  are  useful tools  in  the  arm am entarium  of the
head  and  neck  surgeon  t reating  recurrent  disease  after  radio-
therapy.

Surgical Managem ent  of the Neck in
Laryngeal Cancer
Factors influencing m anagem ent of the neck in  laryngeal cancer
include the  TNM (tum or  node  m etastasis) stage  of the  prim ary
lesion ,  the  subsite  of  the  larynx  involved,  and  the  m odality
chosen  to t reat  the  prim ary lesion. Patients w ith  early-stage le-
sions  of  the  glottic  larynx  have  low  rates  of  regional  lymph
node  m etastasis  because  of the  paucity  of lym phatic  drainage
from  this area. For  patients w ith  early-stage lesions of the  glot-
tic larynx in  an  N0 neck, close observation  is an  acceptable m a-
nagem ent  strategy. The  supraglott ic larynx, on  the  other  hand,
has an  extensive  bilateral network of lymphatics along the jug-
ulodigastric nodal basin . Although  conservative m anagem ent of
the  neck  in  patients  w ith  selected  T1  lesions  treated  w ith

transoral laser  m icrosurgery m ay be  appropriate, the  m ajority
of patients w ith  h igher-stage lesions w ill require  elect ive  treat-
m ent  of the  neck, regardless of the  clin ical stage  of the  neck on
physical exam ination , through  either  routine  bilateral selective
neck  dissection  (levels  II,  III,  and  IV)  or  radiotherapy  that
includes at-risk nodal basins in  the treatm ent  field. In  those pa-
tients  w hose  prim ary  lesions  are  t reated  w ith  radiation,  the
central and  lateral neck nodal basins w ill be included  in  the  ra-
diation  field. Finally, those  patients  w ith  N + disease  at  presen-
tation  should be t reated w ith  an  appropriate neck dissect ion.

26.4  Roundsm anship
●  Postradiation  and postchem oradiation  settings present chal-

lenges in  term s of wound healing and funct ional outcom es.
Organ  preservation  techniques in  these patients, however, are
not contraindicated.

●  Early-stage disease involving the anterior com m issure m ay be
better m anaged w ith  transoral laser m icrosurgical techniques
or w ith  open  part ial laryngeal surgical techniques than w ith
radiotherapy alone.

●  In  the surgical m anagem ent of glottic m alignancies involving
the supraglott ic larynx and of supraglottic m alignancies, the
surgeon m ust address the bilateral regional nodal basins at
risk w ith  either surgery or radiotherapy.

●  Although these reports are in  their infancy, a careful review
of the literature concern ing newer techniques, including
transoral laser m icrosurgical endoscopic techniques, should
provide an  understanding of w hich patients require postope-
rative radiotherapy or a tracheotomy, and of long-term  onco-
logic e cacy.
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27  Transoral Robot ic Surgery
Sumeet M. Anand and Adam S. Jacobson

27.1  Int roduct ion
Minim ally invasive techniques in  surgery are being readily eval-
uated  and  endorsed  am ong  both  surgeons  and  patients.  In
otolaryngology,  two  evolving  areas  of  great  in terest  include
transoral laser  m icrosurgery (TLM) and, m ost  recently, transo-
ral robotic surgery  (TORS). In  the  treatm ent  of head  and  neck
cancer, the  evolution  of these  advances has been  influenced  by
a  paradigm  shift  toward  organ  preservation  and  toward  o er-
ing, w hen  possible, a  m anagem ent  option  w ith  less  m orbidity
than  conventional chem oradiation .

The first  report  of robot ic surgery in  the head  and  neck cam e
in  2005, w hen  a  supraglottic laryngectomy was perform ed  in  a
canine m odel by Weinstein  et  al. This was a significant  m om ent
for  the  application  of robot ics as a  surgical treatm ent  option  in
the  upper  aerodigestive  t ract . In  that  sam e  year, McLeod  and
Melder  were the first  to describe the use of robotic surgery in  a
patien t, to excise a vallecular cyst. Over the next  year, the group
led  by Weinstein  and  O’Malley pioneered  the  in troduction  and
application  of the  da  Vinci robot  (In tuit ive  Surgical, Sunnyvale,
CA) to head  and  neck surgery, publish ing a  series of reports on
the  feasibility, safety, and  use  of the  technique  in  hum an  pa-
tients. In  2009, the  FDA approved  the  use  of the  da Vinci surgi-
cal system  in  TORS for  benign  processes and  early-stage  T1 and
T2 m ucosal m alignancies of the  oropharynx, hypopharynx, and
larynx.  Since  2009,  there  has  been  a  rapid  expansion  in  the
num ber of cancer centers that  are  now  incorporating TORS into
the  m anagem ent  of head  and  neck cancer, w ith  the  goal to po-
tentially  deintensify  adjuvant  t reatm ent  and  im prove  quality-
of-life and functional outcom es, w hile m aintaining survival.

TORS presents a novel change from  conventional surgical m a-
nagem ent  in  m any facets, in  particular  for  oropharyngeal squa-
m ous cell carcinom a (SCC). The  oropharynx is  an  area  that  has
tradit ionally  required  a  challenging and  extensive  surgical ap -
proach.  Surgical  access  requires  a  lip -split t ing  incision  and
m andibular  osteotomy  in  order  to  sw ing  the  m andible  out  of
the  surgical field. This radical approach  requires a  tracheotomy
for  airway protect ion. In  comparison , in  treating oropharyngeal
SCC, TORS does not  require a lip  incision , m andibulotomy, m an-
dibular  sw ing, or  tracheotomy for  airway protect ion. Elim inat-
ing such  invasive  surgical m aneuvers provides a  pat ient  w ith  a
far less m orbid  procedure and increases operative e ciency.

A second paradigm  shift  that  TORS represents is that  the sur-
gical  defect  created  during  extirpation  is  usually  not  recon-
structed  and  instead  is allowed  to heal by secondary in ten tion.
This is a  significant  change from  the  convent ional surgical phi-
losophy  that  w hen  a  m ucosal  barrier  is  violated, the  surgical
defect  is  reconstructed  im m ediately  w ith  a  local,  regional, or
free  t issue  t ransfer. Traditionally, the  oropharyngeal  or  hypo-
pharyngeal  conduit  is  reconstituted  w ith  a  herm etic  recon-
struct ion  to prevent  a com m unicat ion  betw een  the upper aero-
digestive tract  and  the neck and  avoid  a potent ial salivary fistu-
la. If a fistu la occurs, the  patient  is at  risk for  a carotid  blowout.
Additionally, a  salivary leak can  delay postoperat ive  oral in take

and  the  com m encem ent  of adjuvant  treatm ent . In  early-stage
disease, the  ability to avoid  a  reconstruct ion  w ith  TORS signifi-
cantly reduces surgical tim e  and  the  m orbidity associated  w ith
the treatm ent  of a cancer  of the  oropharynx. As the  experience
w ith  TORS in  head  and  neck surgery increases and  the  applica-
tion  expands to larger  and  m ore  advanced  lesions, the  need  for
robotically  assisted  reconstruct ions  w ill  unquest ionably  be-
com e  m ore  significant. Recent  reports  have  started  to  describe
the role of robot ically assisted  local and free flap  reconstruct ion
for oropharyngeal TORS defects.

The  da  Vinci surgical robot  provides several technical advan-
tages  in  comparison  w ith  TLM and  m ore  tradit ional  transoral
suspension  techniques. The visualization  console of the robot  is
outfit ted  w ith  two di erent  three-chip  cam eras m ounted w ith-
in  one  in tegrated  12-m m  stereoscopic endoscope. This  optical
system  generates  a  w ide-angle,  h igh-definition  illusion  of  a
three-dim ensional  surgical  field. The  m ovable  endoscope  also
o ers a benefit  of in-field  optics, w hich  can  change view ing an-
gles  and  position  and  so  optim ize  visualization  from  unique
perspectives. This technology overcom es the  line-of-sight  issue
associated  w ith  TLM  and  t raditional  suspension  approaches.
Additional  degrees  of freedom , reduced  natural  hand  trem or,
and  three-dim ensional im agery allow  a  m eticulous  translation
of  larger  hand  m ovem ents  at  the  operating  console  to  sm all,
h ighly dexterous m ovem ents  of the  robotic instrum ents  at  the
surgical site. Collect ively, these  characteristics  m ake  possible  a
precise  dissection  of surgical t issue  planes in  the  pharynx that
was  not  attainable  before  application  of the  da  Vinci  robot  to
head and neck surgery.

The  in troduct ion  of novel  technology  and  operative  equip -
m ent, plus  a  change  in  surgical philosophy, com es  w ith  an  in-
herent  learning curve. To date, establish ing a TORS program  has
been  show n  to be  a  safe  and  e cient  undertaking in  a  num ber
of cancer centers. In  m ost  hospitals, head and neck robotic units
are being in itiated concurrently w ith  da Vinci program s in  urol-
ogy, gynecology, general surgery, and  cardiac and  thoracic sur-
gery. Moore et  al reported  that  the learn ing curve for  operative
e ciency in  TORS can  be  reached  after  approxim ately the  first
10 pat ients. After prelim inary experience of the operative team ,
the  m ean  setup  tim e  for  TORS is  less  than  30 m inutes. In  a  re-
view  of seven  studies reporting on  feasibilit y, it  was show n that
the  average  operating  tim e  had  decreased  to  less  than  75 m i-
nutes for  oropharyngeal SCC resections, a  sign ificant  reduct ion
in  tim e  from  that  required  for  t raditional open  oropharyngeal
approaches.

There are di ering opinions w ith  respect  to the m anagem ent
of neck disease  in  patients undergoing TORS. To perm it  healing
of the surgical defect  in  advanced  oropharyngeal SCC before the
neck is entered, Weinstein  et  al advocate a separate staged neck
dissection  w ith in  3  weeks  of  the  in itial  TORS procedure.  In
adopting th is algorithm , they theorize  that  the  risk for  creating
a  com m unication, w ith  a  resultant  salivary fistula  betw een  the
oropharynx and  the  neck, is reduced. Other  studies advocating
a  concom itan t  neck  dissection  and  TORS resection  show  that
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operating  on  the  neck  sim ultaneously  does  not  increase  the
risk  for  a  salivary  fistula. Moore  et  al  recently  reported  their
retrospective  data  on  148  pat ients  undergoing  TORS w ith  a
concom itant  neck  dissection .  A com m unication  betw een  the
oropharynx  and  neck  was  noted  in  42  patients  (29%), w hich
were  m anaged  conservatively in  all cases. Of the  42  patients, 6
(14%) developed  a  cervical fluid  collect ion  that  required  a  for-
m al incision  and  drainage. In  no instances was there  a  delay in
start ing  adjuvant  radiation  therapy.  These  investigators  con-
cluded  that  perform ing an  oropharyngeal TORS resection  w ith
a concom itant  neck dissect ion  o ers patien ts a single  operation
w ith  acceptable risks and  no delay regarding potent ial adjuvant
treatm ent . For  pat ien ts  w ith  advanced  oropharyngeal  SCC, all
surgeons  appear  to  agree  on  the  need  for  a  neck  dissect ion;
however, there  is  as  of yet  no  consensus  on  the  tim ing of the
procedure. An  assessm ent  of regional nodal disease in  orophar-
yngeal SCC is  essential to  determ ine  the  need  for  adjuvant  ex-
ternal beam  radiation  therapy or chem oradiation.

Data  regarding  long-term  oncologic  results  and  funct ional
outcom es  w ith  TORS are  now  being  reported. In  2010, Wein-
stein  et  al published  their  results w ith  47 pat ients w ho had  ad-
vanced  stage  III or  IV oropharyngeal SCC. The  rates of local, re-
gional,  and  distant  disease  control  were  97.9%,  95.7%,  and
91.5%, respect ively, at  a m ean  follow -up of 26.6 m onths. Overall
survival rates  at  1  and  2  years  were  95.7% and  81.8%, respec-
tively. Their  data  showed  rates w ith  TORS m anagem ent  sim ilar
to those w ith  standard  treatm ent  protocols. They also looked  at
gastrostomy tube  dependence  as a  m arker  of swallow ing func-
tion  and  found  a  significantly  lower  rate  of gastrostomy  tube
dependence  in  pat ients undergoing TORS than  in  those  under-
going  tradit ional  nonsurgical  m anagem ent. In  2012, Moore  et
al  published  their  results  w ith  66  patients  undergoing  TORS
after  m ore  than  2  years  of follow -up. Nearly all patients  (64  of
66;  97%) were  consum ing an  oral diet  w ith in  3  weeks  of sur-
gery  and  before  start ing  adjuvant  therapy. Long-term  gastro-
stomy  tube  use  was  required  in  3  (4.5%)  of the  66  and  long-
term  tracheotomy in  1  (1.5%). The  3-year  estim ated  local con-
trol  and  regional  control  rates  were  97.0% and  94.0%, respec-
tively. The  2-year  disease-specific survival and  recurrence-free
survival rates were 95.1% and 92.4%, respect ively.

One  of the  prim ary prem ises for  undertaking a  TORS proce-
dure  is  that  if negative  m argins  are  achieved  and  no  other  ad-
verse  prognostic  factors  are  noted  in  the  specim en—nam ely,
lymphovascular  invasion, perineural invasion, m ultiple  positive
lymph  nodes, and  extracapsular  extension—then  adjuvant  che-
m otherapy and  external beam  radiation  therapy can  poten t ially
be  deintensified  or  w ithheld. In  2011, Hurtuk  et  al  published
their  results  w ith  64  patients  w ho  had  T1–T3  oropharyngeal
SCC. Am ong 64 patien ts, 50% of those w ith  stage I or stage II dis-
ease  were  spared  adjuvant  radiation  therapy or  com bined  che-
m oradiation, and  34% of those w ith  stage  III or  stage  IV disease
were  spared  chem otherapy. In  2009, Moore  et  al  published  a
prospective  study  on  45  patients  w ith  T1–T4  oropharyngeal
SCC treated  w ith  TORS. In  all  instances, the  resection  m argins
were negative, and  as such , the adjuvant  radiation  therapy dose
was reduced.

Despite of all its advantages, there are also pract ical and tech-
nical lim itations to the use of TORS. At  tim es, it  m ay be di cult
to gain  adequate exposure of the lesion w ith in  the pharynx and

larynx  because  of anatom ical constraints. In  our  experience, it
is im perative to individually select  the correct  retractor for each
case to provide optim al exposure of the pharyngolaryngeal seg-
m ent  of in terest. Reports have successfully described  the  Feyh-
Kastenbauer  (FK)  retractor  (Gyrus  ACMI,  Southborough,  MA),
the  Crowe-Davis or  Dingm an  m outh  gag, and  the  LARS (Larynx
Advanced  Retractor  System ) retractor  (Fentex, Tuttlingen , Ger-
m any) for  di erent  pharyngeal and  laryngeal tum or  sites. Ad-
equate  tum or  visualization  w hen  there  are  anatom ical  con-
straints is a challenge in  all transoral surgical approaches. Addi-
tional lim itations of TORS include the  therm al e ects of m ono-
cautery, leading to a challenge in  histopathologic m argin  analy-
sis, and  the  lack of proprioception  and  tactile  feedback. In  se-
lected  reports, a  flexible  carbon  dioxide laser  and  robotic bipo-
lar  forceps  have  been  described. In  future  m odels, these  m ay
becom e  m ore  com m onplace  because  they  allow  precise  m u-
cosal and  m uscular  dissection  w ith  less peripheral t issue  dam -
age. It  has been  noted  that  the  excellent  th ree-dim ensional im -
agery of the  da  Vinci robot  can  assist  in  par tially o set ting the
undeniable  advantages of haptic feedback during an  open  ope-
ration .

In  sum m ary, TORS o ers a  novel surgical approach  w ith  less
m orbidity  than  conventional  open  surgery. This  technology  is
feasible and safe, w ith  an  attainable learning curve for surgeons
already fam iliar  w ith  transoral approaches. There are a grow ing
num ber  of  reports  suggesting  that  the  short-  and  long-term
functional outcom es  of TORS are  acceptable. Furtherm ore, the
short-  and  long-term  oncologic  outcom es  reported  appear  to
be  comparable  w ith  those  of t raditional  nonsurgical  m anage-
m ent. As  we  m ove  forward, pat ien t  outcom es w ith  TORS m ust
be crit ically evaluated and compared w ith  those of current  non-
surgical chem oradiation  protocols. As th is technology continues
to  evolve, there  is  em erging evidence  for  prim ary TORS resec-
tion  and  reconstruction  in  the  upper  aerodigestive tract, w ith  a
prospective  opportunity  for  the  dein tensificat ion  of  adjuvant
treatm ent .

27.2  Roundsm anship
●  TORS involves fewer invasive surgical m aneuvers and pro-

vides the patient  w ith  a far less m orbid procedure and in-
creased operat ive e ciency.

●  The surgical defect created during TORS extirpation  is usually
not reconstructed and instead is allowed to heal by secondary
in tention .

●  Patients m ust  be carefully selected for TORS because it  m ay
be di cult  to gain  adequate exposure of the lesion  w ithin  the
pharynx and larynx as a consequence of anatom ical con-
straints.

●  A grow ing num ber of reports suggest  that  the short- and
long-term  functional outcom es of TORS are acceptable.
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28  Nonneoplast ic Salivary Gland Diseases
Neha A. Patel and Stimson P. Schantz

28.1  Int roduct ion
The  salivary glands consist  of the  paired  parotid, subm andibu-
lar, and sublingual glands, as well as 600 to 1,000 m inor salivary
glands. Disease processes of the salivary glands are divided in to
nonneoplastic  and  neoplastic  diseases. Nonneoplastic  diseases
of the  salivary gland  can  be  fur ther  divided  based  on  etiology
into  inflam m atory infect ious, inflam m atory noninfect ious, and
noninflam m atory  diseases  (see  Box  Nonneoplastic  Diseases  of
the Salivary Glands (p.236)).

Nonneoplast ic Diseases  of the  Salivary
Glands

Inflam m atory, infect ious
●  Acute bacterial sialadenitis
●  Acute viral sialadenitis
●  Granulomatous infection

Inflam m atory, noninfect ious
●  Sialolithiasis
●  Radiation sialadenitis
●  Sjögren syndrome
●  Sarcoidosis

Noninflam m atory
●  Sialorrhea (ptyalism)
●  Xerostomia
●  Sialadenosis (sialosis)
●  Cysts
●  Mucoceles
●  Trauma

28.2  Applied Anatom y
The  salivary glands  play an  im portant  role  in  oral hygiene  be-
cause saliva has antim icrobial propert ies and acts as a barrier  to
protect  the oral m ucosa from  local irr itants. In  addition, as a lu-
bricant, saliva  aids  in  the  funct ions  of speech  and  swallow ing.
Therefore, m anifestations  of salivary  gland  diseases  can  range
from  sim ple  aesthet ic  changes  to  debilitating  funct ional  m or-
bidities. Understanding  salivary  gland  anatomy  (� Fig. 28.1)  is
crit ical  in  understanding  the  pathology  of the  salivary  glands.
During a  physical exam ination  of the  salivary glands, it  is  im -
portant  to palpate externally as well as in traorally.

28.2.1  Parot id Gland
The  parotid  gland  is  the  largest  salivary gland. It  excretes  pre-
dom inantly serous secretions via the Stensen  duct  to the buccal
m ucosa at  the level of the second  m axillary m olar. It  lies lateral
to the m asseter and  anterior  to the ear from  the zygom atic arch

superiorly  to  the  angle  of  the  m andible  inferiorly,  w ith  its
posterior  tail  overlying  the  sternocleidom astoid  m uscle.  The
facial  nerve  divides  the  gland  in to  superficial  and  deep  lobes.
Parasympathetic innervation  to the  parotid  is  from  the  glosso-
pharyngeal nerve  via the  otic ganglion  (by way of the  auriculo-
temporal  nerve).  Sym pathetic  innervation  of  all  the  salivary
glands is from  the superior cervical ganglion.

28.2.2  Subm andibular Gland
The  subm andibular  gland  is  the  second  largest  salivary  gland
and  excretes  serom ucous  secretions  via  the  Whar ton  duct  to
the  anterior  floor  of m outh. It  sits  on  the  mylohyoid  m uscle  in
the subm andibular  tr iangle betw een  the  anterior  and  posterior
bellies  of the  digastric m uscle. Parasympathet ic innervation  of
the  subm andibular  gland  and  sublingual  glands  is  from  the
superior  salivatory  nucleus  through  the  chorda  tym pani  (by
way of the lingual nerve) before it  synapses in  the subm andibu-
lar ganglion.

28.2.3  Sublingual Gland and Minor
Salivary Glands
The  sublingual  gland  and  m inor  salivary  glands  excrete  m ore
viscous  m ucinous  secretions  that  tend  to  contain  higher  levels
of lysozym es and  have  m ore  antim icrobial properties. The  sub-
lingual gland  is  superficial  to  the  mylohyoid  and  drains  in  the
floor  of the  m outh  via  the  ducts of Rivinus (som e of w hich  fuse
to  form  the  Bartholin  duct ,  w hich  drains  into  the  Wharton
duct).  On  the  other  hand,  m inor  salivary  glands  are  located
throughout  the upper aerodigestive tract  and  drain  individually.

28.3  Inflam m atory, Infect ious
Diseases
28.3.1  Acute Bacterial Sialadenit is
Pathogenesis
Acute  bacterial sialadenit is  is  caused  by decreased  product ion/
dehydration  related  to  salivary stasis  (as  in  obstruct ion  caused
by  stones). Infect ion  is  m ost  com m only  caused  by  coagulase-
positive  Staphylococcus aureus, followed  by  Streptococcus spe-
cies and  other oral pathogens such  as Enterococcus coli, Haemo-
philus influenzae, and anaerobes such as Bacteroides.

Evaluat ion
Acute  bacterial  sialadenitis  usually  presents  w ith  unilateral,
tender  glandular  swelling and  purulent  drainage  at  the  ductal
orifice  of the  involved  gland. The  overlying skin  m ay be  warm ,
erythem atous, and  indurated. The disease  m ay be seen  in  post-
operative  patients  as  well  as  in  elderly  patients,  w ho  often
take m edications that can  cause dehydration. Pat ien ts m ay have
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fevers,  and  blood  work  m ay  show  neutrophilia.  The  parotid
gland  m ay  be  m ore  prone  to  infect ion  because  its  predom i-
nantly  serous  secretions  have  less  antim icrobial  activity  than
subm andibular  gland  saliva, w hich  contains  m ore  m ucin . The
diagnosis  is  based  on  the  clin ical  exam ination  findings,
although  ultrasound  and  computed  tom ography (CT) can  con-
firm  the presence of stones and collections.

Treatm ent
Antibiotic t reatm ent  should  cover  for  β-lactam ase  activity and,
depending  on  severity,  include  oral  am oxicillin /clavulanate,
clindamycin, oral or  in travenous am picillin /sulbactam , or  in tra-
venous  vancomycin/m etronidazole.  Culture  can  guide  treat-
m ent. A “sialadenitis regim en” should  be o ered  to all patients;
th is includes hydration, sialagogues (lem on  drops, orange juice,
or  sugar-free  gum ), warm  compresses, bim anual m assage, oral
hygiene, and sm oking cessation.

Potent ial Com plicat ions
Untreated  acute  bacterial  sialadenitis  m ay  lead  to  abscess
form ation, w hich  m ay require  incision  and  drainage  and  place-
m ent  of a drainage catheter. In  the case of a parotid  abscess, in -
strum ents  are  spread  in  the  direction  of  the  facial  nerve
branches  to  preserve  nerve  function  in  the  sett ing  of  an
inflam ed  gland. Untreated  infect ion  can  also lead  to sepsis. Re-
peated episodes can  lead to chronic sialadenitis.

28.3.2  Acute Viral Sialadenit is
Pathogenesis
Acute  viral sialadenitis  can  be  caused  by infect ion  w ith  viruses
such  as  the  m um ps  paramyxovirus, coxsackievirus, cytom ega-
lovirus, echovirus, and influenza virus. Mum ps virus is the virus
m ost  com m only involved  in  parotit is. Salivary gland  disease  in
association  w ith  HIV infect ion  in  the  pediatric  population  is
AIDS-defin ing.

Evaluat ion
Viral sialadenitis  tends  to  be  bilateral and  is  usually accom pa-
nied  by sym ptoms such  as low -grade fever, pain  w ith  chew ing,
fatigue, headache, and, myalgia. The m um ps virus is a paramyx-
ovirus that a ects children  4 to 6 years old. The incubation peri-
od for m um ps is 2 to 3 weeks, and the system ic sym ptom s often
resolve before  parotit is. On  h istory, it  is importan t  to ask about
the  patien t’s  im m unization  history.  On  physical  exam ination,
the parotid glands w ill be swollen  and firm  but nonsuppurative.
Im aging  often  show s  di use  bilateral  enlargem ent  of  the
glands. The diagnosis can  be confirm ed  w ith  a serum  viral t iter.
The  m um ps virus  is  t ransm itted  through  contact  w ith  respira-
tory secretions  and  can  be  detected  in  a  pat ient’s  saliva. Cyto-
m egalovirus  can  specifically  cause  a  rare  salivary  gland  inclu-
sion  disease  in  new borns. This  is  diagnosed  by  its  association
w ith  other  physical findings, such  as cerebral atrophy, hepatos-
plenom egaly,  throm bocytopenia  purpura  (“blueberry  m u n”

Fig. 28.1  The  major salivary glands.
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baby), and  jaundice. In  HIV-associated  salivary  gland  disease,
patients m ay m anifest glandular swelling, localized facial disfig-
urem ent,  and  xerostom ia.  Histology  reveals  periductal  lym -
phatic infiltrates w ithin  the  gland  consisting of CD8 + T cells. In
di use  infiltrative  lymphocytic  syndrom e,  patien ts  infected
w ith  HIV m ay  have  salivary  and  lacrim al gland  swelling  w ith
di use  hyperplastic,  cystic  lym phoid  infiltrations  throughout
the body.

Treatm ent
The  treatm ent  of viral sialadenitis  is sym ptom atic care, includ-
ing hydration. The incidence of m um ps has decreased  since the
introduction  of the m easles–m um ps–rubella vaccine.

Potent ial Com plicat ions
Mum ps  can  lead  to  m eningitis  and  encephalit is,  pancreatit is,
and  orchitis. Otolaryngologic complications of cytom egalovirus
infect ion  include  m ild  or  m oderate  sensorineural hearing loss,
w hich  m ay not  m anifest  until  m onths  after  the  congenital in -
fect ion .  Finally,  HIV infect ion  is  associated  w ith  benign  lym -
phoepithelial lesions that  rarely m ay undergo m alignant  trans-
form ation.

28.3.3  Granulom atous Infect ion
Pathogenesis

Infect ious granulom atous diseases of the  salivary gland  include
tuberculosis, infect ion  w ith  atypical  mycobacteria, cat-scratch
disease, toxoplasm osis  (Toxopla sma  gondii), and  actinom ycosis.
Tuberculosis  infect ion  is  thought  to  be  spread  from  person  to
person  w hen  the  glands are  seeded  from  oral sites via the  duc-
tal system . Cat-scratch  disease  is  caused  by the  gram -negative
bacillus Bartonella  henselae after  a cat  bite  or  scratch. Toxoplas-
m osis is spread  by the  ingestion  of cysts in  undercooked  m eats
or cat  feces. Act inomyces is a gram -positive branching anaerobe
found  in  the  oral cavity that  can  cause  retrograde  ductal seed-
ing of the glands.

Evaluat ion: Mycobacterium

Tuberculosis  infect ion  is  rare  but  presents  prim arily  w ith
acute  unilateral  parotid  swelling. Secondary  hem atogenous  or
lymphatic  spread  of  tuberculosis  generally  involves  the  sub-
m andibular  and  sublingual glands. In  high-risk persons such  as
im m igrants  and  pat ients  w ith  HIV infect ion, a  purified  protein
derivative  (PPD) test  should  be  placed. The  PPD test  result  can
be  negative  in  cases  caused  by  atypical  mycobacteria,  m ore
com m only seen  in  children  1 1/2 to 3 years old. Acid-fast  stain-
ing  m ay  be  sent  w ith  salivary  cultures. Tuberculosis  infect ion
can  also  present  chronically  w ith  a  slow ly grow ing tum or-like
lesion  that  on  fine-needle  aspiration  contains  Langhans  giant
cells  and  acid-fast  bacilli. On  the  other  hand, lymphoid  tissue
involved  in  cat-scratch  disease  is  positive  for  Warthin-Starry
silver  stain . Cat-scratch  disease  can  present  w ith  cervical, sub-
m andibular,  or  periparotid  erythem atous  and  fluctuant  lym -
phadenopathy near  the  site  of the  original papule  form ed  at  a

scratch  site. On  pathology, ultrasound, and  CT, the lym ph nodes
are  vascular  w ith  central necrosis. Serology can  also  help  con-
firm  cat-scratch  disease. Act inomycosis can  present  w ith  pain-
less  enlargem ent  of the  a ected  salivary gland  and  purulence
that  can  cause  cutaneous fistulas to  form . The  diagnosis is con-
firm ed by the presence of sulfur granules in  sm ears.

Treatm ent
The  treatm ent  of  acute  sialadenit is  caused  by  tuberculosis  is
w ith  a  m ultidrug antituberculosis  regim en  and  the  excision  of
involved  tum ors. Lym phadenopathy caused  by cat-scratch  dis-
ease  usually  resolves  in  a  few  m onths;  treatm ent  is  sym pto-
m atic w ith  analgesics  and  warm  compresses. Toxoplasm osis  in
im m unocomprom ised  patien ts, such  as  those  w ith  HIV infec-
tion,  is  t reated  w ith  pyrim etham ine  and  tr isulfapyrim idines.
Penicillin  (doxycycline for  penicillin-allergic pat ients) is the  ac-
cepted treatm ent  for actinom ycosis.

Potent ial Com plicat ions
In  patients  w ith  cat-scratch  disease  w ho  are  highly  sym pto-
m atic, such  as those  w ith  suppuration  and  severe fevers, cipro-
floxacin  and  azithromycin  have  been  used.  Surgical  excision
m ay be  necessary w hen  act inomycosis  is  complicated  by sinus
tracts.

28.4  Inflam m atory, Noninfect ious
Diseases
28.4.1  Sialolithiasis
Pathogenesis
Salivary  calculi  form  in  the  context  of stasis  and  consist  pre-
dom inantly of hydroxyapat ite; 80% of calculi are in  the subm an-
dibular  gland.  The  subm andibular  duct  is  long,  and  flow
through  the  duct  is  against  gravity.  Subm andibular  saliva  is
m ore alkaline, w ith  a h igh  concentration  of calcium , phosphate,
and viscous m ucus. Gout-related calculi consist  of uric acid.

Evaluat ion
Sialolith iasis  presents  w ith  periprandial  pain  and  swelling  of
the  a ected  gland. Ultrasound, CT, and  m ore  recently m agnetic
resonance  (MR)  sialography  (w ithout  cont rast)  has  been  used
to detect  calculi that  are  not  palpable. On  CT, about  90% of sub-
m andibular  calculi are  radiopaque, w hereas 90% of parotid  cal-
culi are radiolucent .

Treatm ent
Superficial  calcu li  can  be  rem oved  in traorally, bu t  acute  ob-
struct ive  sialaden it is  can  recur. For  calcu li in  the  h ilum  or  for
recurren t  in fect ions,  surgical  excision  of  the  a ected  gland
can  be  perform ed. With  new, m in im ally  invasive  technology,
conservat ive  t reatm en t ,  such  as  sialoendoscopy  and  laser
in t racorporeal  lithotripsy,  is  an  opt ion .  Surgery  is  avoided
during  ep isodes  of  acute  in flam m ation  to  m in im ize  ductal
perforat ion .
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Potent ial Com plicat ions
Sialolith iasis is often  associated  w ith  chronic sialadenit is. It  can
also  lead  to  ductal  str icture  and  very  rarely  to  sialocutaneous
and sialo-oral fistulas.

28.4.2  Radiat ion Sialadenit is
Pathogenesis
During  the  t reatm ent  of  head  and  neck  cancer,  exposure  to
m ore  than  50 Gy  of  radiation  can  cause  irreversible  salivary
gland  dam age  and  the  loss  of acinar  cells. The  parotid  glands
are m ost  sensitive to dam age. Salivary funct ion  can  decrease by
60% w ith  just  1  week of radiation  therapy at  10 Gy. The  treat-
m ent  of thyroid  cancer  w ith  radioactive  iodine  can  also lead  to
radiation  sialadenitis and xerostom ia.

Evaluat ion
Radiation  sialadenit is  causes  pain  and  swelling of the  a ected
gland  and  is associated  w ith  xerostom ia, oral infect ions, stom a-
tit is, and increased dental caries.

Treatm ent
Hydration ,  sialagogues,  and  warm  compresses  can  help  w ith
sym ptom atic  m anagem ent.  Pilocarpine, a  cholinergic  secreta-
gogue, m ay be used for postrad iation  xerostom ia.

Potent ial Com plicat ions
Radiation  sialadenit is  can  lead  to  xerostom ia, taste  alterations,
and dental infect ions.

28.4.3  Sjögren Syndrom e
Pathogenesis
Sjögren  syndrome  is  an  autoimmune  disease  that  causes a  lym-
phocytic infiltration  and  dysfunction  of the  salivary and  lacrimal
ducts.  Patients  may  have  primary  Sjögren  syndrome  with  xe-
rophthalmia (keratoconjunctivitis sicca) and  xerostomia alone, or
they  may  have  secondary  Sjögren  syndrome, in  which  another
autoimmune  disorder  is  also  involved. There  is  a  9:1  female-to-
male  ration  of those  a ected, and  most  patients present  in  their
fift ies. The  presence  of HLA-B8 and  HLA-Dw3 has been  linked  to
an  increased  predisposition  to  primary  Sjögren  syndrome,
whereas  HLA-DRw4  is  linked  to  the  secondary  form . It  is  hy-
pothesized  that  environmental triggers, such  as  a  viral infection
(e.g.,  w ith  HTLV-1  [human  T-cell  leukemia/lymphoma/lympho-
tropic virus] or  Epstein-Barr  virus), may induce cell lysis, leading
to  the  formation  of autoantigens  that  cause  a  lymphocytic infil-
tration  of gland  tissue and thus a decrease in  glandular secretion.

Evaluat ion
Patients  w ith  Sjögren  syndrom e  m ay present  w ith  dry eyes, in-
flamed  and  red  conjunct ivae, and  a foreign  body or  sandy sensa-
tion  in  their  eyes.  Oral  manifestations  include  dry  m outh;
changes in  taste, speech, and  swallow  function; dry lips; fissured
tongue;  and  poor  oral  hygiene. Ductal  obstruction  by  lym pho-

cytic infiltrates  can  cause  recurrent  salivary gland  enlargement,
particularly of the  parotid  gland, that  can  be bilateral and  aggra-
vated by eating. Extraglandular  manifestations include low-grade
fevers, arthrit is, dry skin, myalgia, and  purpura. Lower  lip  m inor
salivary  gland  biopsies  show  lymphocytic  infiltrates.  Histologi-
cally,  benign  lymphoepithelial  lesions  as  described  by  Godw in
can  be associated with  Sjögren  syndrom e, although  patients w ith
benign  lymphoepithelial  lesions  do  not  always  have  sym ptom s
of Sjögren  syndrom e. Object ive  tests  include  sialometry and  the
Schirmer  test  (less than  5 m m  eye  m oisture  in  5 minutes). Serol-
ogy should  be  performed  to test  for  anti-SS-A/Ro and  anti-SS-B/
La. In  addition, Sjögren  syndrome  is associated  w ith  other  auto-
im mune  disorders, so  testing  for  rheum atoid  factor, antinuclear
antibodies, and  anticentromere antibodies can  be positive.

Treatm ent
Sym ptom atic  treatm ent  includes  hydration,  sialagogues,  oral
hygiene,  salivary  substitutes,  and  artificial  tears.  Pilocarpine,
the  m uscarin ic agonist , has  been  used  as  a  sialagogue  but  has
system ic side  e ects  of perspirat ion , flushing, and  m icturit ion ,
and  it  is  contraindicated  in  patients  w ith  asthm a. Steroids and
im m unom odulators  are  used  for  severe  system ic  m anifesta-
tions of Sjögren  syndrom e.

Potent ial Com plicat ions
MR im aging m ay be  helpful because  there  is a  44-fold  increase
in  the  risk  for  non-Hodgkin  lymphom a  in  those  w ith  Sjögren
syndrom e. Care m ust  be taken  to follow  patients w ith  recurren t
gland  swelling,  lymphadenopathy,  vasculit is,  lung  infiltrates
and  hepatosplenom egaly,  pancytopenia,  hypergam m aglobuli-
nem ia, and an  increased erythrocyte sedim entation  rate.

28.4.4  Sarcoidosis
Pathogenesis
Sarcoidosis  is  a  noninfect ious,  in flam m atory  granulom atous
disease of unknow n etiology.

Evaluat ion
Sarcoidosis  is  m ore  com m on  in  African-Am erican  wom en  and
often  presents  w ith  cervical  lymphadenopathy,  pulm onary
m anifestations,  and  cutaneous  nodules.  Heerfordt  syndrom e
(uveoparotid  fever)  is  a  form  of sarcoidosis  that  begins  w ith  a
prodrom e of fever, fatigue, and night  sweats and later  m anifests
w ith  acute parotit is and  uveit is. Di use bilateral involvem ent of
the  glands of the  face  is  possible, so  a  labial biopsy m ay reveal
noncaseating granulom as involving lymphoid tissue.

Treatm ent
Glandular swelling m ay be chronic and  usually resolves sponta-
neously, although steroids have been  used in  the acute setting.

Potent ial Com plicat ions
Facial  paralysis  not  in frequently  accom panies  uveoparotid
fever, but  it  tends to resolve w ith  or  w ithout  steroid  treatm ent .
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Sym ptom atic care includes artificial tears, lubricating oin tm ent,
and securing the eyes closed at  n ight. An ophthalm ologic evalu-
ation  is  im portant  because  uveitis  can  lead  to  glaucom a. Rare
cases of sudden  hearing loss from  neurosarcoidosis  and  supra-
glottic sarcoidosis have been  reported.

28.5  Noninflam m atory Diseases
28.5.1  Sialorrhea (Pt yalism )
Pathogenesis
Ptyalism , or sialorrhea, is the oversecretion  of saliva. Medications
like  pilocarpine  or  the  antipsychotic clozapine  can  cause  hyper-
secretion  of saliva. Stroke, Parkinson  disease, and  motor  neuron
diseases  such  as  amyotrophic  lateral  sclerosis  can  cause  sialor-
rhea in  adults. In  children, rather  than  being due to overproduc-
tion  of saliva, drooling can  be  caused  by the  involuntary escape
of saliva  through  the  m outh, as  seen  in  cerebral palsy. Ptyalism
can  accom pany dysphagia  in  inflam matory conditions, such  as a
peritonsillar  abscess. Ptyalism  gravidarum  is  of unknown  origin
and often  associated with  hyperem esis during pregnancy.

Evaluat ion
Patients w ith  sialorrhea often  report  di culty swallow ing. The
patient  should  be  assessed  for  deficits  in  sensation  or  oral
m otor  funct ion  that  would  comprom ise swallow ing or lip  com -
petence. Concurrent  neurologic deficits m ay suggest  a  cerebro-
vascular accident.

Treatm ent
Speech  therapy targeting oral m ovem ents  is  recom m ended  for
those  w ith  m otor  dysfunct ion . Anticholinergics such  as scopol-
am ine  patches  and  oral atropine  can  help  decrease  secretions,
but  they m ay also lead constipation, bradycardia, blurred vision,
and  urinary retent ion. In traglandular  botulinum  toxin  can  tem -
porarily treat sialorrhea. Surgical t reatm ents include gland exci-
sion,  ductal  ligation,  subm andibular  duct  relocation,  and  the
chorda tym pani neurectomy.

Potent ial Com plicat ions
Sialorrhea  has  negative  hygien ic  and  social  e ects. It  can  also
lead to skin  m aceration, infect ion, and aspirat ion .

28.5.2  Xerostom ia
Pathogenesis
Inflam m atory causes of dry m outh , or  xerostom ia, include radi-
ation  and  autoim m une disorders like  Sjögren  syndrom e, as de-
scribed  above. Other  noninflam m atory causes include dehydra-
tion, autonom ic  e ects  of stress, and  m edication  side  e ects.
Medications  that  can  cause  xerostom ia  due  to  anticholinergic
side  e ects include antihypertensives, t ricyclic an tidepressants,
antipsychotics,  an tih istam ines,  antiparkinsonian  drugs,  and
anti-asthm a  bronchodilators. Diabetes  has  also  been  linked  to
xerostom ia, presum ably  as  a  consequence  of neuropathy, m i-
crovascular  abnorm alit ies, or  m etabolic dysfunct ion  from  inad-
equate control of diabetes.

Evaluat ion
Xerostom ia  is  the  subject ive  sensation  of dry  m outh, and  this
clinical finding does not  correlate  w ith  object ive  m easurem ents
of salivary secret ions. Patients w ho have xerostom ia can  present
w ith  a  burn ing  sensation  in  the  m outh, dysphagia, speech  and
swallow ing  dysfunct ion,  halitosis,  and  overall  poor  dental  hy-
giene, including  caries. On  physical  exam ination, patients  m ay
have cracked  lips, pale  oral m ucosa, and  dental decay.

Treatm ent
Hydration , sialagogues, stress  m anagem ent, and  good  oral hy-
giene  should  be  encouraged. Changes  in  m edication  regim ens
can  also  help  alleviate  sym ptom s, especially in  elderly patients
taking num erous m edications w ith  anticholinergic side e ects.

Potent ial Com plicat ions
Xerostom ia  can  lead  to  oral in fections  such  as  candidiasis  and
to changes in  taste, speech  function, and swallow  funct ion .

28.5.3  Sialadenosis (Sialosis)
Pathogenesis
Sialadenosis, or  sialosis, is a  disease  of the salivary glands char-
acterized  histologically  by  noninflam m atory  acinar  en large-
m ent. It  has  been  linked  to  m alnutr it ion  and  to  m etabolic and
horm onal  disturbances  that  m ay  cause  peripheral  autonom ic
neuropathy.  It  is  hypothesized  that  acinar  enlargem ent  is
caused  by neuropathy leading to  im paired  exocytosis  of secre-
tory granules and loss of myoepithelial m echanical support.

Evaluat ion
Sialadenosis typically presents w ith  bilateral di use swelling of
the  salivary  glands  (typically  the  parotid  glands). It  is  usually
seen  in  association  w ith  a  system ic condition  such  as  diabetes,
hypothyroidism ,  pregnancy,  obesity,  hypoproteinem ia,  alco-
holic  cirrhosis,  or  m alnutrit ion.  Im aging  and  biopsy  are  per-
form ed to establish  a diagnosis.

Treatm ent
Part ial  or  total gland  excision  has  been  perform ed  in  cases  of
pain  and  poor cosm esis despite conservative treatm ent  and  the
m anagem ent of system ic disturbances.

Potent ial Com plicat ions
Because  sialosis  m ay  be  related  to  system ic  disturbances  that
lead  to  autonom ic neuropathy, the  rem ain ing  glands  m ay  be-
com e a ected despite the surgical rem oval of one.

28.5.4  Cysts
Pathogenesis
Branchial cysts are  true  cysts w ith  an  epithelial lin ing and  lym -
phoid  t issue. Type  I ectoderm al first  branchial cleft  cysts  arise
from  duplication  of the  m em branous  external  auditory  canal.
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They run  parallel to the external auditory canal toward the oro-
pharynx and are lateral to the facial nerve. Type II first  branchial
cleft  cysts  are  of ectoderm al and  m esoderm al origin  and  have
cartilaginous components. They can  run  m edial or lateral to the
facial nerve. Derm oid  cysts  can  be  congenital or  acquired  and
are  lined  w ith  epiderm is.  They  contain  trapped  skin  appen-
dages  such  as  sebaceous  glands, hair  follicles, and  connective
tissue. Acquired  cysts  m ay  occur  after  traum a  and  inflam m a-
tory injury as described throughout  th is chapter.

Evaluat ion
Parotid  branchial cysts usually present  as slow ly grow ing, pain-
less, firm  m asses  around  the  anterior  and  upper  th ird  of the
sternocleidom astoid m uscle. They tend to present  in  persons 10
to  30  years  olds  and  can  have  sinus  tracts. Type  I sinus  tracts
can  be  in  the  region  of the  pinna. Type  II sinus  tracts  tend  to
run  from  the  external auditory canal and  drain  near  the  angle
of the  m andible. Derm oid  cysts tend  to  present  in  orbital, oral,
and  nasal regions but  rarely can  present  as a  firm , rounded  pa-
rotid m ass.

Treatm ent
The treatm ent  of branchial cysts is complete  excision  w ith  cra-
nial  nerve  preservation.  Parot id  derm oid  cysts  should  be  re-
m oved w ith  a partial parotidectomy to prevent  recurrence.

Potent ial Com plicat ions
Failure to completely excise a salivary gland  cyst  can  lead  to re-
curren t  infect ions and abscesses.

28.5.5  Mucoceles
Pathogenesis
Mucoceles  are  collect ions  of m ucus  that  can  be  true  cystic  le-
sions  lined  w ith  epithelium  (reten t ion  cysts)  or  pseudocysts
that  are  sim ply covered  w ith  granulation  t issue  (extravasation
cysts). Mucus  reten t ion  cysts  form  from  ductal dilation  secon-
dary  to  obstruction  and  the  accum ulat ion  of m ucus. A sim ple
ranula  is a  retent ion  cyst  of the  sublingual gland  at  the  floor  of
the m outh . Traum a to a salivary duct  can  lead  to the extravasa-
tion  of m ucus. If an  excretory duct  of a  m inor  salivary gland  is
dam aged, the salivary collect ion  can  cause  an  inflam m atory re-
action  in  the  neighboring connective  t issue, causing a  granula-
tion  tissue–lined  extravasation  cyst  to  form . A plunging ranula
is an  extravasation  cyst of the floor of the m outh.

Evaluat ion
Mucoceles are  com m only found  in  m inor  salivary glands of the
lips, buccal m ucosa, ventral surface  of the  tongue, and  floor  of
the  m outh. They present  as a  sm ooth  swelling that  tends to be
painless  but  can  be  irr itated  by chew ing or  swallow ing m ove-
m ents. Mucoceles can  be  pink or  blue from  vascular  congestion
and  the  cyanosis  of t issue  stretched  by saliva  accum ulat ion. A
plunging ranula presents as a m ass in  the subm andibular space.
Im aging can  help  visualize the exten t  of a ranula, and  fine-nee-
dle aspiration  biopsy can  rule out other cystic lesions.

Treatm ent
The  treatm ent  of m ucoceles is  complete  excision. A ranula  can
also  be  completely excised, or  treatm ent  m ay involve  excision
of the  entire  gland  to  prevent  recurrence. If crit ical nerves are
involved, m arsupialization  of the  cyst  m ay be  perform ed, w ith
the  risk  for  recurrence. A com bined  in traoral  and  cervical ap-
proach m ay be necessary for excision  of a plunging ranula.

Potent ial Com plicat ions
Mucoceles m ay rupture, reaccum ulate, or becom e infected.

28.5.6  Traum a
Pathogenesis
Traum atic  injury  to  the  salivary  glands  is  rare.  The  parotid
glands are the m ost  exposed and  therefore m ore likely to be in-
jured. Penetrating traum a is m ore likely to cause  complications
than  is  blunt  traum a. Com m on  causes  of facial  injury  include
knives, m otor  vehicle  accidents, gunshots, and  iatrogenic  m a-
neuvers.

Evaluat ion
Understanding  the  gland  anatomy  is  key  to  recognizing  the
complications  of traum a. The  Stenson  duct  t ravels  superior  to
the  m asseter  in  close  proxim ity  to  the  t ransverse  facial ar tery
and  buccal branch  of the facial nerve before  piercing the bucci-
nator  m uscle  to  en ter  the  oral  m ucosa. Lacerations  involving
these structures should  be repaired  at  the t im e of cheek lacera-
tion  repair.

Treatm ent
Glandular  traum a can  be repaired  by suturing the capsule, clos-
ing  the  laceration , and  applying  pressure  dressings  to  prevent
the  form ation  of a  sialocele. Hem ostasis  m ust  be  achieved, and
facial  nerve  dam age  should  be  im m ediately  addressed  surgi-
cally. In  the repair  of ductal lacerations, in traoral probing of the
ductal orifice or  the  retrograde  inject ion  of m ethylene blue  can
help  identify the  distal duct  w hile  the  gland  is  m ilked, and  an
evaluation  of salivary flow  can  help  identify the  proxim al duct
(th is  can  be  done  m ore  easily  if  atropine  and  glycopyrrolate,
used  to  reduce  secretions, have  not  been  used  during anesthe-
sia). Three basic treatm ent  options exist  for ductal repair. Pene-
trating t raum a is repaired w ith  a m icrosurgical prim ary anasto-
m osis, in  w hich  the  duct  is dissected  o the  neighboring t issue
for  a  tension-free  repair  done  over  a  sten t. If prim ary repair  is
not  possible, an  autogenous vein  graft  can  be in terposed. Alter-
natively, saliva can  be diverted  by sutur ing the proxim al duct  to
an  opening in  the oral m ucosa. If dam age to the gland  is too ex-
tensive for diversion, salivary atrophy can  be prom oted by ligat-
ing the  proxim al duct , avoiding oral feeding, and  adm inistering
antisialagogues and pressure dressings.

Potent ial Com plicat ions
Failure  to  identify and  treat  salivary gland  injuries  can  lead  to
sialocele form ation  and  cutaneous fistulas w hen  ductal dam age
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is  not  addressed  appropriately. Amylase  levels  in  sialoceles can
be  h igher  than  10,000 U/L.  Sialoceles  can  be  conservatively
m anaged w ith  botulinum  toxin  A inject ions, pressure dressings,
antisialagogues, and  aspirat ion. Sim ilar  conservative  and  surgi-
cal options  are  available  for  fistula  t reatm ent, but  it  is  best  to
explore  a  suspicious  wound  initially  before  ductal  injuries  are
m issed and fibrosis occurs.

28.6  Roundsm anship
●  During a physical exam inat ion  of the salivary glands, it  is im -

portant  to palpate externally as well as in traorally.
●  For acute sialadenitis, a  “sialadenitis regim en” includes hydra-

tion, sialagogues (lem on drops, orange juice, or sugar-free
gum ), warm  compresses, bim anual m assage, oral hygiene,
and sm oking cessat ion.

●  Salivary funct ion  can  decrease by 60% after just  1 week of
radiation  therapy at 10 Gy. Radioact ive iodine treatm ent of
thyroid  cancer can  also lead to radiation sialadenitis and
xerostom ia.

●  In  cases suspicious for Sjögren  syndrom e, serology should  be
sent  for anti-SS-A/Ro and ant i-SS-B/La in  addition  to rheum a-
toid factor, antinuclear antibodies, and anticentrom ere
antibodies.

●  In  repairing ductal lacerations, in t raoral probing of the ductal
orifice or  the retrograde inject ion  of m ethylene blue can  help

identify the distal duct  w hile the gland is m ilked, and the
evaluation  of salivary flow  can  help identify the proxim al
duct .

●  Sialoceles resulting for traum a can be conservatively m anaged
w ith  botulinum  toxin  A inject ions, pressure dressings, antisia-
lagogues, and aspiration .

●  Mucoceles are collections of m ucus that can  be true cystic le-
sions lined w ith  epithelium  (retent ion  cysts) or pseudocysts
sim ply covered w ith  granulation  t issue (extravasation  cysts).
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29  Benign Neoplasm s of the Salivary Glands
Vikas Mehta and Stimson P. Schantz

29.1  Int roduct ion
Benign  neoplasm s  of  the  salivary  glands  usually  present  as
slow ly enlarging, painless m asses arising in  the face, oral cavity,
or  neck. However, despite  their  benign  nature, di erentiat ing
these  neoplasm s  from  m alignant  tum ors  is  di cult  based  on
the  history, physical exam ination , im aging, and  fine-needle  as-
piration  biopsy. Besides pleom orphic adenom as, w hich  consti-
tute the m ajority of all salivary gland tum ors, m any of the other
benign  neoplasm s of the  salivary gland  are  rarely encountered.
Additionally,  pleom orphic  adenom as  carry  the  potential  for
m alignant  t ransform ation . All of these  factors  lead  to  the  need
for  the surgical excision  of these nonm alignant  grow ths. Future
research  w ith  m olecular  genetics  and  im aging  m ay  help  head
and neck surgeons tailor their  treatm ent of these rare entit ies.

29.2  Incidence
Overall, salivary gland  neoplasm s are relat ively rare, accounting
for  only 3  to  4% of all head  and  neck  tum ors. The  incidence  of
salivary gland  neoplasm s as a w hole  is approxim ately 1.5  cases
per  100,000  individuals in  the  United  States. These  tum ors can
be segregated  in to two m ajor groups based  on  location: tum ors
of m ajor  salivary  glands  and  tum ors  of m inor  salivary  glands.
The  m ajor  salivary  glands  are  the  paired  parotid  glands, sub-
m andibular  glands, and  the  sublingual glands. The  m inor  sali-
vary glands consist  of approxim ately 600  to 1,000  sm all glands
scattered throughout  the upper aerodigestive tract.

Of all salivary gland  tum ors, 70  to 80% are  located  in  the  pa-
rotid  gland,  and  75% of  these  parotid  neoplasm s  are  benign .
Subm andibular  neoplasm s  constitute  10  to  15% of all  salivary
gland  neoplasm s, and  approxim ately  half of  these  are  m alig-
nant. The  rem aining tum ors are  situated  in  the  sublingual and
m inor  salivary glands, and  75% of these  are  m alignant. In  sum -
m ary, as the size of the gland decreases, the overall incidence of
tum ors decreases and the incidence of m alignancy rises by 25%.
This is know n  as the 25/50/75 rule, referring to the percentages
of m alignant  tum ors in  the parotid, subm andibular, and  sublin-
gual/m inor salivary glands, respect ively.

In  adults, approxim ately  60% of all  tum ors  are  pleom orphic
adenom as,  w ith  Warthin  tum ors  the  second-m ost  com m on
benign  neoplasm  (12%).  In  general,  54% of  salivary  gland
neoplasm s  in  adults  are  benign , and  65% of all  salivary  gland
neoplasm s in  children  are  benign. Hem angiom as  are  the  m ost
com m on  salivary  gland  neoplasm s  in  children,  followed  by
pleom orphic adenom as.

29.3  Term inology
A list  of  benign  tum ors  and  their  relative  frequencies  is  pro-
vided  in  � Table  29.1.  In  general,  benign  tum ors  are  slow ly
grow ing, painless, firm  m asses that  are  well circum scribed  and
can  be  t reated  w ith  surgical excision  including a  cu of norm al
tissue. The  m ost  com m on  of these  rare  neoplasm s are  listed  in
the table.

29.3.1  Pleom orphic Adenom a
Also referred  to as benign  m ixed  tum or, pleom orphic adenom a
is  the  m ost  com m on  tum or  of the  salivary  glands. Com m only
presenting in  the fifth  decade of life, they a ect  m en  and  wom -
en  equally and  present  as an  asym ptom atic, solitary m ass. Rare
cases of m ultifocal prim ary disease  have been  described. These
tum ors are  referred  to as pleom orphic or  benign  m ixed  tum ors
because of their  composition  of epithelial and  connect ive t issue
components  in  varying proportions. As  noted  above, pleom or-
phic  adenom as  account  for  75% of  all  benign  salivary  gland
neoplasm s.

In  the  parotid  gland, pleom orphic adenom as  arise  lateral to
the  facial nerve  90% of the  t im e. Rarely, these  tum ors  w ill ex-
tend  between  the  stylom andibular  ligam ent  and  the  m andibu-
lar  ram us in to the parapharyngeal space and  create the  charac-
teristic  “dum bbell-shaped” appearance  seen  on  im aging. Only
10% of parotid  gland  pleom orphic adenom as originate from  the
deep  lobe  of the  parotid. Pleom orphic adenom as are  the  m ost
com m on  tum ors of the  prestyloid  parapharyngeal space. Of all
subm andibular  gland  tum ors,  36% are  benign  m ixed  tum ors.
The m ost  com m on locations of a m inor salivary gland pleom or-
phic adenom a are the palate and upper lip .

Pathologically,  pleom orphic  adenom as  are  firm  and  round,
and  the  color  varies from  w hit ish  gray to yellow. They are  usu-
ally  well  encapsulated  in  the  parotid  gland  and  nonencapsu-
lated  in  the  m inor  salivary glands. Histopathologic analysis can
show  areas of focally th in  capsule  w ith  pseudopodia, w hich  are
m icroextensions  of  the  tum or  in to  surrounding  t issue.  It  is
therefore imperative to take a cu of norm al t issue w hen  excis-
ing the tum or. Abiding by th is principle can  lead to a recurrence
rate  of less  than  5%. A benign  m ixed  tum or  never  invades  the
facial nerve, so the  facial nerve  should  never  be  sacrificed  dur-
ing excision.

Recurrence  of these  tum ors  poses  a  part icular  challenge  for
the  head  and  neck  surgeon. They  often  recur  in  a  m ultifocal
fashion, and  the  cure  rate  after  salvage  resection  can  be  25% or
less. Surgical excision  rem ains the m ainstay of t reatm ent  for re-
current  tum ors, but  the  risk for  facial nerve  paralysis is signifi-
cantly higher. Radiation  therapy is controversial but  can  be em -
ployed  in  cases  of  inadequate  m argins  or  m ultifocal  disease.
Malignant  t ransform ation  of pleom orphic adenom a  is  rare  but
can  occur  in  patien ts  w ith  long-standing  tum ors. The  risk  for
m alignant  t ransform ation  to carcinom a ex-pleom orphic adeno-

Table 29.1  The most common benign salivary gland neoplasms and
their relative frequencies among all salivary gland neoplasms

Benign  salivary neoplasm  Relat ive  frequency

Pleomorphic adenoma  45%

Warthin  tumor  10%

Monomorphic adenoma  2%

Oncocytoma  <1%

Hemangioma and  vascular malformations  <1%

29.3  Terminology
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m a  is  1.5% w ith in  the  first  year  of diagnosis, but  th is  risk  in-
creases to 10% after observation  for m ore than  15 years.

29.3.2  Warthin Tum or (Papillary
Cystadenom a Lym phom atosum )
Warth in  tum ors  are  the  second  m ost  com m on  benign  tum ors
of the  salivary glands, accounting for  approxim ately 10% of le-
sions. The m ore  appropriate  nam e for  these tum ors is papillary
cystadenom a lymphom atosum  because of their  h istopathologic
characteristics. Warthin  tum ors occur  alm ost  exclusively in  the
parotid  gland  and  a ect  m en  m ore  often  than  wom en  (m ale-
to-fem ale  ratio, 5:1). This  has  been  hypothesized  to  occur  be-
cause  of the  role  sm oking plays in  the  pathogenesis of Warthin
tum ors. Warth in  tum ors are  bilateral in  10% of cases and  occa-
sionally  m ay be  painful as  a  result  of inflam m ation  secondary
to an  im m unologic response to the lymphoid component.

Pathologically, these  tum ors  are  spherical  or  ovoid, sm ooth
or lobulated, and encapsulated. Upon sect ioning, the tum ors ex-
hibit  solid  gray t issue  encapsulating w hite lymphoid  t issue and
m ultiple  papillary  cysts  contain ing  a  m ucoid  brow n  fluid, ex-
plaining  the  nam e  papillary  cystadenom a  lym phom atosum .
The  recom m ended  t reatm ent  is  surgical  excision  w ith  facial
nerve preservation. Recurrence m ay occur because of the m ulti-
focal, bilateral nature of these lesions.

29.3.3  Monom orphic Adenom a
The  m ost  com m on  m onom orphic adenom as  are  basal cell ad-
enom as  and  clear  cell adenom as. These  lesions  account  for  2%
of all  salivary  neoplasm s. They  occur  m ost  com m only  in  the
upper  lip  and  parotid  gland. They are  the least  aggressive  of all
salivary  gland  tum ors,  presenting  as  firm ,  well-encapsulated,
slow ly  grow ing  m asses. They  have  an  in tact  basem ent  m em -
brane  w ithout  extracapsular  extension. These  tum ors  m ay  be
di cu lt  to  d ist inguish  from  the  solid  varian t  of  adenoid
cyst ic  carcinom a,  but  cer tain  characterist ics  help  w ith  the
dist inct ion ;  lack of invasion  in to  surrounding t issues, per iph-
eral  palisading  of the  outer  basaloid  cells, lack  of per ineural
invasion , and  a  vascular  st rom a  are  un ique  characterist ics  of
basal cell adenom as.

29.3.4  Oncocytom a
Oncocytes are  large  epithelial cells w ith  a granular  eosinophilic
cytoplasm . The granular  appearance is due to the large num ber
of m itochondria  in  these  cells, w hich  can  be  identified  on  elec-
tron  m icroscopy. These  unusual  tum ors  account  for  1% of all
salivary gland  neoplasm s  and  occur  later  in  life  w ith  an  equal
predilect ion  for m en and wom en. They present as pain less, soli-
tary  m asses.  Oncocytom as  are  m ost  com m only  found  in  the
superficial lobe  of the  parotid  gland  but  can  occur  in  all of the
salivary glands, as  well as  the  pancreas, respiratory  tract, thy-
roid, parathyroids, pituitary, adrenal glands, and kidneys.

Oncocytom as  are  usually  well-circum scribed  and  encapsu-
lated  neoplasm s  that  are  pink  or  rust-colored.  However,  in
m inor  salivary glands, the  capsule  is not  present , w hich  allow s
the  tum ors  to  be  locally  destructive. They  can  erode  cartilage
or  bone  but  rarely  m etastasize. Benign  oncocytom as  m ust  be

di erentiated  from  m alignant  salivary  tum ors  w ith  oncocyt ic
components  (i.e.,  adenoid  cystic  carcinom a,  m ucoepiderm oid
carcinom a, adenocarcinom a, and  m alignant  oncytom a), as well
as  m etastatic  renal cell  and  thyroid  carcinom a. The  treatm ent
for benign  oncocytom a is surgical excision.

29.3.5  Hem angiom a and Vascular
Malform at ions
As  stated  above, the  m ost  com m on  benign  salivary  gland  le-
sions in  children  are hem angiom as. A m ore detailed description
of hem angiom as is described  elsew here in  th is text , but  in  gen-
eral, hem angiom as  present  in  infancy  and  undergo  a  grow th
phase  from  1  to  6  m onths  of  age  followed  by  an  involution
phase that can  last  up to 12 years. Hem angiom as are m ore com -
m on in  girls and are usually asym ptom atic, unilateral, compres-
sible  m asses. They occur  m ost  com m only  in  the  parotid  gland
and can  cause changes of the overlying skin .

On  pathologic exam ination , they are  dark  red, lobulated  tu-
m ors w ithout a capsule. Histopathologically, they are composed
of capillaries lined w ith  proliferative endothelial cells. A full dis-
cussion  of the treatm ent of these complicated  tum ors is beyond
the  scope  of th is  chapter, but  surgery  is  t raditionally  reserved
for  tum ors that  continue to proliferate  despite  m edical therapy
(steroids  and  m ore  recently propranolol) and  cause  significant
compressive, vascular, and/or cardiac sym ptom s.

Vascular  m alform ations  are  di eren t  from  hem angiom as  in
that  they  are  not  true  neoplasm s. They  m ay  be  one  of three
types:  venous  m alform ations, arteriovenous  m alform ations, or
lymphatic m alform ations. Generally, these lesions are  congeni-
tal and  present  at  bir th , and  they cont inue  to enlarge  through-
out  life. Surgery of these lesions can  be tedious and  t reacherous
because  they  often  invade  locally  and  can  bleed  excessively.
However, surgery currently rem ains the  m ainstay of t reatm ent
for vascular m alform ations of the salivary glands.

29.4  Applied Anatom y
As  m entioned  previously,  these  tum ors  are  preferentially  lo-
cated  in  the superficial lobe of the parotid, followed by the sub-
m andibular  glands  and  finally  the  sublingual  and  m inor  sali-
vary glands. Surgical excision  of prim ary benign  salivary gland
tum ors rem ains the  t reatm ent  of choice, and  a  detailed  under-
standing of the  usually consistent  anatomy can  result  in  largely
complication-free surgical procedures.

Em bryologically, the  salivary  glands  start  to  form  at  6  to  9
weeks  of gestational age. The  m ajor  salivary glands  arise  from
ectoderm al  t issue, w hile  the  m inor  salivary  glands  arise  from
either  ectoderm al  or  endoderm al  t issue.  The  subm andibular
gland  becom es  encapsulated  earlier  than  the  parotid  gland,
w hich  allow s lym ph  nodes to  be  trapped  in  the  parotid  gland.
This em bryologic di erence explains w hy lymphatic m etastases
m ay m anifest  w ith in  the substance of the parotid  gland  but  not
the subm andibular gland.

The  excretory unit  of the  salivary gland  consists  of acini and
ducts. The acini secrete saliva that  is either  m ucinous or serous,
or  both. The  acini  cells  drain  in to  the  in tercalated  ducts, then
the  str iated  duct , and  finally the  excretory duct . Myoepithelial
cells surround the acin i and in tercalated duct  and serve to expel
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secretory  products  in to  the  ductal system . The  saliva  from  the
parotid  is predom inately serous, the  sublingual and  m inor  sali-
vary  glands  secrete  m ucinous  saliva,  and  the  subm andibular
gland has a m ixed product .

29.4.1  Parot id Gland
The  parotid  gland  is  actually  a  single-lobe  gland  that  is  de-
scribed  as  having  a  superficial  and  a  deep  lobe  based  on  the
surgical resection  of glandular  t issue  lateral and  m edial to  the
facial  nerve, respect ively. The  gland  receives  parasym pathetic
innervation  from  preganglionic fibers arising in  the inferior sal-
ivatory nucleus, w hich  travel w ith  the  glossopharyngeal nerve
(cranial  nerve  [CN]  IX)  via  the  jugular  foram en. Upon  exiting
the  skull base, the  preganglionic fibers leave  CN IX to  form  the
Jacobson  nerve  and  reenter  the  skull via  the  inferior  tym panic
canaliculus. The  fibers  traverse  the  m iddle  ear  space  over  the
cochlear  prom ontory and  exit  the  tem poral bone  superiorly as
the  lesser  petrosal  nerve. The  lesser  petrosal  nerve  exits  the
m iddle cran ial fossa through  the foram en  ovale, w here the pre-
ganglionic  fibers  synapse  in  the  otic  ganglion.  The  postgan-
glionic fibers  t ravel w ith  the  auriculotem poral nerve  to  supply
the parotid gland.

The  Stensen  duct  drains  the  parotid  gland. It  runs  approxi-
m ately 1 cm  below  the  zygom a in  a  horizontal direct ion, often
in  close  proxim ity  to  the  buccal  branch  of  the  facial  nerve
(� Fig.  29.1).  The  duct  penetrates  anterior  to  the  m asseter
m uscle  through  the  buccinator  m uscle, w here  it  opens in t raor-
ally  just  opposite  the  second  m axillary  m olar.  The  arterial

supply  to  the  parotid  gland  is  via  the  external carotid  system ,
and  it  is  drained  by  the  posterior  facial  vein .  As  m ent ioned
above, the  parotid  gland  contains lym phatics  w ithin  that  drain
to the jugular lymphatic chain .

The  parotid  gland  is contained  in  w hat  is term ed  the  parotid
compartm ent .  The  wedge-shaped  parotid  compartm ent  is
bounded  superiorly  by  the  zygom atic  arch;  anteriorly  by  the
m asseter  m uscle, lateral pterygoid  m uscle, and  m andibular  ra-
m us; and inferiorly by the sternocleidom astoid m uscle and pos-
terior belly of the digast ric m uscle. The deep  port ion  lies lateral
to  the  parapharyngeal  space, styloid  process, stylom andibular
ligam ent, and  carotid  sheath . The  parotid  fascia  envelops  the
gland  and  suspends it  from  the  zygom a. The  parotid  compart-
m ent  contains  the  facial, auriculotemporal, and  greater  auricu-
lar  nerves;  the  superficial  temporal and  posterior  facial veins;
and  the  external  carotid,  superficial  tem poral,  and  in ternal
m axillary ar teries.

The  facial nerve  (CN VII) exits the  stylom astoid  foram en  and
travels  an terolaterally  to  en ter  the  parotid  gland.  The  nerve
gives o m otor branches to the posterior  auricular  m uscle, pos-
terior  belly of the  digast ric  m uscle, and  stylohyoid  m uscle  be-
fore  en tering the  gland  (see  � Fig. 29.1). Im m ediately upon  en-
tering  the  gland,  the  facial  nerve  divides  in to  two  m ajor
branches (upper and  lower) at  the pes anserinus. Generally, the
upper  branch  divides  in to  the  temporal  and  zygom atic
branches, w hile  the  lower  branch  is  subsequently  responsible
for  the  buccal,  m arginal  m andibular,  and  cervical  divisions.
Know ledge of th is anatomy is im perative for facial nerve preser-
vation  during parotid gland surgery.

Fig. 29.1  Anatomy of the  facial nerve  as it  exits
the  stylomastoid  foramen and enters the  parotid
gland. The nerve is shown dividing into its various
branches within  the  parotid  parenchyma. Note
that  the  Stensen  duct  travels with  the  buccal
branch of the  facial nerve.
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29.4.2  Subm andibular Gland
The subm andibular gland is located in  the subm andibular trian-
gle, w hich  is bound  by the  an terior  and  posterior  bellies of the
digast ric m uscle  and  the  m andible. The  gland  receives pregan-
glionic  parasym pathetic  innervation  from  the  superior  saliva-
tory nucleus. These fibers leave the brainstem  and travel via the
nervus in term edius to the facial nerve and then w ith  the chorda
tym pani. The  chorda  tym pani  synapses  in  the  subm andibular
ganglion  and  provides  postsym pathetic  innervation. The  sub-
m andibular  ganglion  is  located  just  deep  to the  gland  near  the
lingual nerve. The  arterial supply is  from  the  lingual and  facial
arteries, venous drainage is to the anterior facial veins, and lym -
phatic  drainage  is  to  the  subm andibular  nodes. The  Whar ton
duct ,  w hich  drains  the  gland, passes  betw een  the  mylohyoid
and  hyoglossus m uscles  along the  genioglossus  and  enters  the
oral cavity just lateral to the frenulum  of the tongue.

There  are  several  im portan t  neurovascular  structures  sur-
rounding the gland that  m ust  be preserved during rem oval (see
� Fig. 29.1  and  � Fig. 29.2). The m arginal m andibular  nerve lies
superficial  to  the  gland. The  hypoglossal  nerve  is  deep  to  the
gland, in ferior  to the Whar ton  duct . The lingual nerve is superi-
or  to the  gland  and  deep  to the  mylohyoid  m uscles. Finally, the
facial artery  sits  deep  to  the  gland, and  only  its  branch  to  the
gland should be ligated during excision.

29.4.3  Sublingual and Minor Salivary
Glands
The sublingual gland  is an  unencapsulated  gland  that  is situated
medial  to  the  mandible  just  above  the  mylohyoid  m uscle  and
deep to the floor of the mouth. The gland has 8 to 20 small ducts
that  penetrate  the  oral  m ucosa  posterolateral  to  the  Wharton
duct . Innervation  is via the same pathway as the  subm andibular
gland, arterial  supply  is  from  the  lingual  artery, and  lymphatic
drainage is to the subm ental and submandibular  nodes.

The m inor salivary glands are scattered throughout the upper
aerodigestive  t ract  and  num ber  approxim ately  600  to  1,000.
Each  gland  has a discrete opening in to the oral cavity and  func-
tions as a separate unit .

29.5  The Disease  Process
29.5.1  Et iology
The  exact  etiology  of salivary  gland  neoplasm s  is  not  know n.
However, certain  factors, such as radiation, sm oking, and specif-
ic occupational exposures, have been  show n to increase the risk
for  developing  salivary  gland  tum ors. A recent  study  found  a
4.5-fold  increase in  the incidence of salivary gland  cancer and  a
2.6-fold  increase  in  the  incidence  of benign  tum ors  (especially

Fig. 29.2  (a) Major salivary glands. (b) Anatomy
of the  submandibular triangle and the  important
neurovascular structures in  relation to the  sub-
mandibular gland. The  hypoglossal nerve  is
shown passing  deep  and  inferior to  the  gland,
while  the  facial artery and  vein  are  deep  and
superior.
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Warthin  tum ors) am ong persons exposed  to  head  and  neck ir-
radiation. Warth in  tum or  is  also  strongly associated  w ith  ciga-
rette  sm oking. Occupational exposure  to silica  dust  and  nitros-
am ines am ong rubber  workers has been  linked  to an  increased
risk for cancer of the salivary glands.

29.5.2  Pathogenesis
There  are  two  competing  theories  for  the  origin  of  salivary
gland  neoplasm s: the bicellular  stem  cell theory and  the  m ulti-
cellular  theory.  The  m ulticellular  theory  im plies  sim ply  that
each  tum or type arises from  a specific, previously di erentiated
cell  (e.g., pleom orphic  adenom as  arise  from  intercalated  duct
cells, oncocytom as from  str iated  duct  cells, and  acinic cell carci-
nom as  from  acinar  cells). The  bicellular  theory  posits  that  tu-
m ors  arise  from  either  of two  undi erentiated  stem  cells:  the
excretory duct  reserve  cell or  the  in tercalated  duct  reserve  cell.
In tercalated  stem  cells give  rise  to  pleom orphic adenom as, on-
cocytom as,  adenoid  cystic  carcinom as,  adenocarcinom as,  and
acin ic cell carcinom as, w hereas excretory stem  cells give  rise  to
squam ous cell and  m ucoepiderm oid  carcinom as. The  bicellular
theory  is  supported  by  the  presence  of m ultiple  cell  types  in
pleom orphic adenom as and Warthin  tum ors.

29.5.3  Natural History and Progression
Overall, benign  neoplasm s of the salivary glands tend to enlarge
slow ly  over  a  period  of years. Despite  their  slow  grow th , pa-
tients  m ay still report  a  “recent” grow th. The  vast  m ajority are
painless, w ith  the  notable  exception  of Warthin  tum ors, w hich
w ill occasionally have an  inflam m atory component.

29.5.4  Potent ial Disease Com plicat ions
These  neoplasm s m ay cause  cosm etic disfigurem ent, but  func-
tional  obstruct ion  generally  develops  only  once  they  becom e
very large. Deep lobe tum ors m ay enlarge in traorally or in to the
parapharyngeal space and  create dysphagia and/or  tr ism us. Mi-
nor  salivary gland  tum ors can  also cause dysphagia and  odyno-
phagia  in  the  oral cavity or  oropharynx. If located  in  the  nasal
cavity or  nasopharynx, they can  cause  obstructive  sinusit is. Fi-
nally, laryngeal m inor  salivary glands can  cause hoarseness and
airway obstruct ion . If either  the  Stensen  duct  or  Wharton  duct
is  obstructed  by  a  neoplasm , salivary  backup  and  sialadenitis
can  develop  in  the  parotid  and  subm andibular  glands, respec-
tively. Oncocytom as m ay cause  local destruction  of cartilage  or
bone,  and  pleom orphic  adenom as  can  undergo  m alignant
transform ation  over t im e.

29.6  Disease Grading
There  is  no  standard  grading system  for  benign  salivary gland
tum ors. See  the  earlier  sections for  discussion  of the  individual
tum or types.

29.7  Present ing Com plaint s
Many diseases can  a ect  the salivary glands, but  m ost  nonneo-
plastic  causes  can  be  excluded  based  on  a  thorough  history.
Autoim m une,  in flam m atory,  and  infect ious  diseases  can  all

m im ic  neoplastic  processes.  Acute,  di use  painfu l  swelling  is
usually associated  w ith  an  infect ious  or  inflam m atory process.
Bilateral disease is often  associated w ith  viral in fect ion  (i.e., HIV
infect ion  or  m um ps)  or  Sjögren  syndrom e. Infect ion  is  m ore
com m on  in  those w ho are elderly, m alnourished, im m unocom -
prom ised, or  dehydrated. Care  should  be  taken  not  to  assum e,
however, that  a  patient  w ith  these  problem s  does  not  have  a
neoplasm  because  a  salivary  gland  tum or, w hether  benign  or
m alignant, can  cause all of these sym ptom s.

In itial  quest ion ing  should  focus  on  the  presentation  of  the
m ass, grow th  rate, changes in  size or  sym ptom s w ith  m eals, fa-
cial weakness or asym m etry, and associated pain . A firm , unilat-
eral, slow ly grow ing pain less m ass in  the  parotid  is m ore  often
than  not  a  benign  neoplasm , w hereas  such  a  presentation  in
the  subm andibular  gland  is  often  due  to  chronic  obstruct ion
and  inflam m ation. Questions  about  a  h istory  of sm oking  and
toxin  exposure  should  be  asked, as well. Further  description  of
possible pat ient complain ts is discussed above.

29.8  Clinical Findings, Physical
Exam inat ion
Patients  with  a  salivary  gland  mass  should  undergo  a  thorough
head  and  neck  examination.  Those  with  parotid  neoplasms
should  undergo  thorough  palpation, including  bimanual,  intra-
oral  palpation  to  ascertain  involvement  of  the  parapharyngeal
space. A facial nerve examination  should be performed and docu-
mented  (even  if normal) as part  of the  preoperative  documenta-
tion. Submandibular  gland  neoplasms  may  sometimes  be  di -
cult  to discern  from  di use  gland  enlargement  but  can  be  distin-
guished  if  freely  mobile.  Both  submandibular  and  sublingual
gland  masses  should  also  be  assessed  via  bimanual  palpation.
The patient  with  a  submandibular  gland  mass should  also be  as-
sessed  for  any  weakness  or  numbness  of the  tongue  and  weak-
ness  of the  facial nerve, indicating perineural spread  via  the  hy-
poglossal, lingual, and marginal mandibular nerves, respectively.

A benign  neoplasm  of the salivary gland w ill appear as a firm ,
well-circum scribed, freely m obile  tum or  on  exam ination. Fixa-
tion  to the  surrounding structures or  skin , nerve  paresis or  pa-
ralysis,  regional  lymphadenopathy,  and  local  destruct ion  are
often  associated  w ith  m alignancies. Recall  that  m inor  salivary
gland tum ors are rarely benign, so these should be t reated m ore
aggressively.

29.9  Test ing
Currently, the  work-up  for  a  salivary  gland  neoplasm  can  in-
volve  a  com binat ion  of  fine-needle  aspiration  biopsy  and/or
im aging. The  use  of these  techniques is  not  disputed  w hen  the
tum or occurs in  an  unusual location  (i.e., parapharyngeal space)
or  w here  there  is a  h igh  chance  of m alignancy. However, w hen
a  single, m obile, firm  nodule  presents in  the  superficial lobe  of
the  parotid, the  utilit y  of these  diagnost ic  procedures  can  be
quest ioned.

29.9.1  Fine-Needle Aspirat ion Biopsy
Fine-needle  aspiration  biopsy  is  an  extrem ely  sensitive  (86
to  99%)  and  specific  (96  to  100%)  tool  w hen  perform ed  at  an
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institut ion  fam iliar  w ith  salivary  gland  neoplasm s. The  test  is
easily  perform ed, safe, and  relatively  inexpensive. If the  lesion
is  deep, the  accuracy  of the  biopsy  can  be  improved  w ith  the
use  of ultrasound. In  general, fine-needle  aspirat ion  biopsy is a
better  test  for  benign  lesions  than  for  m alignant  ones  because
there  are  m any  lesions  that  can  m im ic  m alignancies  on  cyto-
logic analysis.

Proponents  of  fine-needle  aspiration  biopsy  state  that  the
test  can  prevent  surgery in  patients w ith  certain  benign  lesions
(e.g.,  chronic  inflam m ation,  benign  lymphoepithelial  lesions),
h igh-risk or elderly patients w ith  benign  lesions, and those w ith
lymphom a. Also, the ability to plan  preoperatively for an  exten-
sive cancer resection  and counsel a patient  regarding the poten-
tial m orbidit ies and  outcom es is a valuable  asset  that  fine-nee-
dle  aspirat ion  biopsy provides. Opponents argue  that  if the  pa-
tien t’s work-up is done properly, the test  is not  necessary on  all
lesions. Also, despite  the  general safety of the  procedure  w hen
perform ed  w ith  a  25-gauge  needle,  Warthin  tum ors  can  be-
com e inflam ed  after  the  procedure, further complicating resec-
tion. Few  would  argue  for  the  use  of fine-needle  aspiration  bi-
opsy in  the  subm andibular  gland  or  m inor  salivary gland  areas
because  tum ors  in  these  glands  are  likely  to  be  m alignant  or
m etastatic disease.

29.9.2  Im aging
When  contem plating the  use  of im aging, a  surgeon  m ust  con-
sider how  the use of th is m odality w ill alter the treatm ent  plan.
Although  an  argum ent  can  be  m ade  for  fine-needle  aspiration
biopsy, a  pat ien t  w ith  a  solitary, firm , m obile  nodule  of the  pa-
rotid  gland  usually does not  require  any type  of im aging study
because th is w ill rarely change the proposed  surgery. If there is
suspicion  for  a  m alignancy or  the  tum or  involves  any location
other  than  the  superficial lobe  of the  parotid, an  im aging m o-
dality is clearly warran ted.

The two m ost com m only used m odalit ies for im aging salivary
gland  neoplasm s are  computed  tom ography (CT) and  m agnetic
resonance (MR) im aging. CT should be perform ed w ith  contrast,
and  the  salivary glands are  readily visualized  w ith  th is  m odal-
ity.  Encapsulated  lesions  can  be  identified  easily  w ith  CT
(� Fig. 29.3),  but  the  various  tum ors  cannot  be  dist inguished
from  one  another. Bilateral disease  and  cervical m etastases are
also readily appreciated  on  both  MR im aging and  CT, w hich  can
help  w ith  treatm ent  planning. If readily available  and  not  con-
traindicated,  MR im aging  is  the  study  of  choice  for  salivary
gland  neoplasm s  in  any  location. Dynam ic  contrast-enhanced
MR im aging  can  be  used  to  di erentiate  pleom orphic  adeno-
m as  and  Warthin  tum ors  w ith  a  sensitivity  of  100% and  a
specificity  of  80%.  Pleom orphic  adenom as  have  a  very  high
T2-signal  in tensity, w hereas  Warth in  tum ors  display  a  h ighly
characteristic  necrotic,  cystic  component.  MR im aging  is  also
superior  to CT in  show ing extraglandular  extension , perineural
invasion, parapharyngeal space  involvem ent, and  dem arcation
from  the  glandular  t issue  itself.  Despite  the  accuracy  of  MR
im aging, the  only  salivary  gland  neoplasm  that  can  be  defini-
tively  diagnosed  via  im aging  is  a  lipom a. All  others  require  a
pathologic diagnosis.

Ultrasound  is  usually  used  for  direct ing  fine-needle  aspira-
tion  biopsy  in  ch ildren  and  pregnant  wom en. It  can  provide  a
quick, inexpensive evaluation  of the tum or by helping to clarify

w hether the process is di use or isolated, cystic or solid, or  vas-
cular; identify m argins; and poten t ially diagnose the tum or.

29.10  Di erent ial Diagnosis
The  di eren tial  includes  all  the  lesions  described  above  (see
� Table  29.1), the  salivary gland  m alignancies  discussed  in  the
next chapter, and the various inflam m atory processes discussed
in  the previous chapter.

29.11  Treatm ent : Surgical Excision
Currently, the  only acceptable  treatm ent  for  benign  neoplasm s
of the  salivary  gland  is  surgical excision . Radiotherapy  can  be
used for recurren t, m ultifocal disease. Observation  is usually re-
served  for  those patients w ho are h igh-risk surgical candidates.
As  a  general  principle, regardless  of pathology, all  benign  tu-
m ors of the  salivary glands require  excision  w ith  a  cu of nor-
m al t issue to prevent  recurrence.

29.11.1  Parot idectomy
A clear  drape  should  be  placed  over  the  ipsilateral  port ion  of
the patient’s face to allow  adequate visualization  to identify any
intraoperative  stim ulation  of  the  facial  nerve  m uscles.  The
standard Blair  parotidectomy incision  is m ade in  the preauricu-
lar  crease, star ting at  the level of the  root  of the helix. The inci-
sion  extends  inferiorly  around  the  lobule  of  the  ear  over  the
m astoid  tip. It  gently curves dow n  along the  sternocleidom as-
toid m uscle and  then  sligh tly forward in  a natural skin  crease in
the upper  neck 1 to 2 finger breadths below  the m andible. Skin
flaps are elevated in  the plane superficial to the parotid fascia in
the  preauricular  region  and  in  the  subplatysm al  plane  in  the
cervical portion  of the  incision. The  great  auricular  nerve  and
the  external jugular  vein  are  identified  over  the  sternocleido-
m astoid  m uscle  and  m ay be divided  to free the tail of the paro-
tid  gland.

Next , the  poster ior  belly of the  digastr ic m uscle  is  exposed
proxim al  to  its  at tachm ent  to  the  m astoid  bone.  The  facial
nerve  w ill  lie  in  the  sam e  plane  superior  to  th is  m uscle. The
parot id  gland  is  then  dissected  free  of the  auricular  car t ilage
and  retracted  an teriorly. Th is  exposes  the  tragal poin ter;  un-
less d isplaced  by tum or, the facial nerve  is usually located  ap -
proxim ately  1  to  1.5 cm  deep  and  in fer ior  to  the  t ragal
poin ter. A m ore  constan t  landm ark  also  used  to  iden t ify  the
facial  nerve  is  the  tym panom astoid  suture  line,  w h ich  runs
approxim ately 6  to 8 m m  superficial to  the  st ylom astoid  fora-
m en . Finally, the  facial nerve  can  also  be  iden t ified  by finding
one  of  its  per ipheral  branches  and  follow ing  it  to  the  m ain
trunk  (see  Box  Methods  of  Facial  Nerve  Iden t ificat ion
(p.248)).

Methods  of Facial Nerve  Ident ificat ion
●  Superior to the posterior belly of the digastric muscle
●  1 to 1.5 cm deep and inferior to the tragal pointer
●  Deep to the tympanomastoid suture line
●  Retrograde dissection along peripheral branch of facial nerve

Benign Neoplasms of the Salivary Glands

248



Once  the  facial nerve  is  identified, the  branches  are  traced  pe-
ripherally, and  the  parotid  t issue  overlying it  can  be  dissected
free  and  resected. If the  tum or  abuts  the  facial nerve, the  neo-
plasm  should  be  m eticulously dissected  from  the  nerve  w ith  a
scalpel. The  facial nerve  should  never  be  sacrificed  for  benign
disease. If the tum or extends to the deep lobe, a total parotidec-
tomy m ay be  indicated, requiring deep  dissection  betw een  the
peripheral branches of the nerve.

Com plicat ions
Facial  nerve  injury  can  range  from  neurapraxia  to  complete
transect ion . Tem porary dysfunct ion  is fairly com m on (46%), but

perm anent  paralysis is rare (4%) after parotid  surgery. The tran-
sient  weakness is usually due  to tract ion  on  the  nerve  and  w ill
often  resolve  w ithin  days.  However,  it  can  take  up  to  a  few
m onths, and  proper  eye  care  m easures should  be  taken  if com -
plete  weakness is  noted. If a  portion  of the  nerve  or  the  en tire
nerve is t ransected  and th is is noted  in traoperatively, a prim ary
neurorraphy or  nerve  cable  graft  should  be  perform ed  to  opti-
m ize the outcom e.

Frey  syndrom e  occurs  w hen  the  disrupted  postganglionic,
parasym pathetic fibers to the parotid  gland  cross-innervate the
sym pathetic fibers to the sweat  glands. This results in  gustatory
sweating, w hich  is flushing and  sweating of the ipsilateral facial
skin  during  m astication .  The  exact  percentage  of  patients  in

Fig. 29.3  (a) Axial and  (b) coronal computed  tomographic scans of the  neck with  intravenous contrast  in  a  patient  with  a  right-sided  parotid
pleomorphic adenoma. (c) Axial and (d) coronal slices in a patient  with a right-sided submandibular pleomorphic adenoma. Note that  the tumors are
well encapsulated  with  clearly delineated  borders and  do  not  invade  the  surrounding  structures.
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w hom  this actually occurs is unknow n, but  rarely are the sym p-
tom s severe enough  to require treatm ent . A glycopyrrolate roll-
on  antiperspirant, botulinum  toxin  A inject ions, and  tym panic
neuronectomy have  all been  described  to t reat  Frey syndrom e.
Placing an  autologous or  cadaveric acellular  derm al graft  or  ex-
panded  polytetrafluoroethylene  (e-PTFE) sheet  under  the  skin
after  rem oval of the  parotid  gland  has  also  been  described  to
prevent postoperative gustatory sweating.

Other  com m on  complications  are  sensory  deficits  due  to
great  auricular  nerve  sacrifice, hem atom a, and  sialoceles. Great
auricular  nerve  sacrifice  is  overall  well  tolerated. Hem atom as
should  be  addressed  im m ediately to  prevent  skin  flap  necrosis.
Sialoceles  can  be  m anaged  conservatively  w ith  aspirat ion  and
pressure dressings.

29.11.2  Subm andibular Gland Excision
A 3- to 4-cm  incision  is m arked, preferably in  a neck skin  crease
approxim ately 2  to 3 cm  below  the  inferior  border  of the  m an-
dible  overlying the  gland. The  incision  is carr ied  dow n  through
the platysm a layer, and sm all subplatysm al flaps are created  in-
feriorly  and  superiorly, w ith  care  taken  to  avoid  injuring  the
m arginal m andibular  branch  of the  facial nerve. The  nerve  lies
im m ediately beneath  the deep cervical fascia and can  be identi-
fied  crossing the anterior  facial vein . The vein  is ligated well be-
low  the  nerve, and  upward  retract ion  of  the  transected  vein
displaces  the  nerve  superiorly,  protect ing  it  from  injury.  In
m anaging  bulky  tum ors  or  m alignancy, positive  identification
and  dissection  of  the  m arginal  m andibular  branch  provide
w ider  exposure  and  allow  complete  excision  of  the  level  I
lymph nodes.

The  facial artery is  then  divided  as it  approaches the  m andi-
ble, freeing the superior  port ion  of the gland. The subm andibu-
lar  gland  is dissected  free  of its an terior  attachm ent  to the  my-
lohyoid  m uscles. The  mylohyoid  m uscle  is  retracted  m edially
w hile  the  gland  is pulled  laterally and  outward. This m aneuver
exposes  the  undersurface  of the  subm andibular  gland  and  re-
veals the hypoglossal nerve  inferiorly, the lingual nerve superi-
orly, and  the  Wharton  duct . These  structures  lie  superficial to
the hyoglossus m uscle. The contribut ions of the lingual nerve to
the  subm andibular  gland  and  the  Wharton  duct  are  both  li-
gated. The facial artery is ligated again  near the external carotid,
and the subm andibular gland is rem oved.

Com plicat ions
The m ajor  complications of subm andibular  gland  excision  arise
w hen either the lingual or hypoglossal nerve is injured or trans-
ected. Although  rare, injury  results  in  unilateral tongue  pares-
thesia  (lingual)  and  paresis/paralysis  (hypoglossal). Hem atom a
and sialocele are also com m on complications and are dealt  w ith
as they are in  the parotid gland.

29.11.3  Parapharyngeal Space Tum or
Excision
The  approach  to  the  surgical excision  of salivary gland  tum ors
w ithin  the  parapharyngeal space  is  based  on  the  location  and

size  of the  tum or. For  a  sm aller  tum or  in  the  deep  lobe  of the
parotid  or  inferior  part  of the  parapharyngeal space, a  parotid
incision  w ith  fur ther  cervical extension  is m ade. First , a  super-
ficial  parotidectomy  is  perform ed  if  the  tum or  involves  the
deep  lobe  of the  parotid. If not, on ly the  inferior  portion  of the
facial nerve  is  identified  and  preserved. Further  dissect ion  in-
volves identificat ion  and preservation  of the in ternal and exter-
nal carotid  arteries, in ternal jugular  vein , and  CNs IX, X, XI, and
XII. The  stylom andibular  ligam ent  is  divided, and  the  styloid
process  can  be  resected  to  deliver  larger  tum ors.  In  patien ts
w ith  very  large  tum ors  or  those  located  at  the  skull  base, the
addition  of a m andibulotomy m ay be needed.

29.12  Prognosis
After  surgical excision  w ith  a  cu of norm al t issue, the  pat ien t
w ith  a  benign  salivary  gland  neoplasm  can  usually  be  consid-
ered  cured.  The  recurrence  rate  for  pleom orphic  adenom a  is
less than  5%, w ith  the other  tum or  types dem onstrating sim ilar
responses  to  therapy. Recurrence  of pleom orphic adenom a  re-
m ains part icularly troublesom e, as m ent ioned previously. Over-
all, the prognosis of these patien ts is excellent.

29.13  Roundsm anship
●  Of all salivary tum ors, 75% are located in  the parotid gland,

and 75% of those are benign.
●  The 25/50/75 rule: as the size of the gland decreases (parotid,

subm andibular, sublingual/m inor salivary glands), the likeli-
hood that a salivary neoplasm  is m alignant  increases.

●  Pleom orphic adenom as m ake up 75% of all benign  lesions.
They can  becom e m alignant over t im e, and postsurgical re-
currence is di cult  to treat.

●  Warthin  tum ors can  be bilateral and are the only benign  tu-
m ors that can present  w ith  pain .

●  Surgical resection  is the m ainstay of treatm ent  for benign
salivary gland neoplasm s. Cranial nerves should never be sac-
rificed during excisions.

●  Preoperative fine-needle aspiration  biopsy is generally ac-
cepted as the standard of care. However, im aging is not  neces-
sary in  a tum or that is isolated, superficial, m obile, and sm all.
MR im aging is the im aging m odality of choice.
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30  Malignant  Neoplasm s of the Salivary Glands
Vikas Mehta and Stimson P. Schantz

30.1  Int roduct ion
Malignant  neoplasm s of the salivary glands account  for  only 6%
of all head  and  neck  m alignancies, w ith  an  incidence  of 11.65
per  1  m illion  people  per  year  in  the  United  States. There  are
m ore  than  20  di erent  h istologic  subtypes  of m alignant  sali-
vary  gland  tum ors, not  including  the  various  cancers  that  can
m etastasize  to  the  salivary glands. In  the  m ajority  of pat ien ts,
the present ing sym ptom s are  exactly the sam e as in  those w ith
benign  salivary gland  disease. All of these  factors contribute  to
the di culty and confusion  that exists in  the treatm ent of these
rare  ent it ies. This chapter  w ill focus on  the  m ore  com m on  sali-
vary gland  m alignancies  and  the  curren tly accepted  standards
of care.

30.2  Incidence
Approxim ately  1  per  100,000  people  per  year  w ill  develop  a
salivary gland  m alignancy. The epidem iology of m alignant  sali-
vary gland  tum ors varies based  on  age, sex, and  tum or location.
The  m ajorit y  of salivary  gland  carcinom as  occur  in  the  paro-
t id  gland  (accoun t ing  for  25% of  parot id  gland  neoplasm s).
Mucoepiderm oid  carcinom a  is  the  m ost  com m on  m alignan t
neoplasm  of the  salivary glands (29  to  43% of all salivary m a-
lignancies). Of m ucoepiderm oid  carcinom as, 70% occur  in  the
parot id  gland, so  that  it  is  the  m ost  com m on  m alignancy  in
th is  locat ion . Adenoid  cyst ic  carcinom a  and  adenocarcinom a
are  the  second  and  th ird  m ost  com m on  types, accoun t ing for
20% and  14% of all  salivary  gland  m alignancies, respect ively.
How ever, adenoid  cyst ic carcinom a  is  the  m ost  com m on  m a-
lignancy  of  the  m inor  salivary  glands  and  subm andibular
gland.

Salivary gland  m alignancies occur  m uch  m ore  often  (3-  to 5-
fold  h igher  frequency)  in  pat ients  older  than  50  years  of age,
but  they  are  distr ibuted  equally  in  m ales  and  fem ales. Of the
m ore  com m on  tum or  types, squam ous  cell  carcinom a  occurs
m ore often  in  older pat ients and  in  m ales. Acinic cell carcinom a
and  adenoid  cystic  carcinom a  are  m ore  com m on  in  fem ale
patien ts  and  younger  patien ts.  Risk  factors  for  salivary  gland
m alignancies  include  sm oking, alcohol  in take, irradiation, and
certain  occupational  and  environm ental  exposures,  w ith  the
exact etiology to be discussed elsew here.

30.3  Term inology
Salivary  gland  m alignancies  are  classified  according  to  h isto-
logic  subtype.  A  list  of  the  m ore  com m on  m alignancies  is
provided  in  � Table  30.1  w ith  their  relative  frequencies. A full
discussion  of all tum or subtypes is beyond a scope of th is chap-
ter. As  discussed  in  the  previous  chapter, if one  subscribes  to
the bicellular  theory of tum or origin , the tum ors that  arise from
the  in tercalated  duct  (adenocarcinom a, adenoid  cystic carcino-
m a) tend  to  be  less  aggressive  than  those  arising from  the  ex-
cretory  duct  (squam ous  cell  carcinom a  and  m ucoepiderm oid
carcinom a).

30.3.1  Mucoepiderm oid Carcinom a
Mucoepiderm oid  carcinom a  occurs  m ost  com m only in  the  pa-
rotid gland, accounting for 8% of all parotid  tum ors. When  it  oc-
curs in  the m inor  salivary glands, the buccal m ucosa and  palate
are  the  two  m ost  com m on  sites. Mucoepiderm oid  carcinom as
contain  two  di erent  cell types:  m ucous  cells  and  epiderm oid
cells. Based  on  the  relative  cellular  composition  of the  tum ors,
they are  classified  in to  low -, in term ediate-, and  high-grade  tu-
m ors. Low -grade  tum ors  have  a  larger  percentage  of m ucous
cells,  w hereas  epiderm oid  cells  are  m uch  m ore  prevalent  in
h igh-grade  m alignancies, w hich  can  be  di cult  to  distinguish
from  squam ous cell carcinom a. Only special staining for  the few
m ucoid cells present  w ill dist inguish  these two neoplasm s.

On  gross  exam ination,  low -grade  tum ors  tend  to  be  sm all
and  m ostly encapsulated, w ith  cystic components. High-grade
tum ors  are  large  and  infiltrative, lack  a  defin itive  capsule, and
frequently  have  lymphatic  m etastases. On  histologic exam ina-
tion, the  presence  of four  or  m ore  m itotic figures per  10  high-
power  fields, perineural invasion, necrosis, a  sm all cystic com -
ponent, and cellular anaplasia indicate h igh-grade behavior.

The prognostic significance of tum or grade has been  dem on-
strated in  several studies. The 5-year survival rates for  the three
grades in  one  study were  95%, 72%, and  0%, respect ively. At  10
years, the  m ajority  of pat ients  w ith  low -grade  neoplasm s  re-
m ain  free  of disease  (80  to  90%), w hereas  a  m uch  larger  per-
centage of pat ien ts w ith  high-grade disease  either  have died  or
have recurrence locally or in  regional nodes. Likew ise, the histo-
logic  grade  determ ines  the  adjuvant  treatm ent  required  for
each  pat ient. Despite the im proved outcom e, patients w ith  low -
grade tum ors m ay have recurrence m ore than  15 years after in -
it ial  t reatm ent,  so  that  significant  long-term  follow -up  is  re-
quired regardless of tum or grade.

30.3.2  Adenoid Cyst ic Carcinom a
Adenoid  cystic  carcinom a  is  the  second  m ost  com m on  m alig-
nancy  of  the  salivary  glands  and  the  m ost  com m on  in  the
subm andibular  and  m inor salivary glands. Adenoid  cystic carci-
nom a occurs m ost  frequently in  the  oral cavity, w ith  the  palate

Table 30.1  Malignant  salivary gland neoplasms and their relative fre-
quencies

Malignant  salivary gland  neoplasms  Relat ive  frequency

Mucoepidermoid  carcinoma  34.4%

Adenoid  cystic carcinoma  22.0%

Adenocarcinoma  17.6%

Carcinoma ex-pleomorphic adenoma  12.6%

Acinic cell carcinoma  6.6%

Squamous cell carcinoma  4.1%

Other  2.7%
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the  predom inant  subsite. Grossly, the  tum ors  are  nonencapsu-
lated  and  infiltrate the surrounding tissues. There are three dif-
ferent  h istologic  subtypes  of adenoid  cystic  carcinom a:  solid,
cribriform ,  and  tubular.  Solid  tum ors  dem onstrate  sheets  of
neoplastic  epithelial  cells  w ith  few  cystic  spaces. The  tubular
pattern  is characterized  by cells arranged  in  sm all ducts and  tu-
bules. The cribriform  subtype has a m any cystic spaces w ith  ba-
sophilic  m ucus  filling  the  spaces.  Adenoid  cystic  neoplasm s
m ay contain  all three  subtypes, but  usually one  predom inates.
The  solid  pattern  carr ies  the  worst  prognosis, and  the  cribri-
form  type usually has the best outcom e.

Adenoid  cystic carcinom a is known  for  its slow  grow th, peri-
neural  invasion, and  distant  m etastasis. This  tum or  is  notori-
ously  di cult  to  eradicate  and  can  recur  locally  or  distantly
(m ost  often  in  the  lungs) one  to  two  decades  after  t reatm ent.
The  5-year  survival rate  is  65% because  of the  slow  grow th  of
the  tum or, and  patien ts  can  live  for  m any years, even  after  re-
currences  are  detected.  However,  adenoid  cystic  carcinom a
does carry a  15-year  survival rate  of 12%. Regional node  m eta-
stases  are  rare  (12%), so  there  is  often  no  need  to  address  the
cervical  nodes.  Treatm ent  involves  surgical  resection ,  w ith
postoperat ive radiation  show ing m oderate benefit .

30.3.3  Acinic Cell Carcinom a
Acinic cell carcinom a  is  a  rare  form  of m alignancy comprising
only 6 to 8% of all salivary gland  m alignancies. The tum or origi-
nates  from  serous  cells, accounting  for  its  h igh  prevalence  in
the  parotid  gland.  Acinic  cell  tum ors  are  encapsulated,  hard,
gray–w hite  tum ors  m ade  up  of lobules  of round, uniform -ap -
pearing cells w ith  abundant  cytoplasm  arranged  in  nests. Occa-
sionally, they w ill have  a  clear  cytoplasm , resulting in  their  al-
ternative nam e—clear cell carcinom a.

Overall, acinic cell carcinom as tend  to carry the best  progno-
sis. Recently, evidence has dem onstrated  that  there  m ay be  dif-
ferent  grades  of  these  tum ors  w ith  varying  prognoses. Facial
pain  or  paralysis, deep  lobe  invasion, and/or  m ultiple  cervical
m etastases  are  all  associated  w ith  a  significantly  worse  out-
com e. The  5-, 10-, and  15-year  survival rates are  83%, 76%, and
65% respect ively. These  tum ors are  treated  w ith  surgical resec-
tion  and neck dissection  if clin ical nodes are evident.

30.3.4  Malignant  Mixed Tum or
The term  malignant  mixed tumor  refers to three distinct  entit ies:
carcinom a ex-pleom orphic adenom a, carcinosarcom a, and  m eta-
stasizing  m ixed  tum or. These  tumors  collectively  account  for  5
to 12% of all salivary gland  malignancies and  are  distinct  entities
w ith  unique  behaviors. As  mentioned  in  the  previous  chapter,
pleom orphic adenom a carries a  1 to 1.5% per  year  chance  of de-
generation  into  carcinoma  ex-pleom orphic  adenom a. On  gross
exam ination,  the  tum or  is  firm , unencapsulated,  and  necrotic,
w ith  areas  of hemorrhage. Patients  report  a  long-standing, sta-
ble m ass that  has started  to enlarge rapidly. The lesions are most
often  located  in  the  parotid  and  m icroscopically  show  a  m alig-
nant  process  within  a  pleom orphic  adenom a. The  5-, 10-, and
15-year survival rates are  40%, 29%, and  19%, respectively, w ith  a
significant  number  of  patients  developing  cervical  and  distant
(especially bone and  lung) metastases. Patients w ith  subm andib-
ular  or  m inor  salivary gland  disease often  fare worse.

Carcinosarcom as,  or  t rue  m ixed  tum ors,  are  very  rare  and
carry an  even  worse prognosis. One series showed a 5-year sur-
vival rate  of 50%, w hich  dropped  to  30% over  10  years. Finally,
m etastasizing  m ixed  tum ors  (m etastasizing  benign  pleom or-
phic adenom as) are  m ost  com m on  in  the  parotid  gland  and  are
unusual in  that  both  the  prim ary tum or  t issue  and  m etastatic
(typically seen  in  bones and  the lungs) tum or  tissue appear  be-
nign  on  histopathologic exam ination. Patients can  even  develop
distant  m etastasis, but  few  die  of their  disease. For  all of these
tum ors, surgical resection  rem ains the treatm ent  of choice, and
postoperat ive radiation  is indicated for carcinosarcom a and car-
cinom a ex-pleom orphic adenom a.

30.3.5  Adenocarcinom a
Adenocarcinom a  was  t raditionally  described  as  any carcinom a
arising  from  the  salivary  duct  unit  and  accounted  for  alm ost
20% of all salivary gland  m alignancies. However, as  the  under-
standing  of  salivary  gland  tum ors  evolved,  three  dist inct
tum ors  w ithin  th is  larger  group  were  identified  and  noted  to
behave  di eren tly clinically. What  is  now  referred  to  as  an  ad-
enocarcinom a  (or  adenocarcinom a  “not  otherw ise  specified”)
accounts for  1 to 9% of all salivary gland  m alignancies. This rare
tum or  (68% occur  in  the  m inor  salivary glands) is quite  aggres-
sive, w ith  a  50% recurrence  rate;  cervical m etastases occur  17%
of the t im e, and  5-year  survival rates are less than  40%. Tum ors
have been  subclassified  in to adenocarcinom a, m ucinous adeno-
carcinom a, papillary adenocarcinom a, trabecular adenocarcino-
m a, and sebaceous adenocarcinom a.

Polym orphous  low -grade  adenocarcinom a  (also  know n  as
term inal  duct  carcinom a)  is  the  general  except ion  to  salivary
gland m alignancies in  term s of clin ical course. As the nam e sug-
gests,  pat ien ts  w ith  th is  indolent  variant  of  adenocarcinom a
dem onstrate  a  10-year  survival rate  of m ore  than  90%. The  tu-
m ors occur  prim arily in  the  oral cavity, w ith  the  palate  and  lip
the  m ost  com m on  locations. The  rate  of cervical m etastasis  is
less than  5%, and  the  tum ors rarely recur  after  w ide  local exci-
sion. Adjuvant  therapy and  neck dissect ion  are  rarely indicated
and have not been  show n to im prove outcom es.

Salivary  duct  carcinom a  is  at  the  opposite  end  of the  spec-
trum  from  term inal duct  carcinom a. This h ighly aggressive  m a-
lignancy  predom inantly  a ects  m ales  in  their  seventies  and
presents in  the  parotid  w ith  cervical m etastases  (50%). On  h is-
tologic analysis, islands of tum or cells w ith  com edonecrosis ap -
pear  sim ilar  to  m am m ary duct  carcinom a. Salivary  duct  carci-
nom a  tends  to  recur  both  locally and  distally, so  that  patients
require  total parotidectomy, neck dissection, and  adjuvant  che-
m oradiation.

30.3.6  Squam ous Cell Carcinom a
Squam ous cell carcinom a of the salivary glands is alm ost  always
m etastatic  from  the  skin ,  external  auditory  canal,  or  upper
aerodigestive  t ract .  Additionally,  h igh-grade  m ucoepiderm oid
carcinom a  is  di cult  to  distinguish  from  squam ous  cell  carci-
nom a.  These  factors  m ake  t rue  prim ary  salivary  gland  squa-
m ous  cell  carcinom a  a  rare  en tity. It  occurs  m ost  often  in  the
parotid  gland. Cervical m etastasis is present  in  46% of patients,
and  30% have  occult  cervical disease. Patien ts often  develop  lo-
cal  and  regional  recurrences,  and  the  5-year  survival  is  only
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24%. Treatm ent  should  involve  radical  resection , neck  dissec-
tion, and postoperative radiation.

30.3.7  Lym phom a and Metastat ic
Carcinom a
Neoplastic disease  in  the  salivary gland  does  not  always  origi-
nate from  the salivary gland  itself. Lym phom a can  arise prim ar-
ily  in  the  lymphatics  surrounding  the  t issue  or  can  represent
system ic disease. This m ost  often  occurs in  the parotid, and  pa-
tients w ith  Sjögren  disease have a 40-fold  increased  risk for de-
veloping  prim ary  lymphom as  in  the  parotid.  Chem otherapy
and/or  radiation  rem ain  the  m ainstay  of treatm ent  except  for
MALT (m ucosa-associated  lym phoid  tissue)  lymphom a, w hich
can  also be treated w ith  surgical excision .

Metastat ic spread  (lym phatic or  hem atogenous) to  the  paro-
tid  and  subm andibular glands m ay occur. The parotid  is m ost  at
risk  for  lymphatic  spread  from  cutaneous  m alignancies  of the
scalp  and  face, w hile  m etastases  to  the  subm andibular  gland
are  likely  to  com e  from  the  oral  cavity  and  oropharynx.  The
m ost  likely culprits for  distant  m etastasis to the salivary glands
are kidney, lung, and prostate m alignancies.

30.4  Applied Anatom y
See the previous chapter for anatom ical descriptions of the sali-
vary glands.

30.5  The Disease  Process
30.5.1  Et iology
Litt le  is  understood  about  the  exact  etiology of salivary  gland
m alignancies. However, several  risk  factors  have  been  identi-
fied, w ith  exposure to ionizing radiation  the m ost  com m on and
often  described. An  increased  risk  has  been  dem onstrated  in
atom ic  fallout  survivors  in  Japan, patien ts  treated  w ith  radia-
tion  for  Hodgkin  lymphom a,  those  im aged  w ith  full-m outh
dental  X-rays  (w hile  those  im aged  w ith  Panorex  X-rays  did
not), and  those  w ho  received  radiation  in  childhood  for  both
benign and m alignant conditions. The exact dose required to in-
crease the risk is unknow n, but  the correlation  is evident.

Other  risk  factors  include  working  in  the  rubber  industry,
cooking  w ith  kerosene  fuel, exposure  to  nickel alloy, exposure
to silica dust, and  use of hair  dye. Tobacco and  alcohol have not
been  show n  to  be  specific risk  factors for  salivary gland  m alig-
nancy but  do increase the risk for salivary gland  lesions. Finally,
Sjögren  disease  drastically  predisposes  a  person  to  developing
prim ary lymphom a of the parotid  gland. The m ost  com mon  lo-
cation  and type of induced m alignancy am ong patients exposed
to irradiation  is a parotid  m ucoepiderm oid carcinom a.

30.5.2  Pathogenesis
The  competing theories for  the  origin  of salivary gland  tum ors
are  the  bicellular  stem  theory and  the  m ulticellular  theory. Of
these  two,  recent  evidence  has  suggested  that  the  bicellular
theory  is  m ore  likely  to  be  correct.  For  a  fur ther  in-depth

discussion  of these  theories, the  reader  is  referred  to  the  pre-
ceding chapter.

30.5.3  Natural History and Progression
The m ost com m on in itial presentation  of a salivary gland m alig-
nancy is a  firm , solitary, painless m ass. Clinically, it  is often  dif-
ficult  to  distinguish  a  m alignant  from  a  benign  lesion. Usually,
the lesion  has been  enlarging slow ly over t im e. In  the parotid or
subm andibular  gland, the lesion  w ill be an  asym ptom atic m ass.
Minor  salivary gland  tum ors  can  cause  obstruct ive  sym ptom s,
depending on  their  location. If located  in  the oral cavity or  oro-
pharynx, they  can  cause  dysphagia  or  dysphonia. In  the  nasal
cavity, enlargem ent  can  lead  to  sinusit is  or  nasal  obst ruction .
Laryngeal m asses can  cause airway obstruct ion, dysphonia, and
dysphagia.

Malignant  lesions  of  the  salivary  glands  w ill  cause  specific
sym ptom s  in  25% of patien ts, and  the  presence  of sym ptom s
often  indicates  an  advanced  lesion. The  m ost  com m on  sym p-
tom s are  pain  and  nerve  palsies. A parotid  neoplasm  can  cause
a facial nerve palsy, w hich  dram atically decreases the chance of
survival;  the  10-year  survival rate  of pat ients w ith  facial nerve
palsies is 12%. The proxim ity of the subm andibular  gland  to the
lingual and hypoglossal nerves m ay result  in  specific neurologic
tongue  deficits. Constant  pain  is  usually associated  w ith  a  m a-
lignancy, w hereas  in term ittent  pain  can  be  due  to  obstruct ion
of  drainage  pathways  w ith  associated  inflam m ation.  Other
com m on  sym ptom s include bleeding, t rism us, fixation, loosen-
ing of dentit ion, and paresthesias.

Malignant  lesions w ill progress to regional and  distant  m eta-
stases, depending on  their h istology. In  general, h igh-grade m u-
coepiderm oid  carcinom a,  salivary  duct  carcinom a,  carcinom a
ex-pleom orphic adenom a, and  adenocarcinom a  all carry a  sig-
n ificant  risk for  cervical m etastases, and  therefore  treatm ent  of
the  regional nodes is  warranted. Distan t  m etastasis  is  likely to
occur  in  lung and  bone. Spread  to these  t issues is possible  w ith
all  types  of  salivary  gland  m alignancy  (especially  in  the  long
term )  but  m ost  notoriously  occurs  in  adenoid  cystic  tum ors.
More specific descriptions of the natural progression  of each tu-
m or type can  be found in  the respect ive sect ions on h istology.

30.5.4  Potent ial Disease Com plicat ions
As previously m entioned, the possible  complications of salivary
gland  m alignancies depend on  the location  of the tum or and  on
the  tum or  type  and  grade. Despite  aggressive  treatm ent , m any
tum ors recur, and pat ients die of their disease. Often, the seque-
lae occur years after  t reatm ent, and therefore these patients re-
quire life-long follow -up.

30.6  Disease  Staging
The  m ost  recent  Am erican  Joint  Com m ission  on  Cancer  (AJCC)
staging system  was released  in  2010, and  salivary gland  m alig-
nancies are  staged  based  on  the  TNM (tum or  node  m etastasis)
system .

T1  prim aries  are  sm aller  than  2 cm  and  T2  lesions  are  be-
tween  2  and  4 cm , both  w ithout  extraparenchym al extension.
T3  lesions  are  larger  than  4 cm  and/or  have  extended  beyond
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the  gland. T4a  lesions invade  skin , m andible, external auditory
canal, and/or the facial nerve, w hile T4b lesions invade the skull
base or pterygoid plates and/or encase the carotid  artery.

N1 status implies involvem ent  of a  single  lymph  node  that  is
ipsilateral and  sm aller  than  3 cm . N2a indicates involvem ent  of
a  single  ipsilateral  lym ph  node  that  is  larger  than  3 cm  but
sm aller  than  6 cm . N2b  disease  is  the  involvem ent  of m ultiple
ipsilateral nodes, none  larger  than  6 cm , and  N2c disease  is  in-
volvem ent  of contralateral or  bilateral nodes, none  larger  than
6 cm . N3 status is reserved for nodal disease larger than  6 cm .

Stage  I disease  indicates T1  lesions, and  stage  II disease  indi-
cates T2 lesions, both  w ithout  nodal or  distant  m etastasis. A T3
lesion  w ithout  m etastasis  and  T1–T3  lesions  w ith  N1  disease
are  classified  as stage  III disease. T4a prim ary lesions w ith  N0–
N1 nodal status or T1–T3 or T4a lesions w ith  N2 nodes are stage
IVA. T4b prim ary lesions w ith  any N status or  any T status w ith
N3  disease  is  stage  IVB. Any  distant  m etastasis  is  classified  as
stage IVC.

The  5-year  survival rates  are  85% for  stage  I tum ors, 66% for
stage II, 53% for stage III, and 32% for stage IV. These figures sug-
gest  the  poor  outcom e  associated  w ith  large  nodal  disease,
nerve  involvem ent, extraparenchym al or  extracapsular  spread,
and  distant  m etastasis. The  m ajor  flaw  of the  AJCC staging sys-
tem  is  that  it  does  not  include  the  histopathologic  subtype,
w hich, as discussed above, can vastly change the survival rate of
patients w ith  the  m alignancy. As m ore  inform ation  is gathered
about  these  rare  m alignant  neoplasm s,  the  survival  data  for
each  neoplastic subtype  w ill be  extrapolated  and  further  clari-
fied. It  is  hoped  that, as  was  done  w ith  thyroid  cancer, tum or
subtype w ill be included in  the next classification  schem e.

30.7  Present ing Com plaints
As  discussed  in  the  chapter  on  benign  salivary  gland  tum ors,
m any  diseases  can  m im ic  a  salivary  gland  tum or.  Eliciting  a
thorough  history  can  tease  out  m any  of  these  nonneoplastic
form s  of  salivary  gland  pathology.  However,  every  unilateral
salivary gland  m ass should  be  t reated  as a  possible  m alignancy
unless proven  otherw ise, especially if it  occurs in  the sublingual
or  m inor  salivary glands. Seventy-five  percent  of patien ts  w ith
a  m alignant  salivary gland  neoplasm  w ill present  w ith  a  pain-
less, firm , solitary m ass, m aking it  di cult  to distinguish  a m a-
lignant  lesion  from  a  benign  one. Pain , fixation, cervical aden-
opathy,  t rism us,  paresthesias,  paralysis,  bleeding,  and  loose
dentit ion  are  all  signs  of advanced  m alignancy  and  warrant  a
m ore aggressive work-up and early in tervent ion .

30.8  Clinical Findings, Physical
Exam inat ion
A pat ient  w ith  a salivary gland m ass should undergo a thorough
head  and  neck  exam ination.  Those  w ith  parotid  neoplasm s
should  undergo thorough  palpation, including bim anual, in tra-
oral palpation. A facial nerve exam inat ion  should  be perform ed
and  docum ented  because it  is im portan t  not  on ly for  ruling out
m alignant  disease  but  also  for  preoperative  docum entation.
Subm andibular  gland  neoplasm s  are  di cult  to  discern  from
di use  gland  enlargem ent  but  can  be  dist inguished  if  freely
m obile.

Both  subm andibular and  sublingual gland  m asses should  also
be  assessed  via  bim anual  palpation .  In  addition,  the  patien t
w ith  a  subm andibular  gland  m ass  should  be  assessed  for  any
weakness  or  num bness  of the  tongue  and  facial  nerve  weak-
ness, indicating  perineural  spread  via  the  hypoglossal, lingual,
and  m arginal m andibular  nerves, respect ively. If the  tum or  oc-
curs  in  the  nasal  cavity, an  assessm ent  of ocular  funct ion  and
visualization  of the  skull base  are  im portan t . Any tum or  of the
pharynx or larynx m andates a fiber-optic exam ination  and doc-
um entation  of vocal cord funct ion.

30.9  Test ing
Fine-needle  aspiration  biopsy and  im aging are  the  two m odal-
ities  used  to  evaluate  salivary  gland  tum ors. Their  use  in  pa-
tients  w ith  solitary, m obile, well-circum scribed, superficial pa-
rotid  tum ors is controversial. However, any other salivary gland
lesion, especially  those  that  are  suspected  m alignancies, war-
ran ts preoperative testing to guide t reatm ent  properly.

30.9.1  Biopsy
Fine-needle  aspiration  biopsy is  a  h ighly sensitive  and  specific
test  that  m any  argue  is  an  essential  preoperative  tool. Tissue
sam pling  is  the  only  way  to  confirm  a  m alignancy, and  fine-
needle aspiration  is sim ple to perform  and requires no anesthe-
sia. Proponents  of  fine-needle  aspiration  biopsy  state  that  its
use  helps in  counseling pat ients before  surgery if a  m alignancy
is identified. However, m ost  physicians would  agree that  m ajor
treatm ent  decisions (i.e., deep  lobe  dissect ion, facial nerve  sac-
rifice,  chem oradiation  vs  surgical  resection)  should  be  m ade
only after  an  open  biopsy. Frozen  sect ion, although  h ighly sen-
sit ive  and  specific, is  not  100% accurate. It  is  therefore  prudent
to  await  the  results  of the  perm anent  h istologic diagnosis  and
appropriately  discuss  the  expected  surgical  outcom e  w ith  the
patien t. Tum ors that  are  readily accessible  (oral and  nasal) can
be biopsied w ith  standard techniques.

30.9.2  Im aging
The  two  m ost  com m only  used  m odalit ies  for  im aging  salivary
gland  neoplasm s are  computed  tom ography (CT) and  m agnetic
resonance (MR) im aging. CT should be perform ed w ith  contrast,
and  the  salivary glands are  readily visualized  w ith  th is  m odal-
ity. Also, the  in terface  betw een  soft  t issue  and  bone  can  be  in-
terpreted  on  CT. Encapsulated  lesions  can  be  identified  easily
w ith  CT, but  the  various  tum ors  cannot  be  distinguished  from
one  another. Bilateral disease  and  cervical m etastases  are  also
readily appreciated on  both  MR im aging and CT, w hich  can  help
w ith  t reatm ent  planning. If readily available  and  not  contrain-
dicated, MR im aging  is  the  study  of choice  for  salivary  gland
neoplasm s  in  any  location.  MR im aging  is  superior  to  CT in
show ing  extraglandular  extension,  perineural  invasion ,  para-
pharyngeal space involvem ent, and  dem arcation  from  the glan-
dular  t issue  itself. MR im aging does not  identify bony involve-
m ent  as  readily  as  CT but  can  show  bone  m arrow  extension.
Despite  the  accuracy  of  MR im aging,  the  only  salivary  gland
neoplasm  that can  be definitively diagnosed via im aging is a lip -
om a. All others require pathologic diagnosis.
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In  positron  em ission  tomography (PET)–CT, the pattern  of ra-
dionuclide  uptake by cancerous t issue  is superimposed  on  ana-
tom ical  CT im ages,  and  PET-CT has  becom e  w idely  used  in
m any di erent cancers. A recent art icle found PET-CT to be both
highly  specific  and  sensitive  for  salivary  gland  m alignancy.
However,  CT alone  was  comparable  in  its  ability  to  diagnose
m alignancy and  distant  m etastasis. PET-CT was m ost  useful in
determ ining  the  resectability  of  h igh-grade  m alignancy  and
w hether adjuvant or palliative treatm ent  would be indicated.

30.10  Di erent ial Diagnosis
The  di erential diagnosis for  a  salivary gland  m ass includes all
of  the  m alignant  subtypes  discussed  above,  the  benign  neo-
plasm s m entioned in  the previous chapter, and various nonneo-
plastic  causes  that  are  addressed  elsew here  in  th is  book. It  is
im portan t  to  rule  out  a  benign  or  nonneoplastic  cause  before
any m ajor resection  of these rare entit ies is considered.

30.11  Treatm ent
Besides  lymphom a,  the  current  prim ary  t reatm ent  m odality
for  m alignant  tum ors of the  salivary glands is surgical excision.
Adjuvant  therapy  and  cervical  node  dissect ion  m ay  be  im ple-
m ented based on  tum or stage and histology.

30.11.1  Surgical Excision
Based  on  the location  of the tum or, the appropriate surgical ex-
cision  w ith  clear  m argins  is  indicated. For  m ore  detailed  de-
scriptions of salivary gland  surgery, the reader is referred to the
surgical descriptions in  the chapter on  benign  neoplasm s of the
salivary glands. If facial nerve  sacrifice  is  required, an  attempt
at  prim ary  anastom osis  should  be  m ade.  If  the  segm ent  re-
m oved  is  too  long  to  achieve  a  tension-free  closure,  a  nerve
graft  should  be  attempted  w hile  the  nerve  is  exposed. An  in-
depth  description  of all facial nerve  rehabilitation  techniques is
beyond the scope of th is chapter.

Cervical  lymphadenectomy  is  reserved  for  those  cases  in
w hich  there is obvious disease, either palpable or seen  on  im ag-
ing, or  in  w hich  the  risk  for  regional  m etastasis  of the  tum or
subtype  is  h igh.  If  an  elect ive  node  dissection  is  to  be  per-
form ed,  the  surgeon  can  perform  a  selective  node  dissection
and  reserve  m ore  comprehensive  cervical  lymphadenectomy
for those patients w ith  nodal disease. In  general, ipsilateral level
I through  III dissection  is su cien t  for  tum ors larger  than  4 cm ,
squam ous  cell  carcinom a,  adenocarcinom a,  undi erentiated
carcinom a, and  high-grade  m ucoepiderm oid  carcinom a  of the
parotid. Select ive  neck dissections for  m inor  salivary gland  tu-
m ors w ill di er depending on  the location.

30.11.2  Adjuvant  Therapy
Radiation  and  chem otherapy  are  reserved  for  those  patien ts
w ith  stage III or IV tum ors or  those w ith  aggressive h istology or
features. Radiation  therapy  has  been  show n  to  have  a  greater
positive impact  on  locoregional cont rol than  on  overall survival.
However,  better  locoregional  control  has  been  show n  to  im -
prove  overall  quality  of  life, m aking  it  an  important  factor  to
consider. Adenoid  cystic carcinom a  rem ains  h ighly resistant  to
radiation  t reatm ent, although  som e  prom ise  has  been  show n
w ith  neutron-based  irradiat ion.  Chem oradiation  has  been
show n  to  im prove  survival  for  advanced-stage  salivary  gland
m alignancies but  increases the  m orbidity and  m ortality associ-
ated w ith  t reatm ent.

30.12  Prognosis
The long-term  prognosis rem ains fairly dism al for  patients w ith
m ost  salivary  gland  m alignancies,  depending  on  the  tum or
stage and h istology.

30.13  Roundsm anship
●  The m ost com m on salivary gland m alignancy is m ucoepider-

m oid carcinom a, and the m ost com m on location is the paro-
tid gland.

●  Adenoid cystic carcinom a is the second m ost com m on m alig-
nant  neoplasm  and the m ost com mon subm andibular and
m inor salivary gland m alignancy.

●  High-grade m ucoepiderm oid carcinom a, squam ous cell carci-
nom a, adenocarcinom a, and carcinom a ex-pleom orphic ad-
enom a require elect ive neck dissect ion  because of the high
rates of cervical m etastasis.

●  Adenoid cystic carcinom a is notorious for lung m etastasis and
perineural spread, w hich  can  occur m ore than  15 years after
treatm ent .
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31  Diseases and Neoplasm s of the Thyroid
Nisha Jayani and Monica Dorin Schwarcz

31.1  Thyroid Physiology
The  thyroid  gland  regulates  m etabolism  and  therm ogenesis
w ithin  the body via thyroid  horm ones. Num erous spherical fol-
licles  (� Fig. 31.1) m ake  up  the  thyroid  gland, w ith  parafollicu-
lar  (or  C cells)  in terspersed  throughout  the  gland. The  follicles
are composed  of a single layer of secretory epithelial cells called
follicular  cells,  w hich  secrete  in to  their  center  proteinaceous
colloid. Colloid  contains  thyroglobulin , w hich  is  the  substrate
involved  in  thyroid  horm one synthesis. When  the thyroid  is ac-
tively synthesizing and  secreting thyroid  horm one, the  follicles
swell and increase in  size.

31.1.1  Thyroid Horm one Product ion
At  the  follicular  lum en, iodine  is  oxidized  through  an  organifi-
cation  react ion w ith  thyroid peroxidase and hydrogen peroxide.
The  react ive  iodine  atom s rapidly attach  to  tyrosyl residues  in
thyroglobulin  to form  iodotyrosines (m ono-  or  diiodotyrosine).
Thyroid  peroxidase also joins iodotyrosine residues via an  ether
linkage, w hich  produces T3  or  T4, depending on  the  num ber  of
iodine atom s present  in  a react ion  called  coupling. Thyroid  hor-
m ones m ay be released in to the bloodst ream , and thyroglobulin
is taken  back in to the follicular  cell. Thyroid  horm one synthesis
is sum m arized in � Fig. 31.2.

31.1.2  Thyroid-St im ulat ing Horm one
Act ion
Thyroid-stim ulating horm one  (TSH) regulates  thyroid  funct ion
via  the  TSH receptor, w hich  is  a  7-t ransm em brane  G protein–
coupled  receptor  on  the  basolateral  surface  of  follicular  cells.
The  TSH receptor  is  coupled  to  the  α  subunit  of the  G protein ,
w hich  activates  adenylyl cyclase, thereby  increasing  cyclic  ad-

enosine  m onophosphate  (cAMP) production . This  action  leads
to  thyroglobulin  resorption  from  the  lum en  of the  follicle  and
proteolysis  w ithin  the  cells, allow ing  the  release  of produced
thyroid  horm ones  in to  the  bloodstream .  TSH  also  stim ulates
phospholipase  C, causing  increased  phosphat idylinositol turn-
over. Thyrotropin-releasing horm one (TRH), from  the hypothal-
am us, stim ulates  TSH release  from  the  pituitary  gland. Excess
circulating  thyroid  horm one  inhibits  the  release  of TSH via  T3

receptors in  the  pituitary gland. Other  m olecules, such  as insu-
lin-like  grow th  factor-1, epiderm al grow th  factor, t ransform ing
grow th  factor-β, endothelins, and  various cytokines, also  regu-
late thyroid horm one synthesis.

31.1.3  Thyroid Horm one Transport  and
Metabolism
The  thyroid  secretes approxim ately 20  tim es  as  m uch  T4  as  T3.
T3 has a shorter half-life than T4. Both  are bound  to plasm a pro-
teins,  w hich  increase  the  pool  of  circulat ing  horm one,  delay
horm one clearance, and m odulate horm one delivery to selected
tissues. These  plasm a proteins include  thyroxine-binding glob-
ulin ,  transthyret in ,  and  album in.  Thyroxine-binding  globulin
has the highest  a n ity for  the thyroid  horm ones, and  although
it  is present  at  a  low  concentration  in  the  plasm a, it  carr ies ap-
proxim ately  80% of the  bound  horm one. In  contrast, album in
has  a  low  a n ity  for  thyroid  horm ones  but  has  a  h igher  con-
centration  in  the  plasm a.  Transthyretin  carries  the  sm allest
am ount of the bound thyroid horm ones.

There are  several deiodinases that  convert  T4 to T3. Type I de-
iodinase  has a  lower  a n ity for  T4 and  is found  predom inantly
in  the thyroid, liver, and kidneys. Type II deiodinase has a h igher
a nity  for  T4  and  it  is  found  predom inantly  in  the  pituitary,
brain , brow n  fat , and  also  in  the  thyroid. Type  III deiodinase
converts  T3  and  T4  to  reverse  T3. Conversion  of T4  to T3  can  be
im paired  by a  variety of conditions, including fasting, system ic
illness, acute t raum a, oral contrast , and m edications.

31.1.4  Thyroid Horm one Act ion
Thyroid  horm ones  m ay enter  cells  via  specific  transporters  or
by  passive  di usion. They  act  prim arily  on  nuclear  receptors,
although  they m ay also stim ulate  plasm a m em brane  and  m ito-
chondrial  enzym atic  responses.  In  the  nucleus,  thyroid  hor-
m ones bind to α  and  β  nuclear thyroid  horm one receptors w ith
high  a n ity, each  having unique isoform s that  are  expressed  at
di erent  levels in  various organs. The nuclear  thyroid  horm one
receptors  bind  to  specific  DNA sequences  called  thyroid  res-
ponse  elem ents, w hich  are  found  in  prom oter  regions of target
genes. The  act ivated  receptors  can  either  stim ulate  or  inhibit
gene transcription. T3 binds w ith  greater  a n ity than  T4 to the
thyroid receptors.

Thyroid  disease  is  diagnosed  w ith  assessm ent  of the  hypo-
thalam ic–pituitary–thyroid  axis  and  an  understanding  of  its
feedback  m echanism  (� Fig. 31.3). TSH secretion  is  very sensi-
tive  to  the  plasm a  concentration  of free  thyroid  horm one, andFig. 31.1  Thyroid  follicular structure.
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sm all  changes  in  thyroid  horm one  product ion  w ill  produce
large changes in  TSH. Invariably, patients w ith  hyperthyroidism
and  thyroid  horm one  overproduct ion  w ill  have  suppressed
TSH, w hereas patients  w ith  prim ary hypothyroidism  w ill have
increased  TSH and  decreased  T3  and  T4  values. A suppressed
TSH level w ith  norm al T3 and  T4 levels is labeled  subclin ical hy-
perthyroidism ;  it  is often  asym ptom atic but  associated  w ith  an
increased  risk for  atrial fibrillation  in  older  patien ts. Subclin ical
hypothyroidism  is  characterized  by  slightly elevated  TSH w ith
norm al  T3  and  T4  values. Hypothyroidism  m ay  also  be  secon-
dary to decreased pituitary secretion  of TSH resulting from  a pi-
tuitary m ass e ect or dam age.

The  on ly  direct  m easurem ent  of  thyroid  fun ct ion  is  w ith
radioact ive  iodine  uptake  (RAIU), in  w h ich  a  radioact ive  iso-
tope  of  iod ine  (123I)  is  used.  The  rate  of  horm one  syn thesis
and  release  can  be  in ferred  from  the  percen tage  uptake
calcu lated  w ith in  24  hours  as  the  plasm a  level  of the  t racer
iodide  decreases  exponen t ially.  A norm al  uptake  is  usually
betw een  5% and  20% in  an  iodine-su cien t  area. RAIU can  be
helpful  in  d ist inguish ing  hyper thyroidism  caused  by  Graves
hyper thyroidism  from  that  caused  by  thyroid it is  and  toxic
nodules.

31.2  Thyrotoxicosis
The  term  thyrotoxicosis  refers  to  the  physiologic manifestations
of excessive thyroid  hormone levels resulting from  any source  of
thyroid  horm one. The  term  hyperthyroidism  also  refers  to  over-
production  of  thyroid  horm one  by  the  thyroid  gland  but  may
present  w ith  few  or  no  sym ptom s, only  laboratory evidence  of
disease.  Most  patients  w ith  thyrotoxicosis  have  hyperthyroid-
ism ,  but  not  all  condit ions  are  directly  caused  by  increased
thyroid  hormone  synthesis.  Examples  include  silent  subacute
thyroiditis, exogenous thyrotoxicosis from  excessive thyroid  hor-
mone  replacem ent, and  destruct ive  thyroiditis  from  drugs  such
as amiodarone (see Box Rare Causes of Thyrotoxicosis (p.257)).

Rare  Causes  of Thyrotoxicosis
●  Thyroid-stimulating hormone–producing pituitary adenoma
●  Struma ovarii
●  Choriocarcinoma
●  Thyrotoxicosis factitia
●  Functional metastatic thyroid cancer

Fig. 31.2  Thyroid hormone production. ATPase, adenosine triphosphatase; cAMP, cyclic adenosine monophosphate; TSH, thyroid-stimulating hormone;
TSH-R, thyroid-stimulating  hormone–releasing  hormone.
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Conditions  producing  hyperthyroidism  com m only  include
Graves  disease, toxic  adenom a, and  toxic  m ultinodular  goiter.
Hyperthyroidism  can  also be induced by the ingestion  of iodine
or  iodine-contain ing  drugs.  Iodine-induced  hyperthyroidism
(Jod-Basedow  phenom enon) occurs in  previously euthyroid  pa-
tien ts  w ith  m ultinodular  or  endem ic  goiters  after  they  have
been  given  large  doses  of  iodine, such  as  in  im aging  contrast
m edium . Subclin ical hyperthyroidism  is  characterized  by  sup -
pressed  TSH concentration  and  norm al serum  T3  and  T4  levels,
w hich  can  occur  in  the  setting  of  m ild  Graves  disease,  toxic
m ultinodular  goiter,  or  thyroiditis.  The  patient  is  usually
asym ptom at ic or has m ild sym ptom s of thyrotoxicosis.

Although  toxic  nodular  goiter  is  less  com m on  than  Graves
disease, its  prevalence  increases  w ith  age  and  in  the  presence
of  iodine  deficiency.  Toxic  m ultinodular  goiter  occurs  w hen

hyperthyroidism  arises  from  autonom ous  thyroid  horm one
product ion  in  a long-standing m ultinodular  goiter. Pain less and
subacute  thyroiditis  results  in  the  inflam m ation  of thyroid  tis-
sue  w ith  the  release  of  preform ed  horm one  in to  circulation .
About  10% of hyperthyroid  pat ients  present  w ith  painless  thy-
roidit is  and  can  occur  post  partum , w ith  certain  m edications
such  as lith ium  or cytokine therapy, and in  5 to 10% of am iodar-
one-treated  patients.  Subacute  or  de  Quervain  thyroiditis  is
characterized by pronounced thyroid tenderness and fever.

The  typical signs  and  sym ptom s  of thyrotoxicosis  are  easily
evident  in  the  young;  but  in  the  elderly, a  m asked  or  apathet ic
thyrotoxicosis  m ay  be  present,  w ith  cardiac  arrhythm ias  and
weight  loss  as  the  only  obvious  m arkers  of  disease.  Excess
thyroid  horm one a ects alm ost  every organ  system , and  m ani-
festations  can  range  from  m inim al  to  life-threatening  cardiac

Fig. 31.3  Hypothalamic–pituitary–thyroid  axis.
TRH, thyrotropin-releasing  hormone; TSH, thy-
roid-stimulating  hormone.
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arrhythm ias. An  increased  m etabolic  rate  causes  m any  of the
cardiovascular  sym ptom s  in  thyrotoxicosis.  The  increase  in
sym pathetic tone  and  decrease  in  vagal tone  account  for  m any
of  the  m anifestations.  Peripheral  vascular  resistance  is  de-
creased, cardiac output  increased, and  stroke volum e increased.
There  is  a  direct  inotropic e ect  on  cardiac contractions, caus-
ing tachycardia and  w idening of the pulse pressure. The  “palpi-
tations” often  described  are  a  result  of th is  increased  force  of
contraction .  Atrial  fibrillat ion  m ay  be  present,  and  patients
older  than  60  years  have  an  increased  risk  for  developing  th is
arrhythm ia. Atrial fibrillation  is one  of the  m ost  serious conse-
quences of hyperthyroidism  and  can  lead  to  increased  em bolic
events. The  treatm ent  of hyperthyroidism  can  often  lead  to  a
restoration  of cardiac rhythm s.

The  elevated  m etabolic rate  that  accom panies  thyrotoxicosis
produce increased  appetite, heat  in tolerance, and  increased  lip -
id  m etabolism .  The  increase  in  sym pathetic  nervous  system
activity  is  not  due  to  an  increase  in  plasm a  concentrations  of
epinephrine  and  norepinephrine;  rather,  the  excess  thyroid
horm one exerts an  additive e ect  and  increases receptor sensi-
tivity to catecholam ines. Manifestat ions of hyperthyroidism  in-
clude  hyperkinesia, nervousness, hyperreflexia, and  em otional
lability.  There  is  an  association  betw een  Graves  disease  and
myasthenia  gravis, and  they are  coexistent  in  approxim ately  3
to 5% of pat ients. Eye  changes seen  in  thyrotoxicosis are  due to
increased  adrenergic  sensitivity;  patients  often  have  a  “stare”
from  retract ion  of  the  upper  and  lower  eyelids.  Additionally,
som e  pat ients  w ith  Graves  disease  would  benefit  from  receiv-
ing  iodine  for  about  1  week  and  m ay  have  infiltrative  and
edem atous  changes  in  the  eyes, leading to  Graves  orbitopathy.
Patien ts also  note  increased  sweating, w ith  m oist  soft  skin  and
fine  hair.  Frequent  bowel  m ovem ents  and  increased  appetite
m ay occur. Thyrotoxicosis a ects the skeletal system  by increas-
ing  the  excretion  of calcium  and  phosphorus, leading  to  bone
loss and  an  elevated  alkaline  phosphatase  level. Clin ical sym p-
tom s of thyrotoxicosis involve m ost  organ  system s, as sum m ar-
ized in � Table 31.1.

31.2.1  Graves Disease
Graves disease, the  m ost  com m on  cause  of hyperthyroidism , is
caused  by circulating autoant ibodies specific to  the  TSH recep-
tor,  resulting  in  increased  thyroid  horm one  product ion.  It  is
m ost  com m on  in  the  th ird  and  fourth  decades, often  presents
w ith  a goiter and thyrotoxicosis, and can  be accom panied by in-
filtrative orbitopathy and derm atopathy. The gland is character-
ized by a lym phocyt ic infiltration  w ithout  follicular destruction.
The  natural course  of the  disease  is  unpredictable, w ith  som e
patien ts  having  cyclic  recurrences  or  persistent  disease  for
m any years. Approxim ately one-th ird  of pat ients becom e hypo-
thyroid  after  20 years. Orbitopathy, characterized  by inflam m a-
tion  of the  orbit , proptosis, and  exophthalm os, m ay occur  be-
fore, during, or even  after the diagnosis of hyperthyroidism .

The laboratory diagnosis of hyperthyroidism  is in it ially m ade
w ith  a low  (usually undetectable) TSH level, along w ith  elevated
T4 and  T3 levels. Radioact ive iodine scans (� Table  31.2) m ay be
helpful in  di erentiating the hyperthyroidism  caused by Graves
disease  and  toxic  goiter,  w hich  have  elevated  iodine  uptake
values  (� Fig.  31.4),  from  the  subacute,  pain less,  and  iodine-

induced  hyperthyroidism  characterized  by  low  iodine  uptake
(� Fig. 31.5).

Treatm ent
There  are  three  m ain  treatm ent  types  for  Graves  disease:  an-
tithyroid  m edications, radioactive  iodine  therapy, and  surgical
resection.  Definitive  t reatm ent  is  tailored  to  the  individual
patient  after  an  assessm ent  of  the  likelihood  of  rem ission,
pregnancy  considerat ions,  pat ien t  com orbidities,  and  pat ient
preference.

Medical  therapy  includes  β-blockade  and  th ionam ides.  β-
Blockers help  relieve  sym ptom s of t rem ulousness, palpitations,
excessive  sweating, eyelid  retract ion, and  increased  heart  rate
secondary to  increased  adrenergic sensitivity. Propranolol also
weakly blocks the conversion  of T4 to T3. Treatm ent  w ith  β-blo-
ckade  can  be  continued  until  euthyroidism  is  restored  by  an-
tithyroid  drugs,  unless  it  is  cont raindicated  in  patien ts  w ith
heart  failure or asthm a.

Thionam ides, including propylthiouracil (PTU) and  m eth im a-
zole, inhibit  oxidation  and the organic binding of thyroid  iodide
and produce an in t rathyroidal iodine deficiency, result ing in  de-
creased thyroid  horm one product ion. PTU also inhibits the con-
version  of T4  to T3. Because  of possible  increased  adverse  hep -
atic e ects of PTU, the Am erican  Thyroid  Association  states that
m eth im azole  is  currently the  drug of choice, except  during the
first  tr im ester  of  pregnancy.  Antithyroid  drugs  can  be  used
short  term  to prepare patien ts for  radioactive iodine therapy or
surgery  and  m ay  even  induce  rem ission  in  a  m inority  of  pa-
tients. Frequent  follow -up  is  required  every 4  to  6  weeks until
the levels of free T4 have norm alized. Adverse  react ions include
skin  rashes, arthralgias, gast rointestinal  upset, and  abdom inal
pain . More severe side e ects include hepat it is, cholestasis, and
agranulocytosis;  these  adverse  events  are  idiosyncratic. Agra-
nulocytosis (0.2 to 0.5%) is often  accom panied  by fever and sore
throat. Meth im azole  is  contraindicated  in  the  first  tr im ester  of
pregnancy  because  of  teratogenic  e ects.  Other  m edications
that  have  been  used  in  hyperthyroidism  include  lith ium  and
dexam ethasone.  Lith ium  inhibits  thyroid  horm one  secretion;
th is  e ect  is temporary because  the  blocking e ect  is  lost  over
tim e. In  pat ients  w ho  are  allergic to  th ionam ides, these  agents
m ay be used as temporizing m easures.

Defin itive  therapy  is  required  in  m ost  patients  w ith  hyper-
thyroidism , leading to t reatm ent  w ith  radioactive iodine or sur-
gical  resection. Radioact ive  iodine  for  thyroid  ablation  is  safe
and  e ect ive  and  can  be  used  as first-line  treatm ent  in  Graves
hyperthyroidism  or  toxic goiter. Contraindications  include  de-
sired  pregnancy w ithin  6  m onths of dose, pregnancy, diagnosis
of thyroid  cancer, and failure to comply w ith  safety precautions.
Treatm ent  usually  involves  a  fixed  or  calculated  dose  of  131I,
w ith  higher doses given  for  toxic adenom a and  toxic m ultinod-
ular  goiter  than  for  Graves disease. Thionam ides in terfere  w ith
radioact ive  iodine  therapy  and  should  be  discontinued  3  to  7
days before treatm ent . The e ects of treatm ent  are seen  w ithin
8  weeks,  w ith  m ost  patients  becom ing  hypothyroid  in  6
m onths. Standard  precautions  to  m inim ize  radioact ivity expo-
sure  to  others  are  taken  after  t reatm ent.  Active  Graves  oph-
thalm opathy is a  relative  contraindication  to radioactive  iodine
because  radioact ive  iodine  has  been  associated  w ith  exacerba-
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t ion  of disease, and  pretreatm ent  w ith  glucocorticoids  m ay be
required.

Surgery is  used  less frequently for  treating Graves disease  in
the  United  States  and  usually  involves  subtotal thyroidectomy
leaving  approxim ately  2 g  of  t issue.  Indications  include  very
large  goiters, thyroid  cancer, and  uncontrolled  disease  despite
treatm ent  w ith  th ionam ides. Surgery  is  also  indicated  for  pa-
tients  desiring  pregnancy  in  the  very  near  future, those  w ho
are  pregnant  and  w hose  disease  is  not  controlled  w ith  th iona-
m ides, and  those w ith  significant  thyrotoxicosis w ho cannot  be

Table 31.1  Symptoms of hypothyroidism and hyperthyroidism

Organ  system  Hypothyroidism  Hyperthyroidism

Hair  Coarse, thin  hair  Hair loss

Loss of outer third  of eyebrows

Brain  Mental slowing  Emotional labilit y

Apathy  Fatigue

Tiredness  Anxiety

Psychosis  Restlessness

Face, ears, eyes  Myxedema features (i.e., puffy face, coarse  features)  Exophthalmos

Deafness  Lid  retraction

Lid  lag

Predisposition  to  keratitis

Neck  Goiter  Goiter

Hoarse  voice

Heart  Bradycardia  Palpitations

Tachycardia

Atrial fibrillation

Bowel  Constipation  Diarrhea

Increased  appetite

Sexual organs  Amenorrhea  Menorrhagia

Infertility

Reduced  libido

Muscles  Slowing  of activity  Proximal myopathy

Proximal myopathy

Hands  Cold  hands  Tremor

Carpal tunnel syndrome  Warmth

Sweating

Reflexes  Slow relaxation phase  Increased

Skin, bones, adipose  tissue  Weight  gain  Osteoporosis

Cold  intolerance  Heat  intolerance

Decreased  sweating  Increased  sweating

Chronic edema (caused by increased capillary escape of albumin)  Weight  loss

Cold, dry skin  Pretibial myxedema

Table 31.2  Radioactive iodine uptake in thyroid disease

Etiology  Radioact ive  iodine  uptake

Graves disease  Elevated

Toxic multinodular goiter  Elevated  in  nodules

Toxic adenoma  Elevated  in  nodules

Subacute  thyroiditis  Low

Iodine-induced  hyperthyroidism  Low
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treated  w ith  radioactive  iodine  and  have had  adverse  react ions
to  th ionam ide  therapy.  To  prevent  thyroid  storm ,  patients
should  be  euthyroid  if  possible  before  surgery,  preferably
through  pretreatm ent  w ith  th ionam ides.  If  th ionam ides  are
contraindicated, the  patient  can  be  prepared  w ith  β-blockers
and  high  doses of iodine, such  as  Lugol solution, to  block  new
thyroid  horm one  product ion. Iodine  is  used  only  in  the  short
term  because there is an  iodine escape called  the Wol Chaiko 
e ect;  after  iodine  loses  e cacy, it  can  exacerbate  hyperthyr-
oidism . Additionally, all pat ients w ith  Graves disease should  re-
ceive  iodine  for  about  1  week  preoperatively  to  decrease  thy-
roid  vascularity.  After  surgery,  patients  are  hypothyroid  and
w ill require thyroid  horm one replacem ent.

31.2.2  Thyroid Storm
Thyroid  storm  is an  extrem e form  of thyrotoxicosis that  can  be
fatal  if not  prom ptly  treated. It  usually  occurs  abruptly  in  the
setting of preexisting thyrotoxicosis that  has been  incompletely
treated  or  undiagnosed. Precipitating  factors  such  as  infect ion
and  in tercurren t  illness  are  com m only  involved. Before  it  be-
cam e  possible  to  control disease  preoperatively, thyroid  storm
frequently occurred  after  thyroidectomy. The  clin ical picture  is
one  of  severe  hyperm etabolism ,  w ith  fever,  tachycardia,  and
possibly  pulm onary  edem a  or  heart  failure. Nausea, vom iting,
abdom inal pain , and extrem e restlessness m ay also be present.

The  diagnosis  of thyroid  storm  is  based  on  sym ptom s, and
guidelines have been  published. Treatm ent  involves large doses
of antithyroid  drugs, iodine  in  form  of Lugol  solution  or  SSKI
(saturated  solution  of  potassium  iodide),  and  glucocorticoids.
Although  it  is  preferable  to  start  antithyroid  drugs  before  io-
dine, in  the  setting  of thyroid  storm  iodine  treatm ent  should
not  be  w ithheld  to  rapidly  decrease  thyroid  horm one  release.
Large  doses  of dexam ethasone  to  support  the  stress  response

and  inh ibit  horm one  release  are  also  given . In  the  absence  of
cardiovascular  insu ciency  or  asthm a, β-blockade  can  be  ad-
m inistered. Supportive m easures to bring dow n  fever should  be
instituted  in  febrile  pat ien ts. Salicylates  should  be  avoided  be-
cause  they  compete  w ith  T3  and  T4  for  binding  to  thyroxine-
binding  globulin  and  t ransthyretin ,  increasing  free  horm one
levels.  If  t reatm ent  is  successful,  im provem ent  occurs  w ithin
days  and  recovery  w ith in  a  week, at  w hich  poin t  iodide  and
dexam ethasone  can  be  discontinued  and  plans  for  long-term
treatm ent  instituted.

Treatm ents  for  other  form s  of  hyperthyroidism  depend  on
the  etiology.  Subacute  thyroiditis  is  t reated  sym ptom atically
w ith  β-blockers and  nonsteroidal anti-inflam m atory drugs, and
w ith  glucocort icoids  for  severe  cases.  Silent  thyroidit is  and
postpartum  thyroiditis  m ay  present  w ith  an  in itial  hyperthy-
roid  phase  that  resolves spontaneously, often  leading to  hypo-
thyroidism . Am iodarone-associated  thyrotoxicosis  requires  ei-
ther m edical m anagem ent or rarely thyroidectomy, if feasible, if
m edical m anagem ent  is  not  successful in  controlling  a  signifi-
cant  thyrotoxic  state. Radioactive  iodine  treatm ent  cannot  be
used  in  the  short  term , given  the  high  iodine  content  of am io-
darone and its prolonged half-life.

31.3  Hypothyroidism
Thyroid  horm one  deficiency  causing  hypothyroidism  is  com -
m on,  w ith  a  prevalence  of  2% of  the  population.  In  prim ary
hypothyroidism ,  TSH  is  elevated  and  thyroid  horm ones  are
reduced.  Hypothyroidism  can  be  transient  or  perm anent .
Worldw ide, iodine  deficiency is the  m ost  com m on  cause  of hy-
pothyroidism ,  but  Hashim oto  thyroiditis  or  chronic  autoim -
m une  thyroiditis  is  the  m ost  com m on  cause  in  North  Am erica.
Patients  w ith  autoim m une  hypothyroidism  w ill  usually  have
elevated  titers  of  an tibodies  to  thyroid  peroxidase  and

Fig. 31.4  Hot  nodule  in  the  inferior left  lobe  of the  thyroid  gland  on
123I scan.

Fig. 31.5  Absence of radioactivity in the left  lower lobe indicates a cold
nodule.
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som etim es  to  thyroglobulin .  Hashim oto  thyroidit is  is  m ore
com m on  in  wom en  and  increases  in  incidence  w ith  age.
Elevated  t iters of an tithyroid  antibodies m ay also be  present  in
patients  w ith  subacute  thyroidit is. In  these  pat ients, the  hypo-
thyroidism  is usually transient  and  follow s a brief phase of thy-
rotoxicosis.  In  secondary  hypothyroidism , TSH  deficiency  can
occur  in  the  sett ing of a  pituitary or  hypothalam ic disorder, es-
pecially after surgery in  the area of the pituitary. The presenting
sym ptom s of hypothyroidism  range  from  nonspecific and  m ild
to severe and  life-threatening. Com m on  sym ptom s include cold
intolerance, fatigue, weight  gain , and  constipation. Signs  m ay
include delayed  tendon  reflexes, bradycardia, hypotherm ia, and
periorbital edem a, sum m arized  in  the  Box Rare  Causes of Thy-
rotoxicosis  (p.257).  An  elevated  TSH  level  is  the  best  in itial
screening test  for  prim ary hypothyroidism . Treatm ent  involves
levothyroxine,  usually  dosed  at  1.6  µg/kg  daily.  Replacem ent
thyroid  horm one  is  taken  w ithout  food  because  foods, as  well
as  calcium  and  iron  supplem ents, in terfere  w ith  thyroid  hor-
m one  absorption. Drugs  such  as  estrogen  and  anticonvulsants
m ay increase dose requirem ents;  estrogens increase thyroxine-
binding globulin  levels, and  som e  anticonvulsants increase  the
m etabolic  clearance  of  thyroxine.  Elderly  pat ients  w ho  m ay
have  cardiac  disease  should  in itially  be  given  lower  doses  of
levothyroxine (25 to 50 µg) and m onitored closely.

The  goals of therapy are  to bring the  TSH levels in to the  nor-
m al range  and  lessen  the  sym ptom s associated  w ith  hypothyr-
oidism . TSH should  be m easured about  6 weeks after t reatm ent
initiat ion . The T4 level w ill usually exhibit  change w ithin  7 days
and  m ay  also  be  used  to  m onitor  therapy. Liothyronine  or  T3

has  been  used  in  conjunct ion  w ith  T4  in  som e  pat ien ts  w ho
have hypothyroidism . There are  no convincing data that  com bi-
nation  therapy is superior  to treating w ith  levothyroxine alone.
Patients w ho require  urgent  surgery and  have  untreated  hypo-
thyroidism  are  usually  not  at  increased  risk  for  perioperative
m ortality, but  elect ive  surgery should  be  delayed  until patients
are  euthyroid. In  those  patients  undergoing  surgery  in  w hom
thyroid  horm one  is  adequately  replaced, levothyroxine  can  be
held  for  several  days  after  surgery  until  the  pat ients  can  eat.
This does not  result  in  hypothyroidism , given  the 7-day half-life
of levothyroxine.

Patients  w ho  are  hospitalized  m ay  develop  sick  euthyroid
syndrom e, in itially characterized by decreased total T3, then  de-
creased  total T4 and  som etim es low  free  T4 w ith  TSH that  m ay
be  norm al, decreased, or  som etim es  elevated  in  the  recovery
phase. The  syndrom e  is  probably  due  to  decreased  conversion
of T4 to T3, inhibition  of T4 binding to plasm a proteins, and cen-
tral hypothyroidism , w hich  can  be  seen  in  severe  illness. Treat-
m ent  is not  indicated in  these patients.

31.4  Thyroid Neoplasia and Carci-
nom a
Nontoxic goiter  can  be  defined  as  thyroid  enlargem ent. Goiter
m ay be  endem ic in  a  region  w ith  iodine  deficiency or  sporadic.
In  an  autopsy series, thyroid  nodules were found  in  alm ost  50%
of cadavers. The etiology of goiter  appears to be m ultifactorial—
both  genet ic and  environm ental. The TSH concentration  is usu-
ally norm al in  patients w ith  goiter, so the  process m ay be  TSH-
independent. Nontoxic goiter  is  m ore  com m on  in  fem ales  and

often  clusters  w ithin  fam ilies.  Very  large  goiters  can  cause
physical  discom fort,  but  m ost  are  asym ptom atic.  The  goiter
m ay displace  the  trachea, esophagus, and  neck vessels and  can
be associated w ith  str idor and dysphagia.

The increase  use  of m edical im aging, including computed  to-
m ography  (CT)  and  m agnet ic  resonance  (MR)  im aging  of  the
neck  and  chest  and  carotid  duplex  scanning,  has  augm ented
the  diagnosis  of  asym ptom atic  thyroid  nodules  and  subse-
quently  increased  the  diagnosis  of thyroid  carcinom a. Thyroid
nodules are quite com m on, w ith  epidem iologic studies show ing
the  prevalence  of palpable  nodules  to  be  5% in  wom en  and  1%
in  m en  in  iodine-su cien t  areas. Thyroid  “incidentalom as” that
are  nonpalpable  and  found  on  high-resolution  ultrasound  are
detected  in  19 to 67% of individuals. A m inorit y, approxim ately
5  to  15%, are  diagnosed  as  carcinom as, w hereas  the  m ajority
are  benign  thyroid  nodules. Although  the  incidence  of thyroid
cancer  has  increased, the  m ortality  has  not, likely  because  of
the  sm all size  and  early  stage  of these  incidentally  discovered
thyroid  carcinom as.  Di eren tiated  thyroid  cancer,  including
papillary  and  follicular  cancer, accounts  for  alm ost  90% of all
cases of thyroid  cancer. The yearly incidence  increased  2.4-fold
from  1973  to  2002, prim arily because  of the  increase  in  sm all
papillary thyroid cancer.

The  history  and  physical  exam ination  can  often  favor  a  be-
nign  versus  a  m alignant  nodule. Features  that  would  m ake  a
physician  concerned  include  a  fam ily history of thyroid  cancer,
m ale sex, and  older age. A history of exposure to external ion iz-
ing radiation  in  childhood, such  as  acne  therapy, treatm ent  for
Hodgkin  lymphom a, or  thym us irradiat ion, and  of exposure  to
nuclear  accidents  such  as  the  one  at  Chernobyl  increases  the
risk  for  thyroid  carcinom a. A rapidly  grow ing  m ass, abnorm al
lymphadenopathy, and  vocal cord  paralysis are  also concern ing
features. Given  the  high  prevalence  of thyroid  nodules and  the
excellent  prognosis  of  papillary  m icrocarcinom as,  nodules
sm aller  than  1 cm  are  usually not  investigated  unless  concern -
ing features are  present . In  general, pat ients w ith  thyroid  carci-
nom a are  euthyroid, but  there  m ay be  a  slightly increased  risk
for  thyroid  cancer  in  pat ients  w ith  Graves  disease. � Fig. 31.6
outlines  the  decision-m aking  process  in  evaluating  thyroid
nodules.

31.4.1  Im aging
Ultrasonography (� Fig. 31.7) often  detects even  m inute thyroid
nodules, w ith  one study show ing 65% of patients having nodu-
larity. Ultrasound  can  characterize  the  heterogeneous echotex-
ture of the pseudonodules of Hashim oto thyroiditis (� Fig. 31.8)
and  dem onstrate  increased  blood  flow  on  Doppler  in  Graves
hyperthyroidism .  It  is  m ost  useful  in  characterizing  thyroid
nodules and  neck lymphadenopathy. Ultrasound  is the  im aging
m odality of choice  in  patien ts  w ith  nodules, and  certain  ultra-
sonographic  features  increase  the  suspicion  of thyroid  cancer.
Benign  indicators include a completely cystic nodule and hyper-
echogenicity. Criteria predictive of m alignancy include solid  hy-
poechoic nodules, especially w ith  m icrocalcificat ions;  irregular
m argins; absence of halo; and nodules taller  than  they are w ide
(� Fig. 31.9). If a  123I scan  is  done  to  evaluate  thyroid  funct ion
and  a nodule not  concentrating radioact ive iodine is found, fur-
ther  investigation, including ultrasound-guided  fine-needle  as-
piration, is usually indicated.
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Nodules  that  are  suspicious  for  m alignancy  should  undergo
fine-needle  aspiration  biopsy. This technique has excellent  sen-
sitivity and  specificity of m ore  than  90%, especially w hen  per-
form ed  under  ultrasound  guidance. It  is  easy  to  perform  and
safe,  and  it  causes  litt le  discomfort.  A satisfactory  specim en
needs to  include  at  least  six groups of 10  to  15  well-preserved
cells obtained  from  three to six passes in  the nodule. Generally,
a 25- or  27-gauge needle is used  for  the aspirat ion. Fine-needle
aspiration  biopsy  is  extrem ely  useful  in  diagnosing  papillary
thyroid  cancer  through  the  nuclear  changes observed  in  cytol-
ogy.  The  sensitivity  and  specificity  approach  100%. Follicular

neoplasm s, by contrast, are m ore di cult  to di erentiate. Often ,
these aspirations are characterized  as indeterm inate, and  surgi-
cal resection  and lobectomy of the a ected side are required for
accurate  diagnosis.  At  surgery,  follicular  neoplasm s  are  com -
m only benign;  the  rate  of finding carcinom a in  suspicious nod-
ules  is  approxim ately 20%. Recently, BRAF analysis  has  becom e
com m ercially available. BRAF is a  m utation  com m only found  in
papillary and  follicular cancers and m ay aid  in  the m anagem ent
of indeterm inate nodules.

Patients  w ith  a  m ultinodular  thyroid  gland  have  the  sam e
risk for  m alignancy as those  w ith  a solitary nodule. The Am eri-

Fig. 31.6  Evaluation  of a  thyroid  nodule. FNA, fine-needle  aspiration; TSH, thyroid-stimulating  hormone.
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Fig. 31.8  Thyroid  ultrasound demonstrating  the
heterogeneous echotexture  and  pseudonodules
seen in  Hashimoto thyroiditis.

Fig. 31.7  Ultrasound of a  normal thyroid  gland. The  gland  lies over and  around  the  trachea and  abuts both  carotid  arteries.  T, trachea; C, carotid
artery.
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can  Thyroid  Association  recom m ends aspirating  those  nodules
that  are  larger  than  1 cm  and  have  a  suspicious  sonographic
appearance. If a  nodule  is  found  to  have  benign  cytologic find-
ings, follow -up  w ith  serial  ultrasound  is  recom m ended, w ith
repeat  fine-needle  aspiration  if there  is  a  50% increase  in  vol-
um e or  an  increase  in  size  of 2 m m  or  m ore w ithin  two nodule
dim ensions.

31.5  Prevalence of Thyroid
Carcinom a
Di erent iated  thyroid  cancers are  the  m ost  com m on  m alignant
thyroid  tum ors,  w ith  papillary  thyroid  carcinom a  accounting
for  m ore than  80% of cancers and  follicular  carcinom a compris-
ing about  15% of cases. Medullary carcinom a, a neuroendocrine
tum or  of  the  calcitonin-producing  thyroid  cells,  occurs  3% of
the  tim e  and  m ay be  associated  w ith  m ultiple  endocrine  neo-
plasia  type  II. Anaplastic carcinom a, w ith  an  aggressive  course,
occurs  in  1  to  2% of cases. Lym phom a  of the  thyroid  can  also
rarely occur  in  a  background  of Hashim oto thyroiditis and  m ay
be diagnosed in  a rapidly grow ing thyroid m ass.

31.5.1  Staging of Thyroid Carcinom a
Thyroid  carcinom a staging is based  on  tum or  type and  size, ex-
tension  beyond  the  thyroid  gland, lymph  node  status, and  pa-
tient  age. T1a  lesions  are  1 cm  or  sm aller;  T1b  lesions  are  be-
tween  1 and 2 cm . T2 lesions are 2 to 4 cm  in  size w ithout extra-
thyroid  extension .  T3  lesions  are  those  larger  than  4 cm  and
lim ited  to  the  thyroid  or  any tum ors w ith  lim ited  extrathyroid
extension  (sternothyroid  m uscle  or  perithyroid  soft  t issues).

T4a lesions are  of any size but  extend  beyond  the thyroid  to in-
vade the  larynx, t rachea, esophagus, recurrent  laryngeal nerve,
or  subcutaneous  t issues;  T4b  tum ors  invade  the  prevertebral
fascia  or  encase  the  carotid  artery. The  above  categories  apply
to  all  thyroid  tum ors  except  anaplastic  tum ors, w hich  are  all
considered  T4 lesions; T4a lesions are  in trathyroid, and  T4b tu-
m ors extend beyond the thyroid.

Level VI (pretracheal, paratracheal, and  prelaryngeal)  lymph
node  involvem ent  is  considered  N1a  disease;  un ilateral, bilat-
eral, or  contralateral involvem ent  of cervical, retropharyngeal,
or superior m ediastinal nodes is classified  as N1b.

Papillary and Follicular Carcinom a
For patients younger  than  45 years of age, disease is considered
stage I unless there is a distant  m etastasis, in  w hich  case is clas-
sified  as stage  II. In  patients older  than  45  years, T1 tum ors are
stage  I and  T2  lesions  are  stage  II in  the  absence  of nodal dis-
ease. T3  lesions  w ithout  nodal  disease  or  T1–T3  tum ors  w ith
N1a nodes are graded as stage III. T1–T3 lesions w ith  N1b nodes
or  any  T4a  lesion  w ithout  m etastasis  is  considered  stage  IVA.
T4b  lesions  w ithout  distan t  m etastases  are  considered  stage
IVB, and any distant  m etastasis is defined as stage IVC disease.

Medullary Carcinom a
T1 m edullary carcinom a is considered stage I, and  T2 and  T3 le-
sions  are  considered  stage  II if there  is  no  nodal involvem ent.
T1–T3  lesions w ith  N1a  disease  are  considered  stage  III. T1–T3
tum ors w ith  N1b  nodal status and  any T4a lesion  are  classified
as stage  IVA. All T4b  lesions  are  considered  stage  IVB, and  any
distan t  m etastasis is classified as stage IVC disease.

Fig. 31.9  Ultrasound demonstrating  indistinct
borders, microcalcifications, and  increased  vas-
cularity on Doppler imaging  in  papillary carcino-
ma of the  left  lobe  of the  thyroid. T, trachea; C,
carotid  artery.
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Anaplast ic Carcinom a
All anaplastic  carcinom as  are  considered  stage  IV. T4a  lesions
are  considered  stage  IVA, T4b  tum ors  are  stage  IVB, and  the
presence of a distant  m etastasis im plies stage IVC.

31.5.2  Managem ent  of Thyroid
Carcinom a
Surgical resection  is the m ainstay of t reatm ent  in  thyroid  carci-
nom a, w ith  total thyroidectomy and  lymph  node  dissection  if
indicated. Subcentim eter  tum ors  m ay also  be  treated  w ith  lo-
bectomy provided  no  high-risk  features  are  present. Total thy-
roidectomy  is  also  indicated  in  patients  w ith  indeterm inate
nodules, m arked atypical or suspicious cytology, or a fam ily h is-
tory  of thyroid  carcinom a  or  radiation  exposure. Preoperative
ultrasound  of  the  neck  for  contralateral  lobe  findings  and
lymph  node  involvem ent  is  recom m ended. Ultrasound-guided
fine-needle  aspirat ion  of sonographically suspicious lymph  no-
des should  be  perform ed  to confirm  m alignancy. After  surgical
resection, the  TNM (tum or  node  m etastasis) classification  sys-
tem  is used for prognostication  and follow -up.

31.5.3  Postsurgical Treatm ent
If a patien t  undergoes total thyroidectomy, postoperative radio-
iodine  m ay  be  required  depending  on  pathology  results.  Pa-
tien ts at  decreased risk for recurrence do not  usually require ra-
dioactive  iodine  therapy, w hereas  patients  w ith  larger  tum ors
and  those  w ith  extrathyroidal spread  usually benefit . Ablation
of the sm all am ount  of residual norm al thyroid  rem aining after
total thyroidectomy m ay facilitate  the  early detect ion  of recur-
rence based  on  serum  thyroglobulin  m easurem ent. In  addition ,
new  data  have  indicated  that  lower  doses of radioact ive  iodine
m ay be  as e ect ive  as h igher  doses in  preventing recurrence in
low -risk cancers. Higher  doses m ay be  appropriate  in  those  pa-
tien ts  w ith  aggressive  tum or  h istology (tall cell, insular  colum -
nar  cell  carcinom a).  Pat ients  undergoing  radioactive  iodine
therapy require levothyroxine w ithdrawal to raise the TSH level
above  30  m U/L and  a  diet  low  in  iodine. Recom binant  TSH can
be used in  som e patients in  lieu of w ithdrawal, and studies have
show n  short-term  recurrence  rates  to  be  sim ilar.  One  week
after  radioactive  iodine  rem nant  ablation, a  scan  is  perform ed
to evaluate for m etastases.

Di erent iated  thyroid  cancer  expresses  TSH receptor  on  the
cell m em brane and  responds to TSH stim ulation  w ith  increased
expression  of  several  thyroid-specific  proteins  and  increased
rates  of  cell  grow th.  Suppression  of  TSH  w ith  levothyroxine
therapy  is  used  to  decrease  the  risk  for  thyroid  cancer  recur-
rence. Suppression  of TSH to  below  0.1  m U/L is  recom m ended
for  patien ts  w ith  high-  and  in term ediate-risk  thyroid  cancer,
w hile m aintenance of the TSH level at  the lower lim it  of norm al
or  slightly  below  is  appropriate  for  patients  w ith  low -risk  dis-
ease (0.1 to 0.5 m U/L).

The  long-term  m anagem ent  of di erentiated  thyroid  cancer
includes  surveillance  for  possible  recurrence. In  pat ients  w ho
have  not  undergone  total  thyroidectomy and  those  w ho  have

not  undergone  131I ablation, m easurem ent  of thyroglobulin  and
thyroglobulin  antibodies  and  ultrasonography  of the  neck  are
the  m ainstays  of  follow -up.  Anti-thyroglobulin  an tibodies,
w hich  are  present  in  approxim ately  25% of pat ients  w ith  thy-
roid  cancer, m ay falsely lower  the  thyroglobulin  determ ination
in  im m unom etric assay. Approxim ately 20% of patients w ho are
clin ically free of disease, w ith  serum  thyroglobulin  levels below
1 ng/m L during thyroid  horm one  suppression  of TSH, w ill have
a detectable  serum  thyroglobulin  level after  TSH stim ulation  at
1  year  after  in itial therapy. One-th ird  of these  w ill have  persis-
tent or recurrent  disease; the others w ill have stable or decreas-
ing  stim ulated  serum  thyroglobulin  levels  over  t im e. Patients
w ho  develop  locoregional  disease  or  tum ors  in  the  cervical
lymph  nodes  or  soft  t issues  of  the  neck  w ill  require  surgical
resection .

31.6  Roundsm anship
●  TRH stim ulates the pituitary secretion  of TSH. Circulating

thyroid horm one provides negative feedback, inhibiting TSH
release via pituitary T3 receptors.

●  The thyroid secretes 20 tim es m ore T4 than T3, and T3 has a
shorter half-life than T4. T4 is also deiodinated peripherally to
produce T3.

●  Graves disease  is the  m ost  com m on  cause  of hyper thyroid-
ism .

●  Meth im azole is the drug of choice in  treating hyperthyroid-
ism  except  in  the first  tr im ester of pregnancy.

●  The treatm ent of thyroid  storm  includes antithyroid m edica-
tion, iodine (Lugol solution  or SSKI), glucocorticoids, and  β-
blockers if not otherw ise contraindicated.

●  Iodine deficiency is the m ost com m on cause of hypothyroid-
ism  worldw ide, but  Hashim oto thyroiditis is the m ost com -
m on cause in  North  Am erica.

●  Treatm ent of hypothyroidism  includes 1.6 µg of levothyroxine
per kilogram  per day; pat ients w ith  cardiac disease and eld-
erly pat ien ts should be started at 25 to 50 µg/d. TSH m easure-
m ent should  be repeated 6 weeks after the in itiat ion  of treat-
m ent.

●  Fine-needle aspiration  biopsy is h ighly sensitive and specific
for papillary thyroid  carcinom a; only 20% of thyroid glands
w ith  follicular neoplasm s diagnosed by fine-need aspiration
are found to have follicular carcinom a at surgery.
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32  Parathyroid Horm one, Vitam in D, and Bone Mineral
Metabolism
Guy Valiquette

32.1  Int roduct ion
The  physiology of parathyroid  horm one  is  so  in t ricately  in ter-
tw ined w ith  vitam in  D and bone m ineral m etabolism  that  these
topics  m ust  be  approached  together  if the  discussion  is  to  be
cogent  and  comprehensive. These  in teract ions are  sum m arized
graphically  in  � Fig. 32.1. PTH prim arily  regulates  the  concen-
tration  of extracellular  ion ized  calcium , w hereas vitam in  D reg-
ulates  the  absorption  of calcium  from  the  diet  and, indirectly,
bone  m ineralization, w hich  accounts for  99% of the  calcium  re-
serves in  the body.

“Bone  is  an  organ?” Yes!  Bone  is  very  act ive  m etabolically
and, as  the  prim ary  repository of the  body’s  calcium  stores, is
in tim ately involved  in  the  regulat ion  of the body’s extracellular
calcium  and  ionized  calcium  concentrations. The  extracellular
ionized  calcium  concentration  is  crit ical  to  m ultiple  cellular
functions, including in tracellular  signaling, horm one  secretion,
and  m uscle  and  neural  functions, and  it  m ust  be  m aintained
w ithin  very  t ightly  controlled  lim its.  Hypocalcem ia  leads  to
neurom uscular  hyperexcitability;  m ilder  degrees  are  m ani-
fested  as  hyperesthesia  w ith  positive  Chvostek  and  Trousseau
signs, w hereas  m ore  severe  hypocalcem ia  m ay  lead  to  tetany,
seizures, and  death. Hypercalcem ia leads to lethargy, weakness,
and  eventually com a and  death . Approxim ately 50% of extracel-
lular  calcium  is  present  as  ionized  calcium , but  th is  is  som e-
w hat  pH-dependent .  In tracellular  calcium  concentrations  are
several orders of m agnitude below  the  extracellular  concentra-
tion, although  som e organelles, such  as the  m itochondria, have
higher concentrations. Extracellular ionized calcium  norm ally is
regulated w ithin  a m argin  of less than  ± 10%.

32.2  Physiology
32.2.1  Parathyroid Horm one
Hum an  parathyroid  horm one  (PTH, hPTH) is an  84–am ino acid
polypept ide horm one; the  am ine-term inal 34–am ino acid  frag-
m ent  of hPTH, hPTH 1–34, expresses  the  full classic biological
activity of hPTH and  is  used  clin ically, part icularly  to  treat  os-
teoporosis. The classic PTH receptor has been  sequenced; it  is a
G protein–linked, 7-transm em brane-spanning segm ents recep-
tor  that  binds  PTH and  the  PTH-related  peptide  (PTHrp)  w ith
equal  a n ity, although  PTHrp  does  not  stim ulate  1-hydroxy-
lase  activity  in  the  kidney  to  the  sam e  extent  that  PTH itself
does. The  PTH receptor  is heavily expressed  in  bone  and  in  the
kidneys,  although  other  organs  also  express  the  receptor  at
lower levels. More recently, a  novel PTH receptor  that  binds the
carboxyl-term inal fragm ents  of PTH, present  in  the  circulation
and  previously thought  to be  inactive, has been  identified. This
novel receptor does not  bind  PTHrp, and  it  is not  yet  clear  w hat
role, if any, it  plays in  bone m ineral m etabolism , or  in  any other
function.

Parathyroid  gland  cells  express  a  calcium -sensing  receptor,
another G protein–linked, 7-transm em brane-spanning segm ents

receptor, that  binds  and  responds  to  m ultiple  cations, of w hich
only the divalent  cations calcium  and  m agnesium  are physiolog-
ically  relevant.  Lower  levels  of  ionized  calcium  w ill  stimulate
PTH  secretion,  w hereas  higher  levels  of  ionized  calcium  w ill
suppress  PTH secretion, thereby  controlling  PTH secretion  and
m aintaining ionized  calcium  levels  w ithin  narrow  lim its. Multi-
ple  m utations  in  this  receptor, w ith  both  loss  and  gain  in  func-
tion, have  been  reported  and  are  key to  understanding  fam ilial
hypocalciuric hypercalcemia (FHH; see below ) and  certain  hypo-
calcem ic syndrom es, such  as fam ilial hypoparathyroidism .

PTH increases the resorption  of calcium  from  the kidneys, in -
creases bone resorption, and  increases vitam in  D 1-hydroxylase
activity in  the kidneys. All these  act ions contribute  to restoring
a norm al ionized calcium  level in  the circulation.

32.2.2  Vitam in D
Pro-vitam in  D (cholecalciferol)  is  synthesized  in  the  skin  from
7-dehydrocholesterol by photocatalysis in  the presence of ultra-
violet  ligh t  in  the  290-  to  315-nm  range  (see  � Fig. 32.1). This
wavelength  is  at  the  very  lim it  of the  atm osphere’s  transpar-
ency to  ultraviolet  light, and  the  synthesis  of pro-vitam in  D in
the  skin  is  seasonal at  h igher  lat itudes. Pro-vitam in  D precur-
sors  are  also  photolabile, and  prolonged  exposure  to  sunlight
does  not  lead  to  vitam in  D in toxication . Therefore, the  rate  of
pro-vitam in  D product ion, w ith  long-term  irradiation, is not  re-
lated  to  skin  pigm entation,  although  it  is  reduced  in  darker-
skinned  individuals w ith  short-term  irradiat ion. Pro-vitam in  D
is  bound  to  transcalciferin  (vitam in  D–binding  protein)  and  is
carried  to the liver, w here it  undergoes 25-hydroxylation  to be-
com e calcidiol.

The  availability  of vitam in  D in  our  diet  is  lim ited, and  very
few  foodstu s provide  us w ith  vitam in  D. Milk and  dairy prod-
ucts  in  the  United  States and  Europe  are  fortified  w ith  vitam in
D, and  they provide  approxim ately 100  international un its  (IU)
of vitam in  D per portion. Unfortified dairy products and hum an
m ilk are  very poor  sources of vitam in  D. Eggs provide  approxi-
m ately 20 IU of vitam in  D per  yolk;  egg  w hites  do  not  contain
any  vitam in  D. Fish  are  a  m ajor  source  of dietary  vitam in  D,
w hich  ranges from  about  250 IU per  portion  of canned  tuna  up
to 1,000 IU per port ion  of fresh w ild  salm on. No vegetable prod-
uct  contains  vitam in  D,  but  m ushroom s  m ay  contain  up  to
1,500 IU/100 g if grow n in  the presence of sunlight.

Vitam in  D is  actually a  pro-horm one;  the  act ive  horm one  is
1–25-(OH)2  vitam in  D (calcitr iol).  Norm ally,  calcitr iol  is  pro-
duced  in  the kidneys from  vitam in  D, calcidiol, by 1-hydroxyla-
tion  of th is  pro-horm one. The  renal  1-hydroxylase  act ivity  is
under  the  control of PTH, and  therefore  1–25-(OH)2  vitam in  D
levels  correlate  w ith  PTH levels. High  PTH levels, generally  in
response  to  hypocalcem ia, w ill therefore  stim ulate  1–25-(OH)2

vitam in  D product ion  and  increase  the  in testinal absorpt ion  of
calcium  to  norm alize  serum  levels  of  ionized  calcium .  Som e
other t issues can  express 1-hydroxylase activity, independently
of PTH control, in  som e pathologic conditions (see below ).
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32.2.3  Bone Mineral Metabolism
Bone is generally thought of as a m ajor structural component of
the  body. However, bone  also  has a  significant  m etabolic func-
tion  as a reservoir  for calcium , phosphate, and  carbonate, and  it

plays a  significant  role  as  a  bu er  in  the  body’s  acid–base  bal-
ance. Bone  is  m ade  of a  m atrix  of connect ive  t issue, w hich  is
m ostly  but  not  completely  m ineralized, and  specialized  bone
cells. The skeleton  is generally conceptually divided in to the ax-
ial skeleton, w hich  includes  the  skull, vertebrae, sternum , ribs,

Fig. 32.1  Integration of vitamin  D, parathyroid  hormone, and  bone  mineral metabolism. Vitamin  D precursors are  produced  in  the  skin  from  7-
deoxycholesterol by photocatalysis in the presence of ultraviolet radiation. The synthesis of 25-OH vitamin D, the storage form of the pro-hormone, to
1,25-(OH)2 vitamin D, the active hormone, is under the control of parathyroid hormone. 1,25-(OH)2 Vitamin D increases calcium absorption from the
gastrointestinal tract. Serum  calcium  and  phosphate  levels allow the  mineralization  of new bone  matrix and  feedback on parathyroid  hormone
secretion. Higher levels of parathyroid hormone increase bone resorption when necessary to maintain normal serum  calcium levels and stimulate the
synthesis of 1,25-(OH)2 vitamin  D by the  kidneys.

32.2  Physiology
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and  pelvis, and  the  appendicular  skeleton, w hich  includes  the
long bones of the lim bs dow n to the digits. Bone can  also be div-
ided  in to t rabecular, or  cancellous, bone, w hich  is  h ighly active
m etabolically, and  cort ical bone, w hich  is denser and  less active
m etabolically but  can  be  recruited  in  severe  or  prolonged  bone
disease. The axial skeleton  has a h igher proportion  of trabecular
bone,  w hereas  the  appendicular  skeleton  has  m ore  cort ical
bone.

Specialized bone cells include the osteoblasts, osteocytes, and
osteoclasts.  Osteoblasts  are  derived  from  m esenchym al  stem
cells and  produce the connective t issue m atrix; th is secondarily
becom es  m ineralized, thereby  producing  new  bone. Most  os-
teoblasts  undergo  apoptosis, but  a  m inority  are  in tegrated  in
the bone m atrix to becom e osteocytes or  rem ain  on  the surface
of the  bone  to  form  the  periosteum . In  becom ing  osteocytes,
these  cells  develop  m ultiple  long  processes  radiating from  the
cell  bodies  that  form  gap  junct ions  w ith  neighboring  osteo-
cytes  and  the  periosteum .  Osteocytes  act  as  sensors  of  the
m echan ical st resses to w hich  bones are  subjected  and  play an
im portan t  role  in  the  m odulation  of bone  rem odeling. Osteo-
clasts  are  large  m ult in uclear  cells  derived  from  the  fusion  of
m ononuclear  cells  of  the  m acrophage  lineage,  st im ulated
m ain ly  by  nuclear  factor-κB (RANKL),  produced  during  the
apoptosis  of  osteoblasts,  and  by  m acrophage  colony–st im u-
lat ing factor. Osteoclasts destroy both  the  m ineral com ponen t
of bone by d issolu t ion  and  the  collagenous m atrix by proteol-
ysis, thereby m ediat ing bone  resorp t ion .

Norm al  bone  is  constantly  being  broken  dow n  through
resorption  by osteoclasts, and  new  bone is laid  dow n  by osteo-
blasts  in  w hat  is  described  as  the  bone-rem odeling cycle. Nor-
m ally, bone  resorption  and  bone  form ation  are  in  balance. The
bone-rem odeling cycle  is im portant  in  repairing m icrofractures
resulting  from  the  everyday  stresses  im posed  on  the  skeleton
and thereby m aintaining its structural in tegrity.

32.2.4  Calcium -Sensing Receptor
As  m entioned  above,  parathyroid  cells  express  the  calcium -
sensing receptor. The calcium -sensing receptor  was first  identi-
fied  in  bovine parathyroid glands and later confirm ed in  hum an
tissues. The  calcium -sensing  receptor  is  expressed  in  parathy-
roid  glands,  w here  it  was  first  isolated,  and  also  in  kidneys,
bone, in testine, lungs, brain , and other t issues.

Both  m utations  and  acquired  disorders  of the  calcium -sens-
ing receptor  can  lead  to  clin ically relevant  disease, causing hy-
pocalcem ia  as  well  as  hypercalcem ia. The  clin ical relevance  of
these disorders is discussed in  detail further below.

32.3  Hypercalcem ic Disorders
32.3.1  Pseudohypercalcem ia
Pseudohypercalcem ia is an  elevation  in  the total serum  calcium
w ith  a norm al level of ionized  calcium . It  is generally due to an
increase  in  serum  proteins  (m ainly  album in)  associated  w ith
severe  dehydration  or  to  the  presence  of  abnorm al  proteins,
such  as  the  paraproteins  of m ultiple  myelom a. Note, however,

that  m ultiple  myelom a  can  also  cause  true  hypercalcem ia
through  bone resorption  (see below ).

32.3.2  Prim ary Hyperparathyroidism
Prim ary hyperparathyroidism  is by far  the m ost  com m on  cause
of  hypercalcem ia.  The  prevalence  of  hyperparathyroidism ,  as
estim ated  in  recent  studies, is about  2% in  wom en  ages 55 to 75
years,  w ith  an  annual  incidence  rate  of  22  per  100,000.  The
et iology  of  the  disorder  is  not  clear  but  does  not  involve  a
m utat ion  in  the  calcium -sensing receptor. Prim ar y hyperpar-
athyroid ism  is  m ost  com m only caused  by a  solitary  parathy-
roid  adenom a, and  less frequen tly by parathyroid  hyperp lasia
involving  all  four  glands;  m ost  of  these  cases  are  sporadic,
but  a  m inorit y are  secondary to  hereditary syndrom es. Cases
of parathyroid  carcinom a  are  rare, accoun ting  for  fewer  than
1% of all cases.

Since  the  in t roduct ion  of autom ated  chem istry  analyzers  in
the  late  1970s,  m ost  cases  of  prim ary  hyperparathyroidism
have  been  asym ptom atic  at  the  t im e  of diagnosis. The  classic
clin ical presentation  of sym ptom atic hypercalcem ia, w ith  neph-
rolith iasis and  bone lesions or bone pain , is rarely seen  today in
the  developed  world, although  a  certain  num ber  of cases  still
present  as nephrolith iasis. Most  cases are  diagnosed  after  a  di-
agnostic work-up for incidental hypercalcem ia.

Norm ocalcem ic form s  of prim ary hyperparathyroidism  have
been  proposed  but  rem ain  con troversial.  What  is  agreed
upon  is  that  causes  of secondary  hyperparathyroidism  m ust
be  carefully  excluded  before  a  d iagnosis  of  norm ocalcem ic
hyperparathyroid ism  is m ade. There  are  no guidelines for  the
m anagem ent  of norm ocalcem ic hyperparathyroidism .

Clinical  m anifestations  of  prim ary  hyperparathyroidism ,
w hen present , m ay include nephrolith iasis, fatigue, anxiety, and
m uscle  weakness. Hypertension  and  cardiovascular  disease  are
m ore  com m on  in  patients  w ith  hyperparathyroidism  than  in
the general population . Low  bone m ineral density in  the appen-
dicular  bones, such  as the  distal th ird  of the  radius, is com m on,
w hereas bone m ineral density in  the axial skeleton, such  as the
spine, is m ore com m only norm al.

Laboratory  characteristics  of  prim ary  hyperparathyroidism
include  hypercalcem ia  (generally  m ild),  hypophosphatem ia,
and  elevated  or  inappropriately norm al PTH levels. Total serum
calcium  m ust  be  corrected  for  the  album in:  corrected  total se-
rum  calcium  (m g/dL) = actual  total  serum  calcium  (m g/dL) +
{[4.0 – serum  album in  (g/dL)]) x 0.8)}. Occasionally, it  m ust  also
be  corrected  for  other  serum  protein  levels, and  serum  ionized
calcium  m ay be m easured  directly for confirm ation  or clarifica-
tion.  Urinary  calcium  levels,  m easured  in  a  24-hour  urine
collection ,  are  usually  norm al  or  h igh  despite  the  increased
fract ional resorption  of calcium . It  is also im portan t  to rule  out
hypercalcem ia  due  to  FHH  before  m aking  a  diagnosis  of  pri-
m ary  hyperparathyroidism  because  surgery  is  contraindicated
in  th is syndrom e (see below ).

Relevant  im aging  studies  include  distal  radius  bone  m ineral
density, renal  ultrasound, and  abdom inal  computed  tom ogra-
phy (CT), to  rule  out  nephrolith iasis  or  nephrocalcinosis, and  a
sestam ibi nuclear  scan  (� Fig. 32.2). The  sestam ibi scan  should
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not be used for diagnost ic purposes, only for localizing purposes
to  assist  the  surgeon  in  preparing  for  the  surgery. Ultrasound
exploration  of the neck (� Fig. 32.3) m ay also be useful in  iden-
tifying a  parathyroid  adenom a, again  to  assist  the  surgeon, not
for diagnostic purposes.

The  natural  h istory  of  prim ary  hyperparathyroidism  has
been  better  defined  by the  study of one  cohort  of patients over
10  and  15  years. In  th is  study, 37% of the  patien ts  w ho  either
did  not  m eet  criteria  for  surgery  or  in itially  declined  surgery

developed  sym ptom atic disease and  eventually m et  these crite-
ria. Although  asym ptom atic m ild  prim ary hyperparathyroidism
can  safely be  observed  for  several years, the  advisabilit y of th is
approach  is now  being quest ioned.

The  m ost  recent  guidelines  developed  by  the  Third  In terna-
tional Workshop on  the Managem ent of Asym ptom atic Prim ary
Hyperthyroidism  recom m end  surgery  for  asym ptom atic  pa-
tients  that  m eet  any  of the  follow ing  criteria:  (1)  total  serum
calcium  m ore  than  1 m g/dL above  the  upper  lim it  of  norm al,

Fig. 32.2  For a sestamibi parathyroid scan, the neck is imaged with a gamma camera twice after an injection of technetium Tc 99 m sestamibi: first  in
an early-phase  scan at  10 to  20 minutes after injection  and  then in  a late-phase  scan at  approximately 2  hours. The  early phase  images the  thyroid
gland  as well as the  parathyroid  glands; in  the  late-phase  image, the  thyroid  gland  “washes out” while  the  radioactivity in  the  parathyroid  gland(s)
persists better and  so  images the  adenomatous parathyroid  tissue. (a) Early and  (b) delayed  images show a strikingly obvious, but  far from  typical,
parathyroid  adenoma. (c) Early and  (d) delayed  images show a more  typical (lower left) parathyroid  adenoma.
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(2)  estim ated  creatin ine  clearance  below  60  m L/m in, (3)  bone
m ineral density T score  at  any site  of less than  –2.5  or  any fra-
gility fracture, and  (4) age  younger  than  50 years. The  previous
criterion  of  a  urinary  calcium  excretion  rate  of  m ore  than
400 m g/d  has been  dropped, although  m any physicians still use
it  in  their decision-m aking process.

Im m ediate  postoperative  care  should  include  close  m onitor-
ing for  hypocalcem ia, w hich  is frequent  but  generally m ild  and
transient . More  severe  hypocalcem ia  m ay  require  in travenous
and  oral calcium  supplem entation . Postoperative hypocalcem ia
is m ore com m on and m ore severe in  patients w ith  concom itant
vitam in  D deficiency, and vitam in  D deficiency generally should
be corrected preoperatively.

32.3.3  Tert iary Hyperparathyroidism
Tertiary  hyperparathyroidism  is  parathyroid  hypertrophy  and
hyperplasia  in  patients  w ith  end-stage  renal failure  on  hem o-
dialysis  or  patients w ho were  previously on  hem odialysis  after
renal  transplant. Parathyroid  hyperplasia  and  parathyroid  ad-
enom as  develop  as  a  result  of  prolonged  stim ulation  of  the
parathyroid  glands  from  uncontrolled  hypocalcem ia, calcitr iol
deficiency, or hyperphosphatem ia. This parathyroid  hyperplasia
obviously persists  after  renal t ransplant, w hen  the  physiologic
environm ent  is dram atically changed. There are no clear guide-
lines  for  parathyroid  surgery  in  tert iary  hyperparathyroidism ;
however, m ost  experts  agree  that  surgery is  indicated  in  cases
of uncon trolled  hypercalcem ia  or  of hyperparathyroid  m eta-
bolic bone  disease  or  ext raskeletal calcificat ions  refractory to
oral  phosphate  binders,  and  in  the  presence  of  a  h igh  PTH
level, generally above  600  to  800  pg/m L. There  is  no  consen -
sus  on  the  surgical  approach ;  both  subtotal  parathyroidec-
tomy and  total parathyroidectom y w ith  auto-t ransplan t  have
their  p roponen ts.

32.3.4  Fam ilial Hypocalciuric
Hypercalcem ia
FHH is  a  relatively  rare  cause  of hypercalcem ia, w ith  a  preva-
lence  rate  estim ated  to  be  betw een  1  per  10,000  and  1  per
100,000. This m ay actually be an  underestim ate because  FHH is
generally totally asym ptom atic. The  m ain  reasons for  surgeons
to be well aware  of th is syndrom e is that  FHH had  been  identi-
fied  as the  cause  of failed  parathyroid  surgery in  pat ients m is-
diagnosed  as  having  prim ary  hyperparathyroidism ;  th is  m is-
diagnosis m ay account  for  nearly 25% of failed  parathyroid  sur-
geries. FHH is an  autosom al-dom inant disorder resulting from  a
loss-of-function  m utation  in  the calcium -sensing receptor gene,
w hich  leads  to  a  resett ing of the  PTH–calcium  set  point  and  a
m ild  to  m oderate  hypercalcem ia;  because  the  calcium -sensing
receptor  is present  along m ost  of the  nephron, hypocalciuria  is
typical of th is syndrom e, in  contrast  to  the  hypercalciuria  gen-
erally  seen  in  prim ary  hyperparathyroidism . The  diagnosis  is
usually suggested  by a  calcium -to-creatin ine  urinary clearance
ratio of less than  0.01 and  is confirm ed  by a positive fam ily his-
tory or  genetic testing. Note, however, that  there  is  significant
overlap  in  the  calcium -to-creatin ine  clearance  ratios  of  FHH
and  prim ary  hyperparathyroidism , in  w hich  the  ratio  is  typi-
cally, but  not  always, above 0.01. Acquired  cases of an  FHH-like
syndrom e  due  to  autoantibodies to  the  calcium -sensing recep-
tor have also been  described.

32.3.5  Other Causes of Hypercalcem ia
There  are  m any other  causes of hypercalcem ia, generally of in -
terest  m ore  to the  endocrinologist  than  to  the  surgeon. Never-
theless, these  w ill be  reviewed  briefly here  (see  Box  Causes  of
Hypercalcem ia (p.273)). Generally, it  is m ost  usefu l to start  the
evaluation  of a  patient  w ith  hypercalcem ia  by  m easuring  the
serum  PTH, PTHrp, and 1,25-(OH)2 vitam in D levels.

Fig. 32.3  Ultrasonographic view of a  large  para-
thyroid  adenoma inferior and  lateral to  the
thyroid  gland.
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Causes  of Hypercalcem ia
●  Pseudohypercalcemia
●  Primary hyperparathyroidism
●  Secondary hyperparathyroidism
●  Tertiary hyperparathyroidism
●  Familial hypocalciuric hypercalcemia
●  Paraneoplastic syndrome
○  Parathyroid hormone-related peptide (PTHrp)–mediated

hypercalcemia
○  Parathyroid hormone (PTH)–mediated hypercalcemia
○  Tumor necrosis factor–, interleukin-1–, or RANKL-mediated

hypercalcemia
●  Vitamin D intoxication

Causes of hypercalcem ia m ediated  by the  PTH receptor  include
prim ary  hyperparathyroidism ,  either  sporadic  or  associated
w ith  a  m ultiple  endocrine  neoplasia  syndrom e;  tert iary hyper-
parathyroidism , typically  in  a  patient  w ith  renal  failure  after
renal  transplant;  and  PTHrp-m ediated  hypercalcem ia, a  para-
neoplastic  syndrom e.  Rarely,  som e  tum ors  m ay  secrete  PTH
itself, rather  than  PTHrp. FHH-associated  hypercalcem ia, as dis-
cussed  above, results from  a reduced  sensitivity of the calcium -
sensing  receptor  to  circulating  ionized  calcium  levels. Finally,
hPTH 1–34  (teriparatide)  is  approved  for  the  t reatm ent  of os-
teoporosis; its use norm ally results in  a transient  hypercalcem ia
lasting only a few  hours, but  it  m ay cause persistent hypercalce-
m ia in  som e individuals.

Vitam in  D intoxication  can  cause  hypercalcem ia, but  hyper-
calcem ia  is  generally  seen  only  in  pat ients  w ith  a  25-(OH)
vitam in  D level above  100 ng/m L. This  cause  of hypercalcem ia
was  seen  m uch  m ore  frequently  before  the  developm ent  of
histam ine  type  2  (H2)  receptor  antagonists  and  proton  pum p
inhibitors  (PPIs), w hen  calcium  carbonate  and  m ilk  were  rec-
om m ended  in  the  t reatm ent  of peptic ulcers  (“m ilk  alkali syn-
drom e”).  Extrarenal  sources  of  vitam in  D 1-hydroxylase,  not
under the control of PTH, can  also lead to hypercalcem ia. This is
generally seen  in  disorders, benign  or  m alignant, involving cells
of the m acrophage lineage, such as lym phom as or chronic gran-
ulom atous diseases.

Tum ors can  cause hypercalcem ia, as m ent ioned  above, by se-
creting PTHrp  or  rarely PTH itself, but  other  tum ors, including
solid  tum ors  w ith  bony  m etastases  and  m ultiple  myelom as,
cause hypercalcem ia by secreting various cytokines. These cyto-
kines include  tum or  necrosis  factor, in terleukin-1, RANKL, and
others.

32.4  Hypocalcem ic Disorders
32.4.1  Pseudohypocalcem ia
As noted  above  under  the  heading of hypercalcem ia, pseudo-
hypocalcem ia  is  also  possible  if  calcium -binding  proteins  in
serum  are  decreased. Th is m ost  com m only is the  resu lt  of hy-
poalbum inem ia  due  to  hepat ic or  renal d isease. Acidosis  w ill
also  reduce  total serum  calcium  by increasing  album in  bind-
ing of calcium .

32.4.2  Hypocalcem ia w ith Low
Parathyroid Horm one Levels
The m ajor  cause  of hypoparathyroidism  is surgery. Surgical hy-
poparathyroidism  can  occur after  thyroid, parathyroid, or  other
head  and  neck  surgery.  Transient  hypoparathyroidism  occurs
in  up  to  50% of pat ients  undergoing  a  total thyroidectomy for
thyroid  cancer,  and  perm anent  hypoparathyroidism  in  up  to
20% of patients w ith  neck dissections. Rates of perm anent  hypo-
parathyroidism  can  be  as high  as 1 to 3% in  patients undergoing
a  total  thyroidectomy  for  benign  disease. Other  causes  include
autoim m une  hypoparathyroidism  and  other, m ore  unusual dis-
orders  (see  Box  Causes  of  Hypocalcem ia  (p.273)).  Autosom al-
dom inant  hypocalcem ia  is  the  counterpart  of FHH, in  w hich  a
gain-of-funct ion  m utation  in  the  calcium -sensing receptor  gene
results in  a lower set  point  for  serum  calcium  regulation.

Causes  of Hypocalcem ia
●  Low parathyroid hormone Levels
○  Postoperative hypoparathyroidism
○  Autoimmune hypoparathyroidism
○  Autosomal-dominant hypocalcemia

●  High parathyroid hormone levels
○  Acute pancreatitis
○  Severe vitamin D deficiency
○  Pseudohypoparathyroidism

The  treatm ent  of hypocalcem ia  in  low -PTH conditions, except
autosom al-dom inant  hypocalcem ia,  is  based  on  increasing
calcium  absorption  w ith  calcium  supplem entation  and  supra-
physiologic  doses  of  vitam in  D. Typically, these  patien ts  m ay
require  up  to 6 g of calcium  and  2 µg of calcitr iol, or  1,25-(OH)2

vitam in  D, daily. Because  these  pat ien ts  lack  the  calcium -re-
tain ing  e ect  of PTH in  the  kidneys, urinary  calcium  m ust  be
m onitored  closely  to  avoid  hypercalciuria,  urolithiasis,  and
nephrocalcinosis. It  m ay be  necessary to  add  a  th iazide  diuretic
to reduce the  urinary excretion  of calcium . Also, serum  calcium
does  not  need  to  be  corrected  com pletely  into  the  norm al
range;  a  low  norm al  or  slightly  low  serum  level  of calcium  is
acceptable  if the  patient  is  asym ptom atic. Although  trials  have
show n  that  treatm ent  w ith  PTH itself is e ect ive in  treating hy-
poparathyroidism , this treatm ent  is not  approved  by the FDA.

Autosom al-dom inant  hypocalcem ia  should  not  be  treated
w ith  calcium  supplem ents and  vitam in  D; for tunately, th is syn-
drom e is very rare and generally asym ptom at ic.

32.4.3  Hypocalcem ia w ith High
Parathyroid Horm one Levels
The t reatm ent of h igh-PTH hypocalcem ic states is m ore diverse.
Secondary  hyperparathyroidism  is  the  norm al response  of the
parathyroid  glands  to  hypocalcem ia,  w hatever  the  etiology.
Therefore,  acute  pancreatit is,  in  w hich  hypocalcem ia  is  due
to  the  sequest ration  of serum  calcium  in  calcium  soaps  by re-
leased  free  fatty  acids,  and  severe  vitam in  D  deficiency,  in
w hich  hypocalcem ia  is  due  to  the  decreased  absorption  of
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dietary calcium , both  induce secondary hyperparathyroidism  to
m ain tain  serum  free  calcium  levels. Note, however, that  m ost
patients w ith  vitam in  D deficiency [levels of 25-(OH) vitam in  D
below  20 ng/m L] present  w ith  a h igh PTH level and a norm al se-
rum  calcium  level.

Pseudohypoparathyroidism ,  w hich  is  the  result  of  loss  of
function  of the  PTH receptor, is  treated  w ith  calcium  supple-
m ents  and  vitam in  D, just  like  hypoparathyroidism . Vitam in  D
deficiency  is  obviously  treated  by  replenishing  vitam in  D,
generally  w ith  50,000 IU w eekly  for  6  to  8  weeks. The  hypo-
calcem ia  associated  w ith  hypom agnesem ia  is  com pletely  re-
versible  by  correct ing  the  hypom agnesem ia. Generally, other
condit ions  causing hypocalcem ia  respond  to  t reatm ent  of the
underlying cause.

32.5  Osteoporosis
As  we  noted  above, bone  is  constantly  turn ing  over, allow ing
the  repair  of dam ages  from  everyday  stresses. Norm ally, bone
resorption  and  bone  deposition  are  t ightly  coupled, and  bone
m ass rem ains constan t. If bone deposit ion  lags behind  bone re-
sorption, bone  m ass  decreases, and  the  result  is  osteoporosis.
This overview  addresses the  m ost  com m on  form  of osteoporo-
sis, postm enopausal osteoporosis. The m anagem ent of osteopo-
rosis  in  prem enopausal  wom en  and  in  m en  does  di er  from
that  in  postm enopausal wom en  to a  significant  extent , and  the
reader is referred  to recent  relevant  review s.

Osteoporosis  can  be  diagnosed  only  by  a  determ ination  of
bone m ineral density. The “gold  standard” technology for deter-
m ining  bone  density  is  dual-energy  X-ray  absorpt iom etry
(DEXA). Although  other  technologies, such  as calibrated  CT and
quantitative  ultrasound  m easurem ents  of the  calcaneus, have
been  proposed, either  they  have  not  gained  universal  accept-
ance  (calibrated  CT)  or  they  m easure  param eters  other  than
bone density that  m ay predict  fracture risk (ultrasound) but  are
not  comparable  w ith  bone  m ineral density. Osteoporosis is de-
fined  as a  bone  m ineral density that  is  m ore  than  2.5  standard
deviations below  the  m ean  of young adults (T score). The bone
m ineral density can  also  be  compared  w ith  that  of persons  of
the  sam e  age  and  sex (Z score), but  th is m etric is used  only for
epidem iologic studies, not  for  fracture  prediction  or  therapeu-
tic  decision  m aking. Osteopenia  is  defined  as  a  bone  m ineral
density T score betw een  –1.0 and  –2.49.

The  treatm ent  of osteoporosis  involves  both  nonpharm aco-
logic  and  pharm acologic  in tervent ions. Nonpharm acologic  in-
terventions  include  diet,  exercise,  sm oking  cessation ,  and
avoidance  of drugs  that  m ay  increase  bone  m ineral  loss, pri-
m arily glucocort icoids. The  diet  should  include  an  adequate  in-
take  of calories and  protein , in  addition  to calcium  and  vitam in
D supplem entation. Consum ing  a  diet  rich  in  calcium  (m ostly
dairy products) is  preferable  to  supplem entation, but  th is  m ay
be  di cult  or  m ay  in terfere  w ith  other  dietary  goals  (e.g., re-
ducing  cholesterol in take). If necessary, calcium  supplem enta-
tion  should  consist  of about 500 to 1,000 m g/d, taken  in  divided
doses and w ith  food. Recently, there has been  som e controversy
over  w hat  daily  in take  of vitam in  D should  be  recom m ended
for  the  general population. However, there  is  no doubt  that  vi-
tam in  D deficiency  is  extrem ely  prevalen t  in  older  adults  and

carries  an  increased  risk  for  m ortality. Most  osteoporosis  ex-
perts  recom m end  supplem enting  the  diet  w ith  up  to  2,000 IU
of vitam in  D. Exercise  has  been  show n  to  reduce  the  risk  for
fracture  and  to  slightly  increase  bone  m ineral density;  gener-
ally, a  m inim um  30 m inutes  of  weight-bearing  exercise  three
tim es weekly is recom m ended for skeletal health .

Pharm acotherapy  should  be  considered  for  postm enopausal
wom en  w ho have fragility fractures or  osteoporosis or  w ho are
at  h igh  risk  for  osteoporosis.  The  World  Health  Organization
has developed  a  fracture  predict ion  tool, FRAX, to estim ate  the
10-year  osteoporotic fracture  risk and  assist  in  treatm ent  deci-
sion  m aking.  Pharm acotherapy  regim ens  used  for  the  treat-
m ent  of osteoporosis  can  be  classified  as  either  antiresorpt ive
or  anabolic. Antiresorptive  agents include bisphosphonates, se-
lect ive estrogen  receptor m odulators (SERMs), postm enopausal
estrogen  replacement  therapy, and  denosum ab. The  only ana-
bolic  agents  approved  are  teriparatide  (PTH 1–34)  and  in tact
PTH (PTH 1–84).

Stront ium  ranelate is approved in  Europe for the treatm ent of
osteoporosis  and  appears  to  have  both  antiresorptive  and  ana-
bolic propert ies, although  its exact  m echanism  of action  in  hu-
m ans is not clear.

Other  therapeutic  m odalit ies  have  either  been  show n  to  be
ine ect ive  (calcitr iol) or  have  m ostly been  abandoned  because
of the em ergence of m ore e ect ive m odalit ies (calcitonin).

The  t reatm ent  of  osteoporosis  is  obviously  quite  complex,
requiring  careful decision  m aking  and  balancing  the  risks  and
potential  benefits  of  treatm ents  designed  to  prevent  serious
complications  of an  asym ptom atic condition  over  years, if not
decades. This  overview  is  therefore  not  designed  to  be  a  treat-
m ent  guide, but  rather  a  sum m ary of the  problem  and  various
treatm ent options.

32.6  Roundsm anship
●  Parathyroid horm one prim arily regulates extracellular ion-

ized calcium  concentration, w hereas vitam in  D regulates the
absorption  of calcium  from  the diet  and, indirectly, bone
m ineralization, w hich  accounts for 99% of the body’s calcium
reserves.

●  Approxim ately 50% of extracellular calcium  is present  as ion-
ized calcium .

●  Pro-vitam in D (cholecalciferol) is synthesized in  the skin  from
7-dehydrocholesterol during photocatalysis by ultraviolet
ligh t  in  the 290- to 315-nm  range. This is further m odified in
the liver and kidneys to produce the act ive horm one.

●  Pseudohypercalcem ia is an  elevation  in  the total serum  calci-
um  w ith  a norm al level of ionized calcium . It  is usually due to
an  increase in  serum  protein  concentrations seen  in  severe
dehydration, or to the presence of abnorm al proteins, such  as
the paraproteins of m ultiple myelom a.

●  Prim ary hyperparathyroidism  is m ost com m only caused by a
solitary parathyroid  adenom a, and less frequently by parathy-
roid  hyperplasia involving all four glands.

●  Tertiary hyperparathyroidism  consists of parathyroid  hyper-
trophy and hyperplasia in  pat ients w ith  end-stage renal fail-
ure on  hem odialysis or in  pat ien ts w ho were previously on
hem odialysis after renal transplant.
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33  Surgical Techniques for the  Managem ent  of Thyroid and
Parathyroid Diseases
Augustine L. Moscatello and Mike Yao

33.1  Thyroid
The  four  m ost  com m on  types  of thyroid  cancer  are  papillary,
follicular,  m edullary, and  anaplastic.  Although  the  techniques
described  in  th is port ion  of th is chapter are applicable to any of
these  pathologies, the  indications  for  surgery and  lymph  node
dissection  pertain  only  to  well-di erent iated  thyroid  cancers
(papillary  and  follicular).  The  m anagem ent  of  anaplastic  and
m edullary thyroid  cancer is beyond the scope of th is chapter.

33.1.1  History of Thyroid Surgery
Modern  thyroidectomy is  credited  to Theodor  Billroth  and  his
pupil, Theodor  Kocher. From  1860  to 1867, as professor  in  sur-
gery at  the  University of Zurich, Billroth  perform ed  20  thyroi-
dectom ies for  compressive sym ptom s. Eight  of 20 patients died
perioperatively,  causing  him  to  suspend  these  operat ions.
When  he  relocated  to the  University of Vienna  in  1867, he  ap-
plied  new  techniques of anesthesia, hem ostasis, and  an tisepsis
and  decreased  h is  m ortality  rate  to  less  than  10%.  Theodor
Kocher  was a  student  of Dr. Billroth  and  is  often  lauded  as  the
“father of thyroid  surgery” because of h is contribut ions to m ak-
ing thyroid  surgery safer. He  im proved  techniques of hem osta-
sis  and  asepsis  to  decrease  the  m ortality rate  to  less  than  0.2%
by 1898. Kocher  was a  m eticulous surgeon  and  was able  to  re-
m ove  the  thyroid  w ith  m inim al disrupt ion  of the  surrounding
tissues.  In  th is  m anner,  he  was  able  to  preserve  parathyroid
function  before  a  defined  understanding  of the  presence  and
function  of these  glands had  been  acquired. Based  on  his work
to  understand  the  funct ion  of the  thyroid  gland  and  im prove
the  safety of surgery, he was the first  surgeon  awarded  the  No-
bel Prize  in  Medicine  and  Physiology, in  1909. Largely through
his discoveries, the complications of hypothyroidism , hypopara-
thyroidism ,  and  vocal  cord  paralysis  were  understood  and
avoided, m aking thyroid  surgery a safe operat ion.

33.1.2  Indicat ions for Thyroid Surgery
The  three  m ain  indications for  thyroid  surgery are  concern  for
cancer, goiter  causing  sym ptom s, and  hyperthyroidism . Based
on  the  Am erican  Thyroid  Association  (ATA)  guidelines  from
2009, m ost  thyroid  nodules  1 cm  or  larger  should  be  biopsied
by fine-needle  aspiration . The  results  of fine-needle  aspiration
are  divided  in to  six  categories  based  on  The  Bethesda  System
for  Report ing  Thyroid  Cytopathology:  nondiagnost ic,  m alig-
nant, benign , neoplasm  (either  follicular  or  Hürth le  cell), suspi-
cious for  m alignancy, and  follicular  lesion  of undeterm ined  sig-
nificance. Thyroid  surgery should  be  perform ed  for  a  diagnosis
of  m alignant,  suspicious  for  m alignancy,  or  neoplasm  suspi-
cious  for  Hürthle  cell.  Patien ts  w ith  biopsy  categories  of
nondiagnostic, neoplasm  suspicious for follicular lesion, and fol-
licular  lesion  of  undeterm ined  significance  m ay  or  m ay  not
undergo  surgery  depending on  other  factors, such  as  a  fam ily
history  of  thyroid  cancer,  h istory  of  radiation  exposure,  and

patien t  preference. Som e of these patients m ay undergo biopsy
again  or  followed  w ith  ultrasound. Nodules  that  grow  rapidly,
are  sym ptom atic, or  cause  vocal cord  paralysis  require  surgical
in tervention.

33.1.3  Indicat ions for Neck Surgery
Therapeutic lym ph  node dissection  is the rem oval lymph  nodes
harboring  cancer. Typically, an  entire  lymph  node  level  is  dis-
sected if diseased lymph nodes are found in  that  level. Neck lev-
els  II,  III,  and  IV are  at  the  highest  risk. There  is  controversy
about  the  risk  for  disease  in  levels  IIb  and  V. Elect ive  lymph
node  dissection  is  the  rem oval of lymph  nodes  w ith  high  risk
for disease but  w ithout  evidence of disease on  im aging or phys-
ical exam ination. Elect ive lateral neck dissection  is probably not
indicated, and  elective  cent ral neck dissect ion  is  controversial.
The  ATA guidelines  recom m end  consideration  of  an  elective
central neck dissection  for advanced prim ary tum ors (T3 or T4),
although  we  tend  to  perform  only  therapeutic  lym ph  node
dissections.

The  ATA guidelines for  central neck dissection  have  standar-
dized the boundaries:
1. Superior: hyoid bone
2. Lateral: carotid  artery
3. Anterior: superficial layer of the deep cervical fascia
4. Posterior: deep layer of the deep cervical fascia
5. Inferior: innom inate artery on  the righ t and the correspond-

ing axial plane on  the left

Careful dissection  of the  parathyroid  glands  and  the  recurrent
laryngeal nerves  is  necessary  during a  central neck dissection.
The recurrent  laryngeal nerves need to be traced inferiorly w ith
atraum atic techniques. For the parathyroid glands, the ATA con-
sensus  statem ent  on  central  neck  dissections  reports  that  the
“superior  parathyroid  gland  is  preserved  in  situ  along w ith  its
prim ary blood  supply from  the  superior  branch  of the  inferior
thyroid  artery.  The  inferior  parathyroid  gland  is  usually  re-
flected  laterally  along  w ith  its  blood  supply  from  the  inferior
thyroid  artery.”  Glands  that  are  devascularized  can  be  auto-
transplan ted  after  frozen  sect ion  confirm ation  of parathyroid
tissue.

33.1.4  Indicat ions for Radioact ive
Iodine Treatm ent  after Surgery
The  ATA guidelines  recom m end  postoperat ive  radioactive  io-
dine  ablation  in  pat ients  w ith  know n  distant  m etastases,  in-
complete  tum or  resection , gross extra-thyroidal extension , and
prim ary tum or  larger  than  4 cm . Radioactive  iodine  ablation  is
recom m ended for selected pat ients w ith  tum ors betw een 1 and
4 cm  confined  to the thyroid  w ho have lymph  node m etastases,
m icroscopic tum or  invasion  of t issues, aggressive  tum or histol-
ogy, or  thyroglobulin  levels out  of proport ion  to the radioactive
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iodine  uptake  scan. Aggressive  histologies  include  tall cell, col-
um nar  cell, di use  sclerosing, t rabecular, insular, and  solid. Ra-
dioactive iodine  ablation  is not  recom m ended for  patients w ith
tum ors sm aller  than  1 cm  w ithout other h igh-risk features.

33.1.5  Procedure
Intubat ion
Laryngeal nerve  EMG endotracheal  tubes  are  w idely  available
in  m any  operat ing  room s.  The  standard  EMG  endotracheal
tubes  have  contact  electrodes  that  sense  elect rical  activity  in
the  laryngeal m usculature. These  contact  elect rodes  are  not  as
sensitive as the in tram uscular electrodes typically used  in  facial
nerve  m onitoring, and  thus they do not  give  as m uch  feedback
during  the  dissection . We  typically  use  the  EMG endotracheal
tube  w ith  a  stim ulator  probe  to confirm  the  identity of the  re-
curren t  laryngeal nerve  and  do  not  use  it  as  a  warning for  ex-
cessive m anipulation  of the nerve; however, to use it  to m onitor
excessive  nerve  dam age, som e practit ioners increase  the  sensi-
tivity of the nerve m onitoring in  an  attempt  to approxim ate the
sensitivity of the in tram uscular electrodes.

Skin Incision
The incision  is typically m ade in  a horizontal neck crease. From
a  visualization  perspective, an  incision  at  level  of  the  thyroid
isthm us  or  cricoid  cart ilage  a ords  the  easiest  access  to  both
the superior  and  inferior  poles of the thyroid;  however, th is re-
sults  in  a  scar  that  is  in  the  m iddle  of the  neck. With  th is  in
m ind, som e surgeons displace the  incision  inferiorly to approx-
im ately 1 finger breadth  above the sternal notch . In  th is low  po-
sit ion , the scar is m ore easily h idden  by clothing or jewelry. The
disadvantage  of  a  low  incision  is  that  dissection  around  the
superior poles of the thyroid  is m ore di cult . This visualization
can  be  im proved  by using endoscopic video  techniques. A scar
placed  inferiorly over  the  clavicles  or  sternum  w ill tend  to  w i-
den  and becom e less cosm et ically acceptable.

Dividing the  Strap Muscles
In  m ost cases, subplatysm al dissection  is not necessary, and dis-
sect ion  beneath  the strap  m uscles is adequate for  visualization.
Dissection  is  carr ied  through  the  subcutaneous  fat  to  the  level
of the anterior jugular  veins and  the strap  m usculature. The an-
terior jugular  veins are ligated as necessary but can  often  be left
in tact  unless  there  are  com m unicating  vessels  that  cross  the
m idline.  The  sternohyoid  and  sternothyroid  m uscles  are  ele-
vated  o  the  thyroid  gland  carefully  to  avoid  dam age  to  the
prom inent  blood  vessels  in  the  capsule  of  the  thyroid  gland.
Elect rocautery  or  the  harm onic  scalpel  is  used  to  ligate  any
sm all  blood  vessels  that  are  encountered  to  keep  the  surgical
field  as dry as possible. Once elevated, the strap  m uscles are  re-
tracted  laterally,  and  the  thyroid  gland  is  retracted  m edially.
Som etim es, it  is  necessary to t ransect  the  m edial aspect  of the
superior attachm ent of sternothyroid  m uscle to the thyroid  car-
tilage  to  allow  better  exposure  (� Fig. 33.1). The  lateral aspect
of  the  thyroid  gland  needs  to  be  dissected  carefully  to  avoid
dam age to the m iddle thyroid vein , w hich  can  bleed profusely if
dam aged or avulsed (� Fig. 33.2).

Identification  of  the  m iddle  thyroid  veins  requires  enough
m edial and  lateral retract ion  to  stretch  the  veins sligh tly w ith-
out  enough  t ract ion  to  avulse  them . Novice  thyroid  surgeons
often  w ill not  retract  the  thyroid  gland  and  trachea  enough  to
develop  the  surgical space  to  identify these  veins. Once  identi-
fied, the  m iddle  thyroid  vein(s)  need  to  be  ligated  close  to  the
thyroid  capsule  in  order  to  m edialize  the  gland. At  th is  level,
the com m on carotid  artery can  be seen  and should  be dissected
laterally away from  the thyroid gland.

Most  surgeons  approach  the  thyroid  dissect ion  from  lateral
to  m edial and  either  m edialize  the  gland  to  identify the  recur-
rent  laryngeal  nerve  and  parathyroid  glands  or  dissect  the
superior  pole  and  ligate  the  superior  pole  blood  vessels.  We
tend to do w hichever m aneuver is easiest  first . However, in  th is
m anuscript , we  describe  m edialization  first . In  addition , som e-
tim es dividing the thyroid  isthm us in itially can  help to m obilize
the  gland  w hen  routine  m obilization  m ethods are  not  success-
ful.

Medializing the  Thyroid Lobe
The gland  is retracted  anteriorly and  m edially, and  dissect ion  is
perform ed  on  the  capsule  of the  thyroid  gland  to  free  it  from
the surrounding soft  t issues, including the carotid  artery, spine,
and  esophagus  (� Fig. 33.3). The  ease  of th is  step  depends  on
the  size  of the  gland, the  extent  to w hich  the  gland  w raps pos-
terior  to  the  esophagus,  and  the  degree  of  in flam m ation.  In
m ost  cases, th is  can  be  achieved  by  using  careful  and  pat ient
blunt  dissection w ith  a Kelly clamp or Kit tner (peanut) sponges.
Once the esophagus is freed from  the gland, the tracheoesopha-
geal groove is exposed.

The recurren t  laryngeal nerve  ascends in  the  tracheoesopha-
geal groove. On  the  left  side, it  w raps  around  the  aort ic  arch ,
and  on  the  right , it  w raps  around  the  subclavian  artery before
ascending in  the tracheoesophageal groove. Because of th is ana-
tom ical di erence from  side to side, the  right  recurren t  laryng-
eal  nerve  is  typically  m ore  lateral  and  superficial  in  position
than  the  left . Non-recurrent  laryngeal nerves  occur  m ostly  on
the  right  side  and  are  associated  w ith  arteria  lusoria  (in  w hich
the  righ t  subclavian  artery originates  from  the  aort ic arch  and
passes  posterior  to  the  esophagus).  Left  sided  non-recurrent
laryngeal nerves are associated w ith  dextrocardia.

Som e surgeons find  the recurren t  laryngeal nerve at  the level
of the inferior  thyroid  artery and  trace it  superiorly to the Berry
ligam ent (posterior suspensory ligam ent; � Fig. 33.5). In  th is re-
gion, the  nerve  is  found  in  the  recurrent  nerve  t riangle  bound
by  the  carotid  artery  laterally,  trachea  m edially,  and  thyroid
gland  superiorly. The branches of the inferior  thyroid  ar tery are
not  ligated  until  the  recurren t  laryngeal  nerve  and  all  of  its
branches are identified and protected. The location  of the recur-
rent  laryngeal nerve is m ore variable in  th is low  position , and  a
longer  segm ent  of the  nerve  needs  to  be  dissected  w hen  th is
technique is used.

Alternatively, careful  blunt  dissection  in  the  tracheoesopha-
geal groove  can  be  perform ed  to  further  m edialize  the  thyroid
lobe  until  the  area  of  the  Berry  ligam ent  is  reached  w ithout
finding  the  nerve  in  the  low  position. In  the  h igh  region, the
superior  parathyroid  gland  is often  overlying the  recurrent  lar-
yngeal  nerve  (see  � Fig. 33.4). If  th is  technique  is  used, great
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care  m ust  be  taken  to  dissect  the  superior  parathyroid  gland
away  from  the  thyroid  gland  w ithout  devascularizing  it  and
w ithout  dam aging  the  recurrent  laryngeal nerve. Even  bipolar
cautery m ust  be used  w ith  great  caut ion  in  th is area because of
the  proxim ity  of the  parathyroid  blood  supply  and  the  recur-
ren t  laryngeal nerve. Care  m ust  be  taken  to  peel the  parathy-
roid  gland  o the thyroid gland  along its m edial aspect  to avoid
dam age  to  blood  supply (� Fig. 33.5). The  parathyroid  gland  is
often  identified  and  dissected  free from  the recurrent  laryngeal
nerve before  the  recurren t  laryngeal nerve  is identified. On  oc-
casion, the  superior  parathyroid  gland  is  w ithin  the  capsule  of
the thyroid gland, and  dissection  beneath  the capsule is needed
to  free  it . In  all cases, the  inferior  thyroid  artery  is  not  ligated
until the recurrent laryngeal nerve is identified and protected.

With  either  approach , once  the  recurrent  laryngeal nerve  is
identified, it  is t raced  superiorly and  the  Berry ligam ent  is div-
ided. The  recurrent  laryngeal nerve  enters the  larynx posterior
to  the  cricothyroid  joint, w hich  can  be  identified  on  palpation
as the  region  just  below  the  inferior  cornu  of the  thyroid  cart i-
lage. The nerve  is dissected  and  protected  all the way to its en-
trance in to the larynx. The recurrent  laryngeal nerve frequently
branches  before  entering  the  larynx,  and  all  of  the  branches
need  to be  carefully protected. The fibers of the  Berry ligam ent
can  be  very  adherent  in  the  region  of  the  cricothyroid  join t,
so  great  care  is  needed  to  divide  these  fibers  w ithout  dam age
to  the  nerve. Often, there  are  sm all  term inal  branches  of  the

inferior  thyroid  artery  that  run  superficial  and  parallel  to  the
recurrent  laryngeal  nerve. These  vessels  can  lead  to  trouble-
som e bleeding and  increased  risk for  recurren t  laryngeal nerve
injury  if they are  not  ligated  appropriately. Cautery  cannot  be
used  in  th is region, and  som e surgeons advocate the use  of cot-
ton pledgets soaked in  epinephrine.

The  recurrent  laryngeal  nerve  is  traced  inferiorly,  and  the
branches of the  inferior  thyroid  artery are  divided  close  to  the
inferior  port ion  of the  thyroid  gland. Hugging the  inferior  pole
of the thyroid  gland  m inim izes the risk for dam age to the blood
supply to the inferior  parathyroid glands.

Dissect ing the Superior Pole
The  superior  pole  of the  thyroid  and  the  t rachea  can  be  sepa-
rated  by  using  blunt  dissection .  Few  blood  vessels  cross  th is
area, and  in  m ost  pat ien ts th is is a bloodless plane (� Fig. 33.6).
In  th is  space,  the  external  branch  of  the  superior  laryngeal
nerve  can  be  encountered  (� Fig. 33.7). Most  surgeons prevent
injury to the external branch  of the superior laryngeal nerve by
avoiding it  w ithout  identifying it . Som e surgeons report  identi-
fication  of the  external branch  of the  superior  laryngeal nerve
in  80% of cases and  believe it  is safer  to attempt  to identify it  in
every case. The external branch  of the  superior  laryngeal nerve
can  run  superficial to, through, or  deep  to the  inferior  constric-
tor  m uscle. When  it  is  deep  to the  m uscle, it  cannot  be  identi-

Fig. 33.1  Initial dissection of the strap muscles. The strap muscles are divided in the midline and dissected away from the thyroid gland. Sometimes, it
is necessary to transect  the  medial aspect  of the  superior at tachment  of sternothyroid  muscle  to the  thyroid  cartilage  to  allow better exposure.
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fied. When  it  is  superficial  or  pierces  the  inferior  constrictor
m uscle, it  can  be  identified. Stim ulation  of the  external branch
of the superior laryngeal nerve provokes a brisk response in  the
cricothyroid  m uscle. We dissect  the superior  pole by hugging it
closely and  ligating only structures that  are  clearly entering the
superior pole of the thyroid  and appear vascular. Any structures
that  we  th ink  m ay be  the  external branch  of the  superior  lar-
yngeal nerve  are  stim ulated  and  dissected  away from  the  thy-
roid  if  possible,  particularly  any  structures  that  cross  toward

the  larynx  as  they run  inferiorly. Once  the  superior  pole  blood
vessels  are  isolated  and  ligated, the  rem ainder  of the  superior
pole is freed w ith  blunt dissect ion .

Rem oving the  Thyroid Lobe
The  m edial port ion  of the  thyroid  lobe  is  dissected  o the  tra-
chea,  cricoid  cart ilage,  thyroid  cartilage,  and  cricothyroid
m uscle w ithout dam age to these structures. The pyram idal lobe

Fig. 33.2  Identification of the  middle thyroid veins and dissection of the  lateral aspect  of the  thyroid lobe. Once the  strap  muscles are  elevated, the
middle  thyroid  vein(s) need  to  be  identified  and  carefully ligated  close  to the  thyroid  capsule. Identification  of the  middle  thyroid  veins requires
enough medial and  lateral retraction  to stretch  the  veins slightly without  enough traction to  avulse  them. Novice  thyroid  surgeons often  will not
retract  the  thyroid  gland  and  trachea enough to  develop  the  surgical space  to identify these  veins.

33.1  Thyroid

279



of the  thyroid  extends superiorly in  the  m idline, and  its extent
varies from  pat ient  to pat ient.

For  a  total  thyroidectomy, we  typically  place  the  dissected
thyroid  lobe back in to the surgical bed  and  then  proceed  to the
contralateral lobe and repeat  the sam e dissection.

For  a  thyroid  lobectomy, the  isthm us is  divided  closer  to  the
opposite  side. When  a  lobectomy is planned, we  do not  elevate
the  strap  m uscles on  the  opposite  side  because  if a  completion
thyroidectomy is  ever  needed  in  the  future, that  dissect ion  in-
creases scarring and the di culty of a second surgery.

Fig. 33.3  Medialization of the  thyroid  lobe. The  gland is retracted anteriorly and medially, and dissection is performed on the  capsule  of the thyroid
gland to free it  from  the surrounding soft  tissues, including the carotid artery, spine, and esophagus. The ease of this step depends on the size of the
gland, the extent  to which the gland wraps posterior to the esophagus, and the degree of inflammation. In most  cases, this can be achieved by using
careful and  patient  blunt  dissection  with  a  Kelly clamp or Kit tner sponges (peanut). Once  the  esophagus is freed  from  the  gland, the  tracheal
esophageal groove  is exposed.

Fig. 33.4  Identification of the recurrent  laryngeal
nerve. The  recurrent  laryngeal nerve  can be
found  at  the  level of the  inferior thyroid  artery
(LOW) or in the region of the superior parathyroid
gland and  Berry ligament  (HIGH). In  the  LOW
region, the  recurrent  laryngeal nerve  is found in
the recurrent  nerve triangle bound by the carotid
artery laterally, trachea medially, and  thyroid
gland  superiorly. To  get  to  the  HIGH region,
careful blunt  dissection  in  the  tracheal esoph-
ageal groove  is performed to  further medialize
the  thyroid  lobe  until the  area of the  Berry
ligament  is reached  without  finding  the  nerve  in
the  LOW position. In  the  HIGH region, the
superior parathyroid  gland  is often overlying  the
recurrent  laryngeal nerve. If this technique  is
used, great  care  must  be  taken  to dissect  the
superior parathyroid gland away from the thyroid
gland  without  devascularizing  it  and  without
damaging  the  recurrent  laryngeal nerve.
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33.2  Parathyroid Surgery
33.2.1  History
The parathyroid  glands were first  identified  in  1850 by Richard
Owen  in  an  Indian  rhinoceros  at  the  London  Zoo, and  then  in
hum ans  in  1887  by  Ivar  Sandstrom .  Based  on  Sandstrom ’s
work,  Gley  in  1890  noted  that  resection  of  the  parathyroid
glands  in  anim als  resulted  in  tetany, and  MacCallum  in  1909
explained  the  relationship  of the  parathyroid  glands and  calci-
um  m etabolism . Erdheim  in  1907  reported  the  relat ionship  of
osteom alacia  and  parathyroid  en largem ent  but  explained  th is
as being compensatory. Schlagenhaufer  suggested  in  1915  that

parathyroid  enlargem ent  was  the  cause  of bone  disease, not  a
compensatory phenom enon, and  recom m ended  rem oval of the
enlarged  glands as treatm ent  for  bone  disease. It  was not  until
1925 that Mandl reported the first  resection  of an  enlarged par-
athyroid  gland  in  a  patient  w ith  severe bone  disease, w ith  dra-
m atic results. Soon after, m ultiple centers reported success w ith
the procedure.

33.2.2  Em bryology
There  are  few  surgeries  in  w hich  an  understanding of the  em -
bryology of the  target  t issue  is  m ore  im portan t  than  parathy-
roid  surgery. Know ledge  of the  pat tern  of em bryologic  t issue

Fig. 33.5  Anatomical relationship  of the  superior
parathyroid  gland  to the  recurrent  laryngeal
nerve. Dissection of the  superior parathyroid
gland  must  be  done  along  its medial aspect  to
avoid  damage  to the  lateral blood  supply. The
parathyroid  gland  is often  identified  and  dis-
sected  free  from  the  recurrent  laryngeal nerve
before the  recurrent  laryngeal nerve is identified.
On occasion, the  superior parathyroid  gland  is
within  the  capsule  of the  thyroid  gland, and
dissection  beneath  the  capsule  is needed  to
free  it.

Fig. 33.6  Freeing the superior pole of the thyroid
from the trachea. The superior pole of the thyroid
and  the  trachea can be  separated  by using  blunt
dissection. Few blood vessels cross this area, and
in most  patients this is a  bloodless plane. In  this
space, the  external branch of the  superior
laryngeal nerve  can  be  encountered.
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m igration  is essential in  predict ing the possible location  of nor-
m al and  ectopic parathyroid  glands. The  glands  arise  from  the
endoderm  of the  th ird  and  fourth  branchial pouches. Di eren-
tiat ion  occurs  at  the  8-  to  10-m m  stage. The  inferior  parathy-
roid  glands  arise  from  the  th ird  branchial  pouch, as  does  the
thym ic t issue. The  superior  glands  arise  from  the  fourth  bran-
chial pouch. The fourth  and  fifth  pouches com bine, form ing the
caudal  pharyngeal  complex  from  w hich  the  ultim obranchial
bodies  of the  lateral thyroid  gland  arise. These  structures  then
m igrate inferiorly.

The  inferior  parathyroid  glands separate  from  the  thym us to
rest  at  the  inferior  pole  of the  thyroid  gland, and  the  superior
parathyroid  glands com e  to  rest  at  the  posterior–lateral aspect
of the  m iddle  one-third  of the thyroid  gland. The longer  m igra-
tory  course  of the  inferior  parathyroid  glands  compared  w ith
the  superior  glands  explains  the  greater  variability  in  the  final
location  of the  inferior  glands. The  inferior  parathyroid  glands
can  be  found  anyw here  from  the  angle  of the  m andible  to  the
pericardium  (� Fig. 33.8).  The  inferior  parathyroid  glands  are
adjacent  to  the  inferior  pole  of  the  thyroid  gland  61% of  the
tim e, in  the  thyrothym ic  ligam ent  or  superior  thym us  26% of
the  tim e, and  bordering  the  m iddle  one-th ird  of  the  thyroid
lobe  7% of the  tim e;  less  frequently, they can  be  located  m ore
superiorly. The  superior  parathyroid  glands  are  adjacent  to  or
just  above  the  superior  one-third  of  the  thyroid  gland  85%
of the  t im e. If they are  not  in  the  typical location , they tend  to
descend  in  the  retroesophageal space  and  can  be  as low  as the
posterior–superior  m ediastinum  (� Fig.  33.9).  In trathyroidal
parathyroid glands are seen  in  0.7% of cases.

33.2.3  Hyperparathyroidism
Prim ary  hyperparathyroidism  is  diagnosed  based  on  elevated
serum  calcium  and  parathyroid  horm one  levels  (PTH).  It  is
caused by a single adenom a in  80% of cases and a double adeno-
m a  in  2  to  5% of cases. Parathyroid  hyperplasia  is  the  second
m ost com m on cause of prim ary hyperparathyroidism . In  secon-

dary  hyperparathyroidism ,  an  elevated  serum  parathyroid
level is present  in  response to low  serum  calcium  levels. This is
m ost  com m only due  to  chronic renal disease  and  often  can  be
treated  m edically.  Tertiary  hyperparathyroidism  results  from

Fig. 33.7  Avoiding  the  superior laryngeal nerve.
The  external branch of the  superior laryngeal
nerve  can  run  superficial to, through, or deep  to
the inferior constrictor muscle. When it  is deep to
the  muscle, it  cannot  be  identified. When it  is
superficial or pierces the  inferior constrictor
muscle, it  can  be  identified. When the  blood
vessels of the  superior pole  of the  thyroid  are
ligated, the  external branch  of the  superior
laryngeal nerve  must  be  avoided. Stimulation  of
the  external branch  of the  superior laryngeal
nerve  provokes a brisk response  in  the  cricothy-
roid  muscle, and  this can be  used  to determine
the  location of the  nerve  before  vessel ligation.

Fig. 33.8  Inferior parathyroid glands. The inferior parathyroid glands lie
within 1 cm of the inferior pole of the thyroid gland in 61% of cases and
in  the  thyrothymic ligament  or superior thymus in  26% of cases.
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the  autonom ous secretion  of PTH related  to  long-term  overst i-
m ulation  in  secondary hyperparathyroidism .

Traditionally, the  complaints of patients w ith  hyperparathyr-
oidism  included  “stones, bones, and groans” secondary to neph-
rocalcinosis,  osteitis  fibrosa  cystica,  bone  resorption,  m uscle
weakness, and  psychiatric disorders. Although  neuropsychiatric
abnorm alit ies such  as  depression, anxiety, and  cognit ive  disor-
ders  have  been  attr ibuted  to  hyperparathyroidism , it  has  not
been  clearly show n  that  these conditions are  relieved  follow ing
surgical  correct ion  of the  endocrinopathy. Although  m ost  pa-
tients  today  are  asym ptom atic  at  presentation, kidney  stones
are  the  m ost  com m on  clin ical m anifestat ion  of the  disease. The
peak incidence  is betw een  50  and  60  years of age, and  wom en
are three t im es m ore likely to be a ected than  m en.

33.2.4  Indicat ions for Parathyroid
Surgery
Prim ary Hyperparathyroidism
The  indications  for  parathyroid  surgery  are  fairly  well  estab-
lished  based  on  workshop  consensus statem ents, m ost  recently
from  2008:
1. Elevated serum  calcium  level to 1.0 m g/dL above the upper

lim it of norm al

2. Creatin ine clearance rate below  60 m L/m in
3. T score below  –2.5 for bone m ineral density at  any site and/

or previous fragility fracture
4. Age younger than  50 years
5. Pregnancy (hyperparathyroidism  can  cause agenesis of the

fetal parathyroid glands)
6. History of kidney stones
7. Sym ptom s: bone pain , neurocognitive disorder

Secondary Hyperparathyroidism
Surgery for  secondary  hyperparathyroidism  is  estim ated  to  be
needed  in  only 0.5  to  1.5% of patien ts  based  on  im provem ents
in  m edical m anagem ent  w ith  calcim im etic m edications like  ci-
nacalcet . For the few  patients w ho fail calcim im etic therapy, the
surgical guidelines are not  well established. General indications
for surgery are as follow s:
1. Elevated PTH levels (500 to 800 pg/m L)
2. Severe osteoporosis
3. High  bone turnover as dem onstrated by bone m etabolic

m arkers, bone scin tigraphy, or biopsy
4. Hypercalcem ia
5. Enlarged parathyroid glands on  ultrasound
6. Uncontrolled hyperphosphatem ia
7. Ectopic calcification
8. Anem ia resistant  to erythropoietin

Tert iary Hyperparathyroidism
Renal t ransplant  cures  m ost  patients  of secondary  hyperpara-
thyroidism  by correct ing the m etabolic abnorm alities responsi-
ble for  the disease. However, about 25% of patients have tert iary
hyperparathyroidism  w ith  persistently elevated  PTH levels at  1
year after transplant.

33.2.5  Localizat ion Studies
The rate  of failure to cure hyperparathyoidism  after surgery has
been  stated  to be  as h igh  as 5  to  10% in  m any series. Causes of
failure  include  ectopic  glands, m ultiple  adenom as, and  m ulti-
glandular hyperplasia. Preoperative localization  studies to iden-
tify  hypersecreting  glands  are  perform ed  in  an  attempt  to  de-
crease  the  incidence  of  surgical  failure.  The  validity  of  the
often-repeated  aphorism  that  “the  only  localization  study
needed by a patien t  undergoing in itial parathyroid  surgery is to
locate  an  experienced  parathyroid  surgeon”  has  been  chal-
lenged  by advances  in  parathyroid  im aging and  in traoperative
rapid  PTH  m onitoring.  These  advances  have  prom oted  the
w idespread acceptance of m inim al access parathyroid surgery.

Technet ium  Sestam ibi
Scanning  w ith  technetium  Tc  99 m  sestam ibi  is  the  m ost
com m only  used  localization  study.  The  radioact ively  labeled
sestam ibi  is  absorbed  by  both  parathyroid  and  thyroid  t issue.
Parathyroid  tissue is distinguished from  thyroid  tissue based  on
the  higher  rate  of washout  in  the  thyroid  gland  relative  to  the
parathyroid  glands. Persistent  uptake  2  to  3  hours  after  injec-
tion  of the sestam ibi corresponds to parathyroid t issue.

Both  norm ally  located  and  ectopic  adenom as  can  be  local-
ized. The  reported  sensitivity  for  single  adenom as  is  betw een

Fig. 33.9  Superior parathyroid glands. The superior parathyroid glands
are  adjacent  to  or just  above  the  superior one-third  of the  thyroid
gland 85% of the time. If they are not  in the typical location, they tend
to  descend  in  the  retroesophageal space  and  can  be  as low as the
posterior–superior mediastinum.
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85% and  100%, w hich  drops to 37% for  m ultiple  adenom as. The
sensitivity  for  hyperplast ic  glands  is  62%. The  sestam ibi local-
izes in  m itochondria, and  the lower concentration  of m itochon-
dria-rich  oxyphil cells in  hyperplast ic glands than  in  adenom as
explains the  decreased  sensitivity in  hyperplast ic t issue. Multi-
nodular  thyroid  disease  also  can  confound  the  findings.  The
surgeon  should  always  personally  review  the  sestam ibi scans,
particularly  negative  scans,  because  the  findings  can  be  too
subtle for the radiologist  to m ake a definitive reading.

In  addition  to  preoperative  localization,  99mTc-sestam ibi  is
used  to determ ine  the  completeness of surgical resection  w ith-
out  the  need  to  wait  for  in traoperative  PTH levels. Dr. Jam es
Norm an  and  h is  associates  inject  pat ients  w ith  sestam ibi just
before  surgery and  use  a gam m a probe  to quantify the  am ount
of PTH each gland is producing. According to the  “Norm an rule,”
w hen  the  radioact ivity  in  the  resected  gland  is  at  least  20% of
the  excision  site/background  radioact ivity, a  solitary  parathy-
roid  adenom a  is  confirm ed, w ith  no  fur ther  identification  of
other  parathyroid  glands  necessary.  Their  data  show  that  all
solitary  parathyroid  adenom as  contain  radioact ivity  that  is  at
least  18% of the excision  site/background radioactivity, w ith  the
levels in  m ost  m uch  higher. Hyperplastic glands always contain
less  than  16%. In  87% of pat ien ts, excised  glands  have  radioac-
tivity  levels  that  are  m ore  than  20% of the  excision  site/back-
ground  radioactivity, allow ing  the  im m ediate  confirm ation  of
surgical cure.

Negative  99m Tc-sestam ibi scans occur w ith  regularity and  can
deter  endocrinologists  and  surgeons  from  pursuing  surgical
cure  for  parathyroid  disease. Dr. Norm an  argues  that  negative
scans  are  as  useful as positive  scans, if done  well, and  indicate
that  the  abnorm al gland  is  not  outside  the  norm al location  for
parathyroid  glands. In  his experience, the  negative  parathyroid
scan  alm ost  always  guarantees  that  the  abnorm al parathyroid
gland is in  a favorable location  behind or around the thyroid.

Ult rasound
The  accuracy  of  ultrasound  is  operator-dependent.  In  recent
years,  surgeon-perform ed  ultrasound  of  the  neck  has  gained
w idespread  acceptance. The  parathyroid  glands  are  seen  as  a
hom ogeneous, well-dem arcated  m ass  w ith  lower  echogenicity
than  that  of thyroid  tissue. Ultrasound  has a  reported  sensitiv-
ity of 85% and  a specificity of 94% for adenom as, and  a sensitiv-
ity of 69% for hyperplasia. The identificat ion  of ectopic glands is
lim ited  because  these  often  occur  in  areas that  are  not  well vi-
sualized  w ith  ultrasound, such  as the  m ediastinum  and  retroe-
sophageal areas.

Ultrasound  can  be  used  to  perform  guided  fine-needle  aspi-
ration  biopsies  to  confirm  the  presence  of parathyroid  t issue.
Aspirated  sam ples  can  be  sent  for  cytology, but  a  m uch  m ore
sensitive  test  for  parathyroid  tissue  is  PTH washout . The  aspi-
rated  needle  is  washed  w ith  2  m L of saline, and  th is  is  sent  to
the  laboratory  for  a  determ ination  of PTH levels. Generally, a
PTH level  h igher  than  the  serum  PTH level  indicates  parathy-
roid t issue.

Com puted Tom ography
This m odality is particularly useful in  the localization  of ectopic
glands. When  used, the  studies  should  be  done  w ith  contrast

and  th in  cuts (3  to 5 m m ). For  adenom as, the  sensitivity is  50%
and the specificity is 98%; the sensitivity for hyperplasia is 40%.

Magnet ic Resonance Im aging
This  m odality  is  also  useful  in  the  identification  of  ectopic
glands. Adenom as  have  increased  T2  signal and  are  isointense
on  T1 sequences. Sensitivities of 78% for  adenom as and  90% for
ectopic  m ediastinal  adenom as  have  been  repor ted. The  sensi-
tivity is 71% for hyperplast ic glands.

Single  photon  em ission  computed  tomography  (SPECT)  and
positron  em ission  tom ography  (PET)  have  also  been  proposed
as  helpful  localizing  techniques  but  are  not  as  w idely  used  as
the techniques discussed above.

Methylene Blue Inject ion
An intravenous inject ion  of saline-diluted m ethylene blue given
intraoperatively can  help  identify abnorm al parathyroid  glands
as  a  result  of  absorpt ion  of the  dye, w hich  stains  the  glands
blue. The recom m ended dose is 5 to 7.5 m g/kg. The m echanism
of th is act ion  is not  understood, but  it  can  be a useful adjunct  in
the  arsenal  of  a  parathyroid  surgeon.  The  adm inistration  of
m ethylene  blue  should  be  avoided  in  patients  taking  selective
serotonin  reuptake  inhibitors  because  neurologic  side  e ects
have been  reported.

33.2.6  Surgical Considerat ions
The  basic  steps  of  a  parathyroid  exploration  are  the  sam e  as
those for  a thyroid  lobectomy, as described  earlier  in  th is chap-
ter. We  generally  use  elect rophysiologic  m onitoring of the  re-
curren t  laryngeal  nerve  and  in traoperative  PTH assays  during
all  of our  surgeries. Although  som e  surgeons  use  a  lateral ap -
proach  to the  parathyroid  glands, dissecting betw een  the  an te-
rior  border  of the  sternocleidom astoid  m uscle  and  the  lateral
border  of  the  strap  m uscles,  we  generally  use  a  m edial  ap -
proach  for  an  in itial  exploration.  Meticulous  hem ostasis  and
str ict  adherence to the  principle  of dissect ion  along natural t is-
sue  planes cannot  be  overstressed. Blood  staining of t issue  w ill
complicate  identification  of the  parathyroid  glands, as  well  as
other structures, such  as the recurrent  laryngeal nerves and the
fine  blood  vessels  that  supply  the  glands.  The  parathyroid
glands  are  often  described  as  tan  to  reddish  in  color, w ith  an
oval shape. A norm al gland weighs betw een 20 and 50 m g.

Once the thyroid  lobe is dissected laterally, it  is delivered in to
the  wound. Occasionally, the  superior  pole  vessels  require  su-
ture  ligation, and  the superior  m edial aspect  of the sternohyoid
m uscle  m ay  need  to  be  incised  to  aid  in  lateralization  of the
strap  m uscles  and  delivery of the  thyroid  lobe. If preoperative
localization  studies  have  identified  an  enlarged  gland, the  ex-
ploration  begins at  that  site. If not, the  exploration  begins w ith
a search  for  the  glands in  their  m ost  com m on  anatom ical loca-
tions as part  of the prim ary survey. Each  surgeon  should  devel-
op  an  algorithm  for  explorat ion  that  is  m ethodical  and  com -
plete, approaching each  procedure  w ith  the  goal of finding all
four  of the  parathyroid  glands, w hether  in  norm al locations or
ectopic. Once  an  obviously enlarged  gland  is  identified  and  re-
m oved, we do not cont inue exploring and base the need for fur-
ther  exploration  on  the  results of the  in traoperative  PTH assay.
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If the  PTH levels  drop  50% and  in to  the  norm al range, the  sur-
gery is concluded. If not, the  exploration  for  a second  adenom a
or additional hyperplastic glands continues.

In  a  patient  w ith  a  nonlocalizing  preoperative  work-up, we
generally  begin  the  exploration  at  the  superior  thyroid  pole.
Although  not  essential,  dissection  of  the  recurrent  laryngeal
nerve  is  often  helpful  in  locating  the  superior  parathyroid
gland. The superior gland w ill be w ith in  1 cm  of the point  of en-
try of the nerve in to the larynx 85% of the t im e, lateral and deep
to the  nerve  (see  � Fig. 33.9). The  inferior  gland  is  w ithin  1 cm
of the  inferior  thyroid  pole  61% of the  t im e, com m only inferior
and  deep  to the  thyroid  gland  and  m edial to  the  recurrent  lar-
yngeal nerve  (see  � Fig. 33.8). If two norm al glands are  identi-
fied  or  if an  en larged  gland  is  excised  and  the  PTH level does
not  norm alize, the  exploration  proceeds  to  the  opposite  side.
Double  adenom as  are  present  in  2  to  5% of pat ients, w ith  the
second lesion  contralateral 80% of the t im e.

If only one  norm al gland  and  no en larged  gland  is identified,
a  secondary  survey  is  undertaken.  The  secondary  survey  in-
volves a  sequential explorat ion  of the  com m on  locations of ec-
topic glands. An  upper  parathyroid  gland  is  likely to  be, in  de-
creasing  frequency,  in  the  area  posterior  and  lateral  to  the
upper lobe of the thyroid, in  the retrolaryngeal/retroesophageal
space, or  above  the  upper  pole  of the  thyroid  (see  � Fig. 33.9).
On  rare  occasions, it  m ay be found  in  the  carotid  sheath  or  sca-
lene fat  pad.

For  the  inferior  gland, secondary areas to  be  explored  are  the
thyrothymic ligam ent  and  upper  thym us gland, the  lateral neck
at  the  level of the  inferior  thyroid  pole, the  area  medial  to  the
inferior  pole  along  the  trachea, the  lower  thymic  tissue  in  the
anterior  m ediastinum ,  and  finally,  although  m uch  less  com -
monly, the upper neck from  the m andible to the hyoid  and  caro-
tid  bifurcation  (see � Fig. 33.8). If at  this point  the involved gland
has not  been  identified, termination  of the  procedure  should  be
considered. A thyroid  lobectomy on  the side of the m issing gland
is  not  recomm ended  unless  preoperative  imaging  studies  show
the presence of a nodular  lesion  w ithin  the thyroid. If the explo-
ration  is  unsuccessful, further  localization  studies  including  se-
lect ive  venous  sampling  should  be  done  postoperatively  to  de-
termine the likely location  of the missed adenoma.

In  the presence of hyperplasia in  m ultiple glands, the surgical
treatm ent  can  be total parathyroidectomy w ith  auto-t ransplan-
tation  of parathyroid  tissue in  the forearm  or subtotal parathyr-
oidectomy  w ith  preservation  of  a  20-  to  50-m g  parathyroid
rem nant. in  choosing one technique  over  the  other, the  risk for
autograft  failure  should  be  weighed  against  the  risk  for  recur-
rent  hyperparathyroidism  and  need  for  reexploration  in  a  pre-
viously dissected  neck. If a  parathyroid  rem nant  is preserved, it
should  be m arked w ith  a surgical clip at  the t im e of the original
surgery  to  aid  its  identification  if  the  need  for  reexploration
should arise.

33.3  Roundsm anship
●  The four m ost com m on types of thyroid cancer are papillary,

follicular, m edullary, and anaplastic.
●  Theodor Kocher, the  “father of thyroid  surgery,” won a Nobel

Prize in  Medicine and Physiology in  1909 for h is work on thy-
roid and parathyroid physiology.

●  The m ain  indicat ions for thyroid surgery are cancer, concern
for cancer, sym ptom atic goiter, and hyperthyroidism .

●  The Bethesda System  for Reporting Thyroid  Cytopathology
divides the results of fine-needle aspiration  aspiration  biopsy
of the thyroid in to six categories: benign , m alignant, nondiag-
nostic, neoplasm  (either follicular or Hürthle cell), suspicious
for m alignancy, and follicular lesion  of undeterm ined
significance.

●  The right  recurren t  laryngeal nerve is in  a m ore lateral posi-
tion  than  the left .

●  Non-recurrent  laryngeal nerves occur m ostly on  the righ t side
and are associated w ith  arteria lusoria (in  w hich  the right
subclavian  artery originates from  the aort ic arch  and passes
posterior  to the esophagus).

●  A left-sided non-recurrent  laryngeal nerve is associated w ith
dextrocardia.

●  To preserve the blood supply to the superior parathyroid
glands, the m edial aspect of the parathyroid gland m ust  be
carefully peeled o the thyroid w hile the lateral blood supply
is protected. Occasionally, the superior parathyroid gland is in
the capsule or underneath  the capsule of the thyroid.

●  The external branch  of the superior laryngeal nerve inner-
vates the cricothryoid m uscle, and it  can  lie in  close proxim ity
to the blood vessels of the superior pole of the thyroid.

●  The superior parathyroid glands arise from  the fourth  bran-
chial pouch  and are typically adjacent  to the upper one-third
of the thyroid gland. They lie lateral and dorsal to the recur-
ren t laryngeal nerve.

●  The inferior parathyroid glands arise from  the th ird branchial
pouch  and are typically adjacent  to the inferior pole of the
thyroid. They lie ventral and m edial to the recurrent  laryngeal
nerve.

●  For prim ary hyperparathyroidism , a drop in  the PTH level of
50% into the norm al range is indicative of surgical cure. Alter-
natively, w ith  radioactivity-guided parathyroidectomy, radio-
activity in  the rem oved adenom a that is m ore than  20% of the
excision  site/background radioactivity indicates surgical cure.
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34  Soft -Tissue Tum ors of the Head and Neck
Mark S. Persky and Theresa N. Tran

34.1  Int roduct ion
Head  and  neck soft-t issue  tum ors comprise  a  diverse  group  of
benign  and  m alignant  lesions,  ranging  from  vascular  tum ors
w ith  indolent  behavior  to locoregionally destruct ive  soft-t issue
sarcom as  w ith  a  h igh  poten t ial  for  distant  m etastases.  This
chapter  h ighlights the  w ide  spectrum  of these  tum ors, w ith  an
em phasis on  their natural h istory, evaluation, and t reatm ent.

34.2  Paragangliom a
34.2.1  The Disease Process
Paragangliom as  are  vascular  tum ors  that  arise  from  the  extra-
adrenal  paraganglia  derived  from  the  neural  crest . They  m ost
com m only occur in  the head and  neck region. These tum ors are
closely associated  w ith  either  blood  vessels (carot id  artery, jug-
ular  bulb) or  nerves (vagus, tym panic plexus). Paragangliom as
are usually slow ly grow ing tum ors in  w hich  the grow th  pattern
m ay be  described  as  biphasic because  the  grow th  rate  of very
sm all and  very large  paragangliom as is  slower  than  that  of in-
term ediate-size tum ors.

Paragangliom as m ay occur  in  pat ien ts  w ith  fam ilial m ultiple
endocrine neoplasia (MEN), both  type IIA (pheochrom ocytom a,
m edullary thyroid  carcinom a, and parathyroid  hyperplasia) and
type IIB (also includes m ucosal neurom as). A fam ilial h istory of
paragangliom as m ay be  present , and  there  is a  significant  inci-
dence  of  m ulticentric  tum ors  in  both  fam ilial  and  sporadic
cases.  Fam ilial  or  hereditary  paragangliom as  have  been  re-
ported to account  for 5 to 10% of all cases of head and  neck par-
agangliom as, although  som e  report  that  they  m ay account  for
up  to  25  to  50% of cases. Most  (90%) cases  of hereditary  para-
gangliom as  involve  the  carotid  body.  If  a  fam ilial  h istory  is
present, there is a 78 to 87% possibility of m ultiple paraganglio-
m as. The m ost com m on m ulticentric com binat ion  is that of two
carotid  body  tum ors  (� Fig.  34.1),  w hich  occurs  in  approxi-
m ately 20% of patients w ith  carotid  body tum ors.

Malignant  paragangliom as are  uncom m on, and  their  diagno-
sis  can  be  confirm ed  only by m etastatic disease  because  histo-
logic exam inat ion  of the  prim ary tum or  is unreliable  for  estab-
lishing a diagnosis of m alignancy. The prevalence of m alignancy
depends upon the site of the prim ary tum or, and there has been
considerable  variability  in  the  reported  frequency.  The  m ost
com m on  sites of distant  carotid  body tum or  m etastases are  the
bones, lungs, and  liver. Malignancy is generally less com m on  in
fam ilial  paragangliom as  than  in  sporadic  cases.  The  m ost
com m on  sites  of m etastases  for  jugulotym panic paraganglio-
m as are, in  decreasing frequency, the lungs, lym ph  nodes, liv-
er, ver tebrae, ribs, and  spleen . Although  the  repor ted  rate  of
m alignancy  of vagal paragangliom as  is  as  h igh  as  19%, a  10%
frequency  is  m ost  frequen t ly accepted . Vagal paragangliom as
probably  have  the  h ighest  rate  of  m alignancy  (16  to  19%)
am ong  the  m ore  com m on  types  of head  and  neck  paragan -
gliom as.  Pr im ary  orbital  and  laryngeal  tum ors  dem onstrate
the  h ighest  rate  of  m alignancy  (20  to  25%)  of  all  head  and
neck paragangliom as.

Carot id Body Tum or
As the  carotid  body tum or  grow s, it  tends to  splay the  carotid
bifurcation  and  progressively  involves  the  carotid  advent it ia.
Classically, the  in ternal  carotid  artery  is  displaced  posteriorly
and  laterally  (� Fig. 34.2). With  continued  grow th, the  tum or
extends  superiorly  along  the  in ternal carotid  to  the  skull  base
and  m ay  cause  bony  erosion  and/or  a ect  adjacent  cranial
nerves, m ost  com m only the  vagus and  hypoglossal nerves. Oc-
casionally, the  sym pathetic chain  is  involved. Medial extension
into the parapharyngeal space is reported in  20% of cases.

Jugular and Tym panic Paragangliom as
Tym panic paragangliom as arise from  the paraganglia associated
w ith  the  Jacobson  and  Arnold  nerves. They m ay fill the  m iddle
ear  cavity  and  extend  posteriorly  in to  the  m astoid  air  cells  or
inferiorly  to  the  jugular  bulb. Jugular  paragangliom as  tend  to
spread along the paths of least  resistance in  m ultiple  directions
and  gain  access  to  various  port ions  of the  temporal  bone  and
base  of the  skull neurovascular  foram ina. Progressive  temporal
involvem ent  leads to posterior cran ial fossa involvem ent. In tra-
cranial  extension  can  occur  as  posterior  extension  directly
through the petrous bone, extension  in to and through the in ter-
nal  auditory  canal,  or  infralabyrinth ine  extension .  There  is
early in tralum inal jugular  extension  in to the  sigm oid  sinus and

Fig. 34.1  Axial computed  tomographic scan with  contrast  revealing
bilateral, markedly enhancing  carotid  body tumors.
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in ternal jugular  vein , w ith  possible grow th  in to the inferior  pet-
rosal sinus. Tum or can invade the m iddle ear cleft , petrous apex,
or  m astoid  and  retrofacial air  cells. Inferiorly, jugular  paragan-
gliom as m ay extend  through  the  infratem poral fossa  and  post-
styloid parapharyngeal space in to the neck.

Vagal Paragangliom as
Vagal  paragangliom as  m ost  com m only  arise  from  the  nodose
(inferior)  ganglion, although  they  m ay also  originate  from  the
m iddle  and  superior  ganglia,  and  less  frequently  anyw here
along  the  course  of the  vagus  nerve. Com pared  w ith  the  dis-
crete  carotid  body, the  vagal paraganglia  are  dist ributed  m ore
di usely  w ithin  the  nerve  or  perineurium . Vagus  nerve  fibers
“splay over” the  surface  of the  vagal paragangliom a or, early in
their developm ent, enter  the substance of the tum or; therefore,
preservation  of  the  vagus  nerve  is  usually  not  possible  w ith
complete tum or resection.

Vagal  paragangliom as  have  th ree  basic  pat terns  of spread .
Because  m ost  vagal  parangliom as  or iginate  at  the  nodose
ganglion , they  tend  to  spread  in fer iorly  in to  the  post-styloid
parapharyngeal  area.  Extension  superiorly  tow ard  the  skull
base  in  the  area  of  the  jugular  foram en  resu lts  in  early  in -
volvem ent  of  the  in ternal  jugular  vein  and  adjacen t  cran ial
nerves  (IX, XI, XII). The  tum or  causes  early an terior  d isplace-
m ent  of  the  in ternal  carotid  ar tery.  Vagal  paragangliom as

originat ing from  the  superior  ganglion  have  a  greater  chance
of  assum ing  a  “dum bbell”  form  w ith  posterior  cran ial  fossa
tum or,  in  addit ion  to  extending  in to  the  parapharyngeal
space  in fer iorly.

34.2.2  Evaluat ion
Carot id Body Tum or
The m edian  age  of patients at  presentat ion  for  carotid  body tu-
m ors is  45  to 54  years, w ith  a  range from  12  to  78  years. Most
series report  a  fem ale  predom inance of approxim ately 2:1. The
m ost com m on presenting sym ptom  of a carotid body tum or is a
neck m ass located  at  or  superior  to the  carotid  bifurcation  and
deep  to the sternocleidom astoid  m uscle. On  palpation , it  is ver-
tically  fixed  and  laterally  m obile  because  of its  fixation  to  the
carotid  artery,  and  it  m ay  be  pulsatile.  Bruits  have  been  re-
ported  in  10  to  16% of cases. Pain  is  present  in  approxim ately
25% of cases. Medial  extension  in to  the  parapharyngeal  space
has  been  reported  and  m ay  cause  subm ucosal  bulging  of the
lateral oropharynx and  m edial displacem ent  of the tonsils. Cra-
n ial  neuropath ies  are  present  in  approxim ately  10  to  30% of
cases at  presentat ion .

Jugular and Tym panic Paragangliom as
Tym panic  paragangliom as  occur  m ost  com m only  during  the
sixth  decade  of life, have  a  m arked  fem ale  preponderance, and
usually present  w ith  a  conduct ive  hearing loss, pulsatile  t inn i-
tus, and  a  m ass behind  the  tym panic m em brane. On  otoscopic
exam ination, a red–blue m iddle ear  m ass that  blanches on  pos-
it ive  pneum atoscopic  pressure  (Brow n  sign)  m ay  be  present .
Perforation  of the tum or  through  the tym panic m em brane m ay
occur, producing  a  vascular  “polyp” that  m ay  bleed  spontane-
ously. With in  the m iddle ear, continued grow th  results in  ossic-
ular  involvem ent  and  a  subsequent  conduct ive  hearing  loss.
Continued grow th  w ith  vestibular  involvem ent  produces a sen-
sorineural hearing loss, vertigo, and  occasionally pain  from  the
associated inflam m atory response.

Jugular  paragangliom as  m ost  com m only  occur  in  the  fifth
and  sixth  decades of life  and  dem onstrate  a  fem ale-to-m ale  ra-
tio of 4:1 to 6:1. Extension  in to the m iddle  ear  results in  sym p-
tom s sim ilar  to those  of tym panic paragangliom as and  m ay re-
sult  in  a conduct ive or sensorineural hearing loss, depending on
the  extent  of vestibular  involvem ent. Hearing loss  (55  to  77%)
and  t innitus  (56  to  72%)  are  the  m ost  com m on  present ing
sym ptom s.  Sym ptom s  related  to  lower  cranial  nerve  (VII
through  XII) deficits are  also com m on. Tum ors of the skull base
w ithout  extensive  m iddle  ear  extension  m ay present  w ith  iso-
lated tongue weakness, hoarseness, dysphagia, or shoulder drop
or  w ith  sym ptom s  of m ultiple  cranial  nerve  dysfunct ion. The
jugular  foram en  syndrom e (cranial nerve IX, X, and  XI palsy, or
Vernet  syndrom e)  is  occasionally  encountered,  and  cranial
nerve  IX through  XII palsy  (Collet-Sicard  syndrom e)  occurs  in
approxim ately 10% of patients w ith  jugular paragangliom as.

Vagal Paragangliom as
Vagal paragangliom as m ost  com m only present  as  an  asym pto-
m atic  m ass  of  the  upper  neck, typically  m ore  cephalad  than
carotid  body  tum ors. Vagal paragangliom as  are  slow -grow ing,

Fig. 34.2  Axial computed  tomographic scan with  contrast  showing
posterolateral displacement  of the  internal carotid  artery by carotid
body tumor. CBT, carotid  body tumor; ICA, internal carotid  artery; IJV,
internal jugular vein.
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w ith  a  fem ale-to-m ale  preponderance  of 2:1  to  3:1. As  the  tu-
m or  enlarges, it  encroaches upon  the  lower  cranial nerves and
the  adjacent  sym pathetic  chain . Signs  and  sym ptom s  include
unilateral vocal cord  paralysis, hoarseness, dysphagia, nasal re-
gurgitation,  atrophy  of  the  hem itongue,  shoulder  weakness,
and  Horner  syndrom e. Hearing  loss  and  pulsatile  t innitus  are
usually indicat ive of temporal bone extension.

Com puted  tom ography  (CT)  and  m agnet ic  resonance  (MR)
im aging  usually  establish  the  diagnosis  of  paragangliom a.
Im aging  w ith  ind ium  In  111  pen tetreot ide  (Oct reoScan ;  Mal-
linckrodt  Medical, Petten , The  Netherlands)  or  fluorine  F 18
dihydroxyphenylalan ine  (DOPA)  posit ron  em ission  tom ogra-
phy  (PET)  can  also  be  used  to  evaluate  paragangliom as, de-
fine  m ult ip le  tum ors,  and  detect  the  possible  presence  of
m etastat ic  d isease. Angiography  defines  the  vascular  supply,
m ay  visualize  vessel  involvem ent  (invasion),  and  paves  the
w ay for  preoperat ive  em bolizat ion , w hich  is  im portan t  if sur-
gery is con tem plated.

34.2.3  Treatm ent
Surgery
Traditionally, surgery  has  been  the  preferred  m ethod  of treat-
m ent, especially  w ith  the  evolution  of m ore  sophisticated  ap-
proaches to the skull base, safer em bolization protocols, and ad-
vanced  vascular  bypass  procedures.  However,  postoperative
cranial nerve  dysfunct ion  is  an ticipated  in  patients  w ith  those
paragangliom as characterized  by early neural involvem ent  and
skull base  involvem ent, in  w hom  surgery would  require  exten-
sive  rehabilitation  e orts. The  role  of surgery should  therefore
be  reevaluated  as  the  prim ary  treatm ent  of  choice  for  these
slow -grow ing  tum ors.  Som e  paragangliom as,  especially  very
sm all ones, have  been  show n  not  to  be  progressive, and  “wait
and  scan” m anagem ent  m ay be  advisable. Relative  contraindi-
cations  to  surgery  include  extensive  skull  base  or  in t racranial
involvem ent, advanced  age  of the  patient, m edical  com orbid-
it ies, and  bilateral  or  m ultiple  paragangliom as  for  w hich  sur-
gery m ay result  in  the  unacceptable postoperative  m orbidity of
bilateral lower cranial nerve palsies.

If surgery  is  the  chosen  t reatm ent  course, preoperative  em -
bolization  is  often  perform ed. There  are  m ajor  advantages  in
the  use  of  com bined  endovascular  em bolization  and  subse-
quent  surgery, assum ing that  certain  criteria are fulfilled  before
em bolization. Surgery is  perform ed  w ithin  2  days of angiogra-
phy and em bolization  in  order to avoid recruitm ent of collateral
tum or blood supply and before the onset of a significant  postin-
flam m atory  e ect .  Short-term  steroids  are  adm inistered  if
there  is concern  about  tum or  edem a that  m ay comprom ise  tu-
m or dissection.

Radiat ion Therapy
Radiotherapy has tradit ionally been  the t reatm ent  of choice for
unresectable  paragangliom as or  those  tum ors in  the  m edically
infirm  and  elderly.  However,  radiotherapy  has  m ore  recently
been  proved  to be an  e ect ive therapeutic option  and  therefore
should be considered as a form  of prim ary treatm ent , especially
in  the setting of the significant  poten tial m orbidity that  accom -
panies  surgery  for  som e  tum ors. Radiotherapy  has  been  used

prim arily to treat  jugular  paragangliom as of the  temporal bone
and  less  frequently  for  the  t reatm ent  of carotid  body or  vagal
paragangliom as.  Radiotherapy  is  the  preferred  t reatm ent  op-
tion  for  advanced  tum ors. Stereotact ic  radiosurgery  o ers  the
possibility  of  a  single,  h ighly  focused,  sm all-field  treatm ent
w ith  a  steep  dose gradien t  to m axim ally spare the surrounding
norm al t issue.

34.3  Juvenile  Nasopharyngeal
Angiofibrom a
34.3.1  The Disease Process
Juvenile  nasopharyngeal angiofibrom a  (JNA) is  a  h ighly vascu-
lar, h istologically benign , but  locally aggressive  and  destructive
tum or  that  exclusively  a ects  boys  of  adolescent  age.  It  ac-
counts for  approxim ately 0.5% of all head  and  neck neoplasm s.
The etiology and pathogenesis of the disease rem ain  to be eluci-
dated.  The  tum or  appears  to  originate  in  the  posterior  nasal
cavity rather  than  the  nasopharynx. Specifically, it  develops  in
the posterolateral wall of the superior aspect of the nasal cavity,
at  the junct ion  of the sphenoid process of the palatine bone, the
horizontal ala of the vom er, and  the  root  of the pterygoid  proc-
ess of the sphenoid bone, near the superior m argin  of the sphe-
nopalatine foram en. These tum ors are unencapsulated and con-
sist  of proliferating, irregular  vascular  spaces  lined  by a  single
endothelial layer. The  channels  lack a  complete  m uscular  layer
betw een  the  endothelial cells  and  strom al cells  and  are  there-
fore subject  to severe bleeding.

At  diagnosis, m ost  angiofibrom as have  extended  beyond  the
nasal cavity and  nasopharynx, w ith  anterolateral erosion  of the
posterior  wall of the m axillary sinus and lateral grow th  in to the
pterygom axillary  fossa.  Extension  in to  the  pterygom axillary
fossa  can  erode  the  pterygoid  process  of  the  sphenoid  bone.
Further  lateral  extension  via  the  pterygom axillary  fissure  can
fill  the  infratem poral  fossa  and  produce  the  classic  bulging
cheek. Tum or  can  extend  under  the  zygom atic arch  and  cause
swelling  above  the  arch. From  the  pterygom axillary  fossa, the
angiofibrom a can  erode the  greater  w ing of the  sphenoid  bone
and  the  m iddle  cranial fossa  and  invade  both  the  inferior  and
superior  orbital fissures. Posterior  extension  in to  the  sphenoid
sinus through  the  floor  or  ost ium  fills  the  sinus, and  extension
farther superiorly fills the sella turcica. Tum or in  the sella or or-
bit  can  cause loss of vision. These tum ors typically grow  by cen-
tr ifugal expansion , not  by invasion;  therefore, they m ay be  in-
tracranial but  are  usually extradural. The  cavernous  sinus  m ay
be  compressed  but  not  invaded. Cranial nerve  palsies  are  rare,
even  w ith  large tum ors. However, particularly aggressive angio-
fibrom as m ay invade the cavernous sinus and threaten  m ultiple
cranial nerves, the in ternal carotid ar tery, hypophysis, and optic
chiasm .

Despite  its tendency to be  invasive, the  rate  of grow th  of JNA
is thought  to be slow. Because the tum or is rarely seen  in  young
adults,  it  is  believed  to  regress  spontaneously.  However,  be-
cause  regression  cannot  be  assum ed, these  tum ors  should  be
treated. The  prognosis for  pat ients w ith  JNA is good  w ith  early
diagnosis;  unfortunately, the diagnosis m ost  often  is m ade dur-
ing later stages of the disease because of the nonspecific and in-
nocuous  presenting sym ptom s of JNA. JNA is  characterized  by
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high  recurrence rates, reportedly as h igh  as 30 to 50%. It  is a be-
nign  disease that  is not  m ultifocal; therefore, recurrence usually
reflects persistent disease.

34.3.2  Evaluat ion
JNA is typically found in  adolescent  m ales; patients range in  age
from  7  to 29  years, w ith  a  m edian  age  of 15  years at  diagnosis.
They  classically  present  w ith  the  t riad  of unilateral  nasal  ob-
struct ion , recurrent  severe epistaxis, and nasopharyngeal m ass;
other  com m on  but  nonspecific  sym ptom s  are  purulent  nasal
discharge  due  to  infect ion  secondary to  obstruction, hyponasal
speech , and  anosm ia. Nasal obstruct ion  and  epistaxis  occur  in
m ore  than  80% of  pat ients.  Sym ptom s  m ay  be  present  for
m onths to years before  the  diagnosis is  m ade. Delay in  presen-
tation  and/or  diagnosis  can  be  attr ibuted  to  the  tendency  to
associate the indolent  sym ptom s of JNA w ith  m ore com m on en-
tit ies, such as rh initis, sinusitis, and nasal polyposis.

Exam ination  often  show s a red–gray, sm ooth, lobulated  m ass
in  the  nasopharynx  and/or  posterior  aspect  of  the  nose. The
overlying m ucosa is rarely ulcerated  unless the patien t  has pre-
viously undergone biopsy or  therapy. Other  signs include facial
deform ity, proptosis, palate  extension , serous otit is  m edia, and
visual or  auditory impairm ent. Neurologic deficits m ay be seen
in  pat ients w ho have angiofibrom as w ith  significant  in tracrani-
al extension.

The  radiographic findings of angiofibrom a are  characteristic.
On  CT scan, there  is  anterior  bow ing  of the  posterior  wall  of
the  m axillary sinus, know n  as the  Holm an-Miller  sign , and  en-
largem ent  of the  superior  orbital fissure, w hich  are  considered
diagnostic for  JNA (� Fig. 34.3). CT is also ideal for localizing the
tum or  and  useful in  delineating the  extent  of the  tum or. Mag-
netic  resonance  (MR)  im aging  is  indicated  in  pat ients  w ith
intracranial  extension.  Angiography  is  not  necessary  in  m ost
patien ts but  is useful in  those w hose diagnosis rem ains in  ques-
tion, usually  those  in  w hom  previous  treatm ent  has  failed. It

also  is  necessary  for  em bolization , especially  w hen  surgery  is
an ticipated.

34.3.3  Treatm ent
Surgery
The m ainstay of treatm ent  for JNA is surgery. The various surgi-
cal  approaches  are  transpalatal,  t ransnasal  (including  endo-
scopic),  t ransantral,  transm andibular,  transzygom at ic,  com -
bined  craniotomy and  rhinotomy, lateral rh inotomy, and  m id-
face  degloving.  Recurrence  does  not  necessarily  indicate  the
need  for  further  treatm ent  unless  there  are  associated  sym p-
tom s of bleeding, nasal obstruction, eye findings, or  progressive
grow th  as defined by radiographic studies.

The m ain  blood supply of a JNA is from  the in ternal m axillary
ar tery; however, the thyrocervical trunk and  the dural, spheno-
idal, and  ophthalm ic branches from  the  in ternal carotid  system
can  also contribute. Because of th is extensive arterial supply, li-
gation  of  the  external  carotid  artery  before  surgical  excision
does  not  help  to  decrease  bleeding  but  instead  m ay  have  the
opposite  e ect  by  encouraging  ar terial  collateralizat ion  from
vessels  that  are  less  accessible  or  inaccessible. Techniques  that
have  been  used  to  decrease  bleeding include  preoperative  em -
bolization, ligation  of the  in ternal m axillary artery, elect rocoa-
gulation, and irradiat ion.

Radiat ion Therapy
Although surgery is considered to be the treatm ent of choice for
JNA, the  potent ial m orbidity associated  w ith  the surgical resec-
tion  of  som e  extensive  tum ors  m akes  radiation  treatm ent  a
possible alternative. Radiotherapy is often  considered an  appro-
priate  option  for  the  t reatm ent  of recurren t  angiofibrom as. Lee
et  al reported  27  patien ts w ith  extensive  tum ors w ho received
radiation  as  the  prim ary  m ode  of  treatm ent ,  w ith  m inim al

Fig. 34.3  (a,b) Sagit tal computed  tomographic scan displaying  anterior bowing  of the  posterior wall of the  maxillary sinus, known as the  Holman-
Miller sign, which  is diagnostic for juvenile  nasopharyngeal angiofibroma. (b) Lateral subtracted  angiogram  of internal maxillary artery (arrow)
revealing  tumor hypervascularity of the  angiofiboma.
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complications  and  perhaps  less  risk  for  significant  m orbidity
and  m ortality  than  that  associated  w ith  surgical  in tervention.
Long-term  complications consist  of grow th  retardat ion, panhy-
popitu itarism , temporal lobe  necrosis, cataracts, and  radiation
keratopathy.

34.4  Olfactory Neuroblastom a
34.4.1  The Disease Process
Olfactory  neuroblastom a  (also  know n  as  esthesioneuroblasto-
m a) is  an  uncom m on  m alignancy of neural crest  origin  arising
in  the olfactory epithelium  of the nasal cavity. The cells of origin
are  presum ed  to  be  basal cells  of the  olfactory  epithelium . Its
h istologic resem blance  to  undi eren t iated  sm all cell carcino-
m a  can  lead  to  a  m isdiagnosis.  Neuroblastom as  accoun t  for
approxim ately  2  to  3% of all  m alignan t  nasal  neoplasm s  and
0.3% of upper  aerodigest ive  tract  m alignancies. No clear  et iol-
ogy for  the  developm ent  of olfactory neuroblastom a has been
established .

Olfactory  neuroblastom as  are  locally aggressive  tum ors  that
frequently  invade  the  paranasal  sinuses, skull  base, and  orbit .
These  tum ors can  be  m ulticentr ic, w ith  separate  tum ors above
and  below  the  cribriform  plate  and  no  gross  or  m icroscopic
connection  betw een  the  tum ors. The  location  of th is  tum or, at
the  in terface  betw een  the  superior  nasal  cavity  and  anterior
cranial fossa, leads to early involvem ent  of the  cribriform  plate
and  allow s  rapid  penetration  in to  the  anterior  cranial  fossa
(� Fig. 34.4).

Metastasis to cervical lymph  nodes can  be found, either at  di-
agnosis  or  at  regional  recurrence  m any  years  after  t reatm ent.
Reports  of  the  overall  incidence  of  cervical  m etastasis  range
from  10  to  33%, and  the  incidence  of distant  m etastasis  ranges
from  10 to 40% of patients, w ith  the lungs, brain , and  bones the
m ost  com m on  sites. The  overall  5-  and  10-year  survival  rates
for  olfactory  neuroblastom as  are  better  than  those  for  m ost

superior  nasal vault  m alignancies  and  are  estim ated  to  be  ap-
proxim ately  80% and  50%, respect ively. Long-term  endoscopic
and  MR im aging  surveillance  is  m andatory  because  local, re-
gional, and  distant  m etastasis  m ay be  expected  to  occur  for  as
long as 10 years or m ore after  treatm ent .

34.4.2  Evaluat ion
Olfactory neuroblastom as can  be found  in  patients ages 3  to 90
years. There is a bim odal distribution  in  age groups, w ith  peaks
at  11 to 20 years and  at  51 to 60 years. Others have found  a un-
im odal  distr ibution  concentrating  in  the  fifth  decade  of  life.
There is no predilect ion  for either gender. Early lesions are usu-
ally  asym ptom atic. Grossly, these  tum ors  appear  as  soft, red–
gray,  polypoid  m asses  located  high  in  the  nasal  cavity.  They
present  w ith  sym ptom s  of epistaxis  and  unilateral  nasal  con-
gestion, w hich  m ay be  present  for  m onths  to years. Additional
sym ptom s include rh inorrhea, hyposm ia or  anosm ia, headache,
and serous otitis m edia. Other findings are related to sites of in-
vasion  and  m etastasis. Orbital  sym ptom s, including  proptosis,
visual field  defects, orbital  pain , epiphora, and  blindness, sug-
gest  orbital or  in tracranial extension  and  indicate  a  poor  prog-
nosis. The  diagnosis  is  usually  m ade  late  in  the  course  of dis-
ease, and  tum or  extension  m ay be  extensive  at  presentat ion. A
high  index of suspicion  is  needed  to  diagnose  olfactory neuro-
blastom a in  pat ients present ing w ith  unilateral nasal sym ptom s
and epistaxis.

Radiographic findings are nonspecific, consisting of unilateral
opacification  of the ethm oid  sinuses, w ith  or  w ithout  accom pa-
nying bone destruction, and  a soft-t issue m ass w ithin  the  nasal
cavity, w ith  possible  extension  in to the sphenoid  and  m axillary
sinuses, orbit , and  cran ial vault. Bone expansion  seen  on  radio-
graphic im aging is  consistent  w ith  slow  progression  of the  tu-
m or. MR im aging can  aid  in  the in itial diagnosis by di erentiat-
ing neoplasm  from  obstruct ive disease and by identifying in tra-
cran ial extension. MR im aging is also m ost  useful for postopera-
tive  surveillance. CT is  helpful in  defin ing possible  in tracranial
involvem ent  in  tum ors  w ith  skull  base  erosion. Angiographic
findings vary from  definitive hypervascularity w ith  early-drain-
ing veins to a fain t but discrete tum or blush.

34.4.3  Treatm ent
Surgery
Surgical resection  is  the  recom m ended  t reatm ent  for  olfactory
neuroblastom as. The  various  surgical  approaches  used  in  the
m anagem ent  of  olfactory  neuroblastom as  include  lateral  rh i-
notomy or  transnasal  endoscopic resection, craniofacial resec-
tion, and  com bined  endoscopic nasal and  anterior  cran iotomy
resection , depending on  the  size  and  extent  of the  tum or  and
the surgeon’s expert ise.

Adjuvant  Therapy
Com bined  treatm ent  w ith  radiation,  given  before  or  after
surgery, is  often  advocated  to  decrease  the  chance  of local re-
currence of olfactory neuroblastom as. Several investigators rec-
om m end  surgery  alone  in  low -grade  or  early-stage  disease,
w hereas others advocate  the  addition  of either  preoperative  or
postoperat ive  radiation ,  w hich  has  been  dem onstrated  to

Fig. 34.4  Coronal computed  tomographic scan  demonstrating  the
usual location of olfactory neuroblastoma. Caret, intact  skull base;
asterisk, intact  lamina papyracea.
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significantly im prove  local control, even  in  early-stage  disease.
Furtherm ore, Koka  et  al  showed  im proved  outcom es  w ith  the
addition  of chem otherapy, but  not radiotherapy.

No true  consensus exists  as  to  the  best  t reatm ent  approach;
however, m ultim odality  treatm ent  regim ens  are  curren tly  the
m ost  frequently  advocated  in terventions, w ith  craniofacial re-
sect ion  the  m ost  com m only  recom m ended  surgical  approach .
Various sequences of surgery, radiation, and  chem otherapy are
used, depending on  the  exten t  of disease. Olfactory neuroblas-
tom as are believed  to be chem osensitive. Chem otherapy is usu-
ally given  as neoadjuvant  treatm ent  for  advanced  disease. Sev-
eral  authors  advocate  preoperative  chem otherapeutic  treat-
m ent  to  reduce  tum or  size  before  surgical  resection  is  at-
tempted. Chao et  al also  advocate  elect ive  treatm ent , by either
irradiation  or  radical neck dissect ion  or both , of the  upper  neck
in  pat ients w ith  m ore extensive disease, especially w hen the tu-
m or has spread beyond the nasal cavity or paranasal sinuses.

34.5  Hem angiopericytom a
34.5.1  The Disease Process
Hem angiopericytom a  of the  head  and  neck  is  a  rare  neoplasm
that  originates from  the  pericytes, or  cells  of Zim m erm an, sur-
rounding norm al vascular  channels. It  is considered  by som e to
be a lesion  w ith  a low  risk for m alignant potential and by others
to be  a m alignant  lesion  w ith  high  m etastatic potential. Thus, it
is know n  as a tum or  that  varies greatly in  appearance  and  bio-
logical behavior. Hem angiopericytom as  account  for  3  to  5% of
all soft-t issue sarcom as and 1% of all vascular tum ors.

In  the head  and  neck, the clinical behavior of a hem angioper-
icytom a  m ay vary from  a  slow ly enlarging rubbery m ass to  an
infiltrating aggressive neoplasm . Distant  m etastasis to lung, liv-
er, and bone m ay occur, but  regional spread to lymph  nodes has
not  been  observed. The  rate  of m etastasis  varies  significantly
from  10  to  60% and  is  consisten t  w ith  the  observation  that
th is  tum or  varies  greatly  in  biological  behavior. Gengler  et  al
em phasize  the  di culty  of predict ing  the  clinical  behavior  of
hem angiopericytom as  and  patien t  outcom es;  thus, close  long-
term  follow -up  is  crucial  for  patients  w ith  hem angiopericyto-
m as  because  of the  high  incidence  of local recurrence  and  the
potentially m etastasizing course.

34.5.2  Evaluat ion
Hem angiopericytom as  occur  m ost  com m only  in  the  sixth  and
seventh  decades  of life  and  have  no  sex  predilection. Many of
these tum ors m ay have been  present for a long t im e before they
are  diagnosed,  and  patients  typically  present  w ith  a  slow ly
grow ing  m ass  that  occasionally  reaches  a  considerable  size.
Sym ptom s  include  facial  pain ,  occasionally  facial  swelling,
epistaxis, sinusitis,  visual  changes, and  nasal  obst ruction , de-
pending on  the  anatom ical site  of involvem ent. The  facial skin
overlying the  tum or  m ay be  warm  to the  touch  because  of the
rich  vascularity of the  hem angiopericytom a. In  the  oral cavity,
its  clinical  appearance  is  that  of  a  firm ,  usually  well-circum -
scribed  swelling  of  the  m ucosa. In  the  nose, it  is  usually  de-
scribed  as soft , rubbery, pale gray or  tan  polypoid  m ass. Despite
the  pale, avascular  appearance, these  tum ors  bleed  vigorously

w hen  biopsied.  Because  of  their  benign  clin ical  appearance,
they can  be m isdiagnosed as benign  tum ors or nasal polyps.

The  diagnosis  of hem angiopericytom a  depends  on  an  accu-
rate  pathologic  assessm ent  of  the  biopsied  specim en.  Radio-
graphic im aging assists in  the  diagnosis. Hem angiopericytom as
appear as rounded, sharply outlined  or  well-circum scribed, ho-
m ogeneous  m asses  that  often  displace  neighboring  structures
on  CT scan . CT can  clearly dem onstrate bone destruct ion  w ith in
the  nasal  cavity,  paranasal  sinuses,  and  adjacent  in tracranial
structures. Angiography  show s  a  richly  vascularized  m ass, di-
lated  arteries,  and  di use  capillary  blush.  Occasionally,  early
visualization  of the  veins  suggests  ar teriovenous shunting. MR
im aging  reveals  several  characteristic  features  suggesting  the
diagnosis  of  a  solitary  fibrous  tum or:  isointensity  on  T1-
weighted  im aging  and  iso-  to  hypointensity  on  T2-weighted
im aging.

The  follow -up  of patients  w ith  hem angiopericytom a  should
include regular clin ical as well as radiologic exam inat ions, espe-
cially pat ien ts w ith  deep-seated tum ors or  those w ith  suspicion
of tum or  recurrence  and/or  m etastasis. Long-term  follow -up  of
patients w ith  these tum ors should  be m ain tained because som e
hem angiopericytom as,  including  h istologically  low -grade  tu-
m ors,  display  late  recurrence  and  m etastasis,  even  beyond  5
years.

34.5.3  Treatm ent
The preferred  treatm ent  for  hem angiopericytom as is w ide  sur-
gical excision, usually perform ed  via lateral rh inotomy, m idface
degloving, cran iofacial resection, or endoscopic resection. Many
advocate  a  craniofacial  approach  for  pat ien ts  w ith  cribriform
plate  or  base  of skull involvem ent. Schlosser  et  al have  dem on-
strated  that  endoscopic approaches can  provide  excellent  visu-
alization  and  tum or  resection, even  for  tum ors  w ith  skull base
erosion, w hile avoiding the external facial incisions and compli-
cations associated w ith  open  techniques.

Preoperat ive Em bolizat ion
Perioperative  em bolization  has  been  suggested  as  an  adjuvant
for  decreasing  tum or  vascularity  and  size  preoperatively,
although  m ost  head  and  neck  hem angiopericytom as  are  rela-
tively sm all and  am enable to en  bloc resection  w ithout  em boli-
zation. Several  investigators  encourage  the  use  of routine  an-
giography  and  preoperative  em bolization  to  delineate  the  ex-
tent  of these tum ors and  their  feeding vessels and  to reduce in-
traoperative hem orrhage.

Adjuvant  Therapy
Radiation  therapy m ay decrease  the  size  of the  tum or, but  cure
is  rare  w ith  radiation  alone. Radiation  therapy has  been  advo-
cated  as adjuvant  treatm ent  for  hem angiopericytom a to reduce
the  rate  of local recurrence. Som e  recom m end  adjuvant  radio-
therapy for patients w hen  a hem angiopericytom a is larger  than
5 cm  or w hen the resection  m argins are inadequate. However, it
is not  clear  w hether  the addition  of radiotherapy im proves sur-
vival.  The  role  of  adjuvant  or  palliative  chem otherapy  is  not
well  defined  for  patients  w ith  hem angiopericytom a, even  for
those w ith  advanced or unresectable disease.

34.5  Hemangiopericytoma
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34.6  Nerve Sheath Tum ors
34.6.1  The Disease Process
Nerve sheath  tum ors, m ost com m only referred to as schwanno-
m as,  neurilem m om as,  or  neurofibrom as,  are  benign  tum ors
that arise from  Schwann cells in  the nerve sheath .

Schwannom a
Head  and  neck  schwannom as  are  m ost  often  solitary,  slow -
grow ing, well-encapsulated  tum ors  associated  w ith  the  nerve
of  origin  (cran ial  nerves,  cervical  sym pathetic  chain ,  cervical
sensory plexus, and brachial plexus). Rarely, schwannom as m ay
be  m ultiple. Approxim ately  25  to  45% of extracranial schwan-
nom as occur  in  the head  and  neck. Schwannom as are  the  m ost
com m on solitary neurogenic tum ors in  the neck and are usually
seen  in  patien ts betw een 20 and 50 years of age.

Neurofibrom a
Neurofibrom as  are  unlike  schwannom as  in  that  they  are  not
encapsulated; nerve fibers traverse  and  are frequently incorpo-
rated  in to  the  tum ors. They are  often  m ultiple  and  are  usually
part  of  von  Recklinghausen  disease  (neurofibrom atosis;
� Fig. 34.5). The  incidence  of the  latter  is 1  in  3,000  bir ths. The
distinct ion  between  betw een  schwannom a  and  neurofibrom a
is  im portan t  clin ically  and  prognostically.  Schwannom as  are
not  know n  to have  m alignant  potential, but  neurofibrom as can
give rise to m alignant  peripheral nerve sheath  tum ors.

34.6.2  Evaluat ion
Most  patien ts w ith  nerve sheath  tum ors are  asym ptom atic and
present  w ith  a pain less neck m ass, although  som e m ay present
w ith  nasal obstruction, hearing loss, dysphagia, and  hoarseness,
depending on  the  location  of the  tum or. Schwannom as associ-
ated  w ith  cranial nerves or  the  sym pathetic chain  m ay present
as a m ass displacing the lateral pharyngeal wall.

CT and  MR im aging are  helpful in  establish ing the  diagnosis
of schwannom a, and  MR im aging is superior  to CT in  its ability

to  di erentiate  schwannom as  from  other  types  of  tum ors
w ith  sim ilar  presentations.  Histologic  exam ination  assists  in
the  diagnosis  of  schwannom a  by  dem onstrating  the  typical
spindle cell features of elongated nuclei and  alternating areas of
organized, compact  cells  (Antoni type  A) and  loosely arranged,
relatively acellular  t issue  (Antoni type  B). In  addition , im m uno-
histochem ical staining for the S-100 protein , a neural crest  anti-
gen  present  in  the  support ing  cells  of the  nervous  system , is
helpful w hen classic m orphological features are not obvious.

34.6.3  Treatm ent
Conservative local excision  of the tumor  with  preservation  of the
nerve of origin  is the treatment  of choice. The relatively avascular
nature  of the  tumor  allows  dissection  of the  tumor  within  the
capsule  and  separation  from  the  nerve  of origin. However, if the
nerve  cannot  be  preserved  during  surgery,  immediate  recon-
struction  with  postoperative rehabilitation  should  be undertaken.

34.7  Malignant  Peripheral Nerve
Sheath Tum ors
34.7.1  The Disease Process
Malignant  peripheral nerve sheath  tum ors are  rare  tum ors that
m ay arise sporadically or w ithin  a preexisting benign peripheral
nerve  sheath  tum or, the  latter  usually in  a  pat ient  w ith  neuro-
fibrom atosis. They m ay be  referred  to  as m alignant  schwanno-
m as,  neurofibrosarcom as,  neurogenic  sarcom as,  neurilem m o-
sarcom as, m alignant  fibrosarcom as, or  m alignant  neurilem m o-
m as. Malignant  peripheral nerve  sheath  tum ors  comprise  2  to
6% of head  and  neck  sarcom as. They arise  in  13  to  29% of pa-
tients  w ith  neurofibrom atosis;  20% of pat ients  w ith  m alignant
peripheral nerve  sheath  tum ors have neurofibrom atosis. Expo-
sure  to  radiation  is  believed  to  play a  role  in  the  form ation  of
m alignant  peripheral nerve sheath  tum ors, w ith  a latency peri-
od  of 10 to 20  years;  therefore, som e recom m end  that  patients
w ith  neurofibrom atosis  w ho  receive  radiation  t reatm ent
should  be  carefully m onitored  for  the  developm ent  of sarcom a.
In  a  study  by  Loree  et  al, overall  survival  at  5  years  approxi-
m ated  52%, w ith  im proved  survival in  fem ale  pat ients  and  pa-
tients  w ith  low -grade  tum ors.  The  developm ent  of  distant
m etastases  correlated  w ith  tum or  grade. Age, tum or  site, and
size had no impact  on  survival. Patien ts w ith  neurofibrom atosis
had worse survival than  those w ith  sporadic form s of disease.

34.7.2  Evaluat ion
Patien ts  w ith  m alignant  peripheral  nerve  sheath  tum ors  m ay
present  w ith  m ass lesions, and although som e m ay be asym pto-
m atic,  others  m ay  present  w ith  pain ,  airway  obstruct ion,  or
dysphagia, depending on  the  location  of the  tum or. In  a  study
by Loree  et  al, the  m edian  age  of these  patients  was  43  years,
and 41% of them  had a history of neurofibrom atosis. CT and MR
im aging  assist  in  the  diagnosis  of m alignant  peripheral  nerve
sheath  tum ors, and  im m unohistochem ical stain ing for  p53, Ki-
67, and MDM2 m arkers im proves the accuracy of th is diagnosis,
although  im m unoperoxidase  stain ing  for  S-100 has  been  the
only reliable m arker for a neurogenic tum or.

Fig. 34.5  Multiple  facial neurofibromas in  a  woman with
neurofibromatosis.
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34.7.3  Treatm ent
The  m ainstay  of  t reatm ent  of  a  m alignant  peripheral  nerve
sheath  tum or  is  w ide  excision  of the  tum or. Clear  m argins  are
essential  for  achieving  local  control. Adjuvant  radiotherapy  is
advocated  to  improve  local control, including  in  patien ts  w ith
negative  m argins  at  the  t im e  of resection. Regional m etastasis
is rare; thus, elect ive neck dissection  is not  indicated.

34.8  Sarcom a
34.8.1  The Disease Process
Sarcom as  of  the  head  and  neck  comprise  a  heterogeneous
group  of tum ors that  range  w idely in  biological behavior, from
slow ly  grow ing  tum ors  to  aggressive  lesions  w ith  m etastatic
potential. They  a ect  num erous  subsites  w ith in  the  head  and
neck  and  are  classified  by  their  tissue  of origin . Malignant  fi-
brous histiocytom a, also know n  as pleom orphic sarcom a, is the
m ost  com m on histologic subtype of soft-t issue sarcom a and  in-
cludes  tum ors  w ithin  a  broad  range  of cellular  origins. Angio-
sarcom a is an  extrem ely rare  type  of vascular  sarcom a (1  to 2%
of all soft-t issue  sarcom as), of w hich  at  least  half occur  in  the
head  and  neck  region. It  arises from  cells  of endothelial origin ,
and  unlike  m ost  sarcom as, w hich  tend  to  occur  in  deep  loca-
tions, it  com m only occurs in  the  skin  or  superficial soft  t issues.
Rhabdomyosarcom a  is  the  m ost  com m on  form  of sarcom a  in
children  and  arises in  the  head  and  neck in  approxim ately 40%
of cases. These  tum ors have  a  significant  potential for  m etasta-
sis to cervical lymph nodes as well as system ic m etastases.

34.8.2  Evaluat ion
The clin ical presentat ion  is determ ined  by the subsite  of origin .
Sarcom as arising in  the neck usually present  as a painless m ass.
However, deep  tum ors  m ay  im pinge  on  vital  structures, pro-

ducing  sym ptom s  of pain , paresthesias, dysphagia, or  hoarse-
ness. Malignant  fibrous histiocytom as often  present  as subcuta-
neous or subm ucosal lesions in  the parotid gland or neck and in
the  sinonasal tract . Angiosarcom as classically present  as  viola-
ceous m acules and plaques on  the scalp or face (� Fig. 34.6) that
can  progress to  nodular  and  ulcerated  lesions. The  diagnosis  is
often  delayed  because  the  lesion  com m only m im ics  other  der-
m atologic entit ies and is generally asym ptom atic.

CT and  MR im aging assist  in  establish ing the diagnosis by ac-
curately assessing the  size  and  location  of the  sarcom a, as well
as delineating bony involvem ent, in tracranial extension, and re-
gional  m etastasis.  MR im aging  o ers  m uch  better  soft-t issue
resolution  and  is  therefore  better  at  evaluating the  prim ary le-
sion, perineural extension, dural involvem ent, bone m arrow  re-
placem ent, and  orbital invasion. Unfortunately, however, none
of the im aging characteristics can  be considered diagnostic, and
thus a  biopsy, w hich  should  be  perform ed  after  the  im aging, is
necessary to defin itively establish  the  diagnosis. Im m unohisto-
chem ical stains and  cytogenet ic studies assist  in  confirm ing the
diagnosis.  Because  sarcom as  spread  m ost  com m only  to  the
lungs, CT of the  chest  is  also  necessary  to  rule  out  pulm onary
m etastasis.

34.8.3  Treatm ent
In  the  absence  of  m etastatic  disease,  surgical  resection  w ith
w ide  m argins provides the  best  chance  of cure  for  sarcom as of
the  head  and  neck. The  optim al t reatm ent  of angiosarcom a  is
not  clearly defined  because  of the  rarity of angiosarcom as and
their  poor  prognosis,  although  several  investigators  have  re-
ported that the com binat ion of surgery w ith  postoperative radi-
ation  o ers  the  best  prognosis.  The  m ajor  challenges  in  the
treatm ent  of angiosarcom as  include  characteristics  such  as  ill-
defined  borders,  the  frequency  of  m ultifocal  disease,  and  a
propensity  to  m etastasize.  The  ability  of  these  neoplasm s  to
spread  subcutaneously over  large  areas m akes local recurrence

Fig. 34.6  Recurrent  angiosarcoma seen  as viola-
ceous macules on  the  scalp  of a  patient  who
previously underwent  wide  local excisions.
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a  defining quality of these  m alignancies. Therefore, truly nega-
tive  surgical  m argins  are  unlikely  to  be  achieved,  and  frozen
sect ion  analysis  at  the  tim e  of excision  to  ensure  complete  re-
sect ion  has lit t le  im pact  on  outcom e. Chem otherapy m ay have
an  em erging role  in  the  m anagem ent  of sarcom as. However, its
use  is  curren tly  lim ited  to  unresectable  tum ors  or  nonsurgical
candidates.  The  in tralesional  inject ion  of  cytokines  has  also
been  used for angiosarcom as in  conjunct ion w ith  surface irradi-
ation, resulting in  extended  partial response. Recent  literature
supports  the  use  of  neoadjuvant  chem otherapy,  especially  in
patients in  w hom  surgical treatm ent  w ith  or  w ithout  radiation
therapy can  result  in  severe disfigurem ent.

34.9  Lym phom a
34.9.1  The Disease Process
Extranodal lymphom as of the head and neck constitute approx-
im ately  10% of all  non-Hodgkin  lymphom as  and  occur  in  the
Waldeyer  ring, m ost  frequently  the  tonsils, paranasal  sinuses,
nasal cavity, larynx, oral cavity, salivary glands, thyroid, and  or-
bit . Most  are  B-cell m alignancies. Marginal zone  lymphom a  of
the  m ucosa-associated  lymphoid  tissue  (MALT) type  is part icu-
larly  associated  w ith  inflam m atory  conditions  in  the  thyroid
and salivary glands.

34.9.2  Evaluat ion
Patients  w ith  head  and  neck  lymphom as  m ay  present  w ith  a
variety of sym ptom s, depending on  the  subsite  involved;  these
m ay  include  tonsillar  swelling, nasal  obstruction, sore  throat,
hoarseness, dyspnea, and  neck m ass. The diagnosis is m ost  reli-
ably m ade  by open  biopsy, although  fine-needle  aspiration  bi-
opsy is increasingly used. Radiographic im aging is used to assist
in  staging the disease. Chest  X-rays are su cient  to evaluate for
m ediastinal  or  h ilar  adenopathy, and  CT and  MR im aging  are
useful in  evaluating the  extent  of the  prim ary lesion. More  re-
cently, PET-CT has  becom e  a  m ajor  tool  in  the  evaluation  of
lymphom as. Other  tests  perform ed  in  staging  disease  include
complete blood cell count , liver funct ion tests, lum bar puncture,
and bone m arrow  biopsy.

34.9.3  Treatm ent
Surgery has a role only in  the staging of head and neck lympho-
m as;  the  m anagem ent  of m ost  extranodal  lym phom as  in  the
head  and  neck consists of radiation  therapy and/or  chem other-
apy. For  low -grade  stage  I or  II lym phom as, the  standard  treat-
m ent  has  been  involved  field  or  extended  field  radiation  ther-
apy.  For  low -grade  stage  III  or  IV lymphom as,  the  standard
treatm ent  is  chem otherapy. In terferon-α  has  been  given  after
chem otherapy  in  selected  pat ien ts  and  has  been  show n  to
prolong  rem issions,  bu t  not  overall  survival.  For  in term edi-
ate-grade  stage  I or  II lym phom as, both  radiat ion  and  chem o-
therapy  are  advocated ,  and  for  in term ediate  stage  III  or  IV
lym phom as,  chem otherapy  is  the  prim ary  t reatm ent .  High-
grade  lym phom as, such  as  T-cell  lym phom a, require  com bi-
nat ion  chem otherapy  including  cen tral  nervous  system  pro-
phylaxis.  An  except ion  is  natural  killer/T-cell  lym phom a  of
the  nasal  type, w hich  has  a  poor  response  to  an th racycline-

based  chem otherapy regim ens;  therefore, h igh-dose  radiat ion
is  required.  In tensity-m odulated  rad iotherapy  (IMRT)  has
been  recom m ended  for  these  cases  to  m in im ize  risks  to  sur-
rounding norm al t issues. Thyroid  and  orbital lym phom as  are
com m only t reated  w ith  radiat ion  alone, although  chem other-
apy  is  often  added  for  d iseases  w ith  poor  prognost ic  factors
or  h igh-grade  h istology.  Stages  III  and  IV disease  is  t reated
prim arily w ith  com binat ion  chem otherapy.

34.10  Malignant  Melanom a
34.10.1  The Disease Process
Melanom a is a  m alignan t  neoplasm  that  arises in  the  m elano-
cytic  cells  found  in  the  basal  layer  of  the  epiderm is.  These
cells  are  of neural  crest  origin  and  located  predom inan tly  in
the  skin  but  also  in  the  eyes, ears, gastroin test inal t ract , lep -
tom eninges, and  oral  and  genital  m ucous  m em branes. Mela-
nom a frequen tly develops in  a  preexist ing nevus. Th is chapter
focuses  on  nonm ucosal form s  that  occur  w ith in  the  head  and
neck. The  behavior  of head  and  neck  m elanom a  is  aggressive,
and  m elanom a  in  th is  region  has  an  overall poorer  prognosis
than  that  of  m elanom a  in  other  skin  sites.  The  prognosis  of
individuals  a ected  w ith  m elanom a  has  been  dem onstrated
to  correlate  w ith  depth  of  invasion ,  w hich  was  in it ially  re-
por ted  as  the  Cla rk  level, corresponding  to  varying  regions  of
the  epiderm is  and  derm is.  However,  a  m ore  accurate  m eas-
urem ent  of tum or  th ickness, defined  by the  Breslow  level, has
becom e  the  standard  to  assess  prognosis  and  is  now  used  for
tum or  staging. The  m ost  im portan t  adverse  prognost ic factors
are  a  h igh  Clark  level  of invasion , increased  tum or  th ickness,
m ore  than  one  m itosis  per  h igh-power  field , clin ical  u lcera-
t ion , a  h igh  degree  of p leom orphism , the  presence  of m icro-
scopic satellites, a  lack of tum or-in filt rat ing lym phocytes, pri-
m ary  site  in  the  scalp,  and  regional  lym ph  node  m etastasis.
The  incidence  of  d istan t  m etastasis  is  repor ted  to  be  50  to
85% in  patien ts w ith  involvem ent  of the  cervical lymph  nodes.
The  incidence  of  occult  nodal  d isease  is  approxim ately  4  to
23%.

34.10.2  Evaluat ion
Head  and  neck  m elanom as  m ost  often  occur  on  the  face, w ith
the  cheeks the  m ost  com m on  site. Other  com m on  sites include
the neck, scalp, and auricles. The m ost com m on physical finding
is  a  new  or  changing  nevus. Variation  in  color  and/or  an  in-
crease in  the diam eter, height , or asym m etry of the borders of a
pigm ented  lesion  are  noted  by m ore  than  80% of patients w ith
m elanom a  at  the  t im e  of diagnosis. Other  sym ptom s, such  as
bleeding, itch ing, ulceration,  and  pain  in  a  pigm ented  lesion,
are less com m on.

A full-th ickness biopsy is crucial for  an  adequate  diagnosis of
the lesion  and  determ ination  of the depth  of invasion. Excision-
al biopsy is recom m ended for sm all lesions and for large lesions
in  a  cosm etically  favorable  location. The  biopsy should  extend
dow n  to the subcutaneous fat , w ith  a sm all (2 to 3 m m ) periph-
eral m argin . For large lesions and those in  cosm etically unfavor-
able locations, and  for  those w ith  a low  suspicion  of m elanom a,
an  incisional or  punch  biopsy can  be perform ed. Shave and  cur-
et biopsies are not  recom m ended.
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34.10.3  Treatm ent
The  m anagem ent  of m elanom a  consists  of w ide  local excision .
Recom m ended  m argins of resection  were determ ined  based  on
the  results  of prospective  random ized  clin ical trials  organized
by the World  Health  Organization  Melanom a Group to evaluate
the m argins required  to produce adequate local control. In  gen-
eral, for  in  situ  lesions, the  m argin  should  be 0.5 cm ; for lesions
less than  1 m m  in  th ickness, the  m argin  of resection  should  be
1 cm ; for lesions between  1.0 and 2.0 m m  in  th ickness, the m ar-
gins  are  generally  accepted  to  be  1  to  2 cm .  For  m elanom as
thicker than  2 m m , 2-cm  m argins are required.

The  risk  for  regional  lymph  node  spread  and  distant  m eta-
static  disease  is  closely  correlated  w ith  the  depth  of invasion,
and  the risk persists despite  adequate  excision  of the disease  at
the  prim ary site. It  is  believed  that  as  the  th ickness  of the  pri-
m ary m elanom a increases to m ore than  1 m m , the likelihood of
nodal  m etastases  increases  to  m ore  than  10  to  15%. Sentinel
lymph  node biopsy has been  used  to assess for  presence  of tu-
m or  cells  in  the  lymphatics.  However, the  w idespread  use  of
sentinel lymph  node  biopsy in  m elanom a  has  been  lim ited  by
several concerns, including poten tial dam age to the facial nerve
because  25  to  30% of the  sentinel nodes  are  found  w ithin  the
parotid gland.

The  role  of elect ive  neck  dissection  in  the  m anagem ent  of
m elanom a  rem ains  controversial  because  of  the  m orbidity  of
the dissection  w ithout  clear  evidence of survival benefit . When
elect ive neck dissect ion  is contem plated, the site of the prim ary
lesion  m ust  be  considered. For  prim ary  lesions  involving  the
parietal  and  frontal  scalp,  temple,  lateral  forehead,  lateral
cheek, or  ear,  superficial  parotidectomy  is  perform ed  in  con-
junct ion  w ith  neck dissection .

For  patients  w ith  palpable  cervical  nodes, the  likelihood  of
nodal m etastases increases up to 80%, and a funct ional neck dis-
sect ion  is advocated. However, therapeutic neck dissection  also
has not  been  show n  to  have  a  survival benefit , although  m any
favor  the  procedure  for  locoregional control. Survival drops  to
approxim ately  10% in  the  presence  of a  single  positive  lymph
node. Thus, m any feel that  rem oval of the a ected  nodes would
have  a  m inim al e ect  on  the  already-poor  survival. Neverthe-
less, there  is  a  consensus  am ong head  and  neck  surgeons  that
surgical control of regional disease m ay im prove patien ts’ qual-
ity of life.

Num erous adjuvant  therapies have  been  investigated  for  the
treatm ent  of m elanom a. High-dose  in terferon  alfa-2b  has been
approved  by  the  FDA as  an  adjuvant  treatm ent  for  h igh-risk
m elanom as. More  recently, im m unotherapy w ith  a  m onoclonal
an tibody called  ipilim um ab  has  been  approved  by the  FDA for
patients  w ith  advanced  or  m etastatic  m elanom a. No  survival
benefit  has  been  dem onstrated  for  adjuvant  chem otherapy,
nonspecific or  passive  im m unotherapy, radiation  therapy, reti-
noid  therapy, vitam in  therapy, or biologic therapy.

34.11  Roundsm anship
●  Paragangliom as m ay occur in  pat ien ts w ith  type IIA fam ilial

m ultiple endocrine neoplasia (MEN) (pheochrom ocytom a,
m edullary thyroid  carcinom a, and parathyroid  hyperplasia)
or type IIB MEN (also includes m ucosal neurom as).

●  Juvenile nasopharyngeal angiofibrom a (JNA) typically
presents in  m ales 7 to 29 years of age (m edian  age, 15 years)
w ith  the triad of unilateral nasal obstruct ion , recurrent  severe
epistaxis, and nasopharyngeal m ass. Nasal obstruction  and
epistaxis occur in  m ore than  80% of the patien ts.

●  Radiographic anterior bow ing of the posterior wall of the
m axillary sinus (Holm an-Miller sign) and en largem ent of the
superior orbital fissure are considered diagnostic for JNA.

●  For m alignant m elanom as, in  situ  lesions are resected w ith  a
m argin  of 0.5 cm ; for lesions less than  1 m m  in  th ickness, the
m argin  of resection  should be 1 cm ; for lesions betw een 1.0
and 2.0 m m  in  th ickness, m argins are generally accepted to be
1 to 2 cm ; for m elanom as th icker than  2 m m , 2-cm  m argins
are required.
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35  Principles and Techniques of Neck Dissect ion
Moustafa Mourad and Stimson P. Schantz

35.1  Int roduct ion
The earliest  docum entation  of head  and  neck cancer dates back
to  3500  BC,  in  the  Egyptian  texts  of  the  Ebers  Papyrus.  The
papyrus  describes  the  t reatm ent  of  an  “eating  ulcer  on  the
gum s” w ith  cinnam on, honey, gum , and  oil. The  importance  of
the  presence  of nodal disease  in  the  prognostication  of the  dis-
ease  was  not  fully  appreciated  or  docum ented  in  the  m edical
literature  until 1790, and  before  the  n ineteenth  century, no at-
tempt  at  controlling  m etastatic  nodal  disease  by  surgery  was
m ade.

In  1837, John  Collins Warren  attem pted  to control m etastatic
spread  to  the  cervical  nodes  w ith  isolated,  single-node  exci-
sions. With  advances in  antisepsis and  an tim icrobials, anesthe-
sia, surgical technique, and  perioperat ive  m anagem ent, the late
nineteenth  century saw  an  increase  in  the  attempted  m anage-
m ent  of nodal disease. En  bloc resections of nodal disease were
conducted  in  cases  of advanced  d isease, p ioneered  by  Euro-
peans:  Bernhard  Rudolf Konrad  von  Langenbeck, Christ ian  Al-
ber t  Theodor  Billroth ,  Richard  von  Volkm an ,  and  Theodor
Kocher. Sir  Henry Tren tham  Butlin  in troduced  the  concept  of
elect ive  neck dissect ions in  1885, w h ich  brough t  about  a  dra-
m atic  im provem ent  in  local  d isease  con trol  and  the  survival
rates of pat ien ts.

The  early twentieth  century saw  a refinem ent  in  the surgical
technique  of  nodal  excisions,  as  well  as  the  in troduct ion  by
George  Washington  Crile  of the  radical neck dissection. Today,
there  are  three  m ajor  classificat ions of neck dissections, w ith  a
num ber  of  subtypes,  all  of  w hich  are  a  fundam ental  part  of
head  and  neck surgery and  have  drastically im proved  the  out-
com es  of  pat ients  w ith  head  and  neck  cancer.  A thorough
understanding  and  appreciation  of head  and  neck  anatomy  is
essential in  perform ing neck dissect ion.

35.2  Details of the Lym ph Node
Levels of the Neck
The  lymph  nodes  w ith in  the  neck  m aybe  divided  in to  seven
anatom ical subsites (� Fig. 35.1).

Level I:  The  nodes  in  th is  level  can  be  subdivided  in to  sub-
m ental (IA) and subm andibular (IB) nodes.

The  subm ental  (IA)  nodes  are  contained  w ith in  a  triangular
region  bounded  by  the  anterior  belly  of  the  digastric  m uscle
and  the hyoid  bone. The subm andibular  (IB) nodes are found  in
the  region  bounded  by  the  anterior  belly  of  the  digastr ic
m uscle, the body of the m andible, and the stylohyoid m uscle.

Level II:  Contains  the  upper  jugular  lymph  nodes. The  nodes
in  th is  level can  also  be  subdivided  in to  level IIA and  level IIB
nodes.

Level II lymph  nodes are  found  in  the  region  bounded  poste-
riorly and  laterally by the  posterior  border  of the  sternocleido-
m astoid  m uscle, superiorly  by  the  skull  base, inferiorly  by  the
inferior  border  of  the  hyoid  bone, and  anterom edially  by  the
stylohyoid  m uscle. The  nodes  in  levels  IIA and  IIB are  subdi-
vided  based  on  their  relationship  to  the  vertical plane  created

by the spinal accessory nerve  in  th is region:  level IIA nodes are
anterom edial to th is plane, w hereas IIB nodes are posterolateral
to the plane.

Level III:  Contains  the  m iddle  jugular  lymph  nodes. This  re-
gion  is defined as lying in  an  area bounded superiorly by the in-
ferior  border  of  the  hyoid  bone  and  inferiorly  by  the  inferior
border  of the  cricoid  cart ilage. Medially, these  nodes are  lateral
to the lateral boundary of the  sternohyoid  m uscle, and  posteri-
orly and  laterally  they are  bounded  by the  posterior  border  of
the sternocleidom astoid m uscle.

Level IV:  Contains  the  lower  jugular  nodes. This  level  is  de-
fined  as  the  area  bounded  superiorly  by the  inferior  border  of
the cricoid  cart ilage, inferiorly by the clavicle, posteriorly by the
posterior border of the sternocleidom astoid  m uscle, and anteri-
orly by the lateral border of the sternohyoid m uscle.

Level V: Contains the  posterior  tr iangle lymph  nodes and  can
be subdivided in to levels VA and VB.

Level V nodes are  found  in  the  region  bounded  superiorly by
the  in tersect ion  point  of the  sternocleidom astoid  m uscle  and
the t rapezius m uscle, inferiorly by the clavicle, anteriorly by the
posterior  border  of the sternocleidom astoid, and  posteriorly by
the  an terior  border  of the  t rapezius  m uscle. Level V is  divided
into sublevels VA (above) and  VB (below ) by a  horizontal plane
created by the inferior border of the an terior cricoid  arch.

Level VI: Contains the anterior compartm ent lymph nodes, in-
cluding  the  prelaryngeal  (delphian), pretracheal, and  paratra-
cheal nodes. This  level is  defined  as  an  area  w ith  the  superior
boundary  form ed  by  the  hyoid  bone,  the  inferior  boundary
form ed  by  the  suprasternal  notch, and  the  lateral  boundaries
form ed by the com m on carotid arteries.

35.2.1  Details of Lym ph Drainage
Understanding the  pat terns  of lymphatic drainage  in  the  vari-
ous sites  of the  head  and  neck is  crit ical to  the  perform ance  of
an  appropriate  neck dissection . � Fig. 35.2  details the  course  of
the lymphatics. Lym ph nodes are com m only seen  to course par-
allel to m ajor  venous pathways, as well as along selected  neural
pathways.

A eren t  lymphatics  from  the  subm ental and  subm andibular
nodes  drain  the  floor  of  the  m outh , apex  of  the  tongue, and
lower lips. Subsequent  e erent  drainage  courses to deep  cervi-
cal nodes toward the in ternal jugular  vein  at  the level of the hy-
oid  bone  (levels  IIA and  IIB), as  well as  to  subm axillary  nodes.
The  anterior  cervical  node  a eren ts  drain  the  subglottic  and
glottic larynx, apex of the  piriform  sinus, and  cervical esopha-
gus. Anterior  cervical node e erent  lym phatic drainage courses
toward  level II nodes, as well as upper  m ediastinal nodes. Level
II nodes receive  drainage from  the oral cavity, nasopharynx, or-
opharynx,  hypopharynx,  and  larynx,  as  well  as  the  scalp,
auricles, and  back of the  neck. Level II nodes also receive drain-
age from  other nodal groups, part icularly from  the anterior cer-
vical compartm ent , as well as the  subm ental and  subm andibu-
lar  group. Level  II e erents  subsequently  drain  in to  levels  IV
and  V. Levels  IV and  V nodes  receive  drainage  from  the  naso-
pharynx, oropharynx, and cutaneous structures of the posterior
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scalp  and  neck. E eren ts  from  this  region  join  w ith  e erents
from  levels II and III to form  the jugular  trunk. On  the right  side,
the jugular trunk term inates at  the branching point of the in ter-
nal jugular  vein  from  of the  right  subclavian  vein . The  jugular
trunk on  the left  joins the thoracic duct .

35.2.2  Details of the  Thoracic Duct
The thoracic duct  originates in  the cisterna chyli, a saclike struc-
ture  located  inferior  to  the  righ t  crus  of the  diaphragm  at  the
level of L1  and  L2. The  duct  enters the  thorax lateral to the  de-
scending aorta  and  m edial to  the  azygous vein . It  continues to
ascend through  the thorax, crossing the arch  of the aorta in  the
superior  m ediastium . The duct  then  courses laterally at  the lev-
el of C7. The  duct  continues to  run  along the  m edial border  of

the  anterior  scalene  m uscle, looping inferiorly and  crossing the
first  segm ent  of the  subclavian  ar tery  an teriorly. The  thoracic
duct  term inates at  the  junct ion  of the  left  in ternal jugular  vein
and  the  subclavian  vein ,  below  the  level  of  the  clavicle.  The
thoracic  duct  drains  the  lower  extrem it ies  (through  the  righ t
and left  lymphatic trunks) and abdom en.

35.3  Details of the  Arteries of the
Neck (� Fig. 35.3)
35.3.1  Details of the Subclavian Arteries
The  right  subclavian  artery originates from  the  innom inate  ar-
tery posterior  to the sternoclavicular joint  and  arches above the

Fig. 35.1  Nodal levels of the  neck.
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clavicle  and  subclavian  vein . The  right  subclavian  artery leaves
the  neck at  the level of the first  rib, becom ing the righ t  axillary
artery. The  left  subclavian  artery  originates  directly  from  the
arch  of the  aorta  and  enters  the  base  of the  neck  through  the
superior  m ediastinum . Sim ilar  to  the  right  subclavian  ar tery,
the left  subclavian  leaves the  neck at  the level of the first  rib  to
becom e the left  axillary ar tery.

The  subclavian  artery can  be  subdivided  in to three  segm ents
based  on  its  relationship  to  the  an terior  scalene  m uscle:  the
first  segm ent  lies  m edial,  the  second  segm en t  lies  beh ind,
and  the  th ird  segm ent  lies lateral to the  m uscle. The first  seg-
m ent  on  the  r igh t  side  is  crossed  by the  in ternal jugular  and
ver tebral veins and  the  vagus nerve. The  first  segm en t  on  the
left  side  is  crossed  by  the  left  com m on  carotid  ar tery,  ansa

subclavia, vagus nerve, and  in ternal jugular  vein . Im por tan tly
on  the  left  side, posterior  to  the  first  segm ent  lie  the  esopha-
gus, t rachea, thoracic duct , and  left  recurren t  laryngeal nerve.
The  th ird  segm ent  of the  subclavian  ar tery  is  crossed  by  the
external  jugular  vein  an teriorly  and  the  m iddle  scalene
m uscle  posteriorly.

The  branches  of  the  subclavian  artery  arise  predom inantly
from  the first  segm ent, although in  som e individuals the second
and  th ird  segm ents  m ay  be  the  origin  of  the  thyrocervical
trunk. Branches  of the  subclavian  artery  include  the  ver tebral
artery,  thyrocervical  t runk,  suprascapular  artery,  transverse
cervical artery, inferior  thyroid  artery, in ternal thoracic artery,
costocervical t runk, suprem e intercostal ar tery, and  deep  cervi-
cal artery.

Fig. 35.2  Patterns of lymphatic drainage  in  the  neck.
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The t ransverse  cervical ar tery originates from  the  thyrocer-
vical  t runk  and  is  generally  encoun tered  in  level  V neck  dis-
sect ions. The  ar tery  crosses  the  an terior  scalene  m uscle  and
brach ial p lexus and  then  penetrates  the  t rapezius  m uscle, d i-
viding in to a  superficial branch  and  a  deep  branch .

The  inferior  thyroid  artery also originates from  the  thyrocer-
vical trunk and  ascends anterior  to  the  vertebral artery, giving
rise to the ascending cervical artery at  C6. The artery passes be-
hind  the carotid  sheath , arching dow nward, to reach  the  poste-
rior pole of the thyroid gland.

35.3.2  Details of the  Com m on Carot id
Arteries
The right  com m on carotid  artery originates from  the brachioce-
phalic ar tery at  the  level of the  sternoclavicular  joint, w hereas
the  left  com m on  carotid  artery is  a  direct  branch  of the  aorta.
Both  com m on  carotid  arteries  are  protected  by the  sternoclei-
dom astoid  and  the  strap  m uscles  of the  neck. The  carotid  ar-
teries  bifurcate  at  the  level of the  thyroid  cart ilage, giving rise
to the in ternal and external carotid arteries.

The in ternal carotid  ar tery originates at  the bifurcat ion  of the
carotid  ar tery at  the  upper  border  of the  thyroid  cart ilage. The
internal carotid  artery ascends superiorly under  the sternoclei-
dom astoid  and  posterior  belly  of the  digastr ic before  entering

the  carot id  canal w ith in  the  tem poral bone  w ithout  giving o 
any  branches  w ith in  the  neck. Iden t ificat ion  of  the  in ternal
carot id  ar tery,  along  w ith  the  in ternal  jugular  vein ,  cran ial
nerves  IX th rough  XII,  and  the  sym pathetic  p lexus, is  aided
by  iden t ificat ion  of  the  C1  t ransverse  process  im m ediately
posteriorly.

The external carotid  ar tery is form ed  at  the bifurcat ion  of the
com m on  carotid  ar tery at  the  level of the  thyroid  car t ilage  and
runs  an terom edial  to  the  in ternal  carotid  artery. The  external
carotid  artery  ascends  posterior  to  the  sternocleidom astoid
m uscle  and  deep  to  the  posterior  belly of the  digast ric m uscle,
penetrating the parotid behind the angle of the m andible before
dividing in to  the  term inal branches of the  superficial temporal
and  m axillary  arteries. The  branches  of the  carotid  artery  in-
clude the  superior  thyroid  artery, ascending pharyngeal ar tery,
lingual artery, facial artery, and occipital artery.

The superior  thyroid  artery m ost  com m only originates as the
first  branch  of the external carotid  artery, but  it  m ay be seen  to
arise  from  the  com m on  carotid  artery. The  artery passes  ante-
roinferiorly  to  supply  the  in tr insic  m uscles  of the  larynx  and
the  superior  pole  and  isthm us  of the  thyroid  gland  just  before
term inating.

The lingual ar tery ascends deep to the digastr ic m uscle in  the
lateral wall of the  pharynx, coursing anteriorly until it  reaches
the hyoglossus m uscle.

Fig. 35.3  Major vessels of the  neck.
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The  facial ar tery originates  at  digastric m uscle  near  the  level
of  the  angle  of  the  m andible. From  its  origin  site,  it  ascends
deep  to  the  digastric and  stylohyoid  m uscles  to  the  subm axil-
lary triangle.

35.4  Details of the Veins of the
Neck
The  veins  of  the  neck  can  be  subdivided  in to  superficial  and
deep veins.

35.4.1  Superficial Veins
External Jugular Vein
The  external  jugular  vein  drains  the  external  portion  of  the
skull and  deeper  port ions of the face. The  retrom andibular  and
postauricular  veins  unite  to  form  the  external  jugular  vein
w ithin  the substance of the parotid  gland  at  the level of the an-
gle of the m andible. The external jugular  vein  courses along the
sternocleidom astoid  deep  to  the  platysm a.  It  continues  its
course  in to  the  posterior  tr iangle,  entering  the  deep  fascia,
w here it  term inates in to the subclavian  vein  (two-thirds) or  the

internal jugular  vein  (one-th ird). The  external jugular  vein  re-
ceives tr ibutaries from  the anterior and posterior jugular, trans-
verse cervical, suprascapular, and cephalic veins.

Anterior Jugular Vein
The  anterior  jugular  vein  originates at  the  hyoid  or  suprahyoid
level, form ed by a confluence of veins from  the parotid or retro-
m andibular  veins. Bilateral veins travel inferiorly over  the  ster-
nohyoid  and  sternocleidom astoid  m uscles  in  a  paired  fash ion,
just  o  the  m idline  of the  neck.  The  right  and  left  lines  join
above  the  sternum ,  form ing  a  venous  arch  that  descends  to
term inate  in  the  subclavian  or  external jugular  vein . Variations
include  the  presence  of only one  m idline  cervical vein , absent
venous arch , or absent  anterior jugular  vein .

35.4.2  Deep Veins
Internal Jugular Vein
The  in ternal  jugular  vein  receives  venous  drainage  from  the
brain , face, and  neck. The  right  in ternal jugular  vein  is  usually
larger  then  the left , and  in  10% of individuals it  is the  predom i-
nant  drainage of the head  and  neck. The in ternal jugular  vein  is

Fig. 35.4  Types of neck dissections.
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form ed  by the  union  of the  inferior  petrosal sinus and  the  sig-
m oid  sinus  w ithin  the  posterior  compartm ent  of  the  jugular
foram en, exiting w ith  cranial nerves IX, X, and  XI. The vein  also
receives  drainage  from  the  lingual vein , facial vein , and  retro-
m andibular  vein , form ing a  trunk  below  the  level of the  angle
of the m andible.

The  jugular  bulb  is  the  first  portion  of  the  vein  as  it  de-
scends in to  the  floor  of the  m iddle  ear  space. The  vein  contin-
ues  its  course  dow nward,  crossing  the  transverse  process  of
the  atlas, w ith  an  anterolateral trajectory. The  vein  is  encased
w ith in  the  carotid  sheath , running  lateral  to  the  in ternal  and
com m on  carotid  arteries  and  anterior  to  cran ial  nerve  X.  At
the  level  of the  angle  of the  m andible, the  vein  is  crossed  by
the  posterior  belly  of the  digastr ic  m uscle, stylohyoid  m uscle,
occipital ar tery, and  cranial nerve  XI. In  the  righ t  base  of neck,
the  in ternal jugular  vein  crosses  the  first  segm ent  of the  sub-
clavian  ar tery  separated  from  the  com m on  carotid  artery,
w hile  on  the left  side, the  vein  overlaps the  ar tery. The  subcla-
vian  vein  joins  the  in ternal jugular  vein , form ing  the  brachio-
cephalic vein , inferior  to the  subclavian  ar tery on  the  right  and
anterior  to it  on  the left .

Subclavian Vein
The subclavian vein  is a continuation  of the axillary vein . It  orig-
inates at  the border  of the first  rib  and  continues to the  m edial
border  of  the  anterior  scalene  m uscle.  The  subclavian  veins
courses  anterior  to  the  subclavian  artery  and  anterior  scalene
m uscle.

35.5  Details of the  Nerves of the
Neck
35.5.1  Spinal Nerves
The  dorsal  (posterior)  ram i  of  the  cervical  nerves  (except  for
the ram i of C1) innervate  the m uscles and  skin  of the  neck. The
dorsal  ram i  contain  m edial  and  lateral  branches;  the  m edial
branches  innervate  m uscle  and  skin , and  the  lateral  branches
supply only m uscle.

35.5.2  Cervical Plexus
The  cervical  plexus  is  form ed  by  the  anterior  ventral  ram i of
the  C1  to  C4  nerve  roots  and  is  located  anterior  to  the  levator
m uscle  of the  scapula  and  the  m iddle  scalene  m uscle. Anteri-
orly, it  is  covered  by prevertebral fascia, w hich  form s  a  barrier
separating the  plexus from  the  in ternal jugular  vein . The  cervi-
cal  plexus  can  be  subdivided  in to  deep  and  superficial
branches.

The deep  branches of the cervical plexus contain  the superior
and  inferior  root  of the  ansa  cervicalis. The  superior  root  con-
tains  fibers  originat ing  from  C1  and  C2  that  join  w ith  cranial
nerve  XII, providing  innervation  to  the  thyrohyoid  and  genio-
hyoid  m uscles. The  inferior  root  of the  ansa  cervicalis  contains
fibers that  originate  in  the  C2 and  C3 nerve  roots. The  superior
and  inferior  roots  connect  to  form  the  ansa  hypoglossi, w hich
provides innervation  to the infrahyoid m uscles.

Fig. 35.5  Incisions for neck dissection.
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The  superficial (cu taneous)  branches  of the  cervical p lexus
are  form ed  by nerve  roots C2  to  C4  and  include  the  lesser  oc-
cipital, great  auricu lar, t ransverse  cervical, suprascapular, an -
terior  (m edial)  supraclavicular, m iddle  (in term ediate)  supra-
clavicu lar, and  posterior  (lateral)  supraclavicu lar  nerves. The
lesser  occipital  nerve  originates  from  C2  to  C4,  coursing
around  the  posterior  border  of  the  sternocleidom astoid
m uscle  and  providing sensory innervat ion  in ferior  and  poste-
rior  to  the  auricle. The  great  auricu lar  nerve  or iginates  from
C2  to  C3  and  also  courses  beh ind  the  poster ior  border  of the
sternocleidom astoid  m uscle  before  run n ing superiorly tow ard
the  ear;  it  provides sensory innervation  to  the  skin  overlying
the  parot id  gland ,  the  auricle,  and  the  skin  of  the  m astoid
process.

35.5.3  Phrenic Nerve
The  phrenic  nerve  originates  from  the  C3,  C4,  and  C5  nerve
roots. It  courses  on  the  anterior  surface  of the  an terior  scalene
m uscle and is covered by prevertebral fascia.

35.5.4  Brachial Plexus
The brachial plexus is form ed by ventral ram i of the C5 through
T1  nerve  roots. The  plexus originates  betw een  the  m iddle  and
anterior  scalene  m uscles  and  continues to  run  posterior  to  the
inferior  belly  of  the  om ohyoid  m uscle.  The  plexus  continues
w ith  the subclavian vein  in to the axilla, providing m uscular and
cutaneous innervation to the upper lim b.

35.5.5  Cervical Sym pathet ic Trunk
The  cervical  sym pathetic  t runk  consists  m ainly  of  ascending
preganglionic nerve  fibers  that  t ravel through  ventral roots  of
the  upper  thoracic  nerves. The  cervical sym pathetic  trunk  in-
cludes  the  superior,  m iddle,  vertebral,  and  stellate  (inferior)
sym pathetic  ganglia;  the  vertebral  and  m iddle  sym pathetic
ganglia are inconsisten tly found.

Superior Cervical Ganglion
The  superior  cervical ganglion  is  located  at  the  level of C2  and
C3  above  the  carotid  bifurcation, posterior  and  m edial  to  the
beginning  portion  of the  in ternal  carotid  artery. The  ganglion
sits along the longus capitis m uscle. The ganglion  branches in to
the external carotid  and in ternal carotid  nerve plexuses. The in-
ternal carotid  nerve  plexus is the  m ajor  continuation  of nerves
from  the superior cervical ganglion, providing fibers that supply
the upper part  of the face and the orbit.

Middle  Sym pathet ic Ganglion
The  m iddle  sym pathetic  ganglion  is  located  at  the  carotid  tu-
bercle (transverse process of the C6 ver tebra) in  close proxim ity
to  the  inferior  thyroid  artery. It  is  the  sm allest  of the  cervical
ganglia and  is present  in  only 62.3% of cervical trunks. Branches
of th is  ganglion  com m unicate  w ith  ram i of the  fifth  and  sixth
cervical nerves and  also form  thyroid  branches that  t ravel w ith
the inferior  thyroid artery to the thyroid gland.

Inferior (Stellate) Sym pathet ic Ganglion
The inferior sym pathetic ganglion  is located  betw een  the trans-
verse process of C7 and the first  rib, m edial to the vertebral gan-
glion. Often, th is  m ay be  fused  w ith  the  first  thoracic ganglion
and  is  know n  as  the  stellate  ganglion. The  inferior  port ion  of
the ganglion  lies inferior and posterior to the subclavian  artery.

35.5.6  Cranial Nerves of the  Neck
Facial Nerve
Within  the  neck, the  cervical and  m andibular  branches  of the
facial  nerve  are  com m only  encountered.  The  m andibular
branch  appears  along the  an terior  border  of the  parotid  gland.
This branch  runs inferiorly below  the lower  border  of the  m an-
dible, crossing the  anterior  facial vein  and  the  superficial layer
of  the  deep  cervical  fascia  at  the  level  of  the  subm andibular
gland. This branch  innervates the  depressor  anguli oris m uscle.
The  cervical  branch  runs  at  the  inferior  border  of the  parotid
gland, coursing behind  the angle of the m andible, providing in-
nervation  to  the  platysm a. Term inal  branches  supply  the  de-
pressor m uscles of the lower lip .

Glossopharyngeal Nerve
The  glossopharyngeal  nerve  (cranial  nerve  IX)  is  a  com bined
m otor  and  sensory cranial nerve that  exits the brainstem  at  the
level  of the  upper  m edulla. The  glossopharyngeal  nerve  exits
the jugular foram en lateral to the vagus nerve and the accessory
nerve, m edial to  the  in ternal carotid  artery, and  anterom edial
to  the  jugular  bulb.  At  the  jugular  foram en,  cranial  nerve  IX
gives o two branches—the  tym panic branch  (Jacobson  nerve),
w hich  provides  innervation  to  the  m iddle  ear,  and  the  vagal
com m unicat ing (auricular) branch, w hich  provides innervation
to  the  external ear. After  exiting  the  foram en, the  glossophar-
yngeal nerve continues to run  betw een the jugular  vein  and  the
internal carotid  ar tery, deep to the styloid  process, providing its
only  m otor  innervation  to  the  stylopharyngeal  m uscle.  The
nerve  passes  along  the  lateral  border  of  the  stylopharyngeal
m uscle  and  along  the  m iddle  constrictor  m uscle.  The  nerve
then  turns anteriorly toward  the  tongue. The  glossopharyngeal
nerve  divides in to its tonsillar  and  lingual branches deep  to the
hyoglossal m uscle.

Vagus Nerve
The vagus nerve (cranial nerve X) exits the jugular foram en  m e-
dial to cran ial nerves IX and  XI, passing in to the carotid  sheath .
As the  nerve  courses rost rally w ithin  the  neck, the  nerve  is  lo-
cated  betw een  and  posterior  to  the  carotid  artery and  in ternal
jugular  vein . Branches  of cran ial  nerve  X w ithin  the  neck  in-
clude  the  auricular  branch  (Arnold  nerve), pharyngeal branch ,
superior  laryngeal nerve, external laryngeal nerve, in ternal lar-
yngeal nerve, cervical cardiac branches, and recurren t  laryngeal
nerve.

The  auricular  branch  (Arnold  nerve) originates in  the jugular
fossa  and  exits  from  the  tym panom astoid  fissure,  supplying
skin  of  the  back  of  the  external  auditory  canal,  skin  of  the
lower  part  of the  m eatus, and  inferior  portion  of the  tym panic
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m em brane. The  pharyngeal branch  runs  along  the  lateral side
of the  in ternal  carotid  artery, providing  m otor  innervation  to
the  pharyngeal  m uscles.  The  superior  laryngeal  nerve  is  a
branch  of the  vagus nerve  that  also  has contributions from  the
superior sym pathetic ganglion . The superior laryngeal nerve di-
vides in to the external and in ternal laryngeal nerves. The exter-
nal  laryngeal  nerve  provides  innervation  to  the  inferior  con-
str ictor  m uscles,  term inating  w ith in  the  cricothyroid  m uscle.
The  in ternal laryngeal nerve  courses anteriorly and  pierces the
thyrohyoid  m em brane  along  w ith  the  superior  thyroid  artery,
innervating the laryngeal m ucosa. The right  recurrent  laryngeal
nerve  branches  o  the  vagus  nerve  anterior  to  the  subclavian
artery and  courses upward  posterior  to the  artery back toward
the larynx. The  nerve  cont inues posterior  to the  trachea, cross-
ing posterior  or  an terior  to the  inferior  thyroid  artery, and  in to
the  cricothyroid  join t.  The  left  recurren t  laryngeal  nerve
branches  o  the  vagus  at  the  level  of the  aort ic  arch, looping
posterior  to  the  arch. The  nerve  then  runs  superiorly, w ithin
the t racheoesophageal groove, before term inat ing at  the level of
the cricothyroid joint.

Accessory (Spinal Accessory) Nerve
The  spinal accessory  nerve  (cran ial nerve  XI)  exits  the  jugular
foram en  along  w ith  the  in ternal jugular  vein , in ternal  carotid
artery, and cran ial nerves IX and  X. In  two-thirds of individuals,
the  nerve  crosses over  the  jugular  vein , and  behind  the jugular
vein  in  the  rem aining one-third. The  jugular  vein  is  crossed  at
approxim ately  the  level  of the  posterior  belly  of the  digastr ic
m uscle. The  nerve  cont inues  to  run  posteriorly  and  inferiorly
toward  the  sternocleidom astoid. The  nerve  m ay  run  posterior
to  (18%)  or  through  (82%)  the  sternocleidom astoid  and  then
continues  posteriorly,  eventually  term inat ing  in  the  anterior
m uscular fibers of the t rapezius m uscle.

Hypoglossal Nerve
The  hypoglossal  nerve  (cranial  nerve  XII)  exits  the  skull  base
from  the  hypoglossal canal of the  occipital bone. It  travels  to-
ward  the  vagus  nerve, running  m edial  to  the  in ternal jugular
vein  and  in ternal  carotid  artery. The  nerve  then  runs  deep  to
the  posterior  belly of the  digastric m uscle  toward  the  subm an-
dibular fossa as it  proceeds toward the tongue.

35.6  Types of Neck Dissect ions
(� Fig. 35.4)
1. Radical neck dissection  involves the resection  of levels I

through V nodes, as well as the spinal accessory nerve, in ter-
nal jugular vein , sternocleidom astoid m uscle, tail of the
parotid, and subm axillary gland.

2. Modified radical neck dissection , like radical neck dissection,
includes the rem oval of levels I th rough V nodes, w ith  spar-
ing of one or m ore of the follow ing structures: spinal acces-
sory nerve, sternocleidom astoid m uscle, and in ternal jugular
vein .

3. Select ive  neck d issect ions include the  supraom ohyoid  neck
dissect ion , posterolateral neck dissect ion , lateral neck

dissect ion , an terior  neck dissect ion , and  extended  neck
dissect ion .
(a)  The supraom ohyoid neck dissection  rem oves nodes from

levels I through III lymph nodes.
(b)  The posterolateral neck dissection  rem oves lymph nodes

from  levels II through V, including suboccipital lymph
and retroauricular lym ph nodes.

(c)  The lateral neck dissection  rem oves levels II through  IV
lymph nodes.

(d)  The an terior neck dissection  rem oves nodes from  the an-
terior compartm ent of the neck.

(e)  The extended neck dissection  includes a dissect ion  of all
structures resected in  a radical neck dissection, in  addi-
tion  to lymphatic nodes in  the retropharynx, superior
m ediastinum , buccinator space, and paratracheal space.
Nonlym phat ic structures that  m ay be resected in  an  ex-
tended neck dissection  include deep m uscles of the neck;
one or m ore segm ents of the carotid artery system ; the
hypoglossal, vagus, and facial nerves; and the hyoid bone
and clavicle.

35.7  Types of Incisions
Factors  to  consider  in  determ ining  a  flap  incision  (� Fig. 35.5)
include  location  of the  prim ary lesion, exposure  provided, flap
viability,  carotid  artery  protect ion,  planned  reconstructive
procedures, h istory  of prior  radiotherapy, prior  scars, and  an-
ticipated  aesthetic  results. Acute  angles  in  flaps  m ay  produce
narrow  sect ions of skin  that  have  an  increased  tendency to be-
com e  necrotic  because  of comprom ised  collateral  circulation .
Additionally, posterior  cervical flaps have  a  higher  tendency to
flap failure than  do superiorly and m edially based flaps.

35.7.1  Y Incision
Advantages:  Provides  exposure  of  the  m andible  and  upper
neck;  can  provide  oral  cavity  exposure  if used  in  conjunct ion
w ith  a m andibulotomy.

Disadvantage:  Produces  an  acute  angle  w ith in  the  incision,
w ith  an  increased  likelihood for wound dehiscence and  flap  ne-
crosis in  the region  covering the carotid artery.

35.7.2  Apron Incision
Advantage:  Provides  good  exposure  of  the  upper  and  lower
neck.

Disadvantage:  The  large  superior  flap  m ay  becom e  edem a-
tous in  patients previously treated w ith  radiation.

35.7.3  Schobinger Flap
Advantages:  Provides  excellent  exposure  as  well  as  protect ion
of the carotid  arteries, w ith  an  im proved  cosm etic result  due to
decreased scarr ing in  the m iddle neck.

Disadvantages: Produces a single  acute angle below  the angle
of the m andible, at  the posterosuperior t ip  of the flap. Exposure
of the inferior sternocleidom astoid is lim ited, as well.
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35.7.4  H Incision
Advantage: Provides excellen t exposure of the an terior and pos-
terior neck.

Disadvantages:  There  is  strong potent ial for  flap  breakdow n,
particularly  in  the  posterior  flap.  Flap  breakdow n  over  the
superior flap m ay also result  in  carotid ar tery exposure.

35.7.5  MacFee Incision
Advantage: Provides an  excellent cosm etic result .

Disadvantages: Com prom ised  exposure, especially in  shorter,
fatter  necks. There  is  also  lim ited  blood  supply  to  the  central
segm ent  and  along the  upper  border  of the  flap. This m ay pro-
duce necrosis directly over the segm ent covering the carotid  ar-
tery,  especially  in  patients  previously  treated  w ith  radiation.
There  is  also  greater  potent ial for  serom a  form ation  below  the
central flap.

35.8  Neck Dissect ion Technique
(Authors’ Preference : Right  Modi-
fied Radical Neck Dissect ion)
The  incision  is  m arked  extending  from  the  m astoid  tip  on  the
right  dow n  in  a  Schobinger  style  fashion  in to  the  natural skin
crease  in  the  lower  neck. The  incision  is  then  injected  w ith  1%
lidocaine  and  1:100,000  epinephrine.  The  incision  is  m ade
through  the  skin  and  subcutaneous  t issue  and  dow n  through
the  platysm a m uscle. Superior  (up  to the level of the horizontal
ram us)  and  inferior  (inferiorly  to  the  level  the  clavicle)  skin
flaps are then  raised  in  the subplatysm al plane. Flaps are  raised
anteriorly to the m idline and  posteriorly to the level of the pos-
terior  edge  of  the  sternocleidom astoid.  During  the  posterior
dissection, care is taken  not  to injure the spinal accessory nerve
as it  em erges from  the posterior border of the sternocleidom as-
toid. The  an terior  border  of the  sternocleidom astoid  m uscle  is
then  dissected  in  an  inferior  to  superior  direct ion, taking  care
to  gently  apply  pressure  w ith  a  clam p  to  any  t issue  along  the
superior  sternocleidom astoid  m uscle  and  checking  for  m uscle
tw itching  in  order  to  prevent  injury  to  the  spinal  accessory
nerve. This dissection  is carried  posteriorly beneath  the sterno-
cleidom astoid to its m ost  posterior edge.

As  the  an terior  border  of the  sternocleidom astoid  m uscle  is
dissected  superiorly,  the  spinal  accessory  nerve  is  identified
running in  an  oblique  fashion  on  the  undersurface  of the  ster-
nocleidom astoid  m uscle.  It  is  generally  found  approxim ately
3 cm  below  the  m astoid  tip. It  runs superiorly to the  undersur-
face  of the  posterior  belly of the  digast ric  m uscle, and  at  that
point,  it  continues  superiorly  along  the  lateral  border  of  the
internal  jugular  vein .  The  carotid  sheath  structures  are  also
identified  at  th is point, and  any fibrofatty t issue adjacent  to the
sternocleidom astoid  m uscle  is  elevated  from  the  deep  t issue,
avoiding the  rootlets of the  cervical plexus. Once the  spinal ac-
cessory nerve  is  identified, it  is  followed  superiorly to  identify
the posterior belly of the digastr ic m uscle, w hich  is identified  in
its  ent irety. The  subm andibular  fascia  is  then  incised, and  the
fascia  is  raised  o the  subm andibular  gland  in  order  to  protect

the  m arginal  m andibular  nerve.  The  subm andibular  gland  is
then  separated inferiorly from  the surrounding tissue.

The com m on  facial vein  is identified, as is the facial artery, as
they cross  the  facial notch  on  the  inferior  edge  of the  m idpor-
tion  of the  horizontal  ram us  of the  m andible. The  mylohyoid
m uscle is then  identified  and  retracted  m edially w ith  a loop  re-
tractor. The  lingual nerve  is  identified  superiorly and  the  sub-
m andibular  ganglion  is  ligated, separating  the  subm andibular
gland  from  the  lingual  nerve. The  subm andibular  duct  is  also
identified  and  ligated. The  hypoglossal nerve  is identified  infe-
riorly and  protected  as the subm andibular  gland  and  surround-
ing tissue are elevated in  an  an terior to posterior direct ion.

Perifacial lymph  nodes w ithin  the subm andibular  tr iangle are
also  identified. These  nodes  are  then  dissected  free  from  the
surrounding t issue, respect ing the  subm andibular  fascia  in  or-
der  to preserve the  m arginal m andibular  nerve. The t issues are
retracted  in  a  posterior  direction  and  left  in  direct  continuity
w ith  level II lym ph nodes.

The  level IIB lymph  nodes  are  then  dissected. An  incision  is
created  in  the  fascia  surrounding the  fibrofatty  tissue  dow n  in
level IIB, posterior  to  the  spinal accessory nerve. The  fibrofatty
tissue is dissected free from  the floor of the neck, w ith  care tak-
en  to preserve the in ternal jugular  vein , w hich  en ters th is com -
partm en t. The  tissue  is  then  dissected  free  from  the  surround-
ing  t issue  and  the  tail  of parotid, as  well  as  the  sternocleido-
m astoid  m uscle, and  passed  below  the  spinal accessory  nerve
and  left  in  continuity w ith  level IIA nodes. Once the  en t irety of
the  anterior  border  of the  sternocleidom astoid  m uscle  is  sepa-
rated  from  the  fibrofat ty  t issue, the  floor  of the  deep  cervical
fascia is incised. The fibrofatty t issue is then  dissected  free from
the  floor  of  the  neck, superficial  to  the  cervical  rootlets, and
dissected  in  a  lateral  to  m edial  direct ion  toward  the  in ternal
jugular  vein .

The  om ohyoid  m uscle  is then  identified  inferiorly and  left  in
continuity. The  fibrofatty  t issue  along  the  floor  of the  neck  is
elevated  and  then  dissected in  a posterior  to anterior dissection
toward  the  carotid  sheath  structures. With  a  No.  15  blade, the
cervical  fascia  investing  the  carotid  sheath  is  separated  from
the in ternal jugular  vein  and  elevated  in  continuity w ith  the fi-
brofat ty t issue m edially. The vagus nerve and  carotid  artery are
also  identified  at  th is  point,  and  any  fascia  overlying  these
structures is separated  and  left  in  cont inuity w ith  the fibrofat ty
tissue.

Once  the  rem ain ing  portions  of  the  neck  contents  are  ele-
vated  on  the  in ternal  jugular  vein , a  No.  15  blade  is  used  to
separate  them  from  the  in ternal  jugular  vein  and  toward  the
sternohyoid  m uscle. This fibrofat ty t issue  is then  dissected  free
from  the sternohyoid m uscle in  a sharp fashion .

A thorough  exam inat ion  of the neck should  reveal continuity
of the spinal accessory, hypoglossal, and lingual nerves. The cer-
vical rootlets should  also  be  identified  and  continuity ensured.
Finally, the  in ternal jugular  vein  as  well  as  the  carotid  artery
should be inspected and found to be in tact .

The  wound  is  then  copiously  irr igated  w ith  norm al  saline,
and  blood  and  clots  are  cleared  w ith  suct ion.  Hem ostasis  is
achieved  w ith  bipolar  cautery.  After  placem ent  of  a  suct ion
drain , the wound is closed  by approxim ating the platysm a w ith
a running 3–0 chrom ic suture and the skin  w ith  staples.
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35.9  Roundsm anship
●  An  understanding the lymphatic drainage pat terns of the

head and neck aids in  the choice of proper neck dissection
technique.

●  Neck dissect ion incisions are chosen  to provide adequate ac-
cess for nodal dissect ion; the developm ent of healthy, vascu-
larized skin  flaps, especially for carotid artery protect ion; and
m axim al cosm esis.

●  Pertinent  veins and significant arteries and nerves are pre-
served, if possible, during neck dissect ion; however, involve-
m ent by tum or generally requires that  these structures be
sacrificed.
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36  Evaluat ion and Managem ent  of the Solitary Neck Mass
Ameet R. Kamat and Stimson P. Schantz

36.1  Int roduct ion
The  m anagem ent  of a  solitary  neck  m ass  is  an  often-encoun-
tered  dilem m a  for  the  otolaryngologist . However, a  thorough
history and  physical exam inat ion , along  w ith  a  concise  di er-
ent ial diagnosis, usually  w ill lead  to  the  proper  diagnosis. The
treatm ent  of a  solitary  neck  m ass  is  dictated  by  the  clin ician ’s
confidence in  that diagnosis. As in  any other field  of m edicine, a
step-by-step  plan  for  diagnosis  and  treatm ent  is  im perat ive  to
helping the pat ient.

36.2  Term inology and Applied
Anatom y
A concrete  understanding  of  neck  anatomy  is  essential  to  a
tim ely  diagnosis  and  the  e ect ive  t reatm ent  of  solitary  neck
m asses. For convenience of localization, the neck can  be divided
into several t riangles. The neck is first  divided  in to anterior  and
posterior t riangles. The anterior  triangle is bordered by the pos-
terior  border  of  the  sternocleidom astoid  m uscle  laterally, the
inferior  m argin  of the  m andible  superiorly, and  the  clavicle  in-
feriorly. The posterior tr iangle is bordered by the posterior m ar-
gin  of  the  sternocleidom astoid  m uscle  m edially,  the  anterior
m argin  of the  t rapezius m uscle  laterally, the  skull base  superi-
orly, and  clavicle  laterally (m iddle  one-third). For  details  of the
sm aller  tr iangles  that  m ake  up  the  neck, the  reader  is  referred
to Chapter  8 (Head  and  Neck Anatomy) and  Chapter  35 (Princi-
ples and Techniques of Neck Dissection).

For purposes of localization , especially in  the m anagem ent  of
regional  m etastasis  from  upper  aerodigestive  tract  carcinom a,
the  neck  is  divided  in to  a  series  of  levels  as  detailed  in  � Ta-
ble 36.1.

36.3  Medical Evaluat ion
36.3.1  Present ing Com plaints
The di eren tial diagnosis of a  solitary neck m ass is quite broad
in  comparison  w ith  that  for  other  presenting sym ptom atology.
A thorough  and  well-directed  history and  physical exam ination
w ill allow  the  clin ician  to develop  a concise  di erential diagno-
sis and guide further testing.

Focusing first  on  the  neck m ass itself, a  clin ician  should  elicit
inform ation  regarding the  onset  and  grow th  progression. Next ,
start ing  at  the  top  of the  head  and  proceeding  to  the  base  of
neck, the  clin ician  should  elicit  a  thorough  head  and  neck  re-
view  of system s. The  in itial investigation  should  include  a  de-
term ination  of the  presence  of constitut ional  sym ptom s, such
as fever, weight  loss, n ight  sweats, loss of appetite, and  fat igue.
Sym ptom s  such  as  tr ism us, decreased  tongue  m obility, dental
pain ,  rh inorrhea,  postnasal  drip,  sore  throat,  shortness  of
breath , hoarseness, dysphagia, and  odynophagia should  be duly
noted. A history of recent  upper  respiratory tract  in fect ion, in -
cluding  recent  sinusitis  (facial pressure, pain , nasal discharge),

otit is  m edia/externa  (otalgia,  otorrhea,  aural  fullness),  and
pharyngitis  (sore  throat, odynophagia), m ust  also  be  included.
Additional contributory factors include  recent  travel;  exposure
to  pets, w ild  anim als, or  individuals  w ith  tuberculosis;  and  a
history  of im m unodeficiency, including  HIV infect ion , chem o-
therapy/radiation , steroids, and uncontrolled  diabetes.

The  age  of the  pat ient  should  guide  fur ther  questioning  be-
cause  m ost  pediatric  neck  m asses  are  either  inflam m atory  or
congenital, and  those  in  adults  carry  a  h igher  risk  for  m alig-
nancy. A full social h istory should  be  elicited  in  an  adult  w ith  a
neck m ass, including tobacco, alcohol, and illicit  drug use.

36.3.2  Physical Exam inat ion
The  character  of the  m ass  should  be  recorded  w ith  respect  to
size  (larger  or  sm aller  than  3 cm );  location;  m obility;  consis-
tency (firm , soft , fluctuant, compressible);  tenderness to palpa-
tion;  and  the presence of other lesions. Of these characteristics,
location  can  help  narrow  the  di erential diagnosis  in  pediatric
patien ts  because  m ost  congenital  or  developm ental  m asses
tend  to occur  either  m idline  or  lateral neck at  specific levels of
the  sternocleidom astoid  (SCM)  m uscle  or  adjacent  to  other
structures.  Even  in  adult  pat ien ts,  the  location  of  m etastatic
lymphadenopathy can  help  identify the  prim ary site  of a  carci-
nom a  in  the  upper  aerodigestive  t ract .  The  character  of  the
overlying  skin  is  also  significant  in  regard  to  erythem a, indu-
ration , rash, blanching, audible bruit , palpable thrill, or fistula.

A system atic exam ination  of all external and  in ternal aspects
of the head  and  neck should  also be  conducted. Especially w ith
adult  patien ts, attention  should  be  paid  to the  external ear, na-
sal cavity, nasopharynx, oral cavity, oropharynx, hypopharynx,

Table 36.1  Neck node levels

Levels  Borders

IA  Symphysis of mandible, hyoid  bone, medial aspect  of anterior
belly of each digastric muscle

IB  Body of mandible, posterior belly of digastric muscle, anterior
belly of ipsilateral digastric muscle, stylohyoid

IIA  Skull base, level of hyoid bone, stylohyoid, spinal accessory nerve

IIB  Skull base, level of hyoid  bone, spinal accessory nerve, posterior
border of sternocleidomastoid

III  Hyoid  bone, inferior border of cricoid  cartilage, sternohyoid,
posterior border of sternocleidomastoid

IV  Inferior border of cricoid cartilage, clavicle, sternohyoid, posterior
border of sternocleidomastoid

VA  Convergence  of sternocleidomastoid  and  trapezius, level of
cricoid  cartilage, posterior border of sternocleidomastoid, ante-
rior border of trapezius

VB  Level of cricoid  cartilage, clavicle, posterior border of sternoclei-
domastoid, anterior border of trapezius

VI  Hyoid bone, suprasternal notch, bilateral common carotid arteries
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and  larynx. The  pat ient  should  be  evaluated  for  skin  or  scalp
lesions, and  the  palpation  of other  lymphatic  sites  (including
axillary, supraclavicular, and  occipital nodes) should  not  be for-
got ten .  The  palpation  of  all  salivary  glands  and  the  thyroid
gland, liver, and spleen can  also provide im portant  in form ation.

36.4  Test ing
36.4.1  Laboratory Test ing
Laboratory  testing  m ay  include  sim ply  a  complete  blood  cell
count  w ith  di eren tial to identify m arkers of infect ion , such  as
an  increased w hite blood cell count  w ith  a neutrophil predom i-
nance. For  neck m asses that  m ay be a m anifestation  of system ic
disease, the  erythrocyte  sedim entat ion  rate  levels  of rheum a-
toid  factor, an tinuclear  antibody, and  HIV antibody can  be  diag-
nostic. In  the case of specific infect ious causes, serologic testing
can  provide  defin itive  inform ation, as  w ith  tuberculosis  (puri-
fied  protein  derivative),  infect ious  m ononucleosis  (m onospot
test  or  viral capsule  antigen  im m unofluorescence), cat-scratch
disease (antibody titers), and toxoplasm osis (antibody t iters).

36.4.2  Pathological Test ing
Fine-needle  aspirat ion  biopsy  has  becom e  an  essential  tool  in
the  diagnosis  of neck  m asses. The  procedure  is  quick and  safe,
and  it  can  yield  an  abundant  am ount  of inform ation . A 22-  to
25-gauge  needle  attached  to  a  10-m L syringe  is  inserted
through  the  skin  in to  the  neck  m ass, and  w hile  the  plunger  is
pulled  and  held  back  to  m aintain  suct ion,  m ultiple  passes
through  the lesion  are  m ade. The aspirate is typically placed  on
a  m icroscope  slide  for  pathologic analysis. Although  tissue  ar-
chitecture  is  generally not  apparent, fine-needle  aspiration  bi-
opsy can  di erentiate  cystic from  solid, benign  from  m alignant,
and  lymphoid  from  squam ous  m asses. Som e  controversy  still
exists regarding the t im ing of fine-needle aspiration  biopsy be-
fore  or  after  im aging. Nonetheless, the  utility and  ease  of fine-
needle  aspirat ion  biopsy  cannot  be  discounted.  If  indeterm i-
nate, or  if t issue  arch itecture  is needed  for  diagnosis and  treat-
m ent such  as w ith  lymphom a, an  excisional biopsy is frequently
conducted in  the operating room .

36.4.3  Im aging
Com puted  tom ography  (CT)  and  m agnetic  resonance  (MR)
im aging of the  neck can  be  extrem ely helpful in  the  character-
ization  of a  solitary neck m ass. They can  define  the  actual size
of a  lesion  and  its e ect  on  surrounding vasculature. It  can  also
di erentiate  cystic, solid, vascular, and  invasive  characteristics.
A m ass can  be fur ther characterized  by its relat ion  to im portant
head  and  neck structures. For example, a thyroglossal duct  cyst
can  be  identified  by its  close  relat ion  to  the  hyoid  bone. With
regard  to  head  and  neck cancer, CT can  help  delineate  specific
areas  of possible  local  and  regional  involvem ent, w ith  special
attention  to bone. MR im aging can  aid  the  clinician  in  the  defi-
nition  of  soft-t issue  planes.  Positron  em ission  tom ography
(PET)  can  aid  the  diagnosis  in  the  di cult  scenario  of a  neck
m etastasis  w ith  an  unknow n  prim ary.  Ultrasonography  can
identify  cystic  m asses  and  is  especially  useful  w ith  thyroid

m asses. It  can  also  be  used  to  aid  accuracy  during fine-needle
aspiration  of nonpalpable m asses.

36.5  Di erent ial Diagnosis
36.5.1  Inflam m atory and Infect ious
Masses
Viral Lym phadenopathy
React ive lymphadenopathy secondary to a viral infect ion  is  the
m ost  com m on  type  of  cervical  lymphadenit is  to  a ect  both
children  and  adults.  Typically,  the  react ive  lymphadenopathy
presents during or  after  a  recent  upper  respiratory tract  infec-
tion  (URI).  Com m on  viruses  include  adenovirus,  rh inovirus,
coxackie  virus A and  B, Epstein  Barr  virus (EBV), cytom egalovi-
rus, herpes sim plex virus, and  hum an  im m unodeficiency virus
(HIV). Im portantly, react ive lymph  nodes can  becom e seconda-
rily in fected  by a  bacter ial agen t  causing suppurat ive  lym pha-
denopathy. How ever, in  m ost  cases  the  lym ph  nodes  are  bi-
lateral,  sym m etr ic,  and  regress  in  the  1–2  w eeks  follow ing
resolut ion  of  the  URI.  Treatm en t  is  t ypically  suppor t ive  un -
less  suppurat ive  lym phadenopathy is  suspected  in  an  acutely
en larging,  fluctuan t ,  asym m etric,  or  exquisitely  pain ful
lym ph  node. Biopsy  m ay  be  necessary  if a  lym ph  node  per-
sists  several w eeks  beyond  a  cleared  URI or  if other  alarm ing
features d iscussed  earlier  arise.

Bacterial Lym phadenopathy
Bacterial  lymphadenopathy, or  suppurative  lym phadenopathy,
presents sim ilarly to viral lymphadenopathy after  an  upper res-
piratory t ract  in fection. However, these m asses are  often  larger,
m ore fluctuant, and  accom panied  by a sore throat, skin  lesions,
or h igh  fever. The m ost  com mon causative organism s are Staph-
ylococcus  aureus  and  group  A  β-hem olytic  streptococci,
although  anaerobic  and  gram -negative  bacteria  can  also  be
present. Treatm ent  begins  w ith  a  tr ial  of  antibiotics  covering
gram -positive  and  anaerobic  bacteria. If th is  fails, in travenous
antibiotics alone or  incision  and  drainage w ith  culture-directed
antibiotic  therapy  is  usually  necessary.  Other  m ore  com m on
bacterial causes of lymphadenopathy include:

Cat-Scratch Disease
Cat-scratch  disease typically is seen  in  patien ts younger than  20
years of age. Sym ptom s include  tender  subm andibular  or  peri-
auricular  lymphadenopathy associated  w ith  fever, m alaise, and
a  h istory  of contact  w ith  cats. Parinaud  (oculoglandular)  syn-
drom e can occur from  inoculation  near the eye or from  eye rub-
bing.  It  presents  w ith  unilateral  conjunct ivitis  and  regional
lymphadenitis. The  causative  bacterium  is  Bartonella  henselae,
w hich can  be identified by Warthin-Starry stain ing. The diagno-
sis can  also be aided by indirect  fluorescent  antibody testing for
Bartonella  DNA, w hich  has been  found  to be both  sensitive  and
specific. Treatm ent  is typically supportive because the course is
usually  self-lim ited. However, antibiotic  therapy  w ith  azithro-
mycin  or  ciprofloxacin  can  expedite  resolution.  Incision  and
drainage  should  be  avoided  because  of the  potent ial  for  sinus
form ation.

36.5  Di erent ial Diagnosis

307



Mycobacterial Infect ions
Atypical mycobacterial infect ions are  typically caused  by m ulti-
ple  mycobacteria  including M. avium -in tracellulare, M. scrofu-
laceum , and  M. kansasii.  They  typically  present  as  unilateral,
anterior-superior  cervical  lymphadenopathy  w ith  overlying
skin  involvem ent. They are  m ore  com m on  in  children, im m u-
nocomprom ised  pat ients,  or  those  w ith  recent  foreign  travel.
The  t reatm ent  of atypical mycobacterial infect ions  can  include
complete  excision  or  incision  and  drainage  followed  by an titu-
bercular antibiotics.

In  contrast,  lymphadenopathy  caused  by  M. tuberculosis  is
bilateral and  not  localized  to a particular  cervical region. While
not as com m on w ith  atypical in fect ions, tuberculosis are associ-
ated  w ith  constitut ional  sym ptom s  such  as  fever  and  weight
loss. They  are  m ore  com m on  in  adults, im m unocomprom ised
patients, recent  foreign  t ravel or  exposure to an  endem ic popu-
lation. The diagnosis of cervical tuberculosis (scrofula) is usually
confirm ed  by acid-fast  stain  and  culture  after  a  lymph  node bi-
opsy, but  can  be  suggested  by  positive  tuberculin  skin  testing.
Treatm ent of scrofula is sim ply an titubercular antibiotics.

Tularemia
Tularem ia  presents as an  acute  tonsillit is  w ith  fever, chills, and
painfu l cervical lymphadenopathy. It  is caused by the bacterium
Francisella  tula rensis  and  transm itted  to  hum ans  via  rabbits,
t icks, and  contam inated  water. The diagnosis is by serology and
culture. The t reatm ent  is antibiotic therapy w ith  in tram uscular
streptomycin .

Brucellosis
Brucellosis  presents  as  a  generalized  lymphadenopathy  w ith
associated  fever  and  m alaise. It  is caused  by the bacterium  Bru-
cella  and  typically a icts children  after  the  ingestion  of unpas-
teurized  m ilk.  The  diagnosis  is  by  serology  and  culture.  The
treatm ent  typically includes antibiotic therapy w ith  either  tr i-
m ethoprim /sulfam ethoxazole or tetracycline.

Fungal Infect ions
Fungal infect ions are  m uch  less com m on  than  bacterial or  viral
infect ions  in  im m unocompetent  pat ients. However, their  inci-
dence  rises  dram atically  in  the  im m unocomprom ised  popula-
tion. Typical o ending pathogens include Candida , Histopla sma,
and  Aspergillus. The  diagnosis is typically by fungal sm ear  w ith
culture  or  by serology. The  t reatm ent  is aggressive  w ith  agents
such  as  in travenous am photericin  B and  in  som e  cases  correc-
tion  of the underlying im m unocomprom ised state.

Protozoal Infect ions
One of the  m ost  com m on  causes of protozoal lym phadenit is is
toxoplasm osis. Toxopla sma  gondii  in fect ion  typically  presen ts
as  a  nonspecific  cervical  adenit is  w ith  an  associated  influen-
za-like  illness. Inoculat ion  typically occurs  after  the  ingestion
of uncooked  m eat  or  of oocytes  from  cat  feces. The  diagnosis
is  typically  by  serum  titers  or  lym ph  node  biopsy. The  treat-
m ent  includes an tiprotozoal agents such  as  pyrim etham ine  or
sulfonam ides.

HIV–Associated Cervical Lym phadenopathy
Cervical  lym phadenopathy  in  the  patient  w ith  HIV infect ion
m ay be due to idiopath ic follicular hyperplasia. However, in  im -
m unosuppressed  patients, other  infect ious or  neoplastic condi-
tions  such  as  tuberculosis  and  lymphom a  cannot  be  excluded
w ithout  work-up. Typically, excisional biopsy is done for  suspi-
cious lesions that  are  rapidly enlarging or  have failed  antibiotic
therapy. Patients  w ith  HIV infection  pat ien ts m ay also  be  diag-
nosed  w ith  persistent  generalized  lym phadenopathy  w hen  no
other  identifiable  cause  is  found. Typically, these  pat ients  w ill
have  adenopathy  in  both  the  axillary  and  inguinal regions  for
longer  than  3  m onths. The  treatm ent  is  typically  observation
w ith  standard treatm ent of the HIV infect ion.

36.5.2  Noninfect ious Inflam m atory
Disorders
Sarcoidosis
Sarcoidosis is an  idiopathic granulom atous disease  of unknow n
etiology. It  is m arked  by the  accum ulation  of m ononuclear cells
in  a ected  organs  w ith  subsequent  noncaseating  granulom a-
tous  react ion  and  fibrosis.  It  m ost  com m only  presents  in  fe-
m ales  and  in  the  second  decade  of  life;  in  the  United  States,
African-Am ericans  are  m ore  com m only  a ected,  although
worldw ide  Caucasians are  m ore  likely to  be  a ected. Head  and
neck  sym ptom s  m ost  com m only  include  cervical  adenopathy,
but  nasal,  orbital,  and  supraglottic  m asses  are  also  possible.
Heerfordt  syndrom e  (uveoparotid  fever)  is  the  constellation  of
fever, parotid  swelling, facial nerve palsy, sensorineural hearing
loss, and  uveitis. System ically, sarcoidosis can  be  asym ptom atic
or  present  w ith  progressive cough, dyspnea, and  bone and join t
pain . Pulm onary involvem ent  is m ost  com m on, but  subcutane-
ous nodules, hepatosplenom egaly, cardiac arrhythm ias, and  cu-
taneous  rashes  can  also  be  seen. The  diagnosis  is  by chest  ra-
diography show ing hilar  adenopathy, biopsy of a ected  tissue
show ing  noncaseating  granulom as,  and  blood  work  show ing
increased  serum  angiotensin-converting  enzym e  (ACE)  levels.
The treatm ent  includes steroids for acute exacerbations.

Rosai-Dorfm an Disease
Rosai-Dorfm an  disease typically presents in  children  w ith  m as-
sive, non-tender, bilateral cervical lymphadenopathy associated
w ith  constitut ional sym ptom s such  as  fever  and  weight  loss. It
can  also  a ect  other  nodal system s in  the  m ediastinum , ingui-
nal  area  or  ret roperitoneum . Extranodal  locations  include  the
skin , soft  t issue, and  upper aerodigestive t ract  (nasal cavity). In-
tracranial m anifestat ions can  also occur. Although  the exact  eti-
ology is  unknow n, the  disease  is  thought  to  result  from  an  ab-
norm al h istiocytic response to a viral in fect ion. The diagnosis is
established by biopsy show ing dilated sinuses, plasm a cells, and
histiocyt ic  proliferation. The  t reatm ent  is  generally  conserva-
tive because th is disease has a self-lim ited course.

Kawasaki Disease (Mucocutaneous Lym ph
Node Syndrom e)
Kawasaki disease  in it ially  presents  in  children  younger  than  5
years of age  w ith  fever  lasting for  at  least  5  days in  association
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w ith  at  least  four  of the  follow ing:  acute, un ilateral, nonpuru-
lent  cervical  lymphadenopathy;  rash;  bilateral  conjunct ival
inject ion;  erythem a  of  the  lips  and  oral  cavity;  or  erythem a,
induration, and  desquam ation  of the  hands and  feet. The suba-
cute and chronic phases are m arked by throm bocytosis, the for-
m ation  and  enlargem ent  of coronary aneurysm s, and  a  risk  for
myocardial infarct ion. The  diagnosis  is  by h istory and  physical
exam ination, w ith  cardiac work-up m ore im perative in  the later
stages.  The  t reatm ent  is  typically  h igh-dose  gam m a  globulin
therapy  in  the  acute  phase. Aspirin  and  dipyridam ole  can  be
used for coronary aneurysm s.

36.5.3  Congenital Neck Masses
These  include branchial cleft  cysts, thyroglossal duct  cysts, der-
m oids  and  teratom as,  laryngoceles,  and  sternocleidom astoid
tum ors.  Lym phangiom as, hem angiom as, and  vascular  m alfor-
m ations are  also w ith in  the  di erential diagnosis, but  they w ill
be discussed elsew here.

Thyroglossal Duct  Cysts
Thyroglossal  duct  cysts  m ake  up  m ore  than  two  th irds  of all
congenital neck  m asses  and  are  the  second  m ost  com m on  pe-
diatric neck m asses. They are typically diagnosed before the age
of 10, but  can  be  seen  as  late  as  the  th ird  decade  of life. They
originate from  a persistence of the t ract  followed by the thyroid
diverticulum  as  it  descends  caudally  from  the  foram en  cecum
of the  tongue, just  an terior  to  the  hyoid  bone, to  its final para-
tracheal  destination. Thyroglossal  duct  cysts  present  either  as
painless, cystic neck m asses in  the m idline of the neck near  the
hyoid  bone  or  as  painful, cystic m asses  w hen  acutely infected.
However, they can  be found  anyw here betw een  the tongue and
thyroid  gland, som etim es  even  w ithin  the  tongue. A hallm ark
feature  is  the  m ovem ent  of these  cysts  w hen  the  pat ient  pro-
trudes the  tongue  or  swallow s. Treatm ent  involves an  excision
not  only of the  dom inant  cyst  but  also of the  m edial portion  of
the hyoid  bone and  a cone-shaped  cu of t issue from  the hyoid
to the base of the tongue. This operation  (Sist runk procedure) is
thought  to  reduce  the  risk  for  recurrence. Infected  cysts  often
necessitate  needle  aspiration  and  antibiotic therapy;  form al in-
cision  and drainage is not  recom m ended.

Branchial Cleft  Cysts
Branchial cleft  anom alies account  for  roughly 30% of all congen-
ital neck  m asses. While  they present  m ost  com m only as  cysts,
they can  also present  as sinuses or  fistulas to the  aerodigestive
tract.  They  typically  present  in  childhood  or  early  adulthood
and  do  not  have  a  sex predom inance. The  m echanism  for  their
developm ent  is  unclear, but  som e  suspect  they originate  from
the cervical sinus of His and  becom e trapped, w ithout  an  exter-
nal (or  in ternal) opening. Sim ply, they are  thought  to  originate
from  a failure of obliteration  of the branchial clefts and pouches.
Others theorize that  they develop  from  epithelial rests of t issue
in  the  Waldeyer  ring. A branchial  cleft  cyst  typically  presents
as  a  fluctuant  m ass at  the  anterior  border  of the  sternocleido-
m astoid  m uscle.  The  physical  exam ination  should  include  an
evaluation  of  the  upper  airway, including  the  tonsillar  fossae
and  piriform  sinuses, for  any  evidence  of connect ion . CT, MR

im aging, and  ultrasound  can  be  used  to  better  characterize  the
m ass. Fine-needle  aspiration  biopsy  is  contraindicated  unless
for  drainage  of an  infected  cyst  because  it  m akes surgical exci-
sion  m ore  di cult . However, in  adults, FNA can  be  used  to dif-
ferentiate  a  branchial  cleft  cyst  from  cystic  degeneration  of a
m etastatic lymph node.
1. First  branchial cleft cysts: These cysts m ake up fewer than  1%

of all branchial cleft  anom alies. They can involve the external
auditory canal, parotid gland, or less frequently the m iddle
ear. They are know n to course close to the facial nerve, som e-
tim es crossing betw een fibers. They are typically classified as
type I or type II.
a) Type I: These m asses form  as duplications of the m em bra-

nous external auditory canal, contain  ectoderm  only, typi-
cally course lateral to the facial nerve, and m ay present as
cysts near the auricle.

b) Type II: These m asses contain  both  ectoderm  and m eso-
derm , can  som etim es contain  cart ilage, and typically
course m edial the facial nerve. Their presentation  is m ore
variable than  that of type I. They can present  anyw here
from  the external auditory canal to the subm andibular
area. Most com m only, they present as cysts near the angle
of the m andible, w ith  t racts coursing superiorly through
the parotid gland to end inferior  to or in  the external audi-
tory canal.

2. Second branchial cleft  cysts (� Fig. 36.1): These cysts are the
m ost com m on, accounting for approxim ately 95% of all bran-
chial cleft  anom alies. They m ost  typically present as solitary
neck m asses just  an terior to the sternocleidom astoid m uscle,
separate from  the carotid  sheath . However, they can lie any-
w here along a poten t ial tract  that  passes deep to the sterno-
cleidom astoid betw een the in ternal and external carotid ar-
teries and pierces the tonsillar fossa.

3. Third branchial cleft  cysts: These cysts are quite rare. Third
branchial cleft  cysts present at  the lower, an terior border of
the sternocleidom astoid (near the superior pole of the thy-
roid gland). The tract  passes deep to the in ternal carotid  ar-
tery and glossopharyngeal nerve and superficial to the vagus
nerve, then  enters the thyrohyoid m em brane to en ter the
pharynx at the piriform  sinus above the in ternal branch of
the superior laryngeal nerve.

Treatment
Excision  of  first  branchial  cleft  anom alies,  especially  type  II
anom alies, m ay include  a  superficial parotidectomy w ith  facial
nerve  dissect ion.  Unfortunately,  recurrence  is  quite  com mon,
even  after  excision. Second  branchial cleft  anom alies can  be  re-
sected  through  a  standard  transcervical incision. However, if a
tract  is  noted, techniques  that  include  cannulation, m ethylene
blue  inject ion, and  stepladder  incisions  m ay  be  used  to  t race
the  entire  length  of  the  tract .  Third  branchial  cleft  cysts  are
treated  sim ilarly  to  second  branchial  cleft  cysts.  However,  a
thorough  endoscopic  exam ination  is  im portan t  to  identify  a
piriform  sinus opening.

Derm oid Cysts
Neck derm oid cysts comprise only 20% of all head and neck der-
m oids. They  are  thought  to  originate  from  the  ent rapm ent  of
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epithelium  along em bryologic lines of fusion  but  can  also occur
from  traum atic  im plantat ion. Derm oids  contain  both  ectoder-
m al  and  endoderm al  elem ents.  They  are  lined  by  epithelium
but  can  contain  other  elem ents, such  as hair  follicles and  seba-
ceous  glands. Derm oids  present  sim ilarly  to  thyroglossal  duct
cysts,  as  m idline  (usually  in  the  subm ental  region),  painless,
slow -grow ing,  superficial  neck  m asses  that  can  m ove  during
tongue  protrusion  and  swallow ing. However, infect ion  is  rare,
and  they can  gradually increase  in  size. Surgical excision  is  the
treatm ent of choice.

Teratom as
Head  and  neck teratom as comprise approxim ately 2% of all ter-
atom as;  aside  from  the  neck, the  other  m ost  com m on  site  in
the  head  and  neck  is  the  nasopharynx. These  teratom as  form

during the  second  t rim ester, are  m ore  com m on  in  fem ales, and
di er  from  derm oids in  that  they contain  all three  germ  layers.
Teratom as  typically  present  at  birth  as  firm ,  m idline  neck
m asses, w ith  the  CT/MR im aging finding of calcifications. They
can  som etim es be identified  on  prenatal ultrasound. If a terato-
m a is discovered  prenatally, cesarean  section  m ay be  necessary
because  of rapid  grow th  and  the  potent ial for  airway compro-
m ise and esophageal compression. Surgical excision  is the treat-
m ent of choice.

Laryngoceles
A laryngocele  is  an  air-filled  dilatat ion  or  herniation  of the  lar-
yngeal saccule  that  can  also  becom e  infected  (� Fig. 36.2). Lar-
yngoceles  are  rare  in  ch ildren  but  can  present  in  a  congenital
form  as a rem nant sac. However, typically they present  in  adults

Fig. 36.1  Left-sided  second branchial cleft  cyst.
Note the close relationship to the anterior border
of the  sternocleidomastoid  muscle.

Fig. 36.2  Left-sided  laryngopyocele. Note  the
origin  medial to  the  thyroid  cartilage, with
extension  externally through the  thyrohyoid
membrane.
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as  an  acquired  form  secondary  to  increased  in traglott ic  pres-
sure. There  are  three  types  of laryngoceles:  in ternal, external,
and  com bined. An  in ternal laryngocele  is a  dilatat ion  that  does
not  extend  beyond  the  thyroid  cartilage. An  external laryngo-
cele  extends  beyond  the  thyroid  cartilage  through  the  thyro-
hyoid  m em brane  and  can  present  as a  lateral neck m ass. In  ad-
dition  to  a  lateral  neck  m ass,  all  types  of  laryngoceles  can
present  w ith  hoarseness, dyspnea, and  dysphagia. Endoscopic
evaluation  typically reveals a  dilatat ion  at  the  level of the  ven-
tr icle  or  false  vocal folds  for  an  in ternal  laryngocele. It  is  also
im portan t  to rule  out  a laryngeal m ass. CT is the diagnost ic test
of choice  to di erentiate  laryngoceles from  fluid-filled  saccular
cysts.  Treatm ent  is  typically  surgical:  endoscopic  excision  for
sm all in ternal laryngoceles or excision  via an  external approach
for larger ones.

Thym ic Cysts
Thym ic  cysts  develop  from  the  im plantat ion  of thym ic  tissue
along  the  tract  that  the  th ird  branchial  pouch  takes  as  it  de-
scends in to  the  m ediastinum . They typically present  as  un ilat-
eral  (m ore  com m only  left-sided),  asym ptom atic  cystic  neck
m asses. Like other congenital cysts, they can present after in fec-
tion  w ith  pain  and  rapid  en largem ent. Surgical excision  is  the
treatm ent of choice.

Sternocleidom astoid Tum ors of Infancy
Sternocleidom astoid  tum or  of infancy typically presents 1  to  8
weeks  after  bir th  as  a  firm , pain less, th ickened  m ass  confined
to  the  m uscle  that  slow ly increases  in  size  and  then  regresses.
The  infant  usually holds  its  head  and  neck  to  the  a ected  side
and the chin  to the opposite side. The tum ors are thought  to re-
sult  from  bir th  t raum a, m uscle  ischem ia, or  in t rauterine  posi-
tioning.  Their  slow  but  typically  complete  regression  allow s
conservative  m anagem ent  w ith  physical  therapy  and  excision
only for persistent cases.

36.5.4  Neoplast ic Disorders
Metastat ic squam ous cell carcinom a from  the  upper  aerodiges-
tive  tract, lymphom a, thyroid  disease, paragangliom a, lipom a,
and  salivary  gland  neoplasm s  can  all  present  as  solitary  neck
m asses. They are discussed in  other chapters.

36.6  Treatm ent
The t reatm ent of a solitary neck m ass is dictated  by the diagno-
sis. For congenital neck m asses, the treatm ent  is typically surgi-

cal excision . However, if the m ass presents as an  acute infect ion,
then  antibiotics, aspiration , and  observation  before excision  are
appropriate.  Infectious  and  inflam m atory  neck  m asses  are
treated w ith  either close observation  or antibiotic therapy. How -
ever,  the  diagnosis  of  an  infectious  or  inflam m atory  m ass  is
often  m ade  w ith  surgical  excisional  biopsy.  Com plications  of
treatm ent  include bleeding, infect ion, and  pain  from  surgical in-
cisions. In  addition, dam age  to  surrounding  structures  such  as
nerves,  arteries,  and  veins  during  surgical  excision  is  a  costly
complication. There  is  also  a  high  risk  for  recurrence, especially
of surgically excised  congenital neck m asses. The prognosis for  a
patient  w ith  a  solitary neck m ass depends on  the  diagnosis and
is im proved  by early evaluation  and  expeditious m anagem ent.

36.7  Roundsm anship
●  A thorough history and physical exam ination w ill lead to a

concise di erential diagnosis for the pat ient  w ith  an  isolated
neck m ass.

●  An understanding of the neck levels is im portan t  not on ly for
localization  but  also for surgical m anagem ent and an  aware-
ness of the potent ial complications associated w ith  neck
m asses.

●  Congenital neck m asses can present during an  acute infect ion .
Incision  and drainage is contraindicated in  m ost  instances.

●  Virus-induced lymphadenopathy is the m ost com m on type of
cervical lymphadenitis in  both  adults and children.

●  Cervical lym phadenopathy in  the patient  w ith  HIV infect ion
is m ost com m only due to idiopathic follicular hyperplasia.
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37  Blunt  and Penet rat ing Neck Injuries
James Azzi, Jean-Paul Azzi, and Stimson P. Schantz

37.1  Penet rat ing Neck Injuries
Penetrating neck injuries are defined as any violation of the pla-
tysm a. They comprise  5 to 10% of all traum as. Because the neck
is  a  sm all,  vulnerable  area  that  houses  a  m ultitude  of  vital
structures, t raum a to th is area can  be em ergent  and  life-threat-
ening;  hem orrhage  is  the  m ost  com m on  cause  of death  in  th is
group.

Air  passages  and  vascular,  gastrointestinal,  and  neurologic
structures  can  all  potentially  be  injured  by  penetrating  neck
traum a.  Signs  and  sym ptom s  can  be  divided  am ong  these
groups  of structures. Laryngotracheal injury m ay present  w ith
respiratory  distress,  str idor,  hem optysis,  hoarseness,  tracheal
deviation, subcutaneous em physem a, or  a  sucking wound. Vas-
cular  injuries  m ay present  w ith  a  hem atom a, persistent  bleed-
ing, neurologic deficit , absent  pulse, hypovolem ic shock, bruit ,
thrill, or  change  in  sensorium . Neurologic  injury  m ay  present
w ith  hem iplegia, quadriplegia, cranial nerve  deficit, change  in
sensorium , or  hoarseness. Pharyngoesophageal  injury  m ay  be
characterized  by subcutaneous em physem a, dysphagia, odyno-
phagia, hem atem esis, hem optysis, tachycardia, or fever. It  is im -
portant  to note that esophageal injuries are often  subclin ical.

To aid  in  decision  m aking, the  neck can  be  divided  in to three
anatom ical zones. Zone II lies betw een the cricoid  and the angle
of the m andible and is the zone m ost com m only injured. Zone I,
the  m ost  caudal zone, lies  betw een  the  cricoid  and  the  sternal
notch;  injuries  to  th is  zone  carry  the  highest  m ortality  risk.
Zone  III  lies  betw een  the  m andibular  angle  and  the  skull
base.  Of  great  concern  in  the  m anagem ent  of  penetrat ing
neck  injuries  is  ease  of surgical exposure. Zone  II is  the  m ost
easily  accessed. Zones  I and  III are  better  protected  by  bone,
so that  surgical explorat ions are  m ore  di cult  (� Fig. 37.1).

Patien ts  presen t ing  w ith  penetrat ing  neck  injuries  can  be
divided  in to  th ree  groups:  unstable, stable, or  asym ptom atic.
When  th is  in form ation  is  com bined  w ith  know ledge  of
the  neck  zones  involved, an  algorithm  for  m anagem ent  can
be  established.

37.1.1  Mechanism
The  m echanism  of injury and  velocity of the  project ile  are  key
factors  influencing  the  risk  for  m ajor  injury. Gunshot  wounds
generally  can  be  divided  in to  low -velocity  and  high-velocity
wounds. Most  civilian  handguns  have  a  low  m uzzle  velocity.

Fig. 37.1  Zones of the  neck.
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These  project iles  often  w ill follow  tissue  planes, pushing aside
vital structures and  causing relatively less dam age. High-veloc-
ity  project iles,  like  those  of  m ilitary  rifles,  cause  greater  de-
struct ion  by  transm it ting  energy  to  surrounding  tissue  after
penetration.  The  path  of  destruct ion  is  m ore  direct  and  the
dam aged  cavity  is  w ider, often  deceptively  so  compared  w ith
the  dim ensions of the  en try and  exit  wounds. Structures as far
as two inches away from  the  cavity of a wound  m ay be injured.
Vict im s  of these  injuries  to  the  neck often  do  not  survive, and
em ergent  surgical  exploration  often  m eans  the  di erence  be-
tween  life  and  death . In  the  event  of a  stable  pat ient, selective
surgical m anagem ent is often  an  option.

Stab  injuries  take  a  m ore  predictable  path  than  gunshot
wounds. One  key di erence  is the  risk for  subclavian  vessel in-
jury.  Gunshot  wounds  com m only  run  perpendicular  to  the
neck, and  the  clavicles  provide  som e  protect ion  to  the  subcla-
vian  vessels. Because the trajectory of a knife is often  in  a dow n-
ward  direction, penetration  over  the  clavicle  m akes subclavian
vessel lacerations m ore com m on than  they are w ith  gunshots.

37.1.2  Mandatory versus Elect ive
Explorat ion
Penetrating neck injuries are m anaged according to the presen-
tation. The first  determ ination  is w hether or not an  injury is im -
m ediately life-threatening. Signs of hem orrhage  are  key indica-
tors, including expanding hem atom a, hem odynam ic instability,
hypovolem ic  shock,  hem othorax,  and  hem om ediastinum .  In
these cases, im m ediate surgical exploration  is m andatory.

In  stable  patients, im aging  is  often  useful  to  determ ine  the
extent  of injury and  aid  in  the decision  of w hether or  not  to ex-
plore. To  further  aid  in  decision  m aking, the  neck  m ay be  div-
ided in to three zones, each  w ith  unique considerations.

Zone  I  injuries  are  particularly  dangerous  because  of  the
presence  of  the  great  vessels.  Although  the  bone  cage  of  the
thorax  protects  th is  region  from  injury, it  also  m akes  surgical
exploration  m uch  m ore  di cult. Zone  I injuries have  a  m ortal-

ity  rate  as  h igh  as  12%. Because  of these  factors, angiography
is  recom m ended  to  locate  any possible  injuries  before  surgical
exploration .

Zone  III includes structures above  the  angle  of the  m andible.
High  carotid  artery and  cranial nerve  injuries are  of great  con-
cern  in  th is region. as in  zone  I, surgical exploration  is  di cult
because  of the  narrow  confines of the  skull base  and  m andible.
Therefore, in  a stable pat ien t  w ith  an  in tact  airway and  no signs
or  sym ptom s  of  hem orrhage,  evaluation  w ith  angiography  is
appropriate.  Furtherm ore,  regular  in traoral  exam inat ions  are
necessary  because  edem a  or  hem atom a  form ation  can  poten-
tially comprom ise a once-stable airway.

Zone II, lying betw een the cricoid and the angle of the m andi-
ble, is  the  m ost  frequently injured  zone  because  it  is  the  m ost
exposed; for  the sam e reasons, it  is also the least  di cult  to ex-
plore  surgically.  There  has  been  m uch  debate  regarding
w hether  to  m ake  exploration  m andatory in  all zone  II injuries
or  to use a m ore conservative  approach  of select ive  exploration
w ith  repeated exam inat ions, endoscopy, and angiography. In  fa-
vor of open  t reatm ent  is that  isolated venous and pharyngoeso-
phageal injuries  have  been  show n  to  be  potent ially di cult  to
detect  preoperatively. However, clin ically  stable  patients  w ith
zone  II injuries  can  be  adm itted  and  evaluated  w ith  frequent,
repeated  physical  exam inations.  These  patien ts  can  undergo
additional endoscopic and radiologic evaluation  (� Fig. 37.2).

Patients w ith  penetrating neck injuries, like  all pat ien ts w ith
traum a, first  require  m anagem ent  of the  ABCs:  airway, breath-
ing,  and  circulation .  Airway  control  is  gained  by  in tubation,
cricothyroidotomy, or  t racheostomy. In  an  airway w ith  a  direct
injury, direct  t racheal in tubation  is often  the safest  option. Care
should  be taken  to avoid  exacerbating an  existing airway injury
either  by poor  visualization  during in tubation  or  sim ply by ex-
tending the  neck. Pneum othorax should  be  t reated  em ergently
w ith  chest  tube placem ent. Large-bore in travenous lines should
be  placed  in  all  patients.  Direct  pressure  should  be  placed
to  control  hem orrhage  or  an  expanding  hem atom a.  Patients
w ith  m ajor  vessel  hem orrhage  should  be  surgically  explored

Fig. 37.2  Management  of penetrating  neck injuries.
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em ergently.  Pat ien ts  should  be  exam ined  closely  for  vascular
and  neurologic  signs  because  som e  findings  can  suggest  the
path  of the  project ile  and  additional injuries;  for  example, hy-
poglossal nerve  deficit , hoarseness, or  Horner  syndrom e would
suggest possible concom itant carotid injury.

37.1.3  Diagnost ic Evaluat ion
In  a  stable  patient, a  careful and  thorough  history and  physical
exam ination  are  perform ed. Part icular  attention  should  be paid
to  en trance  and  exit  wounds  and  a  comprehensive  neurologic
exam ination . Cervical spine  radiographs should  be  obtained  to
rule  out  fractures, and  chest  X-rays  w ill rule  out  hem othorax,
pneum othorax, and  pneum om ediastinum ;  in  som e  cases, sub-
clavian  injury can  also  be  identified. Marking wounds w ith  ra-
diopaque objects can  aid in  the evaluation .

Som e disagreem ent  exists as to w hether  m andatory explora-
tion  is  superior  to  select ive  m anagem ent. Because  prospective
studies have not  show n one approach  to be better  than  the oth-
er, m any centers employ selective  m anagem ent. This approach
divides  patients  in to  three  groups:  unstable,  w hich  includes
those  w ith  shock  or  evolving  stroke;  stable  sym ptom atic;  and
stable asym ptom atic. Unstable pat ients undergo em ergent  neck
exploration. Stable patien ts w ith  zone I or zone III injury are tr i-
aged  to  angiography, and  subsequent  exploration  is perform ed
as necessary.

Stable sym ptom atic patients w ith  zone II injury undergo neck
exploration. Asym ptom atic patients  w ith  zone  II injury can  be
considered for angiography or observed for 48 hours.

Penet rating zone  II injury can  be  evaluated  further  to  detect
occult  injury. The  first  consideration  is  w hether  the  airway  is
comprom ised.  If  comprom ised,  the  patien t  is  first  stabilized,
and  then  angiography,  contrast  gastrointestinal  exam ination,
and  flexible  and  rigid  endoscopy should  be perform ed  in  order,
w ith  any  positive  finding  warranting  neck  exploration. If  the
airway  is  adequate, attention  is  directed  toward  sym ptom s  of
the digestive, respiratory, vascular, and  neurologic system s. Ap-
propriate  diagnost ic  evaluation  is  then  done  to  determ ine
w hether  exploration  is  necessary. Regardless  of the  results, all
patients should be observed for 48 hours w ith  frequent physical
exam inations.

37.1.4  Managem ent  of Vascular Injury
to the Neck
Although  a low  cervical incision  m ay su ce, zone I vascular  in -
juries  generally  require  thoracotomy,  and  early  consultation
w ith  the thoracic surgery team  is appropriate.

Zone  II injuries  can  involve  the  com m on  or  in ternal  carotid
arteries.  This  zone  is  explored  through  an  incision  along  the
anterior  border  of  the  sternocleidom astoid  m uscle.  A large
hem atom a  or  proxim al  in terruption  of the  carotid  artery  can
significantly  decrease  pulsation,  m aking  identification  of  the
dam aged  artery  m ore  di cult .  In  these  instances,  it  is  often
necessary to follow  branches of the  external carotid  in  a  retro-
grade  fashion . Injury to  branches of the  external carotid  ar tery
can  generally  be  m anaged  by  suture  ligation  because  of  the
abundant  collateral  circulat ion. Veins  in  the  neck  can  also  be
safely ligated;  however, if both  in ternal jugular  veins  are  dam -
aged, an  attem pt  to repair one is appropriate.

Zone  III  injuries  m ay  require  a  m andibulotomy. Injuries  to
this  area  often  involve  m ultiple  vascular  structures, including
the in ternal carotid  artery, in ternal m axillary artery, and  exter-
nal carotid artery. Consultation w ith  an  in tervent ional radiolog-
ist  should  be  considered  w hen  a  challenging access at  the  skull
base m ust  be dealt  w ith .

Several  techniques  for  vascular  repair  have  been  described,
including  vessel wall  repair, vessel  ligation, vessel  patch  graft ,
autogenous vessel graft , and  synthetic vessel graft . Autogenous
graft ing  or  end-to-end  anastom oses  are  recom m ended  w hen
stenosis  is  evident  on  im aging studies. Ligation  of the  in ternal
or  com m on  carotid  arteries is not  recom m ended  and  is consid-
ered  only  for  irreparable  injuries. Unrepaired  vascular  injuries
m ay  result  in  several  delayed  complications, including  aneur-
ysm  form ation , dissect ion , and arteriovenous fistulas.

37.1.5  Evaluat ion of the  Digest ive Tract
In  the  pat ien t  w ith  a  possible  esophageal  perforation , a  thor-
ough  evaluation  is  param ount .  Missed  tears  can  progress  to
m ediastin it is, w hich  is  associated  w ith  considerable  m orbidity
and m ortality. Studies have reported the use of flexible esopha-
goscopy  to  bypass  the  general  anesthesia  required  for  a  rigid
endoscopy;  however, there  have  been  reports  of m issed  perfo-
rations in  areas of m ucosal redundancy.

Im aging can  play a significant  role in  the diagnosis of esopha-
geal perforations. Gastrografin  swallow  studies  are  perform ed
initially  because  extravasated  barium  can  cause  a  chem ical
m ediastin it is;  barium  extravasation  can  also  radiographically
distort  t issue  planes. If th is  study is  deem ed  to  be  norm al and
suspicion  rem ains  for  a  perforat ion, a  barium  swallow  should
be considered.

If suspicion  of a perforation  rem ains despite a norm al exam i-
nation,  the  pat ient  can  be  observed  w hile  taking  nothing  by
m outh. A w idening  m ediastinum  on  serial  chest  radiographs,
fever, or  tachycardia  w ill  likely  require  repeated  endoscopy or
neck explorat ion .

Many  surgeons  perform  direct  laryngoscopy, bronchoscopy,
and  rigid  esophagoscopy  for  penetrating  injuries  to  the  neck
w ith  air  in  the  soft  t issues, hem optysis, or  any other  suspicious
findings.  When  an  esophageal  perforation  is  found,  m anage-
m ent  generally  involves  a  prim ary, two-layer  closure  w ith  dé-
bridem ent and adequate drainage. Som e surgeons also advocate
the  placem ent  of a  m uscle  flap  over  the  suture  line  for  further
protect ion.  It  is  im perative, however, that  definitive  m anage-
m ent of any airway comprom ise be a prior ity.

37.1.6  Tracheal and Laryngeal Injuries
Tracheal lacerations that  do  not  encroach  on  the  airway or  de-
tach  a tracheal ring can  usually be  repaired  w ithout  a t racheot-
omy. With  m ore  severe  injuries, a  t racheotomy, either  through
or below  the injury, is prudent .

Mucosal  lacerations  of the  larynx  secondary  to  penetrating
traum a should  be repaired w ithin  24 hours to decrease scarring
and  improve  voice.  Surgical  approxim ation  is  necessary  for
significant  glottic  and  supraglot tic  lacerat ions,  as  well  as  for
displaced  cartilage  fractures. Com puted  tom ography  (CT)  and
endoscopy help di erentiate between patients w ho require thy-
rotomy or  open  fracture  reduction  and  those  w ho require  only
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observation.  The  reader  is  referred  to  Chapter  92  (Laryngeal
Traum a) for fur ther discussion.

37.2  Blunt  Neck Traum a
Blunt t raum a to the neck m ay occur follow ing assault, sports in-
jury, or  a m otor  vehicle  accident. The force  m ay result  in  injury
to  any com bination  of airway, vascular, or  digestive  structures.
Because  the  e ects  m ay  be  delayed  in  onset  and  therefore
m issed, close observation  is recom m ended.

Patients w ith  m ultisystem  traum a are  at  risk for  having their
laryngotracheal injuries  overlooked. These  patients  can  have  a
slow  progression  of edem a  that  m ay  comprom ise  the  airway
hours  after  the  in itial insult . CT can  be  helpful in  determ ining
the  degree  of  injury  to  both  the  larynx  and  nearby  vessels.
Blunt  t raum a to  the  cervical vessels can  result  in  tears, th rom -
bosis, dissection , and  possibly pseudoaneurysm . These  injuries
can  be  treated  by observation , an ticoagulation, or  surgery. The
treatm ent  depends principally on  the m echanism , type, and  lo-
cation  of injury. Consultation  w ith  a vascular surgeon should  be
considered.

37.3  Roundsm anship
●  Surgical explorat ion  is necessary in  pat ients w ith  any pene-

trating neck traum a and life-threatening signs or sym ptom s.

●  Hem orrhage is the leading cause of death  in  patien ts w ith
penetrating neck injuries, and pat ients should  be m onitored
for at  least  48 hours.

●  Classifying the injury by zone and m echanism  can  be helpful
in  determ ining the likelihood of m ajor injury.

37.4  Recom m ended Reading
[1]  Arm strong WB, Detar  TR, Stanley RB. Diagnosis and  m anagem ent  of external

penetrat ing  cervical  esophageal  injuries.  Ann  Otol  Rhinol  Laryngol  1994;
103: 863–871

[2]  Beitsch  P, Weigelt  JA, Flynn  E, Easley S. Physical exam ination  and  arteriogra-
phy in  patients w ith  penetrating zone II neck wounds. Arch  Surg 1994; 129:
577–581

[3]  Jarvik JG, Philips GR, Schwab CW, Schw artz JS, Grossm an RI. Penetrating neck
traum a: sensitivity of clin ical exam ination  and cost-e ect iveness of angiogra-
phy. AJNR Am  J Neuroradiol 1995; 16: 647–654

[4]  McConnell DB, Trunkey DD. Managem ent  of penetrat ing traum a to the  neck.
Adv Surg 1994; 27: 97–127

[5]  Noyes LD, McSw ain  NE, Markow itz IP. Panendoscopy w ith  arteriography ver-
sus  m andatory  exploration  of  penetrating  w ounds  of  the  neck.  Ann  Surg
1986; 204: 21–31

[6]  Obeid  FN, Haddad GS, Horst  HM, Bivins BA. A critical reappraisal of a m anda-
tory exploration  policy for  penetrat ing wounds of the neck. Surg Gynecol Ob-
stet  1985; 160: 517–522

[7]  Rao  PM, Bhatti MF, Gaudino  J et  al. Penetrat ing injuries  of the  neck:  criteria
for exploration . J Traum a 1983; 23: 47–49

[8]  Salet ta JD, Folk FA, Freeark RJ. Traum a to the neck region. Surg Clin  North  Am
1973; 53: 73–86

[9]  Sclafani AP, Sclafani SJ. Angiography and  transcatheter  ar terial em bolization
of vascular injuries of the face and neck. Laryngoscope 1996; 106: 168–173

37.4  Recommended Reading

315



38  Facial Analysis
Alexander Ovchinsky

38.1  Int roduct ion
Com prehensive facial analysis is a crucial elem ent in  the process
of achieving a  successful surgical outcom e. A facial plast ic sur-
geon, like an  artist , should  be able to envision  the final result  of
his  or  her  work, w hich  depends  not  only on  the  surgeon’s  ex-
pertise  but  also on  the  anatom ical characteristics of a given  pa-
tien t . Pat ien ts’ characteristics  m ay  vary  w idely  w ith  ethnicity,
age, gender,  m edical  or  surgical  h istory,  and  history  of  facial
traum a  or  prior  surgery. Therefore, a  thorough  understanding
of w hat  is  generally accepted  to  be  the  facial norm  is  essential
in  building a foundat ion  for a successful result . Patients’ expect-
ations  m ay  som etim es  be  unrealist ic  because  of  certain
anatom ical lim itations; it  is of a param ount  importance to com -
m unicate  to the  pat ient  these  lim itations and  how  they w ill af-
fect  the  final  outcom e  in  order  to  avoid  an  unhappy  pat ient
postoperat ively.

38.2  Incidence of Disease
All hum ans eventually w ill exhibit  aging-related  changes in  fa-
cial anatomy because of a com bination  of m ultiple factors, such
as facial bony resorption, loss of soft-t issue  support, soft-t issue
atrophy, and  age-related  skin  changes. Som e  pat ien ts  w ill  ex-
hibit  these changes earlier than  others as a consequence of vari-
ous  factors, such  as  genetic  predisposition  (e.g., in  progeria  or
Ehlers-Danlos  syndrom e);  excessive  sun  exposure  w ith  resul-
tant  skin  changes  (w rinkling, pigm entation, loss  of elasticity);
body habitus; and  certain  m edical conditions (e.g., skin  changes
in  patients on  long-term  steroid therapy, facial lipodystrophy in
patients  on  HIV antiretroviral  therapy).  Multip le  syndrom ic
conditions a ect  facial anatomy and  w ill cause noticeable devi-
ation  from  the  norm  at  bir th  (e.g., Treacher  Collins  syndrom e,
Crouzon syndrom e, Waardenburg syndrom e).

38.3  Term inology
There  are  several  important  anatomical  landmarks  that  greatly
assist  in  facial descriptive  analysis. Beginning superiorly, the  tri-
chion  marks  the  superior  extent  of  the  forehead  and  corre-
sponds  to  the  level  of  the  hairline.  The  glabella  is  the  most
prom inent  point  of the forehead  on  the profile. The nasion  is the
depression  at  the  root  of the  nose  and  corresponds to the  naso-
frontal  suture  line. The  radix, incorrectly  used  interchangeably
with  the  nasion, is  the  root  of the  nose  and  m arks  the  deepest
point  of the  nasofrontal  angle. The  rhinion  corresponds  to  the
bony–cartilaginous junction  on  the  nasal dorsum . The  subnasale
is  the  junction  of the  columella  and  the  upper  lip  at  the  base  of
the  nose. The  vermilion  border  of the  lips is the  mucocutaneous
junction. The  m enton  is  the  lowermost  position  of the  soft  tis-
sues  of  the  chin, while  the  pogonion  m arks  the  m ost  anterior
projection  of the  chin. The  tragion  is  located  at  the  supratragal
notch  and  is  an  important  landmark for  determ ining the  appro-
priate  horizontal  position, or  Frankfort  horizontal  plane, w hich
passes from  the tragion  to the inferior  orbital rim  (� Fig. 38.1).

38.4  Applied Anatom y
The  face  is  com m only  subdivided  in to  horizontal  “th irds”
(� Fig. 38.2) and  vertical  “fifths” (� Fig. 38.3). The  upper  facial
th ird  is  bounded  by  the  hairline  and  the  brow s/glabella,  the
m iddle  th ird  spans the  face  from  the  glabella  to  the  subnasale,
and the lower th ird runs from  the subnasale to the m enton. This
is  a  rough  approxim ation, however, and  the  lower  th ird  of the
face  is  generally  slightly  longer  than  the  m iddle  th ird
(� Fig. 38.4). In  addition, the lower face can  also be divided  in to
thirds, w ith  the  length  of the  upper  lip  equaling one-third  and
the lower lip  and  ch in  equaling two-thirds. Vertical fifths assist
w ith  the  assessm ent  of facial sym m etry on  the  frontal view, in
w hich  each  fifth  approxim ates one eye w idth: helical rim  to lat-
eral canthus (two), lateral can thus to m edial canthus (two), and
intercanthal distance (one).

There  are  a  num ber  of facial  angles  that  are  used  to  define
the relationships of the various facial structures to one another.
Som e of these angles are nearly constant  for  m ales and  fem ales,
w hereas others are variable depending on  the sex of the pat ient
(� Fig. 38.5  and  � Fig. 38.6  ). The  nasofrontal  angle  m easures
the  facial angle  at  the  nasion  or, in  other  words, the  t ransition
angle  from  the  forehead  onto  the  nasal  dorsum .  This  angle
ranges  from  115  degrees  (m en)  to  120  degrees  (wom en). The
nasolabial  angle  is  the  angle  betw een  the  colum ella  and  the
upper  lip.  It  should  be  around  90  to  95  degrees  in  m en  and
around  100  to  110  degrees in  wom en. An  increase  in  this angle
results in  an  appearance  of over-rotation  of the  nose, w hereas a
decrease  leads to  an  appearance  of under-rotation. The  cervico-
m ental angle  m easures  the  angle  of transition  of the  neck  into
the  inferior  aspect  of the  chin;  an  increase  in  subm ental fat  or  a
low -set  hyoid  bone leads to blunting of the cervicom ental angle.

38.5  The Disease  Process
38.5.1  Et iology
There  are  several  theories  of  aging,  all  of  w hich  are  concen-
trated  around  a  comm on  notion  that  facial aging is the  result  of
progressive soft-t issue descent. Over  tim e, the soft  tissues of the
face  sag  o  bony  structures,  form ing  the  distinct ive  wrinkles,
folds, and  skin  and  soft-t issue redundancy of the aging face. This
descent  is  partially  due  to  subcutaneous  soft-t issue  atrophy,
leading  to  a  proportional  increase  in  the  am ount  of  skin  and
skin  ptosis. Age-related  loss of facial volum e  due  to  gradual bo-
ny resorption  is also a  contributing factor. This decrease  in  bony
volum e  translates  into  a  decrease  in  the  am ount  of support  for
the  soft  tissues  of the  face, thus  causing dow nward  rotation  of
the soft  tissues and  ptosis. Sun-related  skin  dam age, also know n
as  actinic dam age  or  solar  elastosis, leads  to  a  loss  of skin  elas-
ticity, pigm ent  changes, and  a general appearance of aging.

38.5.2  Natural History and Progression
Superficial skin  lines, or  w rinkles, are  discrete  at  first  and  over
tim e  becom e  m ore  num erous,  deeper,  and  m ultidirect ional.
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When  w rinkles becom e associated  w ith  textural changes in  the
skin  surface from  photodam age and repeated m uscular contrac-
tion, they becom e m im etic lines. The deepening of the m im etic
lines  in to  the  derm is  leads  to  the  appearance  of skin  furrow s.
As skin  redundancy worsens and skin  ptosis cont inues, skin  fur-
row s slow ly progress in to skin  folds.

38.6  Medical Evaluat ion
38.6.1  Clinical Findings, Physical
Exam inat ion
It  is im portan t  to consider  the  m ajor  aesthetic un its of the face
individually  as  well  as  in  relationship  to  the  rest  of  the  face.
These  include  the  forehead, periorbital  region,  m idface, nose,
perioral region  and ch in , neck, and ears.

Forehead
Alopecia, or  hair  loss, m ay  cause  an  elevation  of the  hairline,
increasing the height  of the  upper  face. Frontalis m uscle hyper-
tonicity  and  loss  of skin  elasticity  can  cause  “worry  lines” or
horizontal forehead lines, w hich m ay range in  severity from  m i-
nor  m im etic lines to deep, corrugated furrows. Procerus m uscle
action  over  t im e  w ill  cause  the  form ation  of horizontal  nasal
root  w rinkles,  w hile  the  act ion  of  the  corrugator  supercilii
m uscle form s the vert ical glabellar lines.

Hypertonicity  of  these  m uscles  also  produces  brow  ptosis.
Another factor contributing to brow  descent  is a decrease in  the
am ount  of  supraorbital  subcutaneous  t issue, leading  to  “de-
flat ion” of  the  brow  region .  The  brow s  should  be  exam ined
for  the  degree  of p tosis  and  for  p tosis  localizat ion  w ith in  the
brow  (i.e., m edial, lateral, or  generalized), as  w ell  as  for  any
asym m etry  accom panying  bilateral  brow  ptosis. In  the  even t
of brow  asym m etry, it  is  very  im portan t  to  bring  th is  to  the
at ten tion  of the  pat ien t  because  it  m ay  not  be  corrected  by
brow lift ing  procedures. When  brow  ptosis  progresses, it  m ay
result  in  “lateral  hooding” of the  upper  eyelid , causing  a  pe-
ripheral  visual  field  deficit ,  a  funct ional  indicat ion  for  brow
ptosis correct ion .

Periorbital Region
The size, shape, position , and  sym m etry of the  individual com -
ponents  should  be  assessed. The  in tercanthal  distance, w hich
should  be  equal to  the  w idth  of one  eye, m ay  be  increased  in
certain  syndrom es, as well as after facial traum a to the naso-or-
bital region , causing hyper telorism . Asym m etry of the palpebral
aper tures  m ay  be  due  to  a  un ilateral  upper  lid  ptosis, w hich
should  be  docum ented  and  addressed  during a  correct ive  pro-
cedure. Other  periorbital abnorm alities, such  as enophthalm os,
exophthalm os,  and  lower  lid  laxity  and  ect ropion,  should  be
docum ented  during the evaluation  of the region. Signs of eyelid
aging  m ay  be  due  to  increased  skin  laxity  (derm atochalasis),

Fig. 38.1  The  Frankfort  horizontal plane  is es-
tablished  by drawing  a  line  from  the  tragion  to
the  inferior orbital rim. Proper facial analysis is
performed  with  the  Frankfort  horizontal plane
parallel to  the  floor.
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pseudoherniation  of  orbital  fat  through  the  orbital  septum
causing the  developm ent  of the  “eye bags,” or  a com bination  of
the above. Hypert rophy of the orbicularis oculi m uscle m ay lead
to the form ation  of prom inent  w rinkles and  m uscular  roll, seen
m ainly in  the lower eyelids. Malar bags are thought to represent
edem a of the lateral in fraorbital soft  t issues.

Midface
The  loss  of m idfacial  ligam entous  support  results  in  anterior–
inferior  descent  of  the  m idfacial  subcutaneous  fat ,  causing  a
relative  loss  of the  superior–lateral cheek  fat  and  a  relat ive  in-
crease  in  the  inferior–m edial  cheek  fat.  The  net  e ect  of  th is
fat  redistr ibution  is deepening of the  nasolabial fold, the  devel-
opm ent  of cheek  skin  folds  lateral  to  the  nasolabial  fold, and
skeletonization  of the  zygom atic  region  w ith  the  form ation  of
subm alar hollow  and tear t rough  deform ity.

Nose
If the  cartilaginous  nasal fram ework  weakens  w ith  t im e  or  as
the  nasal skin  th ins  and  becom es less  elast ic, so  w ill the  sup -
por t  of the  nasal  t ip , resu lt ing  in  t ip  p tosis  and  a  decreased
nasolabial angle. The  t ip  m ay also  becom e broader  because  of
w eaken ing  of the  in tercrural  ligam ent  and  d ivergence  of the
dom al  regions  of the  low er  lateral  car t ilages. A dorsal  hum p
m ay becom e m ore  prom inen t  because  of t ip  p tosis  and  th ick-
en ing of the  nasal skin .

Perioral Region and Chin
Atrophy of the  soft  t issues, or  deflat ion  of the  perioral region,
results  in  lengthening  of  the  upper  lip,  th inning  of  the  red
lip  portion, and  the  form ation  of perioral rhytids.  “Marionet te
lines,”  w hich  extend  from  the  oral  com m issure  inferiorly

Fig. 38.2  The face can be divided roughly into vertical thirds, from the trichion to the glabella, the glabella to the subnasale, and the subnasale to the
menton.
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Fig. 38.3  The  horizontals fifths of the  face  are
bounded  by the  helical rims, lateral canthi, and
medial canthi.

Fig. 38.4  The  midface  is generally shorter than
the  lower face.
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in to  the  lower  face, also  becom e  m ore  prom inent. Resorption
of  the  m andible  results  in  a  decrease  in  chin  project ion,  or
m icrogenia.

Neck
Ptosis  of  the  m idfacial  and  lower  facial  soft  t issues  along  the
jaw line  causes the  developm ent  of “jow ls.” Loss of elast icity of

the  skin  w ith  hypertonicity  of the  platysm a  m uscle  results  in
the  form ation  of platysm al bands  and  blunt ing of the  cervico-
m ental angle. A congenitally low -set  hyoid  bone also m akes the
cervicom ental angle m ore  obtuse, and  th is should  be noted  be-
fore  surgical correct ion  is undertaken  because  it  w ill a ect  the
final outcom e.

Ears
Ear  m alform ations  are  m ost  com m only  developm ental  abnor-
m alities  but  m ay  also  be  acquired  as  a  result  of an  infect ion,
traum a, or  surgery. Prom inent , or  lop, ears  usually result  from
either  a  large  conchal cart ilage  or  m aldevelopm ent  of the  anti-
helical fold. An  increase  in  the  size  of the  ear  lobule  is  usually
related to the aging process or heavy earring use.

38.6.2  Test ing
The  degree  of a  peripheral visual deficit  due  to  brow  ptosis  and
upper  lid  blepharochalasis can  be  assessed  with  visual field  test-
ing. The test  compares the size  of the peripheral visual field  with
and  without  correction  of  the  upper  eyelid  hooding,  which  is
done by taping the upper lids and brows in  the elevated  position.

Lower  lid  support  is  assessed  w ith  the  use  of a  pinch  or  a
snap  test, in  w hich  the  lower  lid  is  m anually pulled  away from
the  globe  or  pulled  dow nward, respect ively, and  then  released;
delayed return  of the lid to the globe surface or return  only after
blinking  is  abnorm al  and  generally  indicates  a  need  for  lid
tigh tening.

38.7  Prognosis
The  final  outcom e  of  m edical  and  surgical  in terventions  de-
pends not only on the expert ise and know ledge of the physician

Fig. 38.5  Women tend  to  have  wider nasofrontal and  nasolabial angles than men.

Fig. 38.6  The  nasofrontal angle  is generally larger in  women than in
men.
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but  also (probably to the greater exten t) on  the physical charac-
teristics of the  patient. Pat ients’ m edical com orbidities, the  de-
gree  of the  problem  in  quest ion, and  social factors that  include
sm oking, alcohol or drug use, and a h istory of sun  exposure w ill
profoundly a ect  the final result . Proper  pat ient  evaluation  and
a  detailed  facial  analysis  are  of param ount  im portance  in  the
process of achieving the best outcom e possible.

38.8  Roundsm anship
●  One needs to be thoroughly fam iliar  w ith  norm al facial anato-

my in  order to fully apprehend the deviation  from  the norm
and com e up w ith  the best  possible corrective approach .

●  It  is helpful to break the face dow n into separate aesthetic
subunits and analyze those individually as well as in  conjunc-
tion w ith  the rest  of the face in  order to conduct  a thorough
and comprehensive facial assessm ent.

●  The changes of aging result  from  loss of skin  elasticity, solar
skin  dam age, decrease in  the am ount of the subcutaneous tis-

sues, loss of fibrous soft-t issue suppor t, attenuation  of the
m uscles of facial expression, and resorption  of the facial bony
skeleton.

●  Because the changes of facial aging involve m ultiple facial
anatom ical components, they com m only require m ultim odal-
ity therapy for an  optim al result .

38.9  Recom m ended Reading
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[2]  Lem perle  G, Holm es  RE, Cohen  SR, Lem perle  SM. A classification  of  facial

w rinkles. Plast  Reconstr Surg 2001; 108: 1735–1750, discussion  1751–1752
[3]  Pessa  JE. An  algorithm  of  facial  aging:  verification  of  Lam bros’s  theory  by

three-dim ensional stereolithography, w ith  reference  to  the  pathogenesis  of
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39  Wound Healing
Grigorly Mashkevich

39.1  Int roduct ion
Wound  healing is a  complex process consisting of several over-
lapping  phases:  inflam m atory,  proliferative,  and  rem odeling.
Each  phase  serves a  specific funct ion  and  has  defin ing charac-
teristics  at  the  m olecular  and  tissue  levels. Healing m ay occur
by  prim ary,  secondary,  or  tert iary  in tention.  Each  type  of
wound  healing has its  ow n  advantages and  disadvantages, and
select ion  depends on  the presenting wound  characteristics and
various patien t  factors.

39.2  Incidence of Disease
Wounds can  arise  in  m ultiple  sett ings, m ost  com m only traum a
or  surgery. Their  incidence  is  not  well enum erated  because  of
the w ide variety of presentations that lead to wound form ation.

39.3  Term inology
The  three  phases  of  wound  healing  overlap  one  another
(� Fig.  39.1).  The  inflam m atory  phase  is  the  in itial  stage  of
wound  healing, w hich  begins  im m ediately follow ing tissue  in-
jury. This  phase  is  characterized  by  sealing  of the  wound  and
the att ract ion  of in flam m atory im m une system  components. In
the proliferative phase, a stable wound  m atrix form s, and gran-
ulation  tissue  is  in troduced  in to  the  healing  wound. In  the  re-
m odeling phase, w hich  lasts up to 2 years, the scar m atures and
the wound is strengthened. Granulation  tissue is newly form ing
tissue  composed  of  fibroblasts  and  developing  blood  vessels.

Prim ary in ten tion  healing occurs in  wounds repaired  by direct
closure. This results in  elim ination  of the  dead  space  and  rapid
re-epithelialization  of the wound  surface. Healing by secondary
intention  is  a  process in  w hich  wounds are  allowed  to  heal on
their  ow n,  w ithout  surgical  in tervent ion .  Delayed  prim ary
closure, or  healing by  “tert iary  in tention,” is  typically  used  for
infected  wounds. Such  wounds  require  daily care  until the  in-
fect ion  resolves, at  w hich  point  the wound  edges m ay be surgi-
cally approxim ated.

Wounds  can  a ect  all  t issue  layers. Soft  t issues  include  the
skin  and  subcutaneous tissues, such  as fat , m uscles, nerves, and
blood vessels. More complex wounds involve traum a to the car-
tilage and bones comprising the facial skeleton.

39.4  The Disease  Process
39.4.1  Et iology
The  overw helm ing  m ajority  of  wounds  arise  from  traum a  or
surgery.

39.4.2  Pathogenesis
Open  wounds m ay fail to heal in  a satisfactory fash ion  if appro-
priate wound care is lacking. Exposed wounds are at  risk for be-
com ing infected, leading to local t issue destruct ion  and  delayed
healing. Dirty  wounds  and  dry scabs in terfere  w ith  healing by
retarding epithelial m igration  across the  surface  of the  wound.
In  addition  to  form ing  unfavorable  scars,  poorly  healing

Fig. 39.1  The  stages of healing.
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wounds in  the vicinity of the eye and nose m ay cause funct ional
deficits, such  as eyelid retract ion  and nasal obstruction .

39.4.3  Natural History and Progression
During the  inflam m atory phase, clot  form ed  from  bleeding tis-
sues  seals  the  wound. This  process  is  accom panied  by  in itial
vasoconstr ict ion  followed  by controlled  vasodilation, w hich  at-
tracts platelets and  fibrin  in to the wound. The clot  also protects
the  wound  from  the  environm ent  and  contam ination. Inflam -
m atory  im m une  system  components  are  att racted  in to  the
wound  bed  and  release  important  cytokines  and  im m une  fac-
tors  that  regulate  the  rem ainder  of the  healing  process. These
include  fibroblast  grow th  factors  (FGFs),  platelet-derived
grow th  factor  (PDGF), and  t ransform ing grow th  factors  (TGFs).
A m atrix consist ing of fibronect in  is eventually form ed, creating
the  necessary m esh  for cellular  and  protein  deposit ion . Cellular
im m une  components, such  as  neutrophils  and  m onocytes, en-
ter  the  wound  bed  and  participate  in  phagocytosis. On  the  pe-
riphery of the wound, epithelial cells prepare to m igrate as soon
as 12  hours follow ing injury. This process is  m arked  by epithe-
lial cell flattening and  the  form ation  of pseudopods. In  sutured
wounds, surface  re-epithelialization  can  be  completed  w ithin
48  hours. The  inflam m atory phase  lasts  from  5  to  15  days, de-
pending on  the size of the wound and  degree of contam ination.
Clinically, edem a  and  inflam m ation  accom pany  the  processes
delineated above.

The  proliferative  phase  guides  regeneration  of  the  cellular
fram ework inside the wound. During th is stage  of wound  heal-
ing,  fibroblasts  act ively  proliferate  and  deposit  collagen,  and
granulation  tissue, composed  of inflam m atory cells  and  regen-
erating blood  vessels, is  deposited. Clinically, a  yellow ish  fibri-
nous exudate  present  during the  inflam m atory phase  is gradu-
ally replaced by a cleaner, reddish  granulation  tissue.

The  rem odeling phase  begins several weeks in to the  wound-
healing process. This is  the  longest  phase, lasting up  to  2  years
follow ing tissue injury. Collagen  fibers continue to be deposited
and  becom e th icker  via cross-linking. Type III collagen  is gradu-
ally  degraded  and  replaced  by type  I collagen , w hich  provides
greater scar strength . The cellular components undergo changes
that  enhance  long-term  support  of the  healing wound. For  ex-
am ple,  fibroblasts  di erent iate  in to  myofibroblasts,  thereby
prom oting  wound  contracture.  Blood  vessels  slow ly  regress,
corresponding  clin ically  to  dim inishing  wound  erythem a  and
the w hite appearance typical of m ature scars.

39.4.4  Potent ial Disease Com plicat ions
Untreated  wounds  m ay  develop  an  infect ion  and  heal  w ith
cosm et ically  unacceptable  scars.  Significant  bleeding  m ay  be
encountered  in  open  wounds  w ith  lacerations  of  the  nam ed
vessels  in  the  face  and  neck. Unrecognized  facial  nerve  injury
m ay  lead  to  perm anent  paralysis.  Lacerat ions  of  the  parotid
parenchym a  or  duct  can  cause  a  salivary  cutaneous  fistula  or
sialocele.

39.5  Medical Evaluat ion
The  evaluation  and  m anagem ent  of  wounds  are  covered  in
Chapter 41 .

39.5.1  Present ing Com plaints
Patients’ complaints related  to healing wounds consist  prim ar-
ily  of  pain  and  discom fort.  Deeper  soft-t issue  wounds  in  the
head  and  neck m ay additionally involve  nerve  dysfunct ion  or  a
salivary  leak.  These  m ay  not  be  obvious  to  the  patien t  and
require  a  thorough  exam ination  by  the  physician. Facial  bony
injuries  m ay lead  to  additional complaints, such  as  diplopia  in
orbital blowout fractures or m alocclusion  in  m idfacial and m an-
dibular fractures.

39.5.2  Clinical Findings, Physical
Exam inat ion
Please see Chapter 41 .

39.5.3  Test ing
In  m ost  patien ts  w ith  soft-t issue  wounds, additional testing is
unnecessary. Penetrating wounds of the  head  and  neck should
raise  suspicion  of deep  vascular  injury, requiring im aging w ith
computed  tom ographic (CT) angiography. Any bony injuries re-
quire  radiographic evaluation  w ith  facial  bone  CT. Basic  blood
testing (hem oglobin  levels, elect rolytes, and coagulation) is nec-
essary in  pat ients w ith  wounds that  require  repair  in  the  oper-
ating room .

39.5.4  Di erent ial Diagnosis
The etiology of a wound is typically know n at  presentation. Just
as  pertinent  in  dealing  w ith  soft-t issue  wounds  is  the  physi-
cian’s  ability  to  form ulate  a  “di erential”  for  the  t reatm ent
strategy. The reconstructive ladder is a conceptual paradigm  for
wound  repair  that  starts  w ith  the  sim plest  strategy  and  pro-
gresses to include  m ore  complex solutions. In  order  of increas-
ing complexity, the reconstructive ladder includes the follow ing
steps:
1. Wound healing w ithout surgical repair (secondary in tention)
2. Wound healing w ith  delayed surgical repair (tert iary in ten-

tion)
3. Simple closure of the wound w ith  sutures (prim ary in ten-

tion)
4. Com plex repair w ith  local t issue rearrangem ent (prim ary in-

tention)
5. Skin  graft ing
6. Com plex repair w ith  distant  t issue (regional or free flaps)

39.6  Treatm ent
The m edical and  surgical m anagem ent  of wounds is covered  in
Chapter  41. Facial wounds best  suited  for  healing by secondary
in tention  are show n in � Fig. 39.2.

39.7  Prognosis
Proper  wound  assessm ent  and  select ion  of  the  appropriate
treatm ent  strategy  dim inish  the  chance  of unacceptable  scar-
ring  and  frequently  lead  to  satisfactory  outcom es.  Certain
wounds  m ay  require  revision  surgery  for  optim al  results  to

39.7  Prognosis

323



be  achieved. Surgeon  and  pat ient  com m itm ent  to  the  wound-
healing  process  is  a  crit ical factor  in  influencing outcom e  and
prognosis.

39.8  Roundsm anship
●  The phases of wound healing phases consist  of in flam m atory,

proliferative, and rem odeling phases.
●  The types of wound healing include prim ary, secondary, and

tert iary.
●  A reconstruct ive ladder helps form ulate a treatm ent  plan  for

healing wounds.

39.9  Recom m ended Reading
[1]  Honrado CP, Murakam i CS. Wound healing and physiology of skin  flaps. Facial

Plast  Surg Clin  North  Am  2005; 13: 203–214
[2]  van  der Eerden  PA, Lohuis PJ, Hart  AA, Mulder WC, Vuyk H. Secondary in ten-

tion  healing after excision  of nonm elanom a skin  cancer of the head and neck:
statistical evaluation  of prognostic values of wound  characterist ics  and  final
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Fig. 39.2  The  facial areas optimal for healing  by
secondary intention.
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40  Local and Regional Anesthesia for Facial Plast ic Surgery
Alexander Ovchinsky and Anthony P. Sclafani

40.1  Int roduct ion
The  popularity  of cosm etic surgery  has  increased  significantly
over the last  decade, w ith  facial plastic surgery procedures such
as blepharoplasty, rh inoplasty, and  facelift  the  ones m ost  com -
m only perform ed. Although  there  is a tendency of pat ien ts and
the  m edia  to  m inim ize  the  risk  of cosm etic  procedures, m ost
cosm et ic  surgeries  are  considered  m ajor  surgeries  from  the
perspective of anesthesia.

40.2  Incidence
Patien ts  undergoing  cosm etic  surgery  have  tradit ionally  re-
ceived local anesthesia w ith  or w ithout sedation. Regional anes-
thesia  (via  nerve  blockades),  alone  or  to  supplem ent  other
form s of anesthesia, can  be used, as well. However, ow ing to the
increasing  complexity  of facial  plast ic  procedures  and  the  in-
creased  duration  of  surgery,  general  anesthesia  has  becom e
m ore  popular  w ith  the  advent  of anesthetic  agents  that  have
rapid act ion  and safe recovery profiles.

40.3  Term inology
Local  anesthesia  is  achieved  w ith  num erous  injectable  local
anesthetic agents (� Table  40.1) that  have various onsets of ac-
tion  and  durat ions of e ect . The  agents  act  locally and  directly
on  peripheral sensory nerves.

40.4  Applied Anatom y
A detailed  knowledge  of facial anatomy in  general, and  of sen-
sory innervation  of the  face  in  par ticular, assists  greatly in  the
adm inistration  of good locoregional anesthesia.

Regional  nerve  blocks  are  com m only  used  for  various  facial
plastic procedures. The  supraorbital and  supratrochlear  nerves
are the branches of the  ophthalm ic (V1) division  of the t rigem i-
nal nerve. The  supraorbital and  supratrochlear  nerves em erge,
respect ively, from  the supraorbital and supratrochlear foram ina

and  supply sensory innervation  to  the  forehead  region. Supra-
orbital and  supratrochlear  nerve  blocks  allow  good  anesthesia
of  the  upper  th ird  of  the  face  and  are  generally  adequate  to
carry out  various procedures in  the forehead/brow  region , such
as brow lift , locoregional flaps, and  scar  revision. The  infraorbi-
tal nerve, a branch  of the m axillary (V2) division  of the t rigem i-
nal nerve, em erges from  the  infraorbital foram en  and  provides
sensory  innervation  to  the  cheek/m idface  region .  Infraorbital
nerve block is com m only used for m idface anesthesia. The m en-
tal nerve, a term inal branch  of the inferior alveolar nerve (m an-
dibular  [V3] division  of the t rigem inal nerve), em erges from  the
m ental foram en, located  near  the lower border of the m andible
betw een  the first  and  second  prem olars. Mental block achieves
anesthesia  of  the  chin  and  lower  lip  and  is  used  alone  or  in
com bination  w ith  other  anesthetic  m odalit ies  for  the  various
procedures in  th is region  (local flaps, repair  of lacerations, ch in
im plant  placem ent,  derm al  filler  use,  excision  of  lesions,
others). The  dorsal nasal nerve  is  a  branch  of the  anterior  eth-
m oidal nerve  and  runs on  the  undersurface  of the  nasal bones,
em erging  5  to  8 m m  from  the  m idline  just  below  the  caudal
edge  of the  nasal bones. The  dorsal nasal nerve  supplies sen-
sat ion  to the  low er  nasal dorsum  and  the  nasal t ip . The  zygo-
m aticotemporal  nerve,  w hich  innervates  the  skin  lateral  to
the  orbital r im  and  the  zygom a, is  a  branch  of the  m axillary
(V2)  d ivision  of  the  t r igem inal  nerve.  The  zygom aticofacial
nerve  is also a  branch  of the  m axillary (V2) d ivision  of the  t r i-
gem inal nerve  and  innervates a  quar ter-size  area  of skin  over
the  m alar  em inence.

40.5  The Disease  Process
40.5.1  Et iology
Local  anesthetics  produce  anesthesia  by  inhibit ing  the  excita-
tion  of nerve  endings  or  by  blocking conduct ion  in  peripheral
nerves. This is  achieved  by reversibly binding to  and  inactivat-
ing sodium  channels. Two basic classes of local anesthetics  ex-
ist , the  am ides  and  the  esters, w hich  di er  in  several respects
(� Table 40.1). Esters are  m etabolized  in  the plasm a by pseudo-

Table 40.1  Properties of local anesthetic agents

Drug  Onset  Maximum  dose
(with  epinephrine)

Durat ion
(with  epinephrine)

Lidocaine  Rapid  4.5 mg/kg  (7 mg/kg)  2  h  (4  h)

Mepivacaine  Rapid  5 mg/kg  (7 mg/kg)  3  h  (6  h)

Bupivacaine
Ropivacaine
Levobupivacaine

Slow
Medium
Medium

2.5 mg/kg  (3 mg/kg)
2–3 mg/kg
2.0 mg/kg  or 400 mg/24  h

4 h  (8  h)
3  h  (6  h)
4–6  h  (8–12 h)

Procaine  Slow  8 mg/kg  (10 mg/kg)  45 min (90 min)

Chloroprocaine  Rapid  10 mg/kg  (15 mg/kg)  30 min  (90 min)

Prilocaine  Medium  5 mg/kg  (7.5 mg/kg)  90 min  (360 min)

Tetracaine  Slow  1.5 mg/kg  (2.5 mg/kg)  3  h  (10 h)

40.5  The Disease Process
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cholinesterase, w hereas am ides are m etabolized in  the liver. Es-
ters are unstable in  solution , but  am ides are very stable in  solu-
tion. Esters are  m uch  m ore  likely than  am ides to  cause  allergic
hypersensitivity  react ions. Com m only  used  am ides  include  li-
docaine, m epivacaine, prilocaine, bupivacaine, etidocaine, ropi-
vacaine, and  levobupivacaine. Com m only used  am ino esters in-
clude  cocaine, procaine, tetracaine, chloroprocaine, and  benzo-
caine. An  easy way to  rem em ber  w hich  drug belongs in  w hich
category is that  the nam es of all of the am ides contain  the letter
i tw ice.

The  physiologic  act ivity  of  local  anesthetics  is  a  funct ion  of
their  lipid  solubility,  di usibility,  a n ity  for  protein  binding,
percent  ion ization  at  physiologic pH, and  vasodilating proper-
ties. All local anesthetics, w ith  the except ion  of cocaine, are vas-
odilators.  Vasodilation  occurs  via  the  direct  relaxat ion  of  pe-
ripheral  ar teriolar  sm ooth-m uscle  fibers.  Greater  vasodilator
activity of a  local anesthetic leads to faster  absorption  and  thus
a shorter durat ion  of act ion . To counteract  th is vasodilation, ep -
inephrine is often  added to local anesthetic solutions. The m ax-
im um  tolerable dose  of lidocaine is 4.5 m g/kg; thus, for  a 70-kg
patient, the  m axim um  dose  is about  300 m g, or  30  m L of 1% li-
docaine  solution. The  addition  of epinephrine  to  the  solution
decreases the rate of local absorption  of lidocaine, thus increas-
ing the  m axim um  tolerable  dose, w hich  then  increases to 7 m g
of lidocaine per kilogram . The m axim al tolerable doses of other
com m on local anesthetics are listed  in � Table 40.1.

40.5.2  Potent ial Com plicat ions
The  two  m ain  m anifestations  of  local  anesthetic  overdose  are
central nervous system  (CNS) toxicity and  cardiovascular  toxic-
ity. CNS toxicity usually precedes cardiovascular sym ptom s. The
early signs of CNS toxicity are  m ild  sedat ion, an  abnorm al m et-
allic  taste  sensation,  and  (occasionally)  t innitus,  w hich  then
m ay  progress  to  seizures.  Signs  of cardiovascular  toxicity  in-
cluded  arrhythm ias, heart  block, and decline in  cardiac contrac-
tilit y.

The  t reatm ent  of early  signs  of CNS toxicity  is  aim ed  at  the
prevention  of  seizures  by  using  m edications  to  increase  the
seizure  threshold, such  as  benzodiazepines (m idazolam , diaze-
pam ) or  barbiturates (th iopental, others). Significant  cardiovas-
cular toxicity m ay require a form al cardiovascular resuscitation;
side  e ects related  to epinephrine, such  as anxiety and  palpita-
tions, are usually controlled w ith  β-blockers.

40.6  Treatm ent
40.6.1  Supraorbital and Suprat rochlear
Nerve Blocks
Blockade  of  the  supratrochlear  nerve  can  easily  be  accom -
plished  by inject ing 1  to  2  m L of local anesthetic at  the  orbital
rim  above  the  m edial  canthus.  The  needle  is  then  advanced
along  the  supraorbital  rim  to  inject  an  additional  1  to  2  m L

along the  orbital rim  above  the  m idpupil to  block the  supraor-
bital nerve.

40.6.2  Dorsal Nasal Nerve Block
The  dorsal  nasal  nerve  can  be  blocked  by  inject ing  approxi-
m ately 1  m L of local anesthetic at  the  caudal edge  of the  nasal
bones about 5 to 8 m m  lateral to the m idline.

40.6.3  Infraorbital Nerve Block
The  infraorbital  nerve  is  blocked  by  inject ing  local  anesthetic
just  below  the  infraorbital rim  in  line  w ith  the  m edial lim bus.
This can  be  done  directly through  the  skin  or  through  a  subla-
bial needle  stick. The  index finger  of the  nondom inant  hand  is
placed at  the infraorbital rim  to ensure protect ion of the globe.

40.6.4  Mental Nerve Block
The  m ental  nerve  is  blocked  by  inject ing  anesthetic  approxi-
m ately 1 cm  below  the first  and second prem olars.

40.6.5  Zygom at icotem poral Nerve
Block
The zygom aticotemporal nerve is blocked  by in troducing a nee-
dle alongside the lateral orbital rim  until it  is deep to and  at  the
level of the  m iddle  of the  zygom a. At  th is  poin t, 1  to  2  m L of
local anesthetic is injected.

40.6.6  Zygom at icofacial Nerve
To  block  the  zygom aticofacial  nerve, 1  to  2  m L of  local  anes-
thetic is  injected  over  the  bone  at  the  junct ion  of a  line  draw n
along  the  zygom a  and  another  line  extending  dow n  from  the
lateral orbital rim .

40.7  Roundsm anship
●  Local anesthetics work by reversibly inact ivating neuronal

calcium  channels, blocking nerve im pulse conduct ion.
●  Epinephrine is added to local anesthetics to cause local vaso-

constriction , w hich lim its the di usion  and clearance of the
local anesthetic and extends its duration  of action.

40.8  Recom m ended Reading
[1]  Nique TA. Am bulatory o ce general anesthesia. In : Anesthesia for Facial Plas-

tic Surgery. New  York, NY: Thiem e Medical Publishers; 1993
[2]  White  PF, Freire  AR. Am bulatory  (outpatien t)  anesthesia. In :  Miller  RD, ed.

Miller’s  Anesthesia. 6th  ed. Ph iladelphia, PA:  Elsevier  Churchill  Livingstone;
2005:2589–2635

[3]  Zide  BM, Sw ift  R. How  to block and  tackle the face. Plast  Reconstr  Surg 1998;
101: 840–851
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41  Facial Soft -Tissue Traum a
Grigorly Mashkevich

41.1  Int roduct ion
Facial  soft-t issue  t raum a  m ay  arise  from  m otor  vehicle  acci-
dents, physical  altercations, work-related  accidents, and  other
sources. Pat ients w ith  facial traum a often present  w ith  concom -
itan t  injuries requiring a  m ultidisciplinary evaluation. Most  se-
vere  facial  soft-t issue  injuries  result ing  in  open  wounds  m ay
lead  to significant  scarring, facial nerve  palsy, and  parotid  duct
injury. In  a setting of an im al and hum an bites, facial penetration
can  be  a  source  of  com municable  disease  transm ission.
Although  som e wounds cannot  be  closed, the  optim al m anage-
m ent  of  m ost  open  wounds  requires  careful  assessm ent  and
m eticulous repair w ith  the techniques discussed in  th is chapter.

41.2  Incidence of Disease
In 2006, em ergency departm ents across the United States regis-
tered  m ore than  5.4 m illion  visits for  all head  and  neck injuries.
Although  the  specific  breakdow n  is  unknow n,  presum ably
m any of these  visits were  for  the  treatm ent  of facial soft-t issue
traum a.

41.3  Term inology
Blunt  t raum a  results  in  t issue  injury w ithout  separation  of the
overlying skin . Penetrating injuries cause  direct  traum a to deep
tissues  via  laceration  of the  skin . Anim al and  hum an  bites  are
examples of penetrating t raum a. Avulsion  injury results  in  t is-
sue loss. Prim ary closure  is the  approxim ation  of wound  edges,
resulting in  the elim ination  of dead space and  rapid  re-epitheli-
alization  of the  wound  surface. Healing by secondary in tent ion
is a  process in  w hich  wounds are  allowed  to heal on  their  ow n.
Delayed  prim ary  closure, or  healing  by  “tert iary  in tention,” is
frequently  utilized  in  infected  wounds;  such  wounds  require
daily care until the infect ion  resolves, at  w hich point  the wound
edges are surgically approxim ated.

41.4  Applied Anatom y
The  facial  nerve  traverses  the  substance  of  the  parotid  gland
and  exits at  its periphery via  several identifiable  branches. The
temporal branch  of the facial nerve  exits the  superior  aspect  of
the parotid gland and crosses the zygom atic arch  at the junct ion
of its anterior one-th ird and posterior  two-th irds. An  additional
surface  landm ark  is  a  line  that  begins  at  the  inferior  aspect  of
the  ear  lobule  and  bisects  a  line  connecting the  t ragus and  the
lateral  canthus  (� Fig.  41.1).  The  buccal  branch  of  the  facial
nerve  closely follow s the  parotid  duct , w hich  runs along a  line
from  the tragus to the m idport ion  of the upper lip. The m argin-
al  branch  of the  facial  nerve  exits  from  the  inferior  aspect  of
the  parotid  gland, at  the  angle  of the  m andible, and  descends
up to 2 cm  inferior  to the body of the m andible before return ing
to  innervate  the  m entalis  and  depressor  anguli  oris  m uscles
(� Fig. 41.2).

41.5  The Disease  Process
41.5.1  Et iology
Facial  soft-t issue  injuries  m ay  arise  in  m ultiple  settings, m ost
notably  during  m otor  vehicle  accidents,  physical  altercations,
and sports. These injuries m ay be blunt or penetrating.

41.5.2  Pathogenesis
The  degree  of  facial  soft- t issue  dam age  is  directly  related  to
the  shape  of the  str iking object, the force  w ith  w hich  it  st rikes,
and  the  location  of the  im pact. A greater  depth  of penetration
places  neurovascular  and  glandular  structures  at  a  h igher  risk
for  injury.

41.5.3  Natural History and Progression
Most  open  facial soft  t issue  wounds are  “clean–contam inated.”
The head  and  neck region  m aintains a robust  circulation, w hich
helps  prevent  infect ion  by m axim izing  wound  oxygen  tension
and  rapidly att ract ing im m une  system  components. Untreated
open  wounds  are  at  risk  for  delayed  healing  and  significan t
scarring. Although  no definitive  ru les exist  on  the  t im ing of fa-
cial wound  repair, m ost  noninfected  wounds can  be  closed  pri-
m arily  regardless  of  their  durat ion.  Conversely,  any  infected
wounds, as  judged  by the  presence  of purulence  and  cellulit is,
should  be  left  open  and  t reated  w ith  packing  and  an tibiotics
until  all signs  of infect ion  are  elim inated. Injuries  to  the  facial
nerve or parotid  duct  are not  likely to heal w ithout  prom pt  sur-
gical in tervent ion w ith  exploration  and repair.

41.5.4  Potent ial Disease Com plicat ions
Untreated  wounds  m ay  develop  an  infect ion  and  heal  w ith
cosm etically  unacceptable  scars.  Significant  bleeding  m ay  be
encountered  in  open  wounds w ith  lacerations of nam ed vessels
in  the face and  neck. Unrecognized  facial nerve injury m ay lead
to  perm anent  paralysis  (� Fig. 41.3). Lacerations of the  parotid

Fig. 41.1  Facial surface  landmarks for the  frontotemporal division of
the  facial nerve. See  text  for details.

41.5  The Disease Process

327



parenchym a  or  duct  can  cause  a  salivary  cutaneous  fistula  or
sialocele.

41.6  Medical Evaluat ion
A complete  m edical h istory and  account  of the  t raum atic event
should  be  obtained  from  the  patient.  Witness  descript ions
m ay  be  of value  in  the  case  of pat ients  w ith  altered  states  of
consciousness.  Any  suspected  dom estic  abuse  should  be  re-
ported and investigated.

41.6.1  Present ing Com plaints
Com plaints  related  to  soft-t issue  t raum a  consist  prim arily  of
pain  and  discom fort. Pat ien ts  m ay  report  di culty  w ith  facial
m ovem ent  (cran ial nerve  VII involvem ent) or  sensory deficits
(cran ial  nerve  V),  both  of  w h ich  can  arise  from  sw elling
alone. Any addit ional com plain ts indicat ing in jury to  adjacen t
st ructures  (e.g.,  vision  changes,  t r ism us,  m alocclusion ,
breath ing or  sw allow ing d i cu lt ies) should  tr igger  appropri-
ate  invest igat ions.

41.6.2  Clinical Findings, Physical
Exam inat ion
Any  patients  w ith  traum a  requires  an  initial  evaluation  of air-
way patency, breathing, and  circulation. During the prim ary sur-
vey, all sites of injury are  assessed, including the cervical spine.

The  ENT (ear, nose, throat) evaluation  consists of a  complete
exam ination  of the  head  and  neck. This  includes  a  fiber-optic

assessm ent of the airway to ru le out  concom itant  injuries to the
upper  aerodigestive  tract. Palpation  of the  facial skeleton, w ith
attention  to  tr ism us  and  bite  abnorm alit ies,  should  be  per-
form ed  to  rule  out  fractures. Penetrating  injuries  of the  head
and  neck require  special protocols to exclude vascular  or  upper
aerodigestive tract  injury; these are discussed in  Chapter 37 .

The  soft-t issue  evaluation  relies  on  meticulous  visual inspec-
tion  and docum entation  of all abrasions and  lacerations. Wounds
may require  cleaning for an  adequate  assessm ent  of the depth  of

Fig. 41.2  Anatomy of the  peripheral facial nerve.

Fig. 41.3  Paralysis of the left  marginal mandibular branch of the facial
nerve.
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injury.  Any  suspected  penetration  of  the  neck  should  not  be
probed  beyond  the  platysm a  muscle  because  doing so  m ay dis-
turb  injured  vessels  and  result  in  significant  bleeding in  an  un-
controlled  setting. Suspected  penetrating injuries of the neck are
best  assessed  w ith  computed  tomographic (CT) angiography. Fa-
cial  injuries  m ay  be  safely  cleaned  w ith  half-strength  peroxide
diluted  in  saline or  water. Cotton-tipped  applicators are  useful in
separating wound  edges and  examining the  extent  of facial soft-
tissue  injury. Bleeding wounds may be  temporarily packed  with
gauze  to  achieve  hemostasis  until  a  definitive  treatm ent  is
undertaken. Head  elevation, pressure  dressings, and  the  place-
ment  of epinephrine-soaked  gauze  into  the  wound  may further
assist  w ith  hem ostasis  and  visualization. Clam ps in  bleeding fa-
cial  wounds  should  be  used  with  caution  because  such  act ion
may inadvertently injure branches of the facial nerve.

Any pat ien t  w ith  a  laceration  situated  in  the  anatom ical dis-
tr ibution  of the facial nerve (see � Fig. 41.2) requires a complete
neurologic assessm ent of th is structure. Deficiencies in  brow  el-
evation  or  eyelid  closure,  oral  com m issure  excursion  during
sm iling, and  lip  pucker  indicate  facial nerve  injury. Any neuro-
logic assessm ent  of cran ial nerve  VII m ust  occur  before  the  use
of  local  anesthetics. In  sedated  pat ients  or  those  w ith  altered
m ental  status, a  painful  stim ulus  (such  as  chest  rub)  m ay  in-
duce  a  su cient  grim ace  to  provide  a  baseline  assessm ent  of
seventh  cranial nerve in tegrity.

An assessm ent of the parotid  duct  m ay be di cult  to perform
at  the  bedside  because  of blood, debris, and  poor  lighting. Any
presence  of clear  fluid, especially if expressed  on  m anual com -
pression  of the gland, should  raise  suspicion  of parotid  duct  in-
jury. If available, lacrim al probes m ay be used in traorally to can-
nulate  the  orifice  of the  parotid  duct  to  aid  its identificat ion  in
the wound.

41.6.3  Test ing
Radiographic studies  m ay include  cervical spine  X-rays and  CT
of the facial skeleton  and  cranium . Elect rocardiography and  ba-
sic  blood  tests  for  hem oglobin  and  electrolytes  are  im portant
studies in  pat ients present ing w ith  suspected  significant  blood
loss  or  any  hem odynam ic  changes, or  in  those  anticipated  to
undergo soft-t issue  repair  in  the  operat ing room . Photographic
docum entation  of  any  open  wounds  before  repair  is  crit ical
from  a m edicolegal standpoint.

41.6.4  Di erent ial Diagnosis
In  addition  to  soft-t issue  injury, the  di erential  diagnosis  in-
cludes concom itant skeletal injuries (orbital, m axillary, m andib-
ular,  and  cranial  fractures),  vascular  dam age,  and  neurologic
im pairm ent.  A specialist  assessm ent  m ay  be  necessary, espe-
cially in  the areas of ophthalm ology, neurosurgery, oral surgery,
and vascular surgery.

41.7  Treatm ent
41.7.1  Medical Treatm ent
Soft-t issue  bruising responds well to  pain  m edications and  the
frequent  application  of ice  in  the  first  48  to  72  hours. This  di-
m inishes  inflam m ation,  swelling,  and  discom fort .  Beyond  72

hours, warm  compresses and anti-bruising cream s, such  as Arn-
ica  montana  (wolf’s  bane),  can  o er  a  quicker  resolution  of
bruising and discoloration.

Superficial  abrasions  are  best  m anaged  w ith  daily  cleaning
(m ild  soap  and  water,  w ith  half-strength  hydrogen  peroxide
for  any  crust s)  and  the  applicat ion  of  an t ibiotic  oin tm ent
(bacit racin )  to  hasten  w ound  re-epithelializat ion  in  a  m oist
environm ent . If an  allergic  react ion  (itch ing, rash , or  erythe-
m a)  develops  in  response  to  bacitracin ,  a  blander  oin tm ent
such  as  pet rolatum  (Aquaphor,  Vaseline)  can  be  applied  in -
stead . Such  t reatm en t  st rategy  resu lts  in  healed  abrasions  in
5  to 14  days.

Bite  injuries  require  antibiotic  prophylaxis  for  potent ially
transm itted  pathogens.  Most  com m on  anim al  bites  are  from
dogs,  w ith  a  resultant  m ultibacterial  aerobic  and  anaerobic
pathogen  profile. The m ost  com m on species include  Streptococ-
cus, Staphylococcus, Pa steurella  multocida , and  Bacteroides. Em -
piric  antibiotics,  such  as  am oxicillin /clavulanate,  provide  ad-
equate  coverage w hile culture  identificat ion  is pending. Hum an
bites  are  also  m ultibacterial but  m ay transm it  viruses, as  well.
Any  suspicion  of  possible  HIV or  hepatitis  virus  t ransm ission
should be brought  to the im m ediate attention  of the em ergency
departm ent  sta  and  infect ious  disease  specialists.  Hospital-
specific protocols  for  testing, disclosure, and  treatm ent  should
be closely followed.

Tetanus and  rabies prophylaxis  deserve  consideration  in  ap-
propriate  cases. Wounds  heavily  contam inated  w ith  soil  carry
the  highest  risk  for  tetanus. Tetanus toxoid  should  be  adm inis-
tered  along w ith  a  booster  inject ion, if one  has not  been  given
w ithin  10  years. The  need  for  rabies  prophylaxis  depends  on
the  history  (w hether  the  o ending an im al is  know n  to  be  ill),
geographic rabies patterns, and exam ination  of a captured rabid
anim al.

41.7.2  Surgical Treatm ent
Any m anipulation  of soft  t issues requires inform ed patient  con-
sent.  In  a  sett ing  of  soft-t issue  traum a,  th is  process  m ay  be
complicated  by pat ient’s  altered  state  of consciousness, result-
ing  from  either  cranial  involvem ent  or  sedative  m edications.
Appropriate  relatives  and  healthcare  proxies,  if  designated,
m ust  be engaged  in  th is process. In  addition, photographic doc-
um entation  m ust  precede any attem pted repair for m edicolegal
reasons.

Open  wound  repair  requires a thorough  assessm ent  of t issue
loss  and  preparation  of the  injured  site  by  carefu l  rem oval  of
debris and  sharpening of the  skin  edges. This is m ade easier  by
in troducing  local  anesthesia  before  any  tissue  m anipulation ,
w hich  dim inishes oozing and  im proves pat ien t  com fort. The in-
ject ion  of  1% lidocaine  w ith  1:100,000  epinephrine, bu ered
w ith  10% sodium  bicarbonate  (4:1  dilution),  through  a  sm all
(27- to 30-gauge) needle provides an  e ect ive m eans of achiev-
ing  local  anesthesia.  Regional  blocks  of  the  supratrochlear,
supraorbital, infraorbital, and  m ental nerves can  be  perform ed
for  larger  wounds. Anesthetic  agents  w ith  longer  durations  of
action  (such  as bupivacaine) m ay be  added  if wound  closure  is
expected  to  last  several  hours, or  for  prolonged  postoperat ive
pain  control.

Local  t issue  rearrangem ent  (advancem ent,  rotation,  and
transposit ion  skin  flaps)  m ay  be  necessary  to  achieve  wound
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closure,  especially  in  avulsion  injuries.  As  m uch  as  possible,
scars  should  be  placed  in  exist ing  w rinkles  or  w ithin  relaxed-
skin  tension  lines.  Sharp  skin  underm in ing  and  wound  edge
eversion  are crit ical in  achieving a tension-free closure and  aes-
thetically  pleasing  scars.  Sites  of  h igher  tension  require  the
placem ent  of perm anent  or  long-lasting absorbable sutures (3–
0  or  4–0  PDS [polydioxanone] or  Vicryl), in  som e  cases passed
through  the  periosteum  to counter  unfavorable  soft-t issue  vec-
tors. More  quickly absorbed  subcutaneous sutures  (4–0  or  5–0
Monocryl) should  be  placed  in  areas w ith  less tension . Nonab-
sorbable (5–0 or 6–0 Prolene or nylon) fine sutures are used  for
cutaneous closure. These cause m inim al t issue react ion  and  are
rem oved in  5 to 7 days.

Auricular Lacerat ions and Avulsions
Auricular  lacerations  can  be  challenging  because  of  complex
surface topography, the presence of cartilage, and a relative lack
of t issue  m obility. Through-and-through  defects require  m etic-
ulous approxim ation  of all involved  tissue  layers. Skin  eversion
is  par ticularly  im portant  in  preventing  external  notching  and
contour  irregularit ies. Any exposed  cartilage  should  be  identi-
fied  and  approxim ated  w ith  either  perm anent  or  long-lasting
absorbable sutures.

The  repair  of  composite  auricular  t issue  loss  relies  on  the
preservation  of  native  cartilage.  In  segm ental  auricular  avu l-
sions, a  retroauricular  pocket  can  be  form ed  to  store  cartilage
from  the  avulsed  ear  segm ent. Steps  include  de-epithelializa-
tion  of  the  avulsed  segm ent,  reattachm ent  of  the  cartilage
stum p  to  the  rem aining  auricular  cart ilage, and  placem ent  of
the  avulsed  segm ent  under  temporal skin  coapted  to  the  edge
of skin  on  the  auricular  cartilage. After  6  weeks, the  avulsed
segm ent of the auricle is elevated along w ith  the overlying tem -
poral skin , and  a skin  graft  is placed  on  its posterior  aspect. The
direct  reattachm ent  of avulsed  segm ents, w ithout  pocket  stor-
age, is unpredictable  and  becom es especially unsuccessful w ith
segm ents larger than  1.5 cm .

Subtotal  avulsions  w ith  any  rem aining  cutaneous  attach-
m ents  heal  rem arkably  well  follow ing  prim ary  closure.  An
abundant  blood  supply to the ear  provides an  excellent  circula-
tion  through  the  rem ain ing  attachm ents,  allow ing  adequate
perfusion  of the  auricle. In  cases of total auricular  avulsion, re-
plan tation  w ith  m icrovascular  repair  can  be  considered. Sup-
portive  m easures for  survival of the  reconstructed  auricle, such
as  hyperbaric  oxygen, anticoagulat ion, and  m edicinal  leeches,
m ay be necessary adjunct ive steps in  m ost of these cases.

Lip Lacerat ions
The  repair  of  lip  lacerations  m ust  separately  address  all  in-
volved  tissue  layers. In  the  lip , these  include  skin , m uscle, and
m ucosa. The cutaneous lip  can  be further divided  in to subunits,
w hich  consist  of the  philtrum  m edially, lateral segm ents  later-
ally, and verm ilion  inferiorly. The verm ilion–cutaneous junct ion
is  an  im portant  visual  landm ark. Even  the  slightest  irregular-
it ies of th is border can  be highly not iceable because of the t ran-
sit ion  in  color.

If possible, lip  lacerations should  be rearranged  to allow  final
scars  to  fall  in to  the  borders  betw een  lip  subunits. This  opti-
m izes  scar  cam ouflage. Additional  incisions  m ay  be  necessary

to  achieve  adequate  t issue  advancem ent  or  rotation. If  trans-
ected, the  orbicularis oris m uscle  m ust  be  approxim ated  w ith  a
2–0  or  3–0  long-lasting absorbable  suture. Superficial or  sm all
m ucosal defects can  heal inconsequentially by secondary in ten-
tion. Larger or deeper m ucosal wounds should be approxim ated
w ith  short-lasting absorbable suture m aterial.

Eyelid Lacerat ions
All  eyelid  lacerations  require  work-up  for  concom itant  ocular
injuries.  An  ophthalm ologist  should  be  consulted  to  rule  out
dam age  to  the  cornea  and  retina. Physical exam ination  of the
periocular  t issues  m ust  also  exclude  injuries  to  the  levator
m uscle  (ptosis), canthal tendons  (displacem ent  or  rounding of
the canthal angles), and canaliculi (epiphora).

Early eyelid  repair  is  im portant  in  providing im m ediate  cor-
neal protect ion. Any particulate  m atter  m ust  be  rem oved  in  or-
der  to  avoid  the  developm ent  of a  traum atic tattoo. Suspected
injury  to  the  canaliculi  should  be  evaluated  w ith  lacrim al
probes. The  repair  of duct  walls  requires  loupe  or  m icroscopic
m agnification  and  is  best  accom plished  w ith  in terrupted  9–0
perm anent sutures placed over a Silast ic stent.

Avulsion  of the  m edial  canthal  tendon  is  addressed  w ith  a
periosteal  stitch  to  the  lacrim al  bone. Insu cient  periosteum
m ay require  screw  placem ent  or  t ransnasal w iring. Inadequate
repair  of th is structure can  lead  to w idening of the in tercanthal
distance, resulting in  telecanthus.

Lacerat ions  extending  to  the  lid  m argin  are  best  repaired
w ith  a  6–0  silk  suture  placed  in  a  ver tical m attress  fashion  to
ensure eversion  and  prevent  notching. Suture repair  should  be-
gin  at  the  gray  line  to  properly  align  the  lid  edges. The  tarsus
and orbicularis oculi are approxim ated  w ith  6–0 absorbable su-
tures. Lubricating ointm ent  is  applied  liberally in  the  postope-
rative sett ing.

Facial Nerve Lacerat ions
Any suspected  facial nerve  injury requires  im m ediate  explora-
tion  and  repair. The  distal port ion  of the  severed  nerve  contin-
ues to  conduct  and  can  be  stim ulated  for  up  to  48  to  72  hours
follow ing  transect ion .  This  greatly  enhances  identification  of
the nerve in  the operating room  w ith  a nerve stim ulator (0.5 to
1 m A). Nerve  repair  should  be  perform ed  under loupe m agnifi-
cation  (3.5x  or  h igher)  or  m icroscopic  m agnification.  Nerve
ends m ust  be exposed  and  m obilized  for  1  to 2 cm  for advance-
m ent  and  reduct ion  of  tension. Each  nerve  end  m ust  be  cut
clean, w hich  rem oves about  1 m m  of distance on  each  side. Ad-
equate m obilization  usually m akes up for such  a loss. In  cases of
m issing  nerve  segm ents, graft ing  m ust  be  contem plated  w ith
one  of several  donor  sources  (great  auricular, lateral  an tebra-
chial cutaneous, or sural nerve). This possibility needs to be dis-
cussed  w ith  the  pat ien t  in  advance  of the  operat ion. Nerve  ap-
proxim ation  requires  the  placem ent  of  three  to  seven  in ter-
rupted 9–0 nylon  sutures through the epineurium  (� Fig. 41.4).

Parotid  (Stensen) duct  repair  is  determ ined  by the  extent  of
duct  injury. For sim ple lacerations or  t ransect ions, direct  repair
is  perform ed  over  a  stent  placed  in traorally. Sm all-caliber  pe-
diatric feeding tubes serve  as excellent  parotid  duct  sten ts and
can  be  sutured  in traorally to m ain tain  the  egress of saliva for  2
to  4  weeks. Injuries  resulting  in  a  loss  of the  parotid  duct  are
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m ore di cult  to repair. If both  ends can  be  identified, an  in ter-
position  vein  graft  (an terior or external jugular) is placed  over a
stent  to  replace  the  m issing  segm ent.  In  cases  in  w hich  the
distal parotid  duct  cannot  be  identified  and  the  site  of injury is
anterior  to the m asseter, a diversion  of the proxim al duct  in tra-
orally can  be  perform ed. If the  site  of injury is posterior  to  the
m asseter, or  if the  proxim al parotid  duct  cannot  be  identified,
watert ight  closure  of the  parotid  fascia  to  tam ponade  salivary
flow  should be perform ed w ith  a perm anent  or long-lasting ab-
sorbable suture placed in  a running locking fash ion. In  addition,
50  to  100  units  of  botulinum  toxin  can  be  injected  in to  the
parenchym a of the parotid  gland  to extinguish  salivary produc-
tion. This  strategy  rarely  results  in  gland  inflam m ation  and/or
infect ion .

41.8  Prognosis
Facial  soft-t issue  bruising,  hem atom as,  and  superficial  abra-
sions resolve  fully w ithout  m ajor  sequelae. Hyperpigm entation
of  abraded  areas  can  be  m anaged  w ith  sun  protect ion  and
bleaching  cream s  (2% or  4% hydroquinone). Repaired  wounds
m ay  take  6  to  12  m onths  to  fully  m ature. Hypert rophic  scars,
keloids,  and  pincushioning  m ay  complicate  wound  healing.
These respond to periodic steroid inject ions (tr iam cinolone ace-
tate, 10 or 40 m g/m L). Cosm etically poor scars m ay require revi-
sion  to im prove appearance.

41.9  Roundsm anship
●  Patients w ith  facial soft-t issue traum a require a complete

assessm ent for concom itant  skeletal, upper aerodigestive,
neurologic, and vascular injuries.

●  Noninfected open wounds are optim ally m anaged w ith  t issue
preparation  and m eticulous prim ary closure.

●  Parotid  duct  and facial nerve injury m ust  be considered in
open wounds overlying these structures.

●  Transected facial nerve branches are best repaired w ithin  72
hours, w hen the distal ends can  still be stim ulated.

41.10  Recom m ended Reading
[1]  Leach  J. Proper  handling of soft  t issue  in  the  acute  phase. Facial  Plast  Surg

2001; 17: 227–238
[2]  Pit ts SR, Niska RW, Xu  J, Burt  CW. National hospital am bulatory m edical care

survey:  2006  em ergency  depart m ent  sum m ary.  Natl  Health  Stat  Report
2008; 7: 1–38

Fig. 41.4  Facial nerve  repair under the  microscope.
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42  Maxillofacial Traum a
Alexander Ovchinsky

42.1  Int roduct ion
Maxillofacial injuries  rem ain  serious  clin ical problem s because
of the high  density of neural, vascular, digestive, and respiratory
tissues in  th is  area. In  addition  to  these  life-threaten ing issues,
m axillofacial traum a  can  have  significant  psychological e ects
on  pat ien ts  because  of the  aesthetic  deform it ies  that  they can
cause.

42.2  Incidence of Disease
In  the  United  States, traum a  constitutes  the  th ird  m ajor  cause
of death  am ong all age  groups  and  the  leading cause  of death
am ong  the  persons  younger  than  44  years  of age. The  m ajor
causes of traum a-related  death  are  central nervous system  in-
jury  and  hem orrhage. In  addition  to  fatal  injuries, roughly  40
m illion  people are treated in  em ergency departm en ts each year,
and  the  total  cost  associated  w ith  injuries  is  estim ated  to  be
m ore than  $250 billion  per  year. Curren tly, m ore than  400 peo-
ple  in  the  United  States  die  of  injuries  every  day, and  50% of
these  deaths occur  before  arrival at  the  hospital. However, it  is
worth  m ent ioning that  the  obligatory use  of seat  belts  and  the
invent ion  of air  bag  system s  has  resulted  in  approxim ately  a
25% decrease  in  the  frequency of injuries due  to  m otor  vehicle
accidents

The  incidence  of facial traum a  as  a  w hole  peaks  in  the  first
decade  of life  and  slow ly declines  over  the  rem aining decades
of life. The  incidence  of facial bone fractures, in  contrast , peaks
in  the  th ird  decade  of life. Counter  to  the  increasing incidence
of facial bone fractures in  the  first  three  decades of life, the  ac-
tual relative  risk for  facial bone fractures per  accident  increases
w ith  increasing age (4.4% per  year of life) because of the associ-
ated decrease in  bone density.

Most  injuries in  the first  decade of life are isolated  soft-t issue
lacerations  or  dentoalveolar  traum a  (tooth  im paction, alveolar
process fractures, crow n fractures, others), as opposed to the fa-
cial bone fractures seen  in  the adult  populat ion.

42.3  Classificat ion of the  Disease
Process
The  classification  of m axillofacial  traum a  is  usually  related  to
the  type  of the  injury sustained. Bruises  or  contusions  are  the
result  of  soft-t issue  blunt  t raum a  followed  by  subcutaneous
bleeding. The  extent  of bruising depends on  the  severity of the
im pact, the  laxity of the  tissues, the  individual’s predisposition
to  bruising, and  the  individual’s  age. Abrasions  are  superficial
wounds that  do  not  penetrate  the  full th ickness of the  derm is.
Deeper abrasions, extending to the level of papillary and reticu-
lar  derm is,  frequently  bleed,  som etim es  profusely.  Abrasions
are  frequently  associated  w ith  foreign  bodies,  such  as  wood
splin ters  and  road  dir t . Lacerations  are  full-th ickness  wounds
penetrating through  the  derm is  and  frequently extending in to
subcutaneous tissues and  m uscles; they are  usually caused  by a

sharp  object . If the  length  of the  wound  exceeds its depth , it  is
referred  to  as  slash  wound, and  if the  converse  is  true, a  stab
wound. Fractures  are  the  loss  of structural in tegrity  of a  bone
resulting from  m echanical overload  and  failure  to  resist  defor-
m ation . Fractures  m ay be  fur ther  classified  as  closed  fractures,
in  w hich  there  is no com m unicat ion  of the fractured  bone w ith
the outside environm ent , and open  fractures, in  w hich  the frac-
ture  is  exposed  to  the  external  environm ent  via  laceration  or
penetration  of the fracture fragm ents through the overlying soft
t issues and  skin . Fractures are also categorized  based  on  the re-
gion  or bones involved.

42.4  Applied Anatom y
A thorough  know ledge  of norm al  facial  anatom y  is  essen t ial
for  the  successful  m anagem ent  of  m axillofacial  t raum a.
Although  a  detailed  descript ion  of  facial  anatom y  m ay  be
found  in  other  textbooks, the  surgical and  anatom ical consid-
erat ions  per tain ing to  pat ien ts  w ith  facial t raum a  are  the  ba-
sis of th is d iscussion .

The  frontal bone  form s the  an terior  part  of the  skull and  es-
sentially the  m ajor  port ion  of the  upper  face. It  is connected  to
the  zygom a  laterally via  the  zygom aticofrontal process, and  to
the  nasal bones m edially via  the  nasofrontal suture  line. These
connections form  three  so-called  vertical facial butt resses, two
zygom aticofrontal and  one  nasofrontal, w hich  serve  as a  m ajor
support  m echanism  for the facial skeleton. Inferiorly, the frontal
bone  ar ticulates  w ith  the  ethm oid,  sphenoid,  and  lacrim al
bones. Anterior  pneum atization  of the  frontal  bone  form s  the
frontal sinus, w ith  its  anterior  and  posterior  tables. Frontal si-
nus  drainage  is  via  the  nasofrontal duct , w hich  opens  in to  the
m iddle  nasal m eatus. The  frontal bone  is  one  of the  strongest
bones  in  the  hum an  body, and  significant  force  is  required  to
cause  a  fracture.  Therefore,  frontal  sinus  fractures  are  com -
m only associated  w ith  other  significant  injuries, such  as  cervi-
cal spine or brain  injuries.

The  nasal bones are  paired  rectangular  bones that  connect  to
each  other  in  the  m idline  to  form  the  bony nasal dorsum . They
articulate  w ith  the  frontal  bone  superiorly,  nasal  processes  of
the  m axilla  laterally, and  upper  lateral  cartilages  inferiorly. On
the  undersurface, the  nasal bones  are  connected  with  the  bony
and  cartilaginous  nasal septum . Because  of their  exposed  loca-
tion  and  relative fragility, the nasal bones are frequently injured.

The  m axilla  is form ed  by its  alveolar, zygom atic, palatal, and
nasal processes. The  pyram id-shaped  m axillary  sinus  occupies
the  m idport ion  of the  m axilla, draining  in to  the  m iddle  nasal
m eatus. The  an terior  wall  of  the  m axillary  sinus  is  very  th in
and  thus is easily fractured. The  palatal processes m erge  in  the
m iddle, form ing the larger portion  of the hard palate; the alveo-
lar  process  contains  the  dentit ion  and  form s  the  inferior  por-
tion  of the m axilla. It  joins the pterygoid  plates of the sphenoid
bones  posteriorly;  pterygoid  plate  fracture  is  the  key  compo-
nent  of all Le  Fort-type  fractures of the  m axilla. The  zygom at ic
and  nasal processes  are  extensions  of the  m axilla  that  are  im -
portant for facial form  and function .
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The  zygom a form s the  cheek em inence. It  consists  of a  body
and  three  processes—tem poral,  frontal,  and  m axillary—that
connect  the  zygom a to the  temporal and  frontal bones and  the
m axilla, respect ively. The zygom a also form s the part  of the lat-
eral orbital floor.

The m andible  consists of the central sym physis and  the bilat-
eral m andibular  bodies, ram i, angles, and  coronoid  and  condy-
lar  processes. The  alveolar  process  of  the  m andible  form s  its
superior  portion  and  contains the  lower  dentit ion, w hich  is in -
nervated  by  the  inferior  alveolar  nerve. The  condylar  process
articulates w ith  the glenoid  fossa of the tem poral bone, form ing
temporom andibular join t.

The  orbit  protects, supports, and  m axim izes  the  funct ion  of
the  eye. The  orbit  is  shaped  like  a  quadrilateral pyram id, w ith
its base in  a plane w ith  the orbital rim . Seven  bones join  togeth-
er  to form  the  orbital structure. The orbital process of the fron-
tal bone  and  the  lesser  w ing of the  sphenoid  form  the  orbital
roof. The  orbital  plate  of the  m axilla  joins  the  orbital  plate  of
the  zygom a and  the  orbital plate  of the  palatine  bones to  form
the floor. Medially, the  orbital wall consists of the frontal proc-
ess of the m axilla, the lacrim al bone, the sphenoid, and  the th in
lam ina papyracea  of the  ethm oid. The lateral wall is form ed  by
the lesser and greater w ings of the sphenoid and the zygom a.

42.5  The Disease  Process
42.5.1  Et iology
Maxillofacial injuries can  be  classified  w ith  respect  to their  eti-
ology, including assaults, falls, sport-related  injuries, anim al or
hum an  bites,  m otor  vehicle  accidents,  gunshot  injuries,  and
burns. The etiology of facial fractures varies betw een  urban  and
rural environm ents. Penetrating t raum a and  assault-related  in-
juries  are  m ore  com m on  in  cit ies, w hereas  injuries  related  to
m otor  vehicle  accidents, sports, and  other  recreational injuries
are seen  frequently in  rural hospitals. In  com m unity em ergency
departm ents, fractures  of the  nose  and  m andible  are  the  m ost
com m on;  in  traum a  centers, however, m idface  and  zygom atic
injuries  are  m ore  frequent.  Dom est ic  violence  and  elder  and
child abuse are im portan t  causes of facial traum a. Facial injuries
account  for  the  m ajority  of  em ergency  departm ent  visits  re-
lated  to  dom estic  violence. As  m any  as  one-fourth  of wom en
w ith  facial traum a are vict im s of dom estic violence.

42.5.2  Pathogenesis
The  kinetic energy of a  m oving object  is  a  funct ion  of its  m ass
m ultiplied  by  the  square  of its  velocity. The  dispersion  of th is
kinetic energy during im pact  produces the  force  that  results in
injury. High-im pact  and  low -impact  forces are  respect ively de-
fined  as  those  that  are  m ore  or  less  than  50  t im es the  force  of
gravity. These param eters determ ine the extent  of the resultant
injury because the am ount of force required to cause dam age to
the  facial  bones  di ers  regionally.  A h igh-im pact  force  is  re-
quired  to  dam age  the  supraorbital  rim ,  m andible  (sym physis
and  angle), and  frontal bones, but  a  low -impact  force  is all that
is required to dam age the zygom a and nasal bone. Orbital blow -
out  fractures  are  thought  to  occur  w hen  a  sudden  increase  in
the in traorbital pressure causes blowout of the th in  m edial wall
and/or orbital floor.

42.5.3  Natural History and Progression
What  the  extent  of the final deform ity w ill be  m ay not  be  very
obvious  im m ediately  after  the  injury. However, w ith  t im e, as
the soft-t issue swelling subsides, the resultant  facial asym m etry
m ay becom e m ore pronounced. Later, the loss of structural sup-
port  in  uncorrected  or  poorly  corrected  facial  fractures  fre-
quently translates in to funct ional deficits. For example, telecan-
thus  m ay  gradually  develop  as  the  loose  bony  fragm ents  of a
naso-orbito-ethm oid  (NOE)  fracture  lateralize  because  of  the
loss of m edial canthal tendon  stability. Enophthalm os m ay also
be  a  late  finding in  orbital blowout  fracture  as  the  orbital con-
tents slow ly retract  in to  the  m axillary sinus. Diplopia  m ay fol-
low  as the orbital contents herniate and becom e trapped w ith in
the fracture fragments.

42.5.4  Potent ial Disease Com plicat ions
The  complications  arising  from  m axillofacial  traum a  di er
w idely in  severity, ranging from  m ild  cosm etic deform ity w ith-
out  any funct ional deficit, to sign ifican t  funct ional disability re-
lated  to  orbital  and  neurovascular  injury  and  m alocclusion, to
death  in  acute  settings  result ing  from  airway  comprom ise,
hem orrhage, and associated in tracranial and spine injuries.

42.6  Disease  Grading
Broadly speaking, m axillofacial injury can  be classified  as either
blunt  or  penetrating  traum a. Blunt  t raum a  results  from  m otor
vehicle  accidents, sports, falls, and  occupation-related  injuries.
Penetrating traum a includes gunshot  injuries, stab wounds, and
injuries  caused  by  im palem ent . The  type  and  extent  of injury
and subsequent  m anagem ent depend on  the region  injured and
the  vital structures in  proxim ity to the  path  of the  penetrating
object .  With  firearm  injuries,  the  velocity,  caliber,  and  pre-
sum ed  path  of  the  bullet  and  the  distance  from  the  weapon
provide im portan t clues to the extent of the injury.

Maxillofacial fractures m ay be di erentiated by their severity
(displaced  vs. nondisplaced, open  vs. closed)  and  by  the  ana-
tom ical region  involved. In  nondisplaced  fractures, the anatom -
ical alignm ent  of the  fractured  bone  is  m ain tained, w hereas in
displaced  fractures,  th is  alignm ent  is  lost,  leading  to  specific
findings  on  the  physical  exam ination  such  as  loss  of support
and  sym m etry,  palpable  bony  step-o s,  and  injury  to  vital
structures by displaced bony fragm ents. Closed fractures do not
have  any  com m unication  w ith  the  outside  environm ent ,
w hereas  open  fractures  com m unicate  w ith  the  outside  and  so
are m ore prone to infect ion  or bleeding.

Based  on  the  anatom ical region  involved, m axillofacial frac-
tures are subdivided in to the follow ing categories:
●  Frontal sinus fractures
●  NOE fractures
●  Zygom atico-orbital fractures
●  Maxillary fractures
●  Mandible fractures

Frontal sinus fractures m ay be fur ther subdivided as follow s:
1. Anterior table fractures
2. Posterior table fractures
3. Anterior and posterior table fractures

42.6  Disease Grading
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NOE fractures m ay be  type  I, II, or  III depending on  the  degree
of disrupt ion  of the  m edial canthal region  (see  Box Naso-orbi-
to-ethm oid (NOE) Fractures (p.334)).

Maxillary fractures (� Fig. 42.1), w ith  the  exception  of alveo-
lar  and  palate  fractures, are  com m only  described  according  to
the classificat ion  of René Le Fort  published  in  1901 (� Fig. 42.2;
see also Box Maxillary Fractures (p.335)):

All th ree  types of Le  Fort  fractures  include  fractures through
the pterygoid plates.

Naso-orbito -ethm oid  (NOE) Fractures
●  Type I: minimal displacement of the whole NOE complex
●  Type II: more comminution of the NOE complex with preser-

vation of the medial canthal ligamentous at tachment  to a
larger bony fragment, which can be plated

●  Type III: severely comminuted fracture with disruption of the
medial canthal tendon

Fig. 42.1  Coronal computed  tomographic scan
of the  facial bones depicting  a  mixed  pat tern  of
maxillary fractures, with  Le  Fort  type  I fractures
on the  right  side  and  Le  Fort  type  II fractures on
the left  side. The right-sided fractures involve the
right  piriform  aperture  and  anterior–lateral wall
of the  maxillary sinus. The  left-sided  fractures
involve  the  zygomaticofrontal process (white
arrow) and  inferior orbital wall/floor (hollow
arrow).

Fig. 42.2  Types of Le  Fort  fractures. The  key distinguishing  fractures are  at  the  piriform  aperture  (Le  Fort  I), inferior orbital rim  (Le  Fort  II), and
zygomatic arch (Le  Fort  III).
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Maxillary Fractures
●  Le Fort I: fractures through the inferior portions of the medial

and lateral maxillary buttresses and nasal septum; key frac-
ture (di erentiating this type from other types)—piriform
aperture

●  Le Fort II: fractures through the zygomaticomaxillary and
frontomaxillary sutures; key fracture—inferior orbital rim

●  Le Fort III: also known as craniofacial dissociation, involves
fractures through the nasofrontal and zygomaticofrontal su-
tures and zygomatic arch; key fracture—zygomatic arch

Maxillary fractures rarely follow  the classic bilateral Le Fort  pat-
tern  and  com m only present  as  a  com bination  of Le  Fort  types.
For example, one m ay see a type I pat tern  on  the right  side and
a type II on  the left .

Mandible  fractures  (� Fig. 42.3)  are  classified  by  the  part  of
the  m andible  involved  and  include  sym physeal, body, ram us,
angle,  and  subcondylar  fractures.  Favorable  fractures  of  the
m andible  are  those  in  w hich  the  fracture  edges  tend  to  be
draw n  together  by the  forces  of the  m asticator  m uscles;  these
edges are distracted in  unfavorable fractures (� Fig. 42.4).

42.7  Medical Evaluat ion
42.7.1  Present ing Com plaints
Patien ts  w ith  m axillofacial  t raum a  usually  present  w ith
swelling, ecchym osis, and  pain  in  the  area of injury. Open  frac-
tures are  usually associated  w ith  hem orrhage  from  the  wound.
Patien ts  w ith  displaced  fractures  have  associated  facial  asym -
m etry  and  deform ity  on  exam inat ion. Frontal  sinus  and  NOE

fractures  m ay  present  w ith  cerebrospinal  fluid  (CSF)  rh inor-
rhea, w hich  should  be  di eren tiated  from  norm al nasal secre-
t ions  (see  below ). NOE fractures  com m only presen t  w ith  flat-
ten ing  of  the  nasal  bridge  and  telecanthus.  Rounding  of  the
m edial  can thus  and  excessive  caruncular  show  are  signs  of
m edial can thal tendon  disruption . Epiphora  is  frequently seen
as  a  consequence  of  nasolacrim al  duct  obstruction .  Patien ts
w ith  orbital  fractures  m ay have  diplopia, pain  on  m oving  the
eye,  and/or  decreased  visual  acuity.  A  swollen  and  tense
globe  m ay  be  the  sign  of  in traorbital  hem atom a.  Midface
num bness is  a  com m on  sym ptom  and  is secondary to  in fraor-
bital  nerve  injury.  Displaced  zygom atic  fractures  com m only
presen t  w ith  t rism us  due  to  en trapm ent  of the  m asseter  and
temporalis  m uscles  by  a  fracture  fragm ent. Flat ten ing  of  the
m idface  is  seen  as  a  result  of  displacem ent  and  rotat ion  of
the  zygom a. Maxillary  and  m andibular  fractures  are  usually
associated  w ith  m alocclusion ,  t rism us,  and  pain  on  open ing
the  m outh .

42.7.2  Clinical Findings, Physical
Exam inat ion
Airway Managem ent
Airway comprom ise  in  m axillofacial injuries can  result  from  di-
rect  laryngeal injury, foreign  bodies  (including  aspirated  teeth
and  bone  fragm ents), or  active  bleeding from  an  upper  airway
source. Treatm ent  of  the  comprom ised  airway  is  complicated
by the  likelihood  that  about  10% of patients w ith  facial t raum a
have a cervical spine injury. Com m inuted  fractures of the  m an-
dible can  lead  to loss of support  of the hyom andibular complex,
w ith  consequent  ptosis and retroposit ion  of the tongue. Manual
an terior  t ract ion  on  the  m andible  sym physis often  temporarily

Fig. 42.3  Panorex film  of the  mandible  showing  bilateral mandible  fractures: right  body fracture  and  left  ramus fracture  (arrows).
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resolves  th is  obstruction  until  definitive  control  of the  airway
can  be achieved.

Hem orrhage
The  extensive  vascularity  of  the  head  and  neck  can  result  in
rapid, significant  blood  loss. The  location  of the  injuries, how -
ever, allow s su cient  access  for  direct  pressure  to  control the
hem orrhage. One  m ust  visualize  the  source  of bleeding before
suture  ligature  or  cautery to  avoid  collateral dam age  to  impor-
tant  adjacent structures.

Ocular Injury
Direct  injury  to  the  globe  should  be  suspected  in  all  patien ts
w ith  orbital  fractures  or  lacerat ions  to  the  periorbital  region.
Pain , decreased  vision, and  the  appearance  of spots  before  the

eyes  are  all  h ighly  suggestive  of  globe  dam age.  During  the
neurologic phase of the t raum a assessm ent, a brief clin ical oph-
thalm ologic exam ination  should  be perform ed, including an  as-
sessm ent  of visual  acuity, pupillary  response  to  light  and  ac-
com m odat ion, extraocular  range of m otion , and  globe  position.
If  there  are  any  abnorm al  findings  on  the  exam ination,  an
im m ediate  ophthalm ologic consult  should  be  obtained  for  ex-
am ination  of the  retina  and  ocular  pressures. Injuries that  m ay
require  im m ediate  ophthalm ologic treatm ent  or  result  in  per-
m anent sequelae include corneoscleral lacerations, lens disloca-
tion, m ajor  hyphem a, acute  glaucom a, and  retinal detachm ent.
Blindness at  the t im e of presentation  is rare but  is an  extrem ely
poor  prognostic factor  for  future  sight. Pat ients w ho have  ligh t
perception  at  the  tim e  of presentation  but  w ho  then  dem on-
strate  progressive  loss  of vision  during  the  traum a  assessm ent
m ust  be  treated  aggressively. The  m ost  com m on  cause  of th is
presentation  is  t raum atic optic neuropathy secondary  to  optic

Fig. 42.4  (a,b) The  medial pterygoid  and  masseter muscles bring  the  two segments of a  favorable  fracture  together when they contract. (c,d) The
fracture  segments of unfavorable  fractures undergo  distraction  when the  masticator muscles contract.
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nerve  compression  from  a  retrobulbar  hem atom a, a  bone  frag-
m ent, or edem a.

Disruption  of  the  m edial  canthal  ligam ent  in  type  III NOE
fractures  leads  to  telecanthus  (increase  in  in terpalpebral  dis-
tance). One m ay also see rounding of the m edial can thus secon-
dary to loss of support, or epiphora due to disruption  of the na-
solacrim al duct . A significant  increase in  the orbital volum e due
to  a  blowout  orbital  fracture  m ay  lead  to  the  developm ent  of
enophthalm os.  Diplopia  m ay  be  present  as  a  consequence  of
the entrapm ent of extraocular m uscles.

Cerebrospinal Fluid Leak
An  active  search  for  CSF leaks  in  pat ients  w ith  craniofacial  or
high  m axillary fractures should  be  undertaken . Clear  or  seros-
anguineous  nasal  discharge,  anosm ia,  or  a  salty  taste  in  the
m outh  are  highly suggestive  of CSF rhinorrhea. A CSF leak in to
the  nasal cavity implies abnorm al com m unicat ion  betw een  the
subarachnoid  space  and  the  external  environm ent .  The  th in
bone  in  the  an terior  skull  base  and  the  close  adherence  of
the  dura  to  the  an terior  fossa  and  cribr iform  plate  pred ispose
to  the  penetrat ion  of  fracture  fragm ents  in to  the  subarach -
noid  space. Com m on  associated  fracture  pat terns  include  Le
Fort  II  and  III  m idface  fractures,  NOE fractures,  orbital  roof
fractures, and  displaced  fractures of the  poster ior  table  of the
fron tal  sinus. CSF is  d i eren t iated  from  norm al  nasal  secre-
t ions on  laboratory exam inat ion  by its low  protein  concen tra-
t ion  and  by  the  presence  of glucose  (near ing  plasm a  levels)
but  no  m ucin . The  gold  standard  test  for  CSF is  m easurem ent
of  the  β2-t ransferr in  levels,  but  it  is  m ore  t im e-consum ing
than  m easurem ent  of the  glucose  levels. Most  t raum atic  CSF
fistu las  close  spon taneously  w ith  bed  rest .  Fistu las  that  do
not  close  spon taneously  can  be  visualized  on  CT w ith  m etri-
zam ide  con t rast , follow ed  by surgical explorat ion  and  obliter-
at ion  of the fistu la.

Occlusion
Occlusion  is contact  of the  posterior  m asticating (chew ing) and
anterior  incising  (cut ting)  surfaces  of the  m axillary  and  m an-
dibular  teeth . Malocclusion  is an  indicator  of or thognath ic frac-
ture  or dental injury. Angle’s classification  of occlusion  refers to

the  relat ion  of the  first  m axillary  and  first  m andibular  m olars
(� Fig.  42.5).  In  norm al  (class  I)  occlusion,  the  m esiobuccal
(front  lateral)  cusp  of the  m axillary  m olar  in terdigitates  w ith
the  m esiobuccal groove  of the  m andibular  m olar. In  class II oc-
clusion, the  m andibular  m olar  is  shifted  distally  (posteriorly),
and  in  class  III occlusion, the  m andibular  m olar  is  shifted  m e-
sially (anteriorly). Typical m alocclusion  pat terns seen  follow ing
fractures include an  an terior  open  bite  (gap  betw een  the upper
and  lower  front  teeth), w hich  indicates that  the fractured  m ax-
illa  is  impacted  upward  or  that  both  condyles  of the  m andible
have  collapsed;  a  posterior  open  bite  (gap  between  the  upper
and  lower back teeth), often  associated w ith  a unilateral condy-
lar fracture; or a posterior cross bite (back teeth  lateral or m edi-
al to  the  norm al arch  form ), w hich  indicates either  a  m andible
fracture  or  a  com m inuted  fracture  of  the  m axilla  and  palate.
These  m alocclusive  patterns indicate  that  surgical in tervention
is required.

Facial nerve  injuries  m ay  result  from  penetrating  t raum a  in
the  area  of the  m ain  trunk or  distal  branches  of the  nerve, or
from  fracture  of the  tem poral bone  involving  the  in traosseous
facial nerve canal. Parotid  duct  injury m ay result  from  penetrat-
ing  facial  traum a  in  the  region  of  the  superior  aspect  of  the
m asseter  m uscle. This  usually m anifests  as the  absence  of sali-
vary  flow  or  the  presence  of sanguineous  secretions  from  the
parotid duct  on  the involved side.

42.8  Test ing
Laboratory  testing  in  m axillofacial  traum a  should  include  a
complete  blood  cell  count  to  evaluate  for  possible  blood  loss,
SMA (sequential  m ultip le  analysis)  12  to  m onitor  for  possible
elect rolyte  im balance  and  acidosis, and  type  and  crossm atch  in
cases associated w ith  significant  blood loss.

Cervical spinal injury should  be ruled out  before any m anipu-
lation  of  the  neck.  Axial  and  coronal  computed  tom ography
(CT)  is  the  gold  standard  in  evaluating  the  m ajority  of  facial
fractures. Three-dim ensional  CT reconstruct ion  com es  in  very
handy  w hen  complex  panfacial  fractures  are  being  evaluated.
Simple  X-rays are  still used  in  screening for  facial fractures, but
CT provides m ore detail. Panoram ic dental X-rays (panorex) are
a  very  useful  adjunct  for  evaluating  the  fracture  pat tern  and

Fig. 42.5  In the Angle classification, normal occlusion (the mesiobuccal cusp of the first maxillary molar articulates with the mesiobuccal groove of the
first  mandibular molar) is class I. In  class II occlusion, the  cusp  is positioned  mesial to  the  groove by at  least  the  width  of a premolar. In  class III
occlusion, the  cusp  is shifted  distally.
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dentit ion  status  in  patien ts  w ith  m andible  fractures. Cervical
spine  series  are  required  in  pat ien ts  w ith  suspected  cervical
spine  injuries  or  h igh-velocity  traum a, or  in  unconscious  pa-
tien ts.  When  vascular  injury  is  suspected, CT angiography  or
standard angiography is indicated.

In  all  patients  w ith  m axillofacial  fractures  (other  than  iso-
lated m andible fractures), an  ophthalm ologic exam ination  is in-
dicated to rule out  orbital injury and  retinal detachm ent, and  to
docum ent  visual acuity.

The  t ract ion  test  is  used  in  pat ients  w ith  NOE fractures  to
evaluate for  the in tegrity of the m edial canthal tendon. The test
involves  grasping  the  edge  of the  lower  eyelid  and  pulling  it
against its m edial attachm ent. If an  obvious “give” of the tendon
occurs, a disrupt ion  of the m edial canthus is likely.

The  “tongue  blade” test  is  used  in  patients  w ith  suspected
m andible  fracture. The  patien t  is asked  to bite  dow n  hard  on  a
tongue blade. If the  jaw  is fractured, the  patient  cannot  do th is
e ect ively and w ill experience pain .

42.9  Di erent ial Diagnosis
Di erent  fracture  pat terns  m ay  present  w ith  sim ilar  findings
on  physical exam ination. Therefore, it  is  very  im portan t  to  es-
tablish  the  correct  diagnosis because  the  t reatm ents m ay di er
significantly. For  example, both  severe  nasal bone  fracture  and
NOE fracture  m ay present  w ith  saddling of the  nasal dorsum ;
however, in  the  case  of NOE fracture, th is  finding m ay coexist
w ith  disruption  of the  m edial canthus, w hich  needs  to  be  ad-
dressed to prevent  telecanthus and/or a CSF leak. Open-bite de-
form ity  m ay  result  from  both  bilateral  subcondylar  fractures
and  palatine fracture, but  the treatm ents obviously di er. Man-
dibular  parasym physeal  fractures,  routinely  treated  by  rigid
fixation  alone,  are  frequently  associated  w ith  contralateral
subcondylar  fracture, w hich  requires additional closed  or  open
reduct ion .

42.10  Treatm ent
42.10.1  Medical Treatm ent
The  ABCDE (a irway, breathing, circulation , disability, exposure)
universal traum a protocol should be applied to all patients w ith
m axillofacial t raum a. For definitive control of the airway, an  ar-
tificial oral or  nasal airway is often  possible, but  blind  nasal in -
tubation  should  be  carried  out  w ith  caution. Nasal in tubat ions
can  exacerbate bleeding from  the nasal and  nasopharyngeal re-
gions, and the tube m ay be inadvertently placed in to the cran ial
fossa  in  the  obtunded  pat ient  w ith  a  com m inuted  skull  base
fracture. As for all patien ts w ith  facial traum a, an  airway should
be secured early in  the t raum a assessm ent for those w ith  signif-
icant  m axillofacial  injury. The  secondary  swelling  that  occurs
over  the first  few  hours follow ing the traum a can  im pede, or  in
som e  cases  prevent, oral in tubation. Em ergent  tracheotomy is
rarely indicated  except  in  the  unusual circum stance  of laryng-
eal fracture  or  the  inability  to  in tubate  orally because  of m as-
sive bleeding or swelling. Sem i-elect ive tracheostomy in  the op-
erating room  is reserved  for  those patients requiring prolonged
intubation  because  of m assive  soft-t issue  and  bony injuries  or
im paired consciousness.

Traum a  pat ients  are  given  in travenous fluids  for  volum e  re-
placem ent  and  packed  red  blood  cells  in  cases  of  extensive
blood  loss. In travenous  antibiotics  are  given  to  prevent  infec-
tion, especially  in  pat ients  w ith  significant  soft-t issue  t raum a
and  open  fractures. Tetanus prophylaxis  is  also  indicated. Pain
is usually controlled  w ith  in travenous or  oral pain  m edications,
depending on  the patient’s status.

The  m anagem ent  of progressive  vision  loss  rem ains  contro-
versial because  it  is unclear  w hich  patien ts benefit  from  em er-
gent  orbital  decom pression .  If  the  eyeball  is  tense,  then  im -
m ediate  lateral  canthotomy  and  cantholysis  is  indicated  to
release  the  confin ing force  of the  lids. If a  clear  source  of com -
pression  is  visualized  on  CT, im m ediate  operative  decom pres-
sion  is  indicated.  All  other  patien ts  are  treated  im m ediately
w ith  h igh-dose  steroids;  surgery  is  reserved  for  those  w ith
progression  of vision  loss.

42.10.2  Surgical Treatm ent
The  facial  stigm ata  of  unreduced  or  poorly  reduced  fractures
are  fortunately rarely seen, but  w hen  present , they m ay be  se-
vere. Minor  cosm etic changes after  facial injuries are  com m on;
however,  in  m odern  society,  “good”  results  are  often  not
enough, and  perfect ion  is  dem anded. The  com m on  causes  of
poor outcom es include bad  choice of surgical access, inability to
operate early or operating too early, and  poor reduct ion  of frac-
ture fragm ents.

The  m ajority of facial fractures in  adults  w ith  any significant
displacem ent  w ill require  open  reduct ion  and  in ternal fixation.
Som e fractures, such  as nasal bone fractures and  som e m andib-
ular fractures, m ay be treated w ith  closed reduct ion  techniques.

Frontal Sinus Fractures
Nondisplaced  fractures  of the  anterior  and  posterior  tables  of
the frontal sinus m ay be m anaged by observation. Displaced an-
terior  table  fractures  (by  m ore  than  the  w idth  of the  anterior
table) lead  to not iceable  cosm etic forehead  deform ity if left  un-
treated  and  therefore  need  to  be  reduced. Displaced  posterior
table fractures frequently lead to complications such  as CSF leak
and  in t racranial hem orrhage. These  fractures  are  m anaged  ei-
ther  by open  reduction  and  frontal sinus  obliteration  w ith  ab-
dom inal fat , or  by rem oval of the  posterior  table  (w hich  allow s
the brain  to expand in to the frontal sinus in  a process know n as
cranialization)  in  cases  of  severe  com m inution.  Frontal  sinus
fractures involving the nasofrontal duct  are h ighly like to be as-
sociated  w ith  duct  stenosis and  m ucocele  form ation, so that  si-
nus  obliteration  is  com m only  required. Com m on  surgical  ap -
proaches  include  the  use  of existing  lacerations  for  sm all, iso-
lated  an terior  table  fractures, but  generally, bicoronal or  hem i-
coronal incisions are used.

Zygom at ico-Orbital Fractures
The  standard  t reatm ent  of displaced  zygom atico-orbital  frac-
tures  is  open  reduct ion  and  in ternal  fixation  (� Fig.  42.6).
Ideally,  th ree-point  fixation  is  required  to  guarantee  stability
and  proper  reduct ion. Com m on  plating  areas  include  the  fol-
low ing:  the  zygom aticofrontal  suture  line  (accessed  via  an
upper  or  lower  blepharoplasty  incision  or  via  a  hem icoronal
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incision, if one  is  needed  for  other  purposes);  the  infraorbital
rim  (approached  via  a  t ransconjunct ival  or  lower  blepharo-
plasty incision); and the zygom aticom axillary but tress (accessi-
ble via a transoral approach and a gingivobuccal incision).

Single,  isolated  zygom atic  arch  fractures  are  reduced  via  a
Gillies  approach , dissecting  dow n  from  a  temporal  fossa  inci-
sion  in  the plane below  the temporalis fascia to place the eleva-
tor  deep  to the  arch  fracture. This approach  is, by defin ition, an
open  reduct ion  of the  zygom atic arch  fracture  w ithout  in ternal
fixation. Com m inuted  fractures require  open  reduct ion  and  in-
ternal fixation;  exposure  of the  zygom atic arch  is  gained  via  a
hem icoronal incision , and  dissection  is  in  a  plane  deep  to  the
temporoparietal fascia.

Indications for  the repair of isolated orbital floor fractures in-
clude large fractures (> 50% of the  floor), postt raum atic enoph-
thalm os, and  diplopia  due to m uscular  en trapm ent. The  orbital
contents  that  have  herniated  in to  the  m axillary  sinus  are  re-
duced in to the orbit  and supported by either a bone graft , cart i-
lage  graft , or  alloplast ic m aterial. A t ransconjunctival approach
is used.

Naso-Orbito-Ethm oid Fractures
Displaced  NOE fractures  require  open  reduction  and  in ternal
fixation. A disrupted  m edial canthal tendon, as  in  type  III NOE
fractures, is  repaired  by sutur ing  the  tendon  to  a  m iniplate  or
w iring  to  the  opposite  nasal  bone. Saddle  nasal  deform ity  is
corrected w ith  the use of an  onlay graft  (bone, cartilage, or allo-
plastic  graft).  Existing  lacerations  and  bicoronal  incisions  are
the  m ost  com m on  approaches  used  in  obtain ing  the  access  to
the region.

Maxillary (Le Fort ) Fractures
Proper  occlusion  m ust  first  be  established  by  placing  the  pa-
tient  in to  m axillary–m andibular  fixation  (MMF). The  fractures
are  then  sequentially  reduced  and  fixed  w ith  the  plates  either
start ing at  the  m ost  in ferior  fractures  and  going  superiorly, or

vice versa. Com m on  approaches include gingivobuccal incisions
and  m idfacial  degloving, w hich  allow s  sim ultaneous  bilateral
exposure.

Mandible  Fractures
The appropriate treatm ent of a m andibular fracture requires es-
tablishing  proper  occlusion  w ith  MMF. Nondisplaced  or  favor-
able  fractures  m ay be  treated  w ith  MMF alone  for  4  weeks  or
w ith  rigid  fixat ion.  Displaced  or  unfavorable  fractures  are
treated  w ith  open  reduct ion  and  rigid  fixation .  Either  m ini-
plates or m andibular or reconstruct ion  plates are used. Alterna-
tively,  a  lag  screw  can  be  used  to  reconstruct  the  bony  seg-
m ents. Lag screw  fixation  (� Fig. 42.7) requires overdrilling the
holes  in  the  proxim al  bone,  allow ing  the  standard  screw  to
glide  through  th is  segm ent  of bone. When  the  threads  of the
screw  engage  the  distal  bone  segm ent,  th is  bone  is  draw n
tightly against the proxim al bone.

Ideally, a single plate in  placed along the Cham py line of ideal
osteosynthesis (� Fig. 42.8), w here the compressive forces along
the  lower  m andible  equal  the  distract ive  (tension)  forces
(� Fig. 42.9)  along  the  dental  border;  however, in  m ost  loca-
tions  along the  m andible, th is  line  lies  along the  course  of the
inferior  alveolar  nerve. An  alternative  treatm ent  is  to  place  a
m iniplate  along  the  lower  m andibular  border  and  to  use  arch
bars on  the lower teeth  to provide tension  and m axim ally stabi-
lize the bone segm ents.

Subcondylar  fractures  have  com m only  been  treated  w ith
closed  reduct ion  (MMF);  however,  there  has  been  a  shift  in
paradigm  in  recent  years toward  the  use of rigid  fixation  via an
open  or  endoscopic  approach.  The  surgical  approach  to  the
m andible  fractures  is  generally  in traoral  via  a  gingivobuccal
incision , but  external (subm ental, subm andibular, or  preauricu-
lar)  approaches  are  viable  alternatives  in  certain  cases. Gener-
ally,  unstable  or  devitalized  teeth  along  a  fracture  line  are
rem oved, but  otherw ise  teeth , even  if loose, are  left  in  place  to
assist  in  alignm ent.

Fig. 42.6  Axial computed  tomographic scan
showing  right  zygomaticomaxillary complex
fractures involving  the  anterior maxillary wall
(long arrow), posterior–lateral wall of the  maxil-
lary sinus (medium arrow), and  zygomatic arch
(short  arrow).
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42.11  Com plicat ions
Potent ial complications of open  reduct ion  and  rigid  fixat ion  of
the  facial fractures  include  poor  reduct ion  of the  fracture  seg-
m ents  leading  to  persistent  deform ity. Malunion  or  nonunion
of the fracture  due to improper  alignm ent, in fect ion , or  insu -
cien t  im m obilization  com m only  requires  revision  surgery. Ia-
trogenic  injury  to  adjacent  neural  structures,  such  as  facial

nerve  and  the  branches of the  t rigem inal nerve  (inferior  alveo-
lar,  infraorbital,  m ental,  others),  m ay  lead  to  temporary  and
occasionally  perm anent  m otor  or  sensory  deficit .  Im properly
reduced  or  m issed  m andibular  fractures  can  lead  to  m alocclu-
sion. Injuries  to  the  teeth  due  to  the  im proper  application  of
plating  hardware  have  been  described. Because  the  hardware
used  for  rigid  fixation  is  a  foreign  body, there  is  always  a  risk
for  infect ion  (especially  around  carious  or  devitalized  teeth).

Fig. 42.7  In  lag  screw fixation, the  distal end  of the  screw is used  to engage  and  pull the  distal bone  segment  into the  proximal segment.

Fig. 42.8  (a,b) Ideal lines of osteosynthesis.
Fig. 42.9  (a,b) Tension  and  compressive  zones of the  mandible.
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Injury to orbital structures during the  m anipulation  of fracture
fragm ents and during the surgical approach  to the fracture m ay
result  in  diplopia, vision  loss, and blindness.

42.12  Roundsm anship
●  Maxillofacial t raum a is frequently associated w ith  life-threat-

ening injuries, and pat ients should  be assessed for concom i-
tan t airway, cent ral nervous system , and orthopedic injuries.

●  In it ial m anagem ent of m axillofacial traum a follow s ATLS prin-
ciples and involves airway m anagem ent, control of hem or-
rhage, and rapid  identification  of injuries w ith  significant
m orbidity, ocular injury, CSF leakage, neurologic dam age, and
m alocclusion .

●  A structured history, physical exam inat ion, CT-guided diag-
nosis, and reconstruction  of the m ajor facial butt resses w ith
open  reduct ion and in ternal fixation perform ed in  a t im ely
fashion are crucial for optim al funct ional and aesthet ic
outcom e.

●  Poten t ial complications of open  reduction  and in ternal fixa-
tion  include m alunion  or nonunion , poor fracture alignm ent ,

hardware infect ion, osteomyelit is, and injury to the surround-
ing vital structures.
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43  Scar Revision
Joseph J. Rousso and Anthony P. Sclafani

43.1  Int roduct ion
When  m ultiple  layers  of skin  have  been  a ected  by an  injury
and  the  reticular  derm is violated, the  resultant  healing process
includes  the  inevitable  form ation  of scar  t issue. This  can  be  a
di cult  and em otionally traum atizing process for even  the least
self-conscious  of pat ients, part icularly  if  the  scar  involves  the
face. The  scarr ing process m ay also  result  in  funct ional deficits
if contracture  form s  in  areas  that  lim it  m ovem ent  of the  eyes,
m outh , nose, or  neck. Scar  revision  refers to  the  various m eth-
ods,  both  m edical  and  surgical,  to  alter  the  appearance  and
form  of the a ected tissue. Scar revision  can  serve both  cosm et-
ic and funct ional purposes, depending on  the site of scar form a-
tion.  The  hum an  eyes’  perception  of  scarring  is  based  on
anatom ical  locations  and  the  orientation  of the  visible  t issue.
Therefore, a  keen  understanding  of the  geom etric  concepts  of
relaxed  skin  tension  lines  (RSTLs), aesthetic  units, t issue  heal-
ing, and  general wound  care is necessary to provide the pat ient
w ith  the best  possible options for scar revision .

43.2  Incidence of Disease
Although  scar  revision  is  not  associated  w ith  any  “disease,”
several  processes  can  lead  to  scar  form ation.  Scar  revision  is
perform ed  in  both  the  am bulatory  and  inpat ient  sett ings  and
accounts  for  a  large  percentage  of procedures  and  treatm ents
perform ed  by  various  specialty  practit ioners,  including  facial
plastic surgeons and derm atologists.

43.3  Term inology
A discussion  of scar  revision  requires  an  understanding of the
basic term inology used  in  describing wounds and  an  apprecia-
tion  of the  com m on  nom enclature. Relaxed  skin  tension  lines
(RSTLs;  � Fig.  43.1)  of  the  face  refer  to  linear  arrangem ents
w hose  organization  is based  on  the level of tension. These bor-
derlines  run  in  linear  and  curvilinear  fashion  perpendicular  to
the  facial m uscles  underlying the  subcutaneous t issue. Lines of
m axim al extensibility (LMEs) are  oriented  perpendicular  to the
RSTLs. Aesthetic un its (� Fig. 43.2) and subunits (� Fig. 43.3) are
units  of the  face  contained  w ith in  anatom ical  boundary  lines.
Aesthetic  units  contain  tissue  that  is  sim ilar  in  color, texture,
vascularity, density, and other qualities and m ay be bounded by
skin  transit ions  and  folds.  Furtherm ore,  the  hum an  eye  per-
ceives  the  face  in  units  based  upon  light  reflect ions  and  shad-
ow s from  these aesthet ic boundaries.

43.4  Applied Anatom y
The  aesthet ic un its  of the  face  include  the  forehead, eyes, ears,
nose, lips, chin , and neck. The subunits break the face dow n fur-
ther  in to sm aller, anatom ically bounded  areas. Specific areas of
focus should  be m entioned  because of their  unique characteris-
tics and  the  challenges they present  in  scar  revision. The  cheek

is a  facial subunit  spann ing  an  area  extending from  the  m alar
em inence  to  the  m andible, w here  a  scar  can  draw  m uch  at-
ten tion . RSTLs  of  the  cheek  are  curvilinear—m ore  horizon tal
m edially and  close  to  the  low er  eyelid , m ore  oblique  and  ver-
t ical  laterally  and  in feriorly.  The  forehead  is  ver t ically
bounded  by the  t rich ion  (hairline) cephalically and  the  glabel-
la  caudally. The  RSTLs of the  forehead  are  par t icularly  prom i-
nent  and  run  horizon tally  in  m ost  areas  but  obliquely  in  the
region  of the  glabella  and  the  temples. The  eyebrow s presen t
a  challenge  because  scars  that  a ect  hair-bearing  areas  can
be  very  di cult  to  cam ouflage.  The  nose  con tains  paired
lateral  nasal  sidewall, lateral  and  m edial  alar, and  soft-t issue
facet  subun its, and  un ilateral dorsal, t ip , and  colum ellar  subu-
n its. The  ear’s  subun its  correspond  to  iden tifiable  anatom ical
landm arks.

43.5  The Disease  Process
43.5.1  Et iology and Pathogenesis
Scar  form ation  can  result  from  any injury or  traum a, including
previous surgical incision . Inflam m ation  and  infection  can  lead
to severe scarring. Acne can  create crater-like and  pitted  m arks;
ice pick, rolling, and  boxcar scars can  result  from  the inflam m a-
tory process. Problem atic scars are form ed secondary to various
factors, including configuration  of the  scar  w ith  respect  to  the
location  of RSTLs; extensive traum a;  underlying m edical condi-
tions  such  as  diabetes,  sm oking,  nutrit ional  deficiencies,  and
poor circulation ; age; and sun-dam aged skin .

Two  specific  form s  of scarring  that  deserve  particular  atten-
tion  are keloids and  hypertrophic scars. The term  keloid refers to
a  dense  scarring  process  at  an  injured  site, w hich  results  in  a
firm  collagen  m ass that  overgrow s the boundaries of the wound.
A hypertrophic scar, as its nam e would  imply, is a form  of overly
thickened  scar  tissue, but  it  does  not  overgrow  the  boundaries
of the  injury site. Keloids are  an  exceptionally bothersom e form
of scarring  because  they  do  not  regress  spontaneously  and  are
prone  to  recurrence  after  surgical excision. In  contrast, a  hyper-
trophic scar  may undergo  partial regression  throughout  its  m a-
turation  course. Although  hypertrophic scarring and  keloids can
occur  in  any  patient  population,  w hite  patients  are  less  com-
monly a ected  than  black and  Hispanic patients.

43.5.2  Natural History and Progression
Tissue  and  wound  healing  is  generally  divided  in to  three
phases. The  inflam m atory phase  occurs w ith  the  in itial form a-
tion  of a  clot  and  subsequent  inflam m ation  m ediated  via  che-
m otactic factors. The proliferative  phase  occurs w ithin  24 to 72
hours and  consists of the form ation  of granulation  tissue, colla-
gen  product ion, and  re-epithelialization. Finally, the m aturation
phase  of  wound  healing  produces  collagen  rem odeling  and
wound  contraction. Excisional wounds or  injuries that  create  a
large tissue defect  are m ore likely to lead  to substantial scarring
on  account  of  the  m ore  in tense  inflam m atory  react ion  that
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eventually  leads  to  extensive  collagen  deposition.  The  single
m ost  im portan t  factor  to  delay healing is local infect ion  due  to
the  persistence  of  inflam m ation. Narrow  and  well-posit ioned
scars  continue  to  change  and  m ature  over  the  course  of 12  to
36 m onths, and appearances m ay im prove during th is period.

43.5.3  Potent ial Disease Com plicat ions
Wound  healing and  scar  form ation  can  potentially lead  to unde-
sirable  outcom es  such  as  hypertrophic  scars  and  keloids.  Scar
contracture  m ay distort  local tissues  if located  close  (and  espe-
cially perpendicular) to  m obile  structures such  as the  eyelids  or
lips. Scar  revision  procedures them selves can  lead  to further  in-
flam m ation  and  continued  collagen  deposit ion.  Psychological
complications are  a well-know n  m orbidity associated  w ith  facial
scar  form ation.  Depression,  unrealistic  expectations,  postt rau-
m atic  stress  disorder, and  anxiety  are  all  considerations  in  the
patient  w ith  facial  scars. Accordingly, concom itant  consultation
w ith  a  m ental health  professional is  warranted  in  patients  w ho
show  signs of unrealistic expectations or  psychological distress.

43.6  Medical Evaluat ion
43.6.1  Present ing Com plaints
The  presentation  of  patients  can  vary  from  sim ple  dislike  of
their  appearance  to  pain ,  restricted  m obility,  and  decreased
range  of m otion. It  is  im portant  to  em phasize  to  patien ts  that
scar  revision  can, at  best, part ially im prove a scar’s appearance.

Fig. 43.1  Relaxed  skin  tension  lines.  Fig. 43.2  Facial units.

Fig. 43.3  Nasal subunits. 1, Nasal sidewall; 2, nasal dorsum; 3, nasal
tip; 4, columella; 5, soft-tissue  facet; 6, ala; 7, lobule.
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Patients  m ust  have  realistic  expectations  and  should  be  in-
form ed  that  the  scar  w ill not  be  invisible  but  w ill be  m odified
and cam ouflaged to appear less noticeable and bothersom e.

43.6.2  Physical Exam inat ion
The  physical exam ination  is  the  m ost  crit ical tool in  the  physi-
cian’s  arsenal for  scar  revision. The  physician  should  present  a
detailed  description  of the  a ected  area to the  patient  in  term s
that  the patient  can  comprehend. This allow s the physician  and
patient  to  have  a  com m on  understanding of the  m ost  bother-
som e  characteristics  of the  scar. As  part  of a  detailed  physical
exam ination , photographs of the  a ected  area  should  be  taken
in  an  area  w ith  appropriate  lighting and  a  nonreflect ive  back-
ground. These photos can  be compared  w ith  photos taken  after
treatm ent  to  quantify changes  in  appearance. Specific features
that  should  be  described  in  the  physical  exam inat ion  include
size,  shape,  elevation,  color,  hair-bearing  areas,  consistency,
geom etric configuration, orientation  to the RSTLs, and  aesthet ic
unit(s) through  w hich the scar runs.

43.6.3  Laboratory Studies and Im aging
Laboratory  studies  and  im aging  studies  are  dictated  by  the
underlying cause of scarr ing or com orbid  conditions.

43.6.4  Di erent ial Diagnosis
Scarring can  be  diagnosed  by physical exam ination  alone;  how -
ever, other  pathologic entit ies  can  present  sim ilarly  to  scar  t is-
sue  and  include  derm atofibrom as, derm atofibrosarcom as, des-
m oid  tum ors, infect ion, granulom as, and  foreign  body react ions.

43.7  Medical Treatm ent
43.7.1  Cosm etology
Scar  cam ouflage  can  be  largely  achieved  w ith  alterations  in
m akeup and hairstyling. The assistance of a licensed cosm etolo-
gist  is  invaluable  because  th is person  can  play a  pivotal role  in
m asking  the  appearance  of  a  scar  and  accentuat ing  other
appealing features that  m ay redirect  visual focus away from  the
scar.  Cosm etics  can  be  particularly  helpful  in  cam ouflaging
dyspigm ented scars or persistent erythem a.

43.7.2  Int ralesional Steroid Inject ions
Intralesional  inject ions  of cort icosteroids  are  com m only  used
for  keloids  and  other  unfavorable  scars.  The  inject ion  should
be  placed  w ithin  the  substance  of  the  scar  or  keloid  and
should  avoid  the  una ected  derm is. Although  noninvasive, in -
tralesional inject ions generally m ust  be  repeated  several t im es
at  in tervals  of 3  to  6  weeks  before  any  benefit  is  appreciable.
Side  e ects  m ay  include  localized  skin  hypopigm entation  and
derm al or fat  atrophy at  the inject ion  site.

43.7.3  Silicone Gel Sheet ing
The  topical placem ent  of silicone  gel sheets over  sites of keloid
form ation  and hypertroph ic scars has show n significant benefit .

Although  the  m echanism  is  unknow n  (possibly  related  to  scar
hydration  or  direct  in teract ion  w ith  silicone), patien ts  are  in-
structed  to wear  the  silicone sheets for  at  least  8  hours per  day
for  6  to 12 m onths. Silicone gel sheeting is often  attempted  be-
fore  surgical scar  revision  because  the  associated  m orbidity  is
m inim al.

43.8  Surgical Treatm ent
43.8.1  Scar Excision with Prim ary
Wound Closure
A scar  that  is  appropriately  or ien ted  (w ith in  30  degrees  of
RSTLs)  an d  has  form ed  secondary  to  im proper  w oun d  clo-
sure  m ay  be  t reated  by  su rgically  w ith  excision  of  the  scar
t issue  and  appropriate  p rim ary  w ound  closure. Th e  excision
shou ld  rem ove  all scar  t issue  and  create  fresh  w ound  edges.
The  scar  is  rem oved  by ellip t ical excision ;  if the  cen t ral por-
t ion  of  th e  scar  is  depressed , the  deep  scar  t issue  is  left  in
p lace  to  form  a  base  for  w ound  closure  above  it .  Closure
shou ld  be  perform ed  in  layers,  w ith  absorbable  su tures
p laced  at  a  derm al  level  and  m in im ally  react ive,  m onofila-
m en t  su tu res  p laced  at  the  external ep iderm al level. Closure
shou ld  follow  the  tenets  of  Halsted :  avoidance  of  tension ,
obliterat ion  of dead  space  in  the  w oun d, an d  the  use  of fin e,
non irr itat in g su tu res. In  addit ion , w ide  underm in ing of adja-
cen t  t issue  w ill  assist  in  creat ing  ever ted  w ound  edges  w ith
m in im al tension .

43.8.2  Serial Part ial Excision and Tissue
Expansion
In  the  case  of extrem ely  w ide  scars, closure  after  excision  of
the  en t ire  scar  m ay either  be  im possible  or  require  unaccept-
able  w ound  closure  tension . In  th is  case, serial  par t ial  exci-
sion  can  be  used. In  th is  m ethod, a  port ion  of the  scar  is  re-
sected , w ith  the  incision  p laced  along the  edge  or  w ith in  the
substance  of the  scar. The  surrounding  t issue  is  underm ined
and  the  w ound  is  closed, e ect ively narrow ing the  scar. After
w ound  healing  and  skin  st retch  by  the  process  of  biologic
creep  have  been  allow ed  to  take  place  over  a  period  of a  few
m onths,  the  rem ain ing  scar  can  be  fully  excised  and  the
w ound  closed  prim arily. Alternat ively, t issue  expanders  (see
Chapter  50 for  a  d iscussion  of t issue  expansion ) can  be  p laced
adjacen t  to  the  scar  and  the  skin  act ively expanded  over  sev-
eral weeks. The  expanders  can  then  be  rem oved  and  the  ex-
panded  skin  used  to  fill  the  defect  caused  by  rem oval of the
scar  t issue.

43.8.3  Irregularizat ion Techniques
Scar  revision  is  rooted  in  the  principle  of cam ouflaging  visible
scars  so  that  they  are  less  apparent  to  the  hum an  eye. Those
scars that  are  m ost  noticeable  are linear  and  run  perpendicular
to  RSTLs. Irregularization  techniques  achieve  a  m ore  desirable
appearance  by  breaking  linear  scars  in to  zigzag  lines  adjusted
to fall w ith in  the  RSTLs and  aesthetic subunits. The  three  m ost
com m only  used  irregularization  techniques  are  Z-plasty,  W-
plasty, and geom etric broken  line closure (GBLC).
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Z-plast y
Z-plasty creates a change in  the direction  and an  increase in  the
length  of the  scar. The  idea  of the  Z-plasty is  to  allow  the  new
scar  to  fall closer  to  or  exactly  in  the  direct ion  of the  RSTL, as
well as to break the forces of scar contracture. The scar  is m ade
longer, and the resultan t  tension  is transposed and m ore w idely
distr ibuted through the wound.

Z-plasty  is  perform ed  by  transposing  triangles  (� Fig. 43.4),
in  w hich  the  scar  t issue  lies in  the  central lim b. The  am ount  of
scar  lengthening that  w ill be  produced  by th is  irregularization
technique  can  be  predicted  based  on  the  angles  of the  trans-
posed  triangle. As  a  rule  of thum b, 30-degree  Z-plasty  angles
w ill increase  the  length  of a  scar  by 25%, 45-degree  angles w ill
lengthen  the scar by 50%, and  60-degree angles w ill lengthen  it
by 75% (� Table  43.1). Multiple  Z-plasties  can  be  perform ed  if
necessary. Z-plasty  is  m ost  useful  for  dealing  w ith  scars  that
cross  RSTLs  or  distinct  anatom ical  landm arks,  or  that  create
bands  across  concavit ies. Lengthening of the  scar  can  improve
function  by releasing contracture.

W-plast y
W-plasty  is  an  irregularization  technique  that  is  m ost  useful
around  convex areas, including the  nasal dorsum , border  of the
m andible, and  dorsum  of the  nose. Unlike  the  aforem entioned
Z-plasty, W-plasty  does  not  lengthen  the  scar.  This  technique
essentially  consists  of  regular,  W-shaped  com plem entary  skin
excisions on  both  sides of the existing scar (� Fig. 43.5). The scar
tissue  is  excised  and  the  surrounding  tissue  underm ined. The
triangular  flaps are then  interdigitated  and  the wound closed.

Geom etric Broken Line Closure
GBLC is  a  powerful tool to  reduce  the  visibility of long, unbro-
ken  facial scars, particularly those on  convex areas. GBLC works
well in  areas  that  are  large  and  flat, such  as  the  forehead  and
cheek. Like  W-plasty, GBLC does  not  increase  the  scar  length;
rather, it  im proves the scar  appearance by creating an  irregular
scar pat tern . GBLC is perform ed (� Fig. 43.6) by creating a series
of irregular, sm all shapes that  have  equivalent  counterpar ts  on
the  opposite  side  of the  scar  edge. As w ith  W-plasty, each  lim b
of the  GLBC should  m easure  betw een  4  and  6 m m . The  scar  is

excised, the surrounding tissue is underm ined, and the geom et-
ric shapes are  in terdigitated. W-plasty and  GBLC generally ben-
efit  from  postoperat ive derm abrasion.

43.8.4  Derm abrasion/Laser Scar
Resurfacing
Derm abrasion  is  not  routinely used  as  a  free-standing m ethod
for  scar  revision  in  the  head  and  neck. However, it  can  be  very

Fig. 43.4  (a) Z-plasty. (b) Solid lines, incision lines; (c) stippled lines, relaxed  skin  tension  lines.

Table 43.1  Amount of lengthening of the central scar when Z-plasty is
use for scar revision

Angles formed  by central
limb  (scar  axis) and  lateral
arms of Z-plasty

Percentage  of lengthening
of central limb

30 degrees  25%

45 degrees  50%

60 degrees  75%

Fig. 43.5  (a,b) W-plasty.
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useful as  a  complem entary procedure  to  aid  in  wound  healing
after  a  scar  revision  procedure.  Derm abrasion  consists  of  re-
m oval of the  superficial  components  of skin , allow ing  the  sti-
m ulation  of basal cells to achieve final wound closure. A rapidly
rotat ing  derm abrader  (w ith  a  diam ond-coated  or  w ire  brush
w heel)  is  used  to  rem ove  epiderm al  and  superficial  derm al
layers, w ith  injury to the  underlying adnexal structures, w hich
contribute  to  the  regeneration  of  new  epiderm is,  avoided.
Passes  are  m ade  at  45-degree  angles  to  one  another  to  avoid
creating  ridges, and  the  edges  of the  abraded  areas  should  be
feathered.  Laser  abrasion  is  perform ed  sim ilarly  w ith  carbon
dioxide or Er:YAG (erbium -doped ytt rium  alum inum  garnet) la-
sers (ablative or fract ional); sim ilar skin  layers are rem oved, de-
pending  upon  energy  param eters  and  the  num ber  of  laser
passes. After  skin  abrasion, the  wounds  should  be  kept  m oist
w ith  hypoallergenic petroleum -based  ointm ents (e.g., Vaseline;
Unilever  US, Englewood  Cli s, NJ;  Aquaphor  (Eucerin);  Beiers-
dorf AG, Ham burg, Germ any) until re-epithelialization  is  com -
plete. Sun  precaution  is necessary until the erythem a has faded,
generally 6 to 12 weeks after  treatm ent .

43.8.5  Laser Treatm ent  of Telangiec-
tasia/Scar Erythem a
Telangiectasia around  or  on  a  scar  w ill m ake the  scar  m ore  no-
ticeable as the observer’s atten tion  is draw n  to the area of color
di erence. Even  th in , flat , and  well-healed  scars  w ill be  visible
if they are  erythem atous or  surrounded  by telangiectasia. Laser
light  at  or  near  the  wavelengths  for  peak  hem oglobin  absorp-
tion, such  as  585  or  1,064 nm , can  selectively cause  blood  ves-
sels to constrict  as the waves pass through  the  m ore superficial
t issues w ithout causing dam age and  are select ively absorbed  by
the hem oglobin  in  red  blood  cells. This absorbed  energy is then
converted to heat, lysing the red blood cells and in itiating an  in-

flam m atory  response  in  the  vessel  walls,  eventually  causing
vessel constr ict ion. This process, selective phototherm olysis, re-
duces the red hues visible in  the skin  and helps fade the appear-
ance of the scar.

43.9  Prognosis
Recovery after  scar  revision  procedures is  a  m ultifactorial phe-
nom enon. In  addition  to  ensuring  that  patients  have  realistic
expectations, it  is imperative that  the physician  convey to them
that  the final appearance  of the  revised  scar  m ay not  be  appre-
ciated  until  alm ost  a  year  after  the  procedure  is  perform ed.
Healing is a continuous process that  is altered by factors such  as
sm oking, diet , infect ion, and  general overall health . In  order  to
ensure the best outcom es after a scar revision procedure, m etic-
ulous wound care and frequent follow -up should be perform ed.

43.10  Roundsm anship
●  When  the reticular derm is has been fully violated, scar form a-

tion  occurs.
●  The ultim ate perception  of scarring depends upon the con-

tours, anatom ical location  and orientation, w idth , and color of
the scar.

●  A keen  understanding of the geom etric concepts of relaxed
skin  tension  lines (RSTLs), aesthet ic units, t issue healing, and
general wound care is necessary to provide the pat ient  w ith
the best-possible options for scar revision.

●  It  is im portant  to ensure that  pat ients have realistic expecta-
tions and are inform ed that  the scar w ill not be invisible, but
that  it  w ill be m odified and cam ouflaged to appear less no-
ticeable and bothersom e.

●  Wound healing and scar form ation  can potentially lead
to complicated outcom es, such  as hypertrophic scars and
keloids.

●  The three m ost com m only used irregularization  techniques
are Z-plasty, W-plasty, and geom etric broken-line closure.

●  Healing is a cont inuous process that  is altered by factors such
as sm oking, diet, infect ion , and general overall health .
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Fig. 43.6  (a,b) Geometric broken line  closure.
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44  Rosacea
Robert Deeb and Thomas C. Spalla

44.1  Int roduct ion
Rosacea  is  one  of the  m ost  com m on  derm atologic  conditions
a ect ing  the  head  and  neck. It  is  characterized  by  persistent
central facial erythem a  involving  the  convex  areas  of the  face.
Additional prim ary features are papules and  pustules, t ransient
flushing, and  telangiectasia. Secondary  features  of the  disease
include  burn ing  or  stinging,  plaques,  dryness,  edem a,  ocular
m anifestations, peripheral  locations,  and  phym atous  changes.
Given  the prom inent location  of the disease pat tern , individuals
a ected  w ith  th is condition  often  feel a great  deal of anxiety in
both  social and professional sett ings.

Although  rosacea  has  readily  identifiable  characteristics,  it
rem ains  a  diagnosis  of  exclusion .  This  is  due  to  the  fact
that  there  is  no  reliable  laboratory  test . Biopsies  are  often  re-
quired  to rule  out  other  conditions that  m ay m im ic the  clin ical
findings. A broad  di erential diagnosis m ust  always be  consid-
ered.  Som e  diseases  that  m ust  be  considered  include  lupus
erythem atosus,  chronic  act in ic  dam age,  polycythem ia  vera,
derm atomyositis,  m ixed  connect ive  tissue  disease,  carcinoid,
m astocystosis, and allergic contact derm atitis.

44.2  Pathogenesis
The  cause  of rosacea  rem ains  unknow n , although  a  large  va-
riety  of  m echan ism s  have  been  proposed .  There  is  a  great
deal  of debate  as  to  w hether  or  not  the  subtypes  of rosacea
all  have  a  com m on  underlying  et iology. An  alternate  theory
proposes  that  each  subtype  is  a  d ist inct  d isease  en t it y  and
thus  has  a  un ique  pathophysiologic  m echanism .  Given  the
heterogeneous  nature  of  the  d isease  presen tat ion  and  the
varied  responses to treatm en t , it  is  likely each  subtype  repre-
sen ts  a  varied  response  to  a  com bination  of these  purported
factors.

Proposed  etiologic  m echanism s  m ay  be  categorized  accord-
ing to  the  central tr igger  that  activates  the  clin ical sym ptom a-
tology. These categories include vasculature, clim ate exposures,
m atrix  degeneration, chem icals  and  ingested  agents, piloseba-
ceous  unit  abnorm alit ies,  and  m icrobial  organism s.  Each  of
these  pathogenic  theories  has  som e  supporting  evidence,
although none o ers a comprehensive answer.

44.3  Classificat ion
In  2002, the  National Rosacea Society Expert  Com m it tee on  the
Classification  and  Staging of Rosacea  developed  a  standardized
classification  system  that divided rosacea in to four distinct  sub-
types. Although  the  di erent  subtypes  have  som e  m anifesta-
tions in  com m on, the com m ittee em phasized the im portance of
recognizing  each  subtype  as  a  som ew hat  distinct  en tity.  The
im portance  of th is  stratification  lies  in  the  fact  that  treatm ent
options vary w idely depending on  the  constellation  of findings
w ithin  the  subtype. Additionally, th is  system  provides uniform
diagnostic criteria, w hich  subsequently allow  m eaningful trans-
lational research.

The  expert  panel also  m ade  treatm ent  recom m endations for
each  subtype;  these  w ill be  outlined, as well. It  is im portant  to
em phasize that  a progression  from  one subtype to another gen-
erally does not  take place.

44.3.1  Erythem ato-telangiectat ic Type
The  hallm ark  finding of the  erythem ato-telangiectatic  rosacea
(ETR) subtype is flush ing and persistent erythem a of the central
face. There  is  characteristic sparing of the  periocular  skin . The
stim uli that  bring on  the  flush ing m ay be  em otional stress, hot
drinks, alcohol, spicy  foods, exercise, cold  or  hot  weather, and
hot  baths or  showers. These patients m ay also have telangiecta-
sia,  although  th is  is  not  a  diagnostic  requirem ent .  Com m on
secondary  features  include  burn ing  and  stinging  sensations,
edem a, and  roughness  or  scaling. Generally, pat ien ts  w ith  ETR
are m ore sensitive to topically applied substances. The skin  usu-
ally  has  a  fine  texture  and  lacks  the  sebaceous  quality  that  is
found in  other subtypes.

This  subtype  of rosacea  is  often  di cult  to  treat. No  drugs
have  been  approved  to  reduce  flushing. As  such, the  m ainstay
of  treatm ent  is  the  avoidance  of  environm ental  and  lifestyle
tr iggers.  Additionally,  the  use  of  nonirr itat ing  cosm etics  m ay
conceal the appearance of erythem a and telangiectasia.

The  telangiectasia  and  background  erythem a  can  also  be
treated w ith  laser  therapy. Most  lasers used  to treat  the vascular
components of rosacea have wavelengths in  the 500-  to 600-nm
range. These  are  nonablative  ranges  and  are  thus  not  intended
to destroy tissue. Options include long-pulsed  dye, potassium  ti-
tanyl  phosphate,  and  diode  lasers.  Treatm ent  w ith  flashlam p
pulsed  dye laser has been  show n  to be e ect ive, as well.

44.3.2  Papulopustular Type
Papulopustular rosacea (PPR) is considered to be the classic pre-
sentation  of the  disease  (� Fig. 44.1). This subtype is character-
ized  by persistent  central facial erythem a and  transient  cent ral
facial papules or  pustules, or  both. Secondary features of burn-
ing  and  stinging  are  som etim es  reported. Flushing  m ay occur,
although  th is  sym ptom  is  less  severe  than  in  the  ETR subtype.
Telangiectasia is often  subtly present; however, the telangiecta-
sia  m ay  be  obscured  by  the  erythem atous  background. Irr ita-
tion  from  external stim uli or  topical applicants is not  a constant
feature.

Like  that  of all subtypes of rosacea, the  treatm ent  of PPR de-
pends  on  the  severity  of  the  condition.  Mild  cases  m ay  be
treated  w ith  a  topical  therapy  such  as  m etronidazole, azelaic
acid, or  sodium  sulfacetam ide. The  addition  of oral  therapy  is
indicated  for  m ore  severe  disease. A first-line  option, w hich  is
FDA-approved, is a  controlled-release form ulation  of oral doxy-
cycline. Of note, the  dose  of th is drug achieves low  plasm a lev-
els  that  do  not  exert  an tim icrobial e ects  w hile  retaining anti-
inflam m atory activity.

Refractory cases m ay require  o -label oral t rim ethoprim /sul-
fam ethoxazole,  m etronidazole,  erythromycin ,  am picillin ,  clin-
damycin, or dapsone.

44.3  Classificat ion
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44.3.3  Phym atous Type
Phym atous  rosacea  is  characterized  by  m any  of  the  prim ary
features  of rosacea, including  flushing, erythem a, and  papules
or  pustules. However, the  presence  of characteristic features of
skin  th ickening, irregular  surface nodules, and  patulous follicles
defines th is  subtype. A ected  areas include  the  ch in , forehead,
cheeks, and  ears;  however, the nose is m ost  com m only a ected
(i.e., rh inophym a).

As previously m entioned , a  progression  from  one  subtype  to
another generally does not occur. However, a possible exception
is  the  progression  of  severe  papulopustular  rosacea  to  the
phym atous type.

Managem ent  options for  early-stage  phym atous changes in-
clude  topical and  system ic an tibiotics  if in flam m atory  lesions
are  present .  Isotretinoin  therapy  has  been  dem onstrated  to
decrease  nasal  volum e  in  rhinophym a, especially  in  younger
patien ts  w ith  less  advanced  disease,  although  the  volum e
m ay  increase  again  after  therapy  is  stopped.  More  severe
form s  of  phym atous  rosacea  m ay  require  surgical  in terven-
t ion ;  these  are  detailed  in  the  sect ion  below  on  the  t reatm ent
of rhinophym a.

44.3.4  Ocular Type
The  cardinal  sym ptom s  of ocular  rosacea  are  blepharit is  and
conjunct ivitis. The  eyes  generally  have  a  watery  or  bloodshot
appearance,  and  patients  experience  foreign  body  sensation,
burn ing  or  stinging,  dryness,  itch ing,  ligh t  sensitivity,  and
blurred  vision.  Patien ts  m ay  also  have  a  h istory  of  recurrent
chalazion . Telangiectasia  of the  eyelid  m argins or  lids and  peri-
ocular erythem a m ay also be present. Inflam m ation  of the m ei-

bom ian  glands m ay be present . Ocular rosacea m ay precede the
cutaneous signs by m any years, and  m ore  than  60% of patien ts
w ith  cutaneous rosacea m ay also have ocular involvem ent.

Generally, pat ien ts w ith  ocular  rosacea  should  have  regular
in terval  evaluat ions  by  an  oph thalm ologist .  Early-stage  dis-
ease  is  t reated  w ith  ar t ificial  tears,  w arm  com presses,  and
regular  cleansing  of the  eyelashes  w ith  baby sham poo. Ant i-
biot ic oin tm ent  m ay have  benefit  to  decrease  the  presence  of
Propionibacter ium  acnes,  Staphylococcus  epidermidis,  and
Staphylococcus aureus. Severe  disease  m ay  require  t reatm ent
w ith  a  system ic tet racycline  w ith  or  w ithout  a  topical steroid .
Cyclosporine  oph thalm ic  em ulsion  m ay  be  used  in  severe
cases, as w ell.

44.4  Rhinophym a
Phyma  is  a  Greek  word  m eaning  “swelling,” “m ass,” or  “bulb.”
These grow ths typically occur about  the face and ears. The m ost
com m on  form  a ects the  nose  and  is thus term ed  rhinophyma.
Rhinophym a  is  a  slow ly progressive  derm atologic condition  of
the  nose  characterized  by sebaceous hypertrophy, w hich  leads
to  the  appearance  of a  bulbous, greasy, and  som etim es  eryth-
em atous nose. With  progressively increasing grow th, the condi-
tion  can  lead  to impaired  breath ing and  severe  cosm etic disfig-
urem ent. It occurs alm ost exclusively in  m en.

Rhinophym a  is  som etim es  considered  the  end  stage  of acne
rosacea  because  in  m any  m ale  pat ien ts  w ith  rhinophym a, the
disease  has slow ly progressed  from  rosacea. This  is  not  always
the case, however. There is som e thought that  the inflam m atory
process  m ay  be  t riggered  by  a  m ite,  Demodex  folliculorum.
There are four  variants of rh inophym a.

44.4.1  Glandular Form
In  th is  form  of rh inophym a, the  nose  is  enlarged  prim arily  by
lobular  sebaceous  gland  hyperplasia. Superficially, the  nose  is
characterized  by  pits  and  deep  indentations.  The  tum or-like
grow ths occurring on  the nose are  often  asym m etric and  w hen
compressed yield a cheesy w hite discharge (� Fig. 44.2).

Fig. 44.1  Papulopustular type  of rosacea.

Fig. 44.2  Patient  with rhinophyma after Mohs excision of two basal cell
carcinomas. Note  the  extreme thickening  of the  skin.
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44.4.2  Fibrous Form
In th is variant, the dom inant  characteristic is overgrow th  of the
connective  tissue. Variable  am ounts  of sebaceous gland  hyper-
plasia are also present .

44.4.3  Fibroangiom atous Form
The  fibroangiom atous  form  of rh inophym a  causes  the  nose  to
becom e coppery red  to dark red  in  appearance. Additionally, it
is associated w ith  pustu les and a netw ork of venous ectasia.

44.4.4  Act inic Form
In this varian t, w hich is seen prim arly in  patien ts of Celtic origin
(i.e., Fitzpatrick  type  I skin), the  nose  is  distorted  by  nodular
m asses of elastic t issue.

44.4.5  Nasal Obst ruct ion
With  progressive  disease, the t issue bulk can  cause  pressure  on
the  upper  lateral cartilages, restrict ing airflow  through  the  in-
ternal nasal valve region. Additionally, the proliferation  m ay re-
sult  in  excess bulk along the nasal ala and  cause  collapse  of the
external valve. In  extrem e cases, as reported by Lom eo et  al, the
sebaceous  hypertrophy  can  becom e  so  significant  as  to  block
the nasal passages alm ost completely.

44.4.6  Treatm ent
Medical m anagem ent  of rh inophym a  should  be  considered  for
patien ts w ho have m ild  disease or for  those in  w hom  surgery is
best  avoided  or  contraindicated. The  m odalit ies  used  to  treat
early-stage  rhinophym a  are  sim ilar  to  those  em ployed  in  the
m anagem ent  of rosacea. Additionally, topical  form s  of statins
can  be  used  in  the  t reatm ent  of acne, seborrhea, rosacea, and
rhinophym a. When  m edical m anagem ent  of the  disease  is  un-
successful, and  after  appropriate  counseling, surgical  m anage-
m ent of rh inophym a m ay be undertaken . As w ith  all facial plas-
tic surgery, photographic docum entation  is  im perative. Several
m ethods have been  proposed to im prove cases of rh inophym a.

Farrior  has  found  that  bulky  disease  can  first  be  rem oved
w ith  a  derm atom e, and  the  edges m ay be  blended  w ith  a  w ire
brush  derm abrader. William s  and  Lam  are  in  agreem ent;  they
also  state  that  rh inophym atous  t issue  takes longer  to  heal and
that  a  longer  duration  of the  need  for  occlusive  dressings  and
ointm ents is to be expected.

Elect rocauterization  and  cryosurgery m ay also be used  in  the
m anagem ent  of th is  disease. Seiverling found  the  Shaw  scalpel
helpful in  relieving a  pat ient  of nasal obstruction  secondary to
rhinophym a. Additionally, coblat ion  has been  noted  to yield  ac-
ceptable  outcom es, and  Tim m s et  al purpor t  advantages due  to
the  lower  tem peratures  used  w ith  th is  technique.  Radio  fre-
quency has been  used  successfully by Arikan  et  al, and  the har-
m onic scalpel has also been  em ployed.

Lasers o er  another  t reatm ent  m odality to relieve  rhinophy-
m a. Ablative lasers allow  tissue rem oval as well as new  collagen
form ation, leading  to  tigh ten ing  of the  skin  and  an  im proved
appearance. Carbon  dioxide, Nd:YAG (neodym ium :yt trium -alu-
m inum  garnet), and Er:YAG (erbium :yt tr ium -alum inum  garnet)

lasers have been used successfully for these purposes. Also, a di-
ode  laser  has  been  found  to  yield  acceptable  results  according
to  Tahery  et  al, and  the  Sm oothbeam  laser  has  been  used  to
treat  m oderate rhinophym a.

Som e  authors  recom m end  low -dose  isotretinoin  before  and
after  surgical  in tervent ion  to  reduce  the  bulk  of  disease  and
m aintain  results. However, there  is som e  concern  that  oral iso-
tretinoin  taken  close to the t im e of surgery m ay result  in  hyper-
troph ic scarr ing. This is the  reason  w hy m any facial plastic sur-
geons w ill not  resurface a patien t’s skin  until the patient  has re-
frained from  using isotretinoin  for 6 to 12 m onths.

44.4.7  Other Considerat ions
The  excised  tissue  should  be  sent  for  pathologic  examination.
There  are  approximately 46  reported  cases  of malignancy within
excised  rhinophymatous tissue in  the literature. In  a study by Laz-
zeri et  al, two cases of basal cell carcinoma and  one case  of squa-
mous cell carcinoma were identified  in  the pathologic specimens.

44.5  Roundsm anship
●  Rosacea is characterized  by persistent  central facial erythema

involving the convex areas of the face, often  in  association w ith
papules and  pustules, transient  flushing, and  telangiectasia.

●  Rosacea is divided in to four distinct subtypes: papulopustular,
erythem ato-telangiectatic, phym atous, and ocular.

●  Rhinophyma is a slowly progressive condition  of the nose char-
acterized  by sebaceous hypertrophy that  leads to the appear-
ance of a bulbous, greasy, and  sometimes erythematous nose.

●  There are four varian ts of rh inophym a: glandular, fibrous, fi-
broangiom atous, and act in ic.
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45  Com m on Facial Skin Lesions
John A. Carucci and Joshua W. Trufant

45.1  Exam ining the Skin
The  physical exam ination  is  an  essential component  of a  thor-
ough  pat ient  evaluation. Although  derm atologists  specialize  in
diseases  of the  skin , general in ternists  and  other  m edical spe-
cialists cannot  help  but  exam ine the skin  during a focused  eval-
uation  of their  part icular  organ  system s of in terest. In  addition
to  yielding  important  insights  in to  in ternal  disease  states, the
skin  exam inat ion  is an  opportunity for  physicians to screen  pa-
tien ts  for  cutaneous  m alignancies. The  early  detect ion  of skin
cancers has been  show n  to decrease  their  associated  m orbidity
and  m ortality. Otolaryngologists–head  and  neck  surgeons  are
particularly  well  positioned  to  identify  suspicious  lesions  for
several reasons:
●  Approxim ately 80% of nonm elanom a skin  cancers—the m ost

com m on m alignancies worldw ide—and 90% of cases of len ti-
go m aligna—a form  of m alignant m elanom a in  situ—are lo-
cated on  the head, likely in  part  because of strong associations
w ith  exposure to ultraviolet (UV) ligh t.

●  Nonm elanom a skin  cancers of the ears and central face have
higher rates of local recurrence and m etastasis in  comparison
w ith  cutaneous cancers on  the trunk or extrem it ies.

●  Invasive nonm elanom a skin  cancers of the head and neck can
result  in  cosm etic disfigurem ent  that m ay be di cult  if not
im possible to conceal, causing pat ients sign ificant  psychologi-
cal distress.

●  Individuals receiving im m unosuppressive therapies or  ioniz-
ing radiation  for  internal m alignancies, including head  and
neck cancers, are at  increased  risk for cutaneous m alignancies.

It  follow s that  in  order to identify concern ing lesions, the physi-
cian  m ust  also be able to identify com m on benign  lesions of the
head  and  neck. A working  knowledge  of benign  facial  lesions
can  also  help  the  nonderm atologist  answer  pat ien ts’ quest ions
and  know  w hen  to  refer  them  to  a  derm atologist  for  further
evaluation . As  in  pat ien t  encounters  across  all  specialt ies, the
history can  provide valuable  diagnostic inform ation. Lesion  du-
ration, the  presence  of sym ptoms such  as  pain , itching, bleed-
ing, and discharge, and any changes in  size, color, or appearance
are  particularly  im portant. The  ABCDE (asym m etry, border  ir-
regularit ies, color  variegat ion, diam eter  larger  than  6 m m , and
evolving lesion  that  is changing in  any way over  t im e) acronym ,
initially  devised  to  aid  the  lay  public  and  prim ary  care  physi-
cians  in  recognizing  m alignant  m elanom a, has  been  validated
as a useful screening tool for  evaluating pigm ented  lesions. Any
of  these  characteristics  m ay  be  cause  for  concern ,  although
there  are  m elanom as  that  do  not  have  them  (e.g., am elanotic
m elanom a) and  benign  lesions that  do  (e.g., seborrheic kerato-
ses larger than  6 m m ).

Proper  light ing is  crit ical to  perform ing an  adequate  exam i-
nation  of  the  skin .  Magnificat ion  can  also  aid  in  identifying
sm aller  lesions or  surface  changes. Derm oscopy is an  exam ina-
tion  w ith  a  handheld  device  that  com bines  m agnification  w ith
polarized  light  or  a fluid  in terface;  it  allow s the  visualization  of
structures  in  the  epiderm is  or  papillary  derm is  that  are  not
visible to the naked eye.

45.2  Term inology
Fam iliarity w ith  derm atologic term inology w ill also im prove di-
agnostic  accuracy  and  com m unication  w ith  physician  col-
leagues. Although  exact  definitions vary, the  follow ing are  use-
ful working defin itions  of just  a  few  of the  m ost  com m on  pri-
m ary lesions found on  the head and  neck. A macule is a circum -
scribed, flat  lesion w ith  color change that  is up to 1 cm in  size. A
patch has sim ilar  characteristics  but  is  la rger  than  1 cm. A pap-
ule  is  a  circum scribed, elevated, superficial, solid  lesion  up  to
1 cm  in  size. A plaque  has  sim ilar  characteristics  but  is  larger
than 1 cm. A nodule is also elevated  and  up to 1 cm in  size, but  it
has m ore  depth  than  a  papule. A ma ss is  a  lesion  w ith  a  depth
of more than 1 cm.

When  a  confident  diagnosis of benignity cannot  be  m ade  by
physical  exam ination  and  history, or  w hen  a  clin ically  m alig-
nant-appearing lesion is identified, a biopsy is required. Various
techniques m ay be em ployed. Shave biopsy refers to shallow  re-
m oval  of  a  lesion  to  the  depth  of  the  derm is,  typically  per-
form ed  w ith  a  scalpel or  derm ablade. Saucer iza t ion  refers  to  a
disk-shaped  biopsy  perform ed  w ith  a  scalpel angled  at  45  de-
grees, so  that  the  subcutaneous  fat  is  reached  at  the  center  of
the sam ple. Punch biopsy refers to the use of a sharp, circular in-
strum ent ranging from  1 to 1.5 cm  in  diam eter that rem oves tis-
sue  well in to the  subcutaneous fat . The  resulting defect  is typi-
cally closed  w ith  sutures. Incisiona l biopsy sam ples only a  por-
tion  of a  lesion  and  is frequently em ployed  for  larger  lesions or
those  on  cosm etically sensitive  areas;  it  m ay be  perform ed  by
punch biopsy or elliptical incision. Full-thickness excisiona l biop-
sy refers to total rem oval of a  lesion  w ith  1-  to 3-m m  m argins;
it  can  be perform ed w ith  a punch  biopsy instrum ent  or  by fusi-
form  (elliptical)  excision  w ith  a  scalpel,  followed  by  prim ary
closure  w ith  sutures. Excisional biopsy  has  long been  the  rec-
om m ended  technique for  lesions suspicious for  m alignant  m el-
anom a, although  recent  studies suggest  that  shave  biopsy m ay
be su cient  in  som e cases.

45.3  Com m on Facial Lesions
45.3.1  Seborrheic Keratosis
Am ong the  m ost  com mon  benign  epiderm al tum ors  found  on
the head  and  neck, seborrheic keratoses (SKs) are  characterized
clin ically  by their  stuck-on , waxy appearance  (� Fig. 45.1). Le-
sions  are  typically  tan  to  brow n  and  m ay  have  a  sm ooth  or
m am m illated  surface. Six  subtypes  have  been  described, m ost
ranging in  size  from  several m illim eters  to  a  centim eter  in  di-
am eter, although  “gian t” lesions  m easuring  nearly  10 cm  have
been  reported. Derm atosis papulosa n igra, characterized  by nu-
m erous  1-  to  5-m m  hyperpigm ented  papules  on  the  face  of
darkly  pigm ented  individuals, is  considered  by m any to  be  an
SK variant. SKs  are  com m only asym ptom atic, but  they m ay be
associated  w ith  pruritus or  m ore rarely w ith  pain  and  bleeding,
particularly  m ore  exophytic  lesions  prone  to  traum atization.
Although  their  etiology  is  not  well  understood,  genet ic  se-
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quencing has revealed  a num ber of associated  oncogenic m uta-
tions. Advanced age is clearly a risk factor, but data regarding an
association  w ith  sun  exposure  are  conflict ing. Hum an  papillo-
m avirus has been  isolated in  a subset of lesions. The sudden ap-
pearance  of num erous  SKs  is  w idely  thought  to  be  a  potential
sign  of  in ternal  m alignancy,  a  paraneoplast ic  phenom enon
know n  as the  sign  of Leser-Trelat, although  recent  stud ies have
cast doubt on  th is association.

SKs can  usually be diagnosed clin ically based on  their charac-
teristic  appearance.  Biopsy  is  typically  unnecessary.  Derm o-
scopy can  aid  in  di erentiating SKs from  m elanocytic lesions by
enhancing  classic  features  such  as  com edo-like  openings  and
m ilia  cysts;  however, cases  of m alignant  m elanom a m im icking
SKs have  been  reported. Treatm ent  of these  benign  neoplasm s
is  elect ive, but  pat ien ts  m ay  be  bothered  by  sym ptom atic  or
cosm et ically conspicuous  lesions. A num ber  of treatm ent  m o-
dalit ies  have  been  show n  to  be  e ect ive  in  rem oving  SKs, in-
cluding  cryotherapy,  elect rodessicat ion  and  curettage,  and
shave  excision, although  these  m ethods are  frequently compli-
cated  by  scarring, pigm entary  changes, and  recurrence. Laser
treatm ent  w ith  532-nm  diode, ablative  carbon  dioxide, Er:YAG
(erbium -doped  ytt rium  alum inum  garnet), and  Nd:YAG (neo-
dym ium -doped  ytt rium  alum inum  garnet)  m odels  is  increas-
ingly being used.

45.3.2  Sebaceous Hyperplasia
Sebaceous gland  hyperplasia  (SH) is characterized  by yellow  to
flesh-colored  papules,  m ost  com m only  seen  on  the  face
(� Fig. 45.2). Although  its  incidence  increases  w ith  age, it  m ay
occur at  any age, including at bir th . Subtypes include sen ile, lin-
ear,  d i use,  fun ct ional  fam iliar,  juxtaclavicu lar  beaded  line
varian t , and  gian t  lesions—plaques or  cyst like lesions m easur-
ing up  to  5 cm . SH represen ts  an  increased  num ber  of m ature
sebaceous  lobules  in  the  superficial  derm is  at tached  to  a  d i-
lated  cen tral pore. Its  et iology is  unknow n, but  the  incidence
is  increased  in  organ  t ransplan t  recipien ts  and  in  those
taking  cyclosporine.  SH  does  not  appear  to  be  associated

w ith  Fitzpatrick  skin  type  or  solar  elastosis, nor  is  it  consid-
ered  a  par t  of  the  Muir-Torre  syndrom e,  a  rare  autosom al-
dom inan t  genoderm atosis  characterized  by  rarer  ben ign  and
m alignan t  sebaceous tum ors, keratoacan thom as, and  in ternal
m alignancies.

The  diagnosis  of  SH  is  typically  m ade  clin ically.  Part icular
care  should  be  taken  in  evaluating lesions of the  periocular  re-
gion, the  m ost  com m on  site  of the  rare  sebaceous  carcinom a.
Magnification  of SH by derm oscopy or other m eans typically re-
veals a  central yellow  to w hite  ostium  w ith  surrounding linear
telangiectasia.  Successful  treatm ent  of  SH  has  been  achieved
w ith  photodynam ic  therapy;  carbon  dioxide,  Nd:YAG,  and
pulsed  dye lasers;  cryosurgery;  bichloracetic acid;  elect rodessi-
cation ; and oral isotretinoin .

45.3.3  Trichoepitheliom a
Trichoepitheliom as  are  benign  follicular  neoplasm s  m ost  com -
m only found  on  the  head  and  neck. Lesions typically appear  in
childhood  or  early  adulthood  as  solitary,  2-  to  8-m m ,  firm ,
flesh-colored  papules.  The  desm oplastic  variant,  a  plaquelike
lesion  w ith  a  central  dell,  is  m ost  often  seen  on  the  face  of
young  wom en.  Rarely,  m ultiple  lesions  that  tend  to  cluster
about  the  central face  m ay be  inherited  in  an  autosom al-dom i-
nant  fash ion, alone or in  com bination  w ith  other benign  follicu-
lar  neoplasm s,  as  in  Brooke-Spiegler  syndrom e  (� Fig.  45.3).
Inherited  form s  have  been  linked  to  loss-of-heterozygosity
m utations in  the  cylindrom atosis  CYLD gene, w hereas sporadic
tr ichoepitheliom as  have  been  linked  to  m utations  in  the  PTCH
tum or suppressor gene. The diagnosis can  usually be m ade clin-
ically, but  biopsy m ay be  required  to  di erentiate  a  solitary le-
sion  from  basal cell carcinom a. Shave biopsy or curettage is also
an  e ect ive  treatm ent  option  for  solitary  t richoepitheliom as,
but  im practical for  m ultiple  lesions. Som e have  suggested  that
Mohs  m icrographic surgery  is  warranted  for  desm oplastic  tr i-
choepitheliom as  because  of their  predilection  for  cosm etically
sensitive  areas  and  rare  instances  of local invasion. Other  m o-
dalit ies  for  the  treatm ent  of  m ultiple  t richoepitheliom as  that

Fig. 45.1  (a,b) Seborrheic keratoses. (c) Multiple seborrheic keratoses on the face of an African-American woman, also known as dermatosis papulosa
nigra.
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have  been  described  w ith  variable  success  include  derm abra-
sion;  elect rosurgery;  cryosurgery;  ablat ion  w ith  Nd:YAG,  Er:
YAG, or carbon dioxide lasers; and photodynam ic therapy. Med-
ical treatm ents have included sodium  salicylate and prostaglan-
din  A1, a  com bination  of aspirin  and  adalim um ab, and  topical
im iquim od.

45.3.4  Trichilem m om a
Trichilem m om a  is  a  benign  adnexal  neoplasm  believed  to  be
derived  at  least  part ially from  the  outer  root  sheath  of the  hair
follicle. Clin ically, it  appears  as  a  flesh-colored  papule  or  sm all
nodule, m ost  com m only  on  the  central  face. Sites  of  involve-
m ent  include  the  cheeks, nose, upper  cutaneous  lip , and  eye-
brow, or less frequently the eyelid. Trichilem m om a, part icularly
the  desm oplastic  variant, m ay also  arise  w ith in  a  nevus  seba-
ceus (� Fig. 45.4). Solitary lesions tend  to be  sporadic, but  m ul-
tiple  lesions  should  raise  suspicion  for  Cow den  syndrom e,  a
m ultiple ham artoma syndrom e associated w ith  oral and gastro-
intestinal papillom atosis, as well as breast, thyroid, and  gastro-
intestinal  adenocarcinom as.  Autosom al-dom inantly  inherited
m utations of the PTEN tum or suppressor gene appear  to under-
lie  Cow den-associated  lesions, but  the  pathogenesis  of solitary
tr ichilem m om as is  less clear. Early suggestions based  on  h isto-
logic  features  that  trichilem m om as  represent  old  viral  warts
have not  been  borne out  in  m ore recent  polym erase chain  reac-
tion–based studies looking for hum an papillom avirus DNA.

Biopsy  m ay  be  necessary  to  di eren tiate  tr ichilem m om a
from  basal  cell  carcinom a  (BCC)  or  squam ous  cell  carcinom a
(SCC), or  to  di erentiate  Cow den  syndrom e  from  other  geno-
derm atoses  characterized  by  facial  adnexal  neoplasm s. Treat-
m ent  is  purely  elective,  and  m odalit ies  are  sim ilar  to  those
m entioned  in  relation  to  other  adnexal  neoplasm s, including
surgical  excision, cryotherapy, electrodessication, and  ablative
laser  treatm ent . Trichilem m al carcinom a, a  rare  low -grade  m a-
lignant  variant  m ost  com m only occurring on  the face  of elderly
patien ts,  is  best  treated  w ith  conservative  local  excision  or
Mohs m icrographic surgery.

45.3.5  Hem angiom a
Hem angiom as  are  vascular  neoplasm s  that  represent  benign
proliferations  of endothelial cells. It  is  essential to  proper  m a-
nagem ent  that  they be  di erentiated  from  vascular  m alform a-
tions—a heterogeneous group  of lesions that  includes so-calledFig. 45.2  Sebaceous hyperplasia.

Fig. 45.3  (a) Multiple  trichoepitheliomas. (b) Desmoplastic trichoepithelioma.
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port-w ine stains—w hich  are composed of structurally abnorm al
vessels  arising from  errors  of em bryogenesis. Infantile  hem an-
giom as  are  typically  not  present  at  bir th ;  they  appear  w ith in
the first  m onth  of life, undergo a rapid  proliferative  phase for  6
m onths, and  then, follow ing a quiescent  phase, undergo a m ore
gradual involut ion  beginning at  roughly  1  year  of age. In  con-
trast , vascular  m alform ations, w hich  are  nearly always present
at  bir th , m ay grow  slow ly over  t im e w ith  the individual, and  do
not  tend  to  involute. Both  types  of lesions—hem angiom as  and
vascular  m alform ations—m ay  be  associated  w ith  dist inct  syn-
drom es that  require prom pt  system ic work-up to prevent  or at-
tenuate significant  m orbidity and m ortality.

Infantile  hem angiom as are  the  m ost  com m on  benign  tum or
of  childhood,  occurring  in  up  to  10% of  w hite  infants,  and
am ong the  m ost  com m on  vascular  neoplasm s  encountered  on
the head and neck. Girls, children  w ith  ligh t skin  types, and pre-
m ature infants are disproportionately a ected. Although  no for-

m al  classification  system  exists,  a  num ber  of  subtypes  have
been  described  based  on  characteristics  such  as  as  level(s)  of
skin  a ected  (superficial, deep, or  m ixed) or  on  m orphological
characteristics  (localized,  segm ental,  m ultifocal).  Superficial
“straw berry” hem angiom as  typically appear  as  solitary, brigh t
red,  well-dem arcated  papules  or  nodules,  w hereas  deep  or
m ixed  tum ors involving the  derm is or  subcutis tend  to be  m ore
blue  or  flesh-colored  (� Fig. 45.5). Focal hem angiom as are  m ost
often  found  on  the  central face at  lines of developm ental fusion.
The  presence  of five  or  m ore  focal lesions, or  of larger  solitary
lesions, m ay  indicate  an  increased  risk  for  involvem ent  of the
gastrointestinal tract, part icularly the  liver. The  segm ental vari-
ety m ay appear  as coalescing papules, a broad  plaque, or  a large
tum or in  a segm ental, m ost  com m only m andibular distr ibution.

Large or segm ental hem angiom as are m ore frequently associ-
ated  w ith  extracutaneous  m anifestations.  Up  to  one-th ird  of
cases  m ay  be  associated  w ith  PHACE syndrom e;  PHACE is  an
acronym  for  a  constellation  of  posterior  fossa  anom alies,  he-
m angiom as,  a rterial  anom alies,  cardiac  anom alies  (m ost
com m only coarctation  of the  aorta), and  eye  anom alies. Vascu-
lar  tum ors  involving  the  lower  face  and  neck  m ay  also  a ect
the ororpharynx or larynx, poten tially resulting in  airway com -
prom ise. Two other  rare  vascular  tum ors distinct  from  true  he-
m angiom as—the  kaposiform  hem angioendotheliom a  and  the
tufted  angiom a—can  be  associated  w ith  the  Kasabach-Merrit t
phenom enon, a  life-threatening consumptive  coagulopathy as-
sociated w ith  a decreased platelet  count.

By way of contrast , a few  well-know n vascular m alform ations
and  other lesions that  are  not  t rue hem angiom as bear  m ent ion
here. The port-w ine stain  is a typically unilateral capillary m al-
form ation  present  at  bir th , m ost  com m only in  the  ophthalm ic
or m axillary derm atom e, that tends to becom e m ore prom inent
w ith  t im e. Up to one-third of ophthalm ic m alform ations, part ic-
ularly bilateral lesions, m ay be associated w ith  ipsilateral vascu-
lar  m alform ations  of  the  leptom eninges  that  can  result  in
seizures  and  neurologic  deficits  (Sturge-Weber  syndrom e).Fig. 45.4  Multiple  tricholemommas arising  in  a nevus sebaceus.

Fig. 45.5  (a) Superficial hemangioma. (b) Deep  hemangioma.
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Another, m uch  m ore  com m only  encountered  vascular  m alfor-
m ation  is  the  so-called  salm on  patch  or  stork  bite, a  capillary
m alform ation  present  at  bir th  on  the  central forehead  or  nape
of the neck that  tends to fade over the first  few  years of life. The
cherry  angiom a  is  a  2-  to  4-m m  red  papule  representing  a
dilated  and  congested sm all vessel of the upper derm is that  ap -
pears  during  adulthood;  it  is  m ost  frequently  found  on  the
trunk but  also m ay appear on  the head and neck.

The  m anagem ent  of hem angiom as has changed  dram atically
in  recent  years. Although  “watch  and  wait” is still an  appropri-
ate  approach  for  the  m ajority  of focal  infantile  hem angiom as,
β-blockers  have  joined, if  not  replaced, cort icosteroids  as  the
first-line  t reatm ent  of  severely  disfiguring  or  complicated  le-
sions. Since the first  report  of the successful t reatm ent of severe
infantile hem angiom as w ith  in travenous propranolol, a num ber
of case series and prospective t rials have dem onstrated the e -
cacy  and  relative  safety  of  system ic  β-blocker  therapy. Treat-
m ent  is generally well tolerated, but  reported  side  e ects  have

included  hypoglycem ia,  bronchospasm ,  and  hypotension .  In
addition  to  cort icosteroids,  the  use  of  in terferon ,  vincrist ine,
bleomycin ,  and  cyclophospham ide  has  also  been  described.
Topical propranolol and  tim olol, as well as topical cort icostero-
ids, have  dem onstrated  usefulness  in  hastening  the  regression
of sm aller, superficial lesions. Pulsed  dye, long-pulsed  Nd:YAG,
and  KTP (potassium  t itanyl phosphate) lasers are  also  e ective
in  im proving the cosm esis of pat ients w ith  vascular neoplasm s.

45.3.6  Lent igo
Solar  or  actin ic  lentigines, colloquially  know n  as  age  spots  or
liver  spots, are  benign  pigm ented  lesions, com m only found  on
the  chronically sun-exposed  skin  of older, light-skinned  adults
(� Fig. 45.6). Their  incidence  increases  w ith  age, a ect ing  90%
of w hites  older  than  50  years  of age. The  face, neck, forearm s,
and  dorsal hands are  m ost  frequently a ected. Clinically, lenti-
gines  are  tan  to  dark  brow n  or  black  in  color,  m ay  appear

Fig. 45.6  (a–c) Lentigines.
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m ottled, and  range from  a few  m illim eters to over  a cent im eter
in  diam eter. Their  borders are  well defined  but  m ay be  irregu-
lar. There are typically no surface changes such  as scale or  in fil-
tration. Individuals w ho had  ephilides (freckles) in  adolescence
or  m ore  than  than  two  sunburns  after  age  20  are  at  increased
risk  for  lentigines. Like  ephilides, lentigines  tend  to  darken  in
the sun , but  they are m uch m ore likely to persist  year-round.

The  diagnosis  of  lentigines  is  usually  m ade  clin ically,  but
biopsy  m ay  be  necessary  to  di erentiate  them  from  lentigo
m aligna, a  type  of m alignant  m elanom a  in  situ  on  chronically
sun-dam aged  skin . Derm oscopy m ay aid  in  identifying features
concern ing for  m alignancy. Other  lesions in  the  di erential di-
agnosis include nevi and  seborrheic keratoses. The t reatm ent  of
solar  len tigines  is  elect ive. Ablative  cryotherapy  is  considered
first-line t reatm ent, but  a w ide variety of lasers have also dem -
onstrated  benefit. Com bination  t reatm ent  w ith  hydroquinone
and  topical  retinoids  produces  a  less  rapid  response. The  ap-
pearance in  childhood of m ultiple facial lentigines, especially on
the lips and oral m ucosa, m ay occur as a benign  isolated  finding
but  should  raise  concern  for  rare  fam ilial  cancer  syndrom es
such as Peutz-Jeghers syndrom e and Carney complex.

45.3.7  Int raderm al Nevus
The in traderm al nevus (IDN) is a  benign  m elanocyt ic neoplasm
m ost  com m only  seen  in  young  children  and  the  elderly.  For
years, it  was  w idely believed  that  IDNs were  m ainly lesions of
adulthood,  representing  the  final  stage  of  m aturation  of  ac-
quired  m elanocyt ic nevi that  “drop  dow n” from  the  epiderm is
over  t im e. However, m ore  recent  epidem iologic and  histologic
studies of congenital and  acquired  nevi suggest  that  som e IDNs
m ay  originate  w ith in  the  derm is.  Congenital  nevi,  w hich  are
histologically derm al or compound (derm al and  epiderm al), are
present at  bir th  in  1 to 6% of neonates. They are com m only cate-
gorized  by diam eter—ranging from  sm all (< 1.5 cm ) to  m edium
(1.5  to  20 cm ) to  large  or  “gian t” (> 20 cm ), w hich  guides  their
m anagem ent.  Congenital  nevi  are  typically  tan  to  brow n  but
m ay also appear  blue, gray, or  black. Acquired  IDNs are  usually
2 to 6 m m  in  diam eter. They m ay be endo- or  exophytic, dom e-
shaped, sessile  or  pedunculated, sm ooth  or  papillated  papules
(� Fig.  45.7).  They  range  in  color  from  flesh-colored  to  dark
brow n  or  black. The lesions m ay be firm  or  easily compressible.
An  older  pat ient  m ay relate  a  h istory of slow  evolution  from  a

flat ,  pigm ented  m acule  (junct ional  nevus).  The  variant  m ost
com m only found  on  the  face, know n  as  Miescher  nevus, tends
to be  dom e-shaped, firm , sm ooth, endophytic, and  about  5 m m
in  diam eter.  Lesions  m ay  have  overlying  vessels  or  term inal
hairs, part icularly congenital IDNs. The  di erential diagnosis of
endophytic varieties m ay include BCC, w hereas m ore exophytic,
pedunculated  lesions m ay be  m istaken  for  skin  tags (acrochor-
dons)  or  neurofibrom as. Derm oscopy can  aid  in  the  diagnosis.
Biopsy  is  often  unnecessary  but  m ay  be  required  to  rule  out
m alignant  m elanom a or  nonm elanom a skin  cancer  in  changing
or otherw ise clin ically concern ing lesions.

IDNs  are  benign, largely  asym ptom atic  lesions, and  as  such
they do  not  generally  require  treatm ent . If rem oval is  desired,
biopsy or sim ple surgical excision is e ect ive for sm aller lesions,
w hereas serial excisions, local, regional, or  expanded  flaps, and
split-th ickness or  full-th ickness skin  grafts  m ay be  required  for
larger  congenital  nevi.  Individual  and  com bined  laser  treat-
m ents  m ay  im prove  cosm esis. Although  it  is  well  established
that  individuals  w ith  giant  congenital  nevi  (> 20 cm )  are  at
increased  risk  for  developing m alignant  m elanom a and  neuro-
cutaneous  m elanocytosis, an  association  between  com m on  ac-
quired  nevi  or  sm all  congenital  nevi  and  m elanom a  rem ains
controversial.

45.3.8  Act inic Keratosis
Actin ic keratoses (AKs), also know n  as solar  keratoses, are  com -
m on  in traepiderm al neoplasm s w ith  the  potential to evolve  in-
to  SCC. The  prevalence  in  the  United  States  in  2004  was  esti-
m ated  to  be  39.5  m illion. AKs  are  generally  held  to  exist  in  a
continuum  w ith  SCC;  however, the  annual  risk  for  m alignant
transform ation  of an  individual  AK is  unknow n, w ith  reports
ranging  broadly  from  less  than  0.025% to  16%;  one  recent
prospective  study puts  the  annual risk  at  0.6%. Cum ulative  ex-
posure  to  UV light,  fair  skin  type, and  im m unosuppression—
particularly  in  organ  transplant  recipien ts—are  prim ary  risk
factors, as are genetic conditions that predispose to UV sensitiv-
ity. UVB-specific m utations of the  TP53 tum or  suppressor  gene
identified  in  AKs provide  m olecular  evidence of the  pathogenic
role of sunlight .

The m ost  com mon  clin ical presentation  of the AK is a pink to
red, scaling papule or  plaque on  a sun-exposed area, m ost  com -
m only the  face, forearm s, or  dorsal hands. Lesions are  typically

Fig. 45.7  (a) Intradermal nevus. (b) Blue  nevus.
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2  to  6 m m  in  diam eter  but  m ay  span  several  cen tim eters  or
occur  as  m ultiple  discrete  papules. The  grit ty, firm ly adherent
scale  m ay  be  m ore  easily  felt  than  seen  on  a  background  of
chronically  sun-dam aged  skin . Lesions  m ay  becom e  hypert ro-
phic,  occasionally  producing  a  hyperkeratotic,  cone-shaped
protuberance  know n  as  a  cutaneous  horn.  The  di eren tial
diagnosis of AK includes SCC, seborrheic keratosis, and  verruca
vulgaris. The  pigm ented  varian t  m ay be  confused  w ith  BCC or
m alignant  m elanom a.  Shave  biopsy  is  typically  su cien t  to
m ake  a  histologic  diagnosis. Act inic  or  solar  cheilosis  (som e-
tim es  called  cheilit is)  is  a  related  precancerous  neoplasm  that
occurs on  the lower lip. Risk factors are sim ilar  to those for AKs.
A patien t  m ay complain  of dry, rough, or  painful lips, and  phys-
ical  exam ination  m ay  reveal  scaliness, fissures, or  ulcerat ions.
Prom pt  identification  of  solar  cheilosis  is  par ticularly  impor-
tant, given  the  greater  risk for  t ransform ation  in to  SCC and  for
m etastasis from  the lip  than  from  other cutaneous sites.

The t reatm ent  of AKs prevents progression  to SCC and  its as-
sociated  m orbidity  and  m ortality.  It  also  relieves  sym ptom s
such  as tenderness and  pruritus. Cryotherapy is the  m ost  com -
m on  treatm ent  m odality  in  the  United  States, particularly  for
solitary lesions. Biopsy, curettage, or  surgical excision  can  each
provide  the  benefit  of a  definitive  diagnosis  in  addition  to  re-
m oving  the  lesion. Topical 5-fluorouracil—a  chem otherapeutic
agent  that  in terferes  w ith  DNA synthesis—and  im iquim od—a
topical im m une  m odulator—are  both  e ect ive, generally  well-
tolerated,  “field-directed”  therapies  that  are  especially  useful
for  larger  areas  w ith  m ultiple  AKs.  Photodynam ic  therapy,
although  expensive and not as w idely available, is also e ect ive.
System ic  retinoids,  lasers,  chem ical  peels,  and  derm abrasion
are less well-studied m odalit ies.

Spontaneous rem ission  of AKs occurs in  10  to 25% of lesions
annually.  This  phenom enon,  com bined  w ith  the  h igh  preva-
lence  of AKs, the  relatively  low  annual  r isk  that  an  individual
AK w ill transform  in to SCC, and the h igh  cost of treatm ent  (esti-
m ated at $1.1 billion  in  the United States in  2004), has led  som e
to suggest  that  clin ical m onitoring m ight  be  an  acceptable  m a-
nagem ent  approach. However, given  that  m ost  patien ts  have
m ultiple AKs and keep them  for m any years, their risk for SCC is
considerably higher  than  the  individual lesion  annual progres-
sion  rates m ight  suggest. The significant  m orbidity and  m ortal-
ity associated w ith  SCC, com bined w ith  the sym ptom  relief pro-
vided, are su cient  to recom m end treatm ent .

45.3.9  Basal Cell Carcinom a
BCC is the  m ost  com m on  m alignancy in  the  United  States, w ith
estim ates  of lifetim e  risk  in  fair-skinned  individuals  approach-
ing 1 in  3. It  accounts for  m ore than  80% of the approxim ately 2
m illion  nonm elanom a skin  cancers diagnosed  each  year, and  its
incidence is rising. Exposure to UV light  is the prim ary risk fac-
tor  for  the  developm ent  of BCC. Related  risk factors include fair
skin  type, occupat ions  w ith  greater  outdoor  exposure, and  ge-
netic disorders that  increase sensitivity to UV light . Ionizing ra-
diation, arsenic, and  im m une  suppression  are  also  established
risk factors. The m olecular  pathogenesis of the m ajority of BCCs
is  thought  to  be  associated  w ith  deregulation  of the  hedgehog
signaling pathway, w hich  is involved in  cell proliferation.

Roughly 80% of BCCs occur on  the head and  neck, followed by
sun-exposed  areas  of  the  trunk. There  are  three  clin ical  BCC
variants,  each  w ith  a  di erent  presentation  (� Fig. 45.8).  The
classic  nodular  BCC lesion  appears  as  a  firm , flesh-colored  or
“pearly”  pink  papule  or  nodule,  2  to  6 m m  in  diam eter,
w ith  overlying telangiectasia  and  rolled  borders. Central ulcer-
ation  or  crust ing  m ay  be  present.  The  di erential  diagnosis
frequently includes  hyperplasia  of sebaceous glands  and  in tra-
derm al nevi. Am elanotic m elanom a m ay have a sim ilar  appear-
ance. Superficial BCC presents  as  an  erythem atous, scaly patch
or th in  plaque that is som etim es m istaken  for SCC. Both  nodular
and  superficial  form s  m ay  be  pigm ented, m im icking  m elano-
cyt ic lesions. Morpheaform  BCC, som etim es  called  fibrosing or
infiltrative  BCC, often  appears  as  an  indurated, scarlike  plaque
w ith  poorly defined borders. Shave or punch  biopsy is su cient
to m ake an  accurate histologic diagnosis in  m ost cases.

BCC is typically a  slow -grow ing tum or. Metastasis is rare, oc-
curring in  0.025  to  0.55% of cases, although  larger  tum ors m ay
have  increased  rates. However, neglected  tum ors can  be locally
invasive and  result  in  significant  disfigurem ent . Standard  surgi-
cal excision  w ith  appropriate  m argins or  electrodessication  and
curettage  are  generally thought  to  achieve  5-year  cure  rates of
95% for  sm all, “low -risk” lesions on  the  neck, t runk, or  extrem -
ities  w ith  nonaggressive  histologic  features. Radiotherapy  can
be  an  e ect ive  treatm ent  m odality  for  patients  w ho  are  poor
surgical candidates or  w ho have inoperable  tum ors, or  as adju-
vant  therapy  for  those  w ith  deeply  invasive  or  m etastat ic  tu-
m ors.  Topical  im iquim od  is  an  option  for  the  treatm ent  of
superficial BCC.

Mohs  m icrographic  surgery  is  recom m ended  for  the  treat-
m ent  of  “high-risk” BCC because  of  im proved  m argin  control
and  lower  rates  of recurrence. Characterist ics  of h igh-risk  tu-
m ors include  the  follow ing:  tum or  diam eter  larger  than  2 m m ,
location  on  the  ears or  central face, neglected  or  long-standing
tum or,  incom pletely  excised  or  recurren t  tum or,  aggressive
histologic  subtype,  previous  irradiation,  and  perineural  or
perivascular  invasion. The  role  of Mohs  m icrographic  surgery
in  the  treatm ent  of low -risk  tum ors on  the  body rem ains con-
troversial.  Hedgehog  pathway–inhibiting  m edications  have
show n  prom ise  for  the  treatm ent  of inoperable  and  m etastatic
disease.

45.3.10  Squam ous Cell Carcinom a
SCC is  the  second  m ost  com m on  cutaneous  m alignancy  after
BCC, accounting  for  roughly  20% of  all  skin  cancers.  An  esti-
m ated 250,000 new  diagnoses are m ade each year in  the United
States alone, and  evidence  suggests that  the  incidence  is  rising
worldw ide, at  least  in  the  elderly  population. Although  not  as
com m on as BCC, it  is m uch m ore likely to m etastasize and  is re-
sponsible  for  m ost  nonm elanom a  skin  cancer–related  deaths.
Risk  factors  for  developm ent  are  sim ilar  to  those  for  AKs—
nam ely, genetic  predisposition  (fair  skin  type)  and  cum ulat ive
UV exposure. Men  are  disproportionately a ected  at  a ratio ap-
proaching  3:1.  Chronically  im m unosuppressed  recipients  of
solid  organ  t ransplants are  at  a 65-fold  increased  risk for devel-
oping SCC in  comparison  w ith  the  norm al populat ion. SCC also
has  a  propensity  to  develop  in  chronic  ulcers  or  scars,  or  in

Common Facial Skin Lesions

356



areas  exposed  to  occupational  or  therapeutic  irradiat ion . AKs
are  considered  precursor  lesions, although  m ost  AKs w ill never
develop  in to  SCC. SCC in  situ , also  know n  as  Bowen  disease, is
confined  to the  epiderm is but  has the  potent ial to develop  in to
invasive SCC if left  untreated.

SCC is  m ost  com m only  found  on  the  head  and  neck, espe-
cially the cheeks, nose, and  ears (� Fig. 45.9). Clinically, SCC and
AKs  can  be  di cult  to  dist inguish  from  each  other. Both  typi-
cally appear as nonhealing, 2- to 6-m m , pink to red scaling pap-
ules or  plaques, although  SCC is m ore likely to ulcerate. Lesions
m ay be  itchy or  painfu l, or  they m ay bleed  w ith  m anipulation.
The keratoacanthom a variant  presents in  the  sam e distr ibution
as a rapidly grow ing, sym m etric, crateriform  nodule w ith  a cen-
tral keratotic core. Verrucous carcinom a is rare variant  that  m ay
present  as a warty or cauliflower-like  neoplasm  w ithin  the oral
cavity.  The  di erential  diagnosis  of  SCC includes  AK, verruca
vulgaris, and  seborrheic keratosis. The  nodular  keratoacantho-
m a  m ay  be  confused  clin ically  w ith  BCC.  The  diagnosis  can
often  be m ade clin ically but  should  be confirm ed  histologically.
Shave biopsy yields adequate t issue in  m ost cases.

Surgical excision  is the  treatm ent  of choice for  SCC. Standard
excision  w ith  4-m m  m argins  has  been  suggested  to  achieve  a
95% cure  rate  for  sm all, prim ary, “lower-risk,” invasive  SCC of
the  trunk, extrem it ies, or  neck. Other  physical m odalit ies, such
as electrodessication  and curettage and  cryotherapy, have dem -
onstrated  sim ilar  cure  rates  for  low -risk  tum ors. Fract ionated
radiation  m onotherapy  m ay  be  appropriate  for  early-stage  le-
sions  in  patients  w ho  are  unable  to  tolerate  surgery. The  au-
thors, however  prefer  to  use  radiation  therapy as an  adjunct  to
surgery  for  SCC w ith  perineural involvem ent. There  is  lim ited
evidence  support ing  the  use  of  topical  5-fluorouracil  for  the
treatm ent of SCC in  situ.

Reported  recurrence  rates  follow ing  standard  excision  of
low -risk prim ary SCCs range from  5 to 8% and  are  substantially
increased  in  “h igh-risk” tum ors  (� Table  45.1).  SCCs  fulfilling
any of follow ing criteria  are  generally considered  to  be  at  h igh
risk  for  recurrence  or  m etastasis:  diam eter  larger  than  2 cm ,
depth  to  m ore  than  2 m m , subcutaneous  tissue  invasion, pre-
vious recurrence, tum ors arising in  scars, or anatom ical location
on  the  scalp,  ears,  eyelids,  nose,  and  lips.  High-risk  tum ors,

Fig. 45.8  (a) Nodular basal cell carcinoma (BCC). (b) Pigmented  BCC. (c) Superficial BCC. (d) Nodular BCC, ulcerating. (e) Ulcerative  BCC.
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particularly those  in  cosm etically im portan t  areas, are  prefera-
bly treated w ith  Mohs m icrographic surgery for im proved  m ar-
gin  control  and  t issue  conservation .  Perineural  invasion,
although  it  occurs in  only 2  to  14% of pat ients  w ith  SCC of the
head and neck, is associated w ith  higher rates of recurrence and
m etastasis,  m ost  com m only  to  the  parotid  gland  or  regional
lymph  nodes. Nodal disease  m ay occur  in  approxim ately 5% of
cases, but  reported  rates  vary w idely. Postoperative  radiother-
apy, sen tinel lymph  node  biopsy, and/or  dissect ion  of draining
lymphatic  basins  m ay  be  required  to  achieve  lasting  local

control  of  SCC w ith  perineural  invasion .  Radiotherapy  alone
m ay also  be  used  to t reat  patients w ith  significant  m edical co-
m orbidit ies that  preclude surgical resection.

45.3.11  Lent igo Maligna
Lentigo m aligna (LM) is a form  of m alignant  m elanom a in  situ—
that  is, confined  to  the  epiderm is—that  occurs  on  the  severely
sun-dam aged  skin  of  light-skinned, elderly  individuals.  It  ac-
counts for  4  to 15% of all m elanom as, and  10 to 26% of all head

Fig. 45.9  (a) Bowen disease. (b) Squamous cell carcinoma. (c) Keratoacanthoma. (d) Actinic cheilitis. (e) Squamous cell carcinoma.
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and  neck  m elanom as. Risk  factors  for  the  developm ent  of LM
include light  skin  type, age, residence  in  locales w ith  increased
UV exposure, cum ulative  UV exposure, and  a  h istory of severe
sunburns. LM is  rarely seen  in  patients  younger  than  40  years
or  age, and  its incidence increases w ith  age, peaking in  the sev-
enth  and  eighth  decades. The  nom enclature  surrounding  th is
cutaneous m alignancy can  be a source of confusion . LM is to be
di erentiated from  lent igo maligna  melanoma  (LMM), w hich  in-
vades the  derm is and  has a very di erent  prognosis. LM is also
distinct  from  the  sola r  or  act inic lent igo, som etim es referred  to
sim ply as  lent igo, a  nearly ubiquitous benign  pigm ented  lesion
on the sun-exposed skin  of older w hite adults.

Approxim ately 90% of LMs occur on  the face, w ith  a predilec-
tion  for  the  cheek. Clinically, LM  is  characterized  by  a  slow ly
grow ing,  asym m etric  m acule  or  patch  w ith  variegated  color
and  an  ill-defined, irregular  border  (� Fig. 45.10). Lesions  m ay
range  in  color  from  tan  to  dark  brow n  or  black. A rare  am ela-
notic variant  m ay present  as an  ill-defined, erythem atous patch
resem bling SCC or BCC. The di erential diagnosis includes solar
or  actin ic  len tigo,  SK, m elanocyt ic  nevus,  and  LMM. A Wood
lam p m ay aid in  defining the lesion m argins from  the surround-
ing skin . Excisional biopsy of sm aller  lesions  w ith  1-  to  3-m m
m argins is ideal but  is not  feasible for larger lesions, particularly

those in  cosm et ically sensitive areas. In  such  cases, incisional or
full-th ickness  punch  biopsy  of  the  darkest,  m ost  palpable, or
otherw ise  clin ically  concern ing  area  of  the  lesion  is  recom -
m ended.  Sam pling  error  can  occur,  however,  and  m ultiple
punch  biopsies m ay be  required  to  m ake  the  diagnosis. Shave
biopsy, although  com m only pract iced, is not  t radit ionally rec-
om m ended  because  it  can  obscure  proper  evaluat ion  of  the
Breslow  depth ,  the  m ost  im portan t  prognost ic  indicator  in
m elanom a.

Surgical  excision  of  LM  is  the  gold  standard  of  t reatm ent.
Com plete  excision  is  considered  curative, but  recurrence  w ith
standard excision  is relat ively com m on, w ith  rates ranging from
7  to  20%.  The  1992  National  Institutes  of  Health  consensus
statem ent  and  the  2012  National  Com prehensive  Cancer  Net-
work clin ical practice  guidelines  advise  5-m m  m argins  for  the
treatm ent  of m alignant  m elanom a in  situ . However, these  rec-
om m endations  are  largely  based  on  m alignant  m elanom a  in
situ  of the trunk and  extrem it ies. Studies of LM of the head  and
neck have  show n  the  standard  5-m m  m argin  to  be  inadequate
in  up  to 50% of cases. Margins of m ore  than  15 m m  have rarely
been  required  in  studies  of  staged  excisional  techniques  and
Mohs  m icrographic surgery, w hich  have  dem onstrated  signifi-
cantly lower  recurrence  rates. Nonsurgical treatm ent  m ethods
such  as cryotherapy, laser  ablation , irradiat ion, and  topical im i-
quim od  have m uch  higher  recurrence rates and  should  be  used
w ith  caut ion  as  adjuvant  therapy or  m onotherapy for  patien ts
w ho have unresectable lesions or are unable to tolerate surgery.
Incompletely  treated, lentigo  m aligna  can  progress  to  invasive
LMM. Reported  rates  vary  w idely  from  5  to  50%, but  lesional
size  appears to  be  correlated  w ith  risk. LM that  has progressed
to LMM carries a prognosis sim ilar to that of other invasive m el-
anom a subtypes.

45.4  Roundsm anship
●  Approxim ately 80% of cases of nonm elanom a skin  cancer and

90% of cases of len tigo m aligna are found on  the head and
neck.

●  A macule is a circum scribed, flat  lesion w ith  color change that
is up to 1 cm in  size. A pa tch has sim ilar characteristics but  is

Table 45.1  Recurrence rates of squamous cell carcinoma after Mohs ex-
cision and standard excision

Scenario  Mohs excision  Standard  excision

SCC of the  lip  3.1%  10.9%

SCC of the  ear  5.3%  18.7%

Locally recurrent  SCC  10.0%  23.3%

SCC with  perineural invasion  0%  47%

SCC larger than 2 cm  25.2%  41.7%

Poorly differentiated  SCC  32.6%  53.6%

Abbreviation: SCC, squamous cell carcinoma.
Note: Recurrence rates are significantly lower after Mohs excision in certain
circumstances.

Fig. 45.10  (a) Lentigo  maligna (melanoma in  situ). (b) Lentigo maligna melanoma.
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la rger than 1 cm. A papule is a circum scribed, elevated, super-
ficial, solid lesion  that  is up to 1 cm in  size. A plaque has sim i-
lar characteristics but  is la rger than 1 cm. A nodule is also ele-
vated and is up to 1 cm in  size, but  it  has m ore depth  than  a
papule. A ma ss is a lesion  w ith  a depth  of more than 1 cm.
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46  Mohs Micrographic Surgery
John A. Carucci and Jesse M. Lewin

46.1  Int roduct ion
Skin  cancers  are  the  m ost  com m on  hum an  cancers. They  can
result  in  significant  m orbidity and even  m ortality w hen  left  un-
treated. Depending on  histologic type  and  anatom ical location,
skin  cancers  m ay be  am enable  to  excision  or  to  destruct ion  or
ablation  by radiation  treatm ent . Skin  cancers  on  the  head  and
neck  or  selected  aggressive  or  recurrent  skin  cancers  at  other
anatom ical sites m ay be best treated by Mohs m icrographic sur-
gery. Mohs m icrographic surgery is  the  only technique  that  al-
low s  a  complete  evaluation  of the  ent ire  peripheral  and  deep
surgical  m argin . This  in  turn  allow s  m axim al  conservation  of
norm al t issue w ith  optim ization  of funct ion  and cosm esis.

46.2  Historical Perspect ive
In the 1930s, Dr. Frederic E. Mohs, a general surgeon, developed
a technique of excisional surgery in  w hich  a complete m argin  of
skin  cancer  was  plotted  in  three  dim ensions.  The  procedure
was in itially term ed  chemosurgery because it  involved  chem ical
fixation  in  situ  before  excision. Zinc chloride, used  as a  fixative,
was com bined w ith  a perm eant and an  agglutinan t, w hich were
applied  to  the  t issue  in  vivo  w hile  cytologic  detail  was  m ain-
tained  for  m icroscopic evaluation. After  th is process, the tum or,
along w ith  a narrow  m argin  of healthy tissue, was excised, and
frozen  sections  were  generated  w ith  the  deep  and  peripheral
m argins  in  a  single  horizontal plane, allow ing the  tum or  to  be
precisely m apped  m icroscopically. In  Mohs’ original procedure,
th is process was repeated the follow ing day until all residual tu-
m or  was  rem oved, and  the  wounds  were  often  left  to  heal by
secondary  in tention .  Later,  the  process  was  m odified;  zinc
chloride  fixation  was replaced  w ith  local anesthesia  and  frozen
sect ion  processing, w hich  expedited the procedure w hile m ain-
tain ing high  cure rates. Eventually, in  1985, the term  chemosur-
gery  was  replaced  by  Mohs  micrographic  surgery  (MMS)  to
m ore accurately describe the process of fresh  tissue fixation  fol-
lowed  by  the  m icroscopic evaluation  of  layers  of t issue. MMS
was  em braced  by derm atologists  and  has  becom e  a  technique
perform ed  only  by derm atologic surgeons  w ith  special fellow -
ship t rain ing in  MMS.

46.3  Technique
Mohs  surgeons  for  the  m ost  part  perform  MMS in  an  o ce
setting  w ith  the  patien t  under  local  anesthesia. At  t im es, if a
particular  tum or requires an  in terdisciplinary approach  (e.g., an
aggressive  tum or  infiltrating vital structures in  the  orbit  or  in -
volving  the  parotid  gland  or  facial  nerve), MMS m ay  be  per-
form ed  in  the  operat ing  room  w ith  the  pat ient  under  general
anesthesia  and  in  conjunct ion  w ith  other  surgical  subspecial-
ists, such as otolaryngologists or ophthalm ologists.

In  order  to  perform  MMS and  obtain  an  excellent  repair, the
surgeon  m ust  ensure  that  well-trained  assistants and  a  labora-
tory equipped  for  processing and  reading the  fresh  frozen  sec-
tions are  available. The  tum or  is  in it ially identified  based  upon

a  prior  biopsy  site  and  preferably  photographs  and  tr iangula-
tion  from  the physician  w ho initially perform ed the biopsy. The
site  is  m arked  and  infiltrated  w ith  local anesthesia. The  tum or
is  then  debulked  w ith  a  curet,  during  w hich  process  m acro-
scopically norm al t issue  can  be further  distinguished  from  m a-
lignant t issue by m eans of the surgeon’s tact ile sensation during
curettage. Next, the specim en  is excised tangent ially, w ith  a 45-
degree  angle  in itially. This beveled  edge  is  in  direct  contrast  to
the 90-degree edge obtained w ith  a standard excision . The bev-
eled  edge  is crucial for  evaluation  of the  en tire  surgical m argin
after  the  specim en  has been  m apped  and  processed  via  frozen
sect ion  (� Fig. 46.1  and  � Fig. 46.2). Optim al m argin  control is
obtained  by exam ination  of the  en tire  perim eter  of the  speci-
m en  and  contiguous  deep  m argin . Meticulous  m apping allow s
the  directed  extirpation  of any  residual tum or. A key  defin ing
feature  of MMS is  that  the  surgeon  excises, m aps, and  review s
the  specim en  personally,  m in im izing  the  chance  of  error  in

Fig. 46.1  (a) Specimen preparation. (b) The  tumor and  surrounding
area of clinically normal skin are removed tangentially. (c) The tumor is
sectioned before being marked with ink. Black and red ink are  used to
mark the  deep  aspect  of each section, corresponding  to a specified
area of the  Mohs map.
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t issue  in terpretation  and  orientation . If the Mohs surgeon, w ho
is also  acting as the  pathologist , notes persistent  tum or  on  the
m argins of a section, it  is m arked  and  excised  tangentially in  an
additional  stage  lim ited  to  the  area  of  persistent  tum or. This
process is repeated  until the  tum or  m argins are  free  of disease.
The wound  is then  usually m anaged  by the  Mohs surgeon, w ho
em ploys m easures ranging from  secondary in ten tion  healing to
flaps and grafts, depending on  the anatom ical location, cosm et-
ic  subunits  involved, and  size  of  the  defect . In  som e  cases, a
m ultidisciplinary  approach  m ay be  used, and  surgical subspe-
cialists  from  otolaryngology, ophthalm ology, and  surgical  on-
cology m ay be involved.

MMS has gained acceptance as the treatm ent  of choice for re-
current  skin  cancers, as well as for  prim ary skin  cancers located
at  anatom ical  sites  requiring  m axim al  t issue  conservation  for
the  preservation  of funct ion  and  cosm esis. This  is  particularly
relevant  to  derm atologic  and  head  and  neck  surgeons  ap-
proaching  patients  w ith  facial  cutaneous  m alignancies,  for
w hom  the desire to avoid  disfigurem ent  and  funct ional im pair-
m ent  is  param ount  and  can  lead  to  the  inadvertent  perform -
ance of inadequate standard excisions. MMS allow s the surgeon
to be flexible  in  the setting of positive m argins and  to tailor  the
reconstruct ion  in  real t im e  rather  than  having to bring the  pa-
tien t  back for a second procedure if positive m argins are identi-
fied  by  perm anent  sect ion.  As  w ill  be  discussed  in  depth  in
the  follow ing sections, it  is also  crucial to  respect  the  insidious

nature  of certain  subtypes  of aggressive  cutaneous  m alignan-
cies  and  to  approach  them  know ing the  lim itations  as  well as
the strengths of MMS.

46.4  Indicat ions
46.4.1  Nonm elanom a Skin Cancer
Each  year, approxim ately 2  m illion  cases of nonm elanom a skin
cancer  (basal cell carcinom a and  squam ous cell carcinom a) are
diagnosed  in  the  United  States. There  are  m ore  skin  cancers in
the population  of the United States than  there are all other can-
cers  com bined, and  it  is  estim ated  that  one  in  five  Am ericans
w ill  develop  skin  cancer  during  their  lifetim e  (m ore  than  95%
w ill  be  nonm elanom a  skin  cancer). As  discussed  above, MMS
facilitates optim al m argin  control and  the  conservation  of nor-
m al  t issue  in  the  m anagem ent  of  nonm elanom a  skin  cancer.
Although  the  detailed  indications  for  MMS  are  beyond  the
scope  of th is  chapter, the  Am erican  Academy  of Derm atology
has outlined  general guidelines, w hich  include  (1) h igh  risk for
local recurrence, (2) areas requiring tissue preservation, and (3)
high  risk  for  m etastasis.  Other  t reatm ent  m odalit ies,  such  as
sim ple  excision , electrodessication  and  curettage, cryosurgery,
topical  chem otherapy, and  radiation  therapy, m ay  be  used  in
other situations.

Fig. 46.2  Schematic representation  of a  Mohs procedure. (a) Initial debulking  of the  tumor by curettage  is followed by tangential removal of the
tumor with a margin of clinically normal-appearing skin. (b) The specimen is divided and inked to correspond to the map, allowing precise localization
of the  remaining areas of positivity. (c) Frozen sections are  prepared, allowing visualization of the  undersurface and peripheral margin (“worm’s-eye
view”). (d) Remaining  areas of positivity are  identified, localized, mapped, and  excised  until a  clear margin  is obtained.
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46.4.2  Basal Cell Carcinom a
Basal cell carcinom a (BCC), a  m alignant  neoplasm  derived  from
nonkeratin izing cells that  originate in  the basal layer of the epi-
derm is, is the m ost  com m on cancer in  hum ans. The pathogene-
sis of BCC involves exposure of the skin  to ultraviolet  (UV) light ,
particularly the  UVB spectrum  (290 to 320 nm ), w hich  induces
m utations in  tum or suppressor  genes. A latency period  of 20 to
50  years  has  been  described  betw een  the  t im e  of UV dam age
and  clin ical onset  of the  tum or. Thus, in  m ost  cases, BCC devel-
ops on  sun-exposed  skin  in  elderly people, m ost  com m only the
head  and  neck, m aking it  an  en t ity that  is often  encountered by
head and neck surgeons.

Clinically, BCCs m ay be  recognized  by their  t ranslucency, ul-
cerat ion, telangiectasia, and  rolled  borders;  however, it  is  im -
portant  to  note  that  features m ay vary for  the  di erent  clin ical
subtypes, w hich  include  nodular  (the  m ost  com m on  subtype
on  the  head  and  neck),  superficial,  m orpheaform ,  and  pig-
m ented BCCs and fibroepitheliom a of Pinkus.

For  the  m ost  part, BCCs tend  to be  indolent  tum ors;  however,
w hen  located  on  the  ear, nose, eyelid, or  lip, they are  part  of the
“H” zone  where  MMS is  indicated  because  of  the  high  recur-
rence rate and  potential to invade locally, resulting in  substantial
tissue  dam age to vital structures. One of the  m ost  com mon  sites
for  BCC is the  nose, w here  tum ors m ay extend  far  beyond  w hat
m ay be  expected  based  on  clinical exam ination  (� Fig. 46.3). In

Fig. 46.3  Basal cell carcinoma (BCC) may extend far beyond what  is expected on clinical examination. (a) BCC with perineural invasion involving most
of the  nasal tip. (b) Paramedian forehead  flap  repair. (c) Pedicle  flap  division. (d) Four-month follow-up.
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addition  to the clinical subtypes of BCC, there are histologic sub-
types  that  range  from  less  aggressive  patterns, such  as  nodular
and  superficial, to  m ore  aggressive  patterns, such  as infiltrative,
m icronodular,  and  sclerosing  or  m orpheaform.  The  aggressive
subtypes  typically  are  m ore  poorly  defined  clinically  w ith  less
predictable  radial growth  patterns, leading to greater  subclinical
extension  of tumor. When  viewed  during the  tradit ional  “bread
loaf” processing of perm anent  sect ions, these areas of tum or ex-
tension  can  be m issed, leading to a false-negative result.

When  BCCs  on  the  face  are  incompletely  excised,  these
tum ors  recur  between  12% and  41% of  the  t im e. It  has  been
dem onstrated  that  MMS has a  99% cure  rate  for  prim ary BCCs,
compared w ith  91.3% for other m ethods. In  term s of recurrence,
the  rate  of  second  recurrence  of  BBCs  after  treatm ent  w ith
MMS is 5.6%, as opposed  to  17.6% after  standard  excision, 9.8%
after  radiation  therapy, and 40% after curettage and desiccation.
When  the  surgeon  approaches the  patient  w ith  a  recurrent  fa-
cial  BCC, it  is  crucial  to  note  that  several  recent  studies  have
dem onstrated  greater  e cacy  of  tum or  clearance  w ith  MMS
than w ith  standard excision.

As m ent ioned briefly above, although m ost BCCs are indolent ,
slow ly  invading  tum ors,  both  perineural  invasion  and  m eta-
static BCC can  occur. The estim ated  incidence of m etastatic BCC
has been  reported  to be from  less than  0.003% to 0.5%. Perineu-
ral invasion, w hich  is  defined  as  the  observation  of m alignant
cells  in  the  perineural  space  of  nerves, has  been  reported  in
fewer  than  0.2% of cases. When  perineural invasion  is detected,
every e ort  should  be  m ade  to  clear  the  tum or, preferably  by
MMS,  at  t im es  em ploying  an  in terdisciplinary  approach.  Pa-
tien ts w ith  gross perineural invasion  as indicated  by neurologic
sym ptom s  w ill  benefit  from  preoperative  m agnetic  resonance
im aging to assess the  extent  of tum or  spread. Classic examples
include  brow  paralysis  due  to  involvem ent  of  the  temporal
branch  of the  facial nerve  and  m idface  paresthesias  secondary
to  involvem ent  of  the  t rigem inal  nerve.  The  estim ated  inci-
dence of m etastatic BCC has been  reported to be approxim ately
0.0028% (28 cases per  1  m illion  diagnoses of BCC) but  has been
cited  to be  as h igh  as 0.5%. Relevant  to  otolaryngologists, m ore
than  80% of m etastatic BCCs originate from  prim ary BCCs of the
head  and  neck. Although  the  top ic is beyond  the  scope  of th is
chapter,  studies  are  under  way  of  m olecular  pharm acother-
apy  to  target  the  hedgehog  signaling  pathw ay, though t  to  be
responsible  for  the  pathogenesis of BCC, and  a  new  drug, vis-
m odegib, has  been  approved  by the  FDA for  the  t reatm ent  of
m etastat ic BCC.

MMS provides definitive  surgical m anagem ent  of facial cuta-
neous  m alignancies. In  addition , another  factor  to  be  consid-
ered  is that  the psychosocial im plications of head  and  neck sur-
gery  and  the  resulting  reconstruction  and  scarring  cannot  be
underestim ated. Given  the  m orbidity  associated  w ith  residual
tum ors after failed standard excisions and treatm ent  w ith  other
m odalit ies, and  the  rare  recurrence  after  MMS, it  is  im portant
for  the surgeon  to consider  the  psychological traum a and  anxi-
ety  associated  w ith  m ultiple  procedures  in  th is  region .  One
large  prospect ive  cohort  study  found  that  MMS was  an  inde-
pendent  factor for h igher rates of long-term  patient  satisfact ion
w hen  compared  w ith  standard  excision  or  curettage  and  desic-
cation. In  term s of guidance  for  patients  follow ing the  surgical
m anagem ent  of BCC, ongoing total-body skin  cancer screenings
by a  derm atologist , sun  protect ion  m easures, and  skin  self-ex-

am inations  should  be  recom m ended  because  an  estim ated  40
to 50% of patients w ith  prim ary BCC w ill develop at  least  one or
m ore BCCs w ithin  5 years.

46.4.3  Squam ous Cell Carcinom a
Squam ous  cell  carcinom a  (SCC)  is  a  neoplasm  of  keratin izing
cells  that  show s m alignant  characteristics, including anaplasia,
rapid  grow th,  local  invasion ,  and  m etastatic  potent ial.  More
than  250,000  cases  of SCC are  diagnosed  in  the  United  States
per  year,  m aking  it  the  second  m ost  com m on  hum an  cancer
after  BCC.Whereas the  behavior  of BCC is determ ined  by histo-
logic phenotype, as described above, the risk for recurrence and
m orbidity in  pat ients w ith  SCCs is related  to the  cellular  di er-
en t iation  and depth  of invasion  of the neoplasm  into the reticu-
lar derm is and subcutis.

As opposed  to BCC, w hich  is thought  to arise  de novo, SCC in-
volving the  epiderm is alone  (term ed  SCC in  situ) tends to arise
in  association  w ith  preexisting  actin ic  keratoses,  m ost  com -
m only  on  sun-dam aged  skin . Clin ically, SCC often  presents  as
an  erythem atous,  scaling  patch  or  a  slightly  elevated  plaque;
however, in  the  im m unocomprom ised  host, a  m ore  aggressive
phenotype m ay be seen, including m etastatic disease. Although
SCC in  situ  is considered  to have lit t le  to  no risk for  m etastasis,
invasive  SCC can  originate  in  neglected  SCC in  situ  (� Fig. 46.4)
and  m etastasize. The  incidence  of m etastasis  of invasive  SCC is
3  to  5%. A higher  incidence  (10  to  30%) is  associated  w ith  SCC
arising on  m ucosal surfaces (lip , genitalia) and  on  sites of prior
injury  (scars, chronic ulcers). It  is  also  im portan t  to  note  that
im m unosuppressed  patien ts, such  as  those  w ho  have  received
organ  transplants, are a special h igh-risk group in  w hom  the in-
cidence  of SCC is  increased  m ore  than  60-fold  compared  w ith
that  in  the general population . Perineural invasion  is associated
w ith  a  h igh  risk  for  recurrence  and  potential  m etastasis  and
m ay  be  observed  in  tum ors  thought  to  be  otherw ise  low -risk
on  clin ical exam inat ion  (� Fig. 46.5).

For SCC on the head and neck, recurrence rates after MMS are
lower  than  after  tradit ional excisional surgery  in  prim ary  SCC

Fig. 46.4  Squamous cell carcinoma (SCC) may eventuate  in  local
recurrence  and  metastasis. A patient  with  untreated  SCC that
continued to invade locally and subsequently metastasized to regional
lymph nodes.
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of  the  ear  (3.1% vs  10.9%),  prim ary  SCC of  the  lip  (5.8% vs
18.7%), recurrent  SCC (10.0% vs 23.3%), SCC w ith  perineural in-
vasion  (0% vs. 47%), SCC larger  than  2 cm  (25.2% vs 41.7%), and
poorly di eren tiated SCC (32.6% vs 53.6%). The literature has re-
flected  variations in  the  m anagem ent  of patien ts w ith  SCC and
perineural  invasion , but  several  authors  encourage  in terdisci-
plinary evaluat ion  of these pat ients by a radiation  oncologist  for
consideration  of radiation  therapy.

To  highlight  one  anatom ical site  germ ane  to  head  and  neck
surgeons, it  is  im portant  to  note  that  SCC of the  scalp  m ay be
particularly aggressive  and  warrants careful m anagem ent. This
m ay be due to  “field  disease” or  “field  cancerization,” w hich  re-
fers  to  the  confluence  of extensive  act in ic  keratoses  and  SCCs
w ith  follicular  involvem ent  that  is associated  w ith  higher-than-
expected  recurrence  rates  after  superficially destructive  m eas-
ures  leading  to  di culty  achieving  negative  m argins. In  addi-
tion, the extensive vasculature and  lymphatic drainage pat terns
of the  scalp  perm it  penetration  and  spread  of the  tum or. One
hazard  of th is  lymphovascular  network  includes  the  potential
for  in-transit  m etastases  or  foci  of  cutaneous  SCC.  In-transit

lesions  arise  w ithin  derm al or  subcutaneous  tissue  that  is  dis-
tinct  from  the  prim ary tum or  site. They occur  betw een  the site
of  the  prim ary  or  recurren t  tum or  and  the  closest  regional
lymph  nodes  and  are  thought  to  represent  local  lymphatic
m etastases  (� Fig. 46.6). It  is  crit ical to  evaluate  these  pat ients
for  nodal and  distan t  m etastases. The  in-transit  lesions m ay be
rem oved by either standard  excision  or MMS, followed by post-
operative  radiation  therapy.  MMS can  be  useful  in  cases  in
w hich  there is di culty distinguishing solitary in-t ransit  m eta-
stasis from  deep m arginal recurrence.

46.4.4  Melanom a
Melanom a, a  m alignancy  arising  from  m elanocytes, is  am ong
the  m ost  com m on  form s  of cancer  in  young  adults. The  inci-
dence  of m elanom a  is  rising  worldw ide;  in  the  United  States,
the  estim ated  lifetim e  risk for  invasive  m elanom a is  1  in  1,500
for persons born  in  1935, 1 in  600 for those born  in  1960, and  1
in  62  for  those  born  in  2006  (1  in  34  if in  situ  m elanom a is in-
cluded). Risk factors for developing m elanom a include a h istory

Fig. 46.5  Perineural invasion can  occur with  squamous cell carcinoma. (a) Perineural invasion  in  a lesion that  appears low-risk otherwise. (b) In  this
case, perineural invasion involved  the  supratrochlear nerve, and  multiple  stages of Mohs surgery were  required  to  achieve  a  tumor-free  plane. (c)
Microscopic view of perineural invasion  from  a Mohs section.
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of  sunburns  and/or  heavy  sun  exposure,  blue  or  green  eyes,
blonde or  red  hair, fair  complexion, m ore than  100 typical nevi,
any atypical nevi, prior  personal or  fam ily history of m elanom a,
and  certain  genetic  m utations. Melanom a  has  the  poten t ial to
m etastasize to regional lymph nodes and distant organs, includ-
ing liver, bone, and  brain . There  are four  m ajor  subtypes of pri-
m ary cutaneous  m elanom a, listed  in  order  of frequency of oc-
currence from  highest  to lowest: (1) superficial spreading m ela-
nom a (60 to 70%); (2) nodular  m elanom a (15 to 30%); (3) lenti-
go m aligna m elanom a (5 to 15%); and  (4) acral lentiginous m el-
anom a (5 to 10%). The prognosis for a patient  w ith  m elanom a is
proport ional  to  the  depth  of  invasion  of  the  tum or;  patients
w ith  m alignant  m elanom a  in  situ  (tum or  confined  to  the  epi-
derm is)  have  an  excellent  prognosis  and  a  high  cure  rate  after
excision. The  term  lent igo maligna  melanoma  refers to m elano-
m a  in  situ  occurring  on  sun-dam aged  skin ;  it  is  is  m ost  often
encountered  on  the  head  and  neck  and  m ay progress  to  inva-
sive  lentigo m aligna m elanom a. It  is typically a  slow ly grow ing

tum or  w ith  a centrifugal pattern  and  thus grow s radially as op -
posed to vert ically.

Although w ide local surgical excision  rem ains the gold  stand-
ard  in  the  t reatm ent  of m elanom a, there  is grow ing acceptance
and  ut ilization  of MMS for  m elanom a, part icularly  m alignant
m elanom a  in  situ  and  th in  m elanom as.  Excision  m argins  for
m elanom a range from  narrow  (0.5 cm ) for  m elanom a in  situ  to
2 cm  for lesions of m ore than  2 m m  in  Breslow  depth. For m ela-
nom a in  situ , the com m only accepted  5-m m  m argin  is based on
the  National Institutes of Health  Consensus expert  opin ion  and
on  data  for  m elanom as on  the  trunk and  extrem it ies. However,
w ith  the grow ing ut ilization  of MMS for  m elanom a in  situ , new
evidence  m ay  indicate  that  5-m m  m argins  are  inadequate  for
achieving a tum or-free plane. A recent  study of 1,120 m alignant
m elanom as  in  situ  excised  w ith  MMS followed  by  frozen  sec-
tion  exam ination  of the  m argins found  that  86% of m elanom as
in  situ  were successfully excised  w ith  a  6-m m  m argin , w hereas
a 9-m m  m argin  rem oved  98.9% of m elanom as in  situ. Although
frozen  sect ions have been  show n  to be  100% sensitive  and  90%
specific  for  detect ing  m elanom a  during  MMS in  som e  studies,
these  rates  can  vary  significantly  w ith  surgeon  ability  and  the
processing  techn ique  of a  given  laboratory. It  is  im portan t  to
note  that  special  im m unologic  stain s,  including  Melan-A/
Mart-1, S100, Mel5, and  HMB-45, have  been  used  to  enhance
sensit ivit y  in  the  detect ion  of m alignan t  m elanocytes  during
MMS. Curren t ly, rap id  Mart-1  stain ing is  m ost  often  used  for
th is purpose.

Using MMS to accurately define tum or-free m argins for m ela-
nom a is  especially importan t  on  the  head  and  neck, w here  re-
currence  rates  have  been  show n  to  be  high  and  funct ion  and
cosm esis  are  im portant . Local  recurrence  rates  after  standard
excision  of m elanom a  on  the  head  and  neck  approxim ate  9  to
13% but  have  been  reported  to  be  as  h igh  as  42% (� Fig. 46.7).
For  lentigo  m aligna  m elanom a  after  MMS, recurrence  rates  as
low  as  1.4% have  been  reported. Another  t reatm ent  option  is
term ed  staged  excision. This  refers  to  debulking  of the  tum or
w ith  a narrow-m argin  standard excision  to confirm  depth  com -
bined  w ith  en  face  evaluation  or  peripheral  m argins. The  pe-
ripheral  specim ens  are  divided  and  the  m argins  are  inked  to
m aintain  true  orientation ;  however, t issue  is  sent  for  standard
form alin  fixation  and  para n  em bedding. A diagnosis  of  re-
m aining  areas  of positivity  is  available  w ithin  24  to  36  hours,
and  any residual m elanom a m ay be  rem oved  subsequently in  a
directed  fashion. Once the surgical m argins are confirm ed  to be
clear,  wound  m anagem ent  m ay  involve  secondary  in tention
healing, prim ary closure, skin  graft , or  flap  repair. It  is  impor-
tan t  for  pat ien ts  to  be  aware  that  the  final size  of the  surgical
defect  after  the  staged  excision  of a  lentigo  m aligna  m elanom a
on  the  head  and  neck can  be  2  to  10  tim es  the  original lesion
size.

46.5  Conclusion
Mohs m icrographic surgery is a t issue-conserving surgical tech-
nique for excising and  m apping high-risk skin  cancers. It  allow s
a histologic assessm ent of the complete circum ferential surgical
m argin  w ith  im m ediate  frozen  sections or  special stains. In  ad-
dition  to  the  benefits  that  MMS o ers  in  term s of m argin  con-
trol and conservation  of tissue, it  has proved to be cost-e ective

Fig. 46.6  (a) In-transit  metastasis from  primary cutaneous squamous
cell carcinoma (SCC). (b) In-transit  metastasis from  SCC in a transplant
recipient. Intraoperative  view of removal before  complete  clearance
was achieved.
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w hen compared w ith  other m odalit ies used to treat skin  cancer.
One study determ ined that  the overall cost for MMS and im m e-
diate  reconstruct ion  by  a  fellow ship-t rained  Mohs  m icro-
graphic and  reconstruct ive  surgeon  m ay be  threefold  less  than
the  cost  of  surgery  perform ed  by  a  colleague  from  an  allied
surgical  subspecialty  in  an  am bulatory  surgical  center. In  the
correct  clinical  context,  MMS provides  pat ients  w ith  a  treat-
m ent  m odality that  leads to the  highest  cure  rates and  optim al
functional and cosm etic results.

46.6  Roundsm anship
●  Mohs m icrographic surgery is the only technique that allow s

complete evaluation  of the ent ire peripheral and deep surgi-
cal m argin . This in  turn  allow s m axim al conservation  of nor-
m al tissue w ith  optim ization  of funct ion  and cosm esis.

●  A key defin ing feature of MMS is that the surgeon excises,
m aps, and review s the specim en personally, m inim izing the
chance of error in  t issue in terpretation  and orientation.

●  The Am erican  Academy of Derm atology general guidelines for
MMS include (1) h igh  risk for local recurrence, (2) areas re-
quiring t issue preservation, and (3) h igh  risk for m etastasis.

●  MMS achieves a 99% cure rate (compared w ith  91.3% for other
m ethods) for prim ary BCC, and a 94.4% cure rate (compared
w ith  82.4% for standard excision, 90.2% for radiation  therapy,
and 60% for curettage and desiccation) for recurrent BCC.

●  For the follow ing categories of SCC, MMS is associated w ith
higher cure rates than  tradit ional excisional surgery: prim ary

SCC of the ear (96.9% vs 89.1%), prim ary SCC of the lip  (94.2%
vs 81.3%), recurrent  SCC (90.0% vs 76.7%), SCC w ith  perineural
invasion  (100% vs 53%), SCC larger than  2 cm  (74.8% vs 58.3%),
and poorly di erentiated SCC (67.4% vs 46.4%).
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47  Grafts in  Head and Neck Surgery
Thomas C. Spalla

47.1  Int roduct ion
There w ill be t im es during head  and  neck surgery w hen  recon-
struct ion  w ith  one or  m ore grafts becom es necessary. The graft
m ay  serve  as  the  ideal  reconstruct ive  m ethod  for  the  defect;
however,  in  som e  cases  it  m ay  be  a  necessary,  although  not
ideal, alternative. Regardless, the  head  and  neck  surgeon  m ust
have  a  firm  understanding  of the  indications, surgical  techni-
ques, and  complications  that  m ay  arise  from  various  graft ing
techniques.

As  w ith  any surgery, the  surgeon  m ust  do  his  or  her  best  to
convey  both  the  surgery  and  recovery  periods  to  the  pat ient
and  caregivers.  In  elective  cases,  the  surgeon  should  have  a
good  idea of w hether  or  not  grafts w ill be  required  for  the  sur-
gery, although  surprises  do  arise. The  consideration  of grafts
preoperatively is necessary not  only for  inform ed  consent  (e.g.,
donor  site  m orbidity);  it  also  helps  to  have  any additional in-
strum entation  or  personnel available  in  the  operat ing room  to
facilitate  a  sm ooth  operat ion.  Preoperatively,  conditions  that
m ay increase failure (sm oking, diabetes, peripheral vascular  oc-
clusive disease, anem ia, bleeding dyscrasias) m ust  be exam ined
and, if  possible, their  e ects  m inim ized. There  should  not  be
any hesitation  to consult  w ith  other specialties (e.g., cardiology,
endocrinology, hem atology) so that  the chance for the best  pos-
sible outcom e is m axim ized.

Grafts  consist  of num erous  types  of t issues, both  native  and
foreign , and som e of the m ost  com m on w ill be discussed below.
Each  has its ow n  unique indications, lim itations, risks, and  ben-
efits, and  a well-trained  surgeon  m ust  have  a  firm  comprehen-
sion  of each of these.

47.2  Skin Grafts
Skin  grafts play a large role in  the repair of cutaneous defects in
the  head  and  neck. Som e  general  principles  m ust  be  kept  in
m ind w hen  a skin  graft  is considered  as the m eans of tissue  re-
construction . The  skin  graft  is  dependent  on  the  recipient  site
for  its  blood  supply. Ideally, the  recipien t  site  is  well vascular-
ized  to  provide  a  healthy bed  on  w hich  the  skin  graft  can  sur-
vive. This tenet  prohibits placing skin  grafts  over  areas that  are
not  vascularized, such as bone, cartilage, and bare tendon. How -
ever, there  m ay  be  exceptions  in  w hich  a  sm all graft  (i.e., one
w ith  fewer  nutr itional  dem ands)  successfully  survives  these
conditions because  of a  robust  blood  supply delivered  through
the  periphery  via  im bibition  and  neovascularization .  It  m ust
also  be  kept  in  m ind  that  because  of the  increased  num ber  of
cells in  the  tissue  and  am ount  of tissue  that  is farther  from  the
recipient  bed (i.e., m ore superficial), full-th ickness skin  flaps re-
quire a greater blood supply for their survival. Also, the surgeon
m ust  try to m atch  the skin  tone and  texture of the donor  to the
recipient  site. This  allow s  the  best  cosm etic result  from  a  skin
graft  and helps to avoid the creation  of a  “patched” appearance.

Skin  grafts  are  not  lim ited  to external indications. For  exam -
ple, skin  grafts can  be useful for  in traoral defect  coverage to de-
crease wound  contracture and  allow  coverage of a large surface

that  m ight  alternatively have  been  left  to  undergo a  prolonged
course of secondary in tention  healing.

47.2.1  Split -Thickness Skin Grafts
Split-th ickness skin  grafts (STSGs) include the  entire  epiderm is
and  a  variable  am ount  of derm is. Varying  th icknesses  can  be
used  depending on  the  recipient  site  requirem ents  (� Fig. 47.1
and  � Fig. 47.2;  � Table  47.1). Thin  grafts  are  often  used  w hen
surveillance  for  tum or  recurrence  is  im portant , and  a  th inner
graft ,  although  less  cosm etically  acceptable,  allow s  an  earlier
detect ion  of recurrence.

Keep  in  m ind  that  the  th inner  the  skin  graft , the  greater  the
chance  for  survival, but  the  greater  the  degree  of contraction.
The  surgeon  should  thus  harvest  a  graft  that  is  larger  (by ap-
proxim ately  25%) than  the  in tended  recipient  site  to  allow  for
th is contraction  and a tension-free insetting.

47.2.2  Full-Thickness Skin Grafts
Full-th ickness  skin  grafts  (FTSGs)  are  helpful  in  situat ions  in
w hich the recipient  site is not excessively large and the atrophic
appearance  of an  STSG m ight  be  unfavorable  (e.g., nasal  t ip).
Additionally, FTSGs do not contract  to the sam e degree as STSGs
and  therefore  are  appropriate  in  situations in  w hich  funct ional
or  significant  cosm etic  defects  m ight  result  from  significant
contracture (e.g., eyelid  defects).

Once  the  site  of the  defect  is  know n  and  an  FTSG is  consid-
ered,  the  surgeon  should  exam ine  the  rem ainder  of  the  pa-
tient’s head  and  neck for  an  appropriate  donor  site. Ideally, the
donor  site  should  m atch  in  color  and  texture. Areas  of prom i-
nent  sun  exposure often  m atch  well w ith  recipient  sites having
sim ilar  exposure. Additional poin ts  m ust  be  kept  in  m ind. The
surgeon  m ust  ensure  the  follow ing:  Harvesting  w ill not  cause
undue  m orbidity;  harvesting w ill not  create  issues w ith  im m e-
diate, or  in  the  foreseeable  future, reconstruct ions;  and  the  se-
lected  donor  site  is  free  of cancer. Also, if there  is  concern  for
early  cancer  recurrence  associated  w ith  an  aggressive  cutane-
ous m alignancy, the  surgeon  m ay w ish  to use  an  STSG or  FTSG
as  a  tem porary m easure  before  m ore  defin itive  reconstruction
after  an  appropriate  period  of  recurrence-free  surveillance.
Com m on  donor sites include pre-  and  postauricular skin , upper
eyelids, m elolabial fold, and the supraclavicular fossae.

As w ith  all surgery, a detailed discussion of the risks, benefits,
and  alternatives w ith  the patien t  and/or caregivers is necessary
before  proceeding  because  m ultip le  options  are  frequently
available, and  the  patient’s  goals  and  expectations  m ay not  be
in  line  w ith  the  surgeon’s. Despite  the  surgeon’s  best  attem pts
at  color and  texture m atch, the graft  often  ends up having som e
degree of “patchwork” appearance. This is usually m ost  evident
at  first , w hile  the  blood  supply is  not  yet  strong, and  becom es
less  noticeable  over  t im e  (� Fig.  47.3).  The  patient  m ust  be
m ade aware of th is.

FTSGs  require  a  robust  blood  supply  in  the  recipient  site  to
ensure  complete  healing, w hich  is  often  referred  to  as  “take.”

47.2  Skin Grafts
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Bolstering the  reconstruction  (� Fig. 47.4), as detailed  above, is
necessary to ensure the best chance for a 100% take.

The  poten t ial for  donor  site  m orbidity  is  greater  w ith  FTSGs
than  w ith  STSGs. Harvesting  an  FTSG requires  layered  closure
of the donor site and alm ost  always necessitates som e degree of
underm in ing  to  allow  a  tension-free  repair. This  creates  som e
degree of dead space, w hich  m akes possible the developm ent of
a serom a or hem atom a and, subsequently, infect ion. Meticulous
surgical  technique  w ill  keep  th is  problem  to  a  m inim um  and
should  not  deter  from  the  use  of an  FTSG. As w ith  STSGs, addi-
tional procedures m ay be required to give the best possible final
outcom e.

Fig. 47.1  Diagram  of the  skin  demonstrating  levels of depth  of various skin  grafts.

Fig. 47.2  It  is essential to tent  the  split-thickness skin graft  away from
the  dermatome as the  harvest  progresses.

Table 47.1  Split-thickness skin grafts

Graft  Thickness (in)

Thin  0.008–0.010

Medium  0.011–0.015

Thick  0.016–0.018
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47.2.3  Derm al Grafts
Derm al grafts are sim ilar  to FTSGs except  that  they lack an  epi-
derm al component. They are infrequently used  as a way to bulk
up  the  derm al layer. At  t im es, they m ay be  used  to  raise  a  de-
pressed  scar.  Autologous  derm al  grafts  are  harvested  by  first
raising  an  STSG (that  is  left  pedicled  to  the  skin  at  one  end),
then  excising the  derm is  and  covering  w ith  the  STSG. The  de-
velopm ent  of  allograft  derm is  has  supplanted  th is  technique
because it  saves t im e and avoids any donor site m orbidity.

AlloDerm  (LifeCell, Branchburg, NJ) is cadaver-derived derm is
that acts as a fram ework for t issue ingrow th  and thus resists in-
fect ion  and  extrusion. It  is  often  used  to  aid  in  m ucosal recon-
struct ion  (e.g., partial glossectomy) and  also m ay be in terposed
betw een  the  parotid  bed  and  superficial m uscular  aponeurotic
system  (SMAS) after  a  parotidectomy in  the hope of decreasing
the  incidence  of Frey syndrom e. Another  unique  application  of
AlloDerm  is as a t issue bed and sca olding for donor site defects
after radial forearm  free flap  harvesting. However, Wax et al did
note  its  potent ial  shortcom ing  of a  prolonged  healing  t im e  in
comparison  w ith  an  STSG.

47.2.4  Fat  Grafts
Fat  graft ing  can  be  used  for  im proving  a  variety  of soft-t issue
deficits. It  can  be harvested  by liposuction  or  the  en  bloc resec-
tion  of subcutaneous fat . The fat  in  these situations relies on  the
recipient  site  for  its  blood  supply. Som e  am ount  of loss  is  ex-
pected  in  the  early healing phase, and  therefore  overcorrect ion

is  recom m ended.  One  of  the  di culties  encountered  in  fat
transfer  is  resorption, w hich  occurs  w ith  t im e. The  t im ing and
degree of resorption  likely vary depending on  technique, recipi-
ent  site, graft  preparation, and m ethods used to determ ine such
lasting results. Despite these draw backs, fat  graft ing has num er-
ous  applications  in  aesthetic  (e.g., lip , nasojugal, m alar, or  full
facial augm entation), funct ional (e.g., glot tis  insu ciency), and
reconstruct ion  (e.g., parotidectomy bed defect) sett ings.

47.2.5  Surgical Technique
Split -Thickness Skin Grafts
Most  surgeons use  a  powered  derm atom e  to  harvest  the  STSG
because  th is  allow s  precise  control  over  the  th ickness  of  the
graft . The  donor  site  is  lubricated  w ith  m ineral oil  to  prevent
sticking and  allow  the derm atom e to glide through  the harvest,
so that catch ing and  tearing of the skin  flap  are avoided. Having
an  assistant  gently grasp  the  ends of the  skin  w ith  forceps as it
passes  through  the  derm atom e  is  helpful to  prevent  bunching
of the  skin  and  subsequent  tearing  (see  � Fig. 47.2). Once  the
appropriate  am ount  of skin  is  harvested, it  should  be  stored  in
saline-m oisted gauze. Do not  im m erse the graft  in  saline, or  es-
pecially  water,  because  th is  w ill  prom ote  edem a  w ithin  the
graft  and  lead  to m acerat ion. Pinpoin t  bleeding is expected  be-
cause the capillary loops in  the  papillary derm is w ill have been
transected.  Placing  a  gauze  pad  m oistened  w ith  dilute  epi-
nephrine  solution  (1:100,000  to  1:300,000) is  a  sim ple  way to
slow  the  bleeding  and  facilitate  the  application  of a  dressing.
The donor  site  m ay now  be dressed  w ith  sterile  bandaging in  a

Fig. 47.3  Lentigo maligna melanoma excised from the nasal dorsum with appropriate margins. Remainder of violated nasal subunits also excised, and
defect  repaired  with  a  full-thickness skin  graft  (FTSG). (a) Preoperative  view. (b) Intraoperative  view showing  margins of the  lesion and  surgical
margins extended to incorporate nasal subunits. (c) Surgical specimen. (d) Surgical defect . (e) Supraclavicular FTSG sutured in place. (f) Postoperative
view at  5  days. (g) Two-year view shows mild  hyperpigmentation of the  FTSG.
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m anner  of  the  surgeon’s  preference.  Som e  surgeons  prefer  a
coating of antibiotic ointm ent  followed by a nonadherent dress-
ing and  another  layer  of sterile  dressing to  act  as  padding and
absorb the serous e usion, w hich  is usually present  for  the first
48  to  72  hours.  Other  surgeons  sim ply  place  a  biosynthetic
dressing, w hich  perm its re-epithelialization  beneath  its surface
and avoids dressing changes in  the early postoperative period.

Avoid  the  temptat ion  to  sim ply  m easure  the  recipient  site
and  t rim  the  graft  accordingly  on  the  back  table. The  error  of
excessive resection  w ill force the surgeon  to sew  the  “scraps” of
th is  graft  in to  the  recipien t  site, fenestrate  the  rem aining graft
to allow  it  to reach  the  perim eter, or  harvest  a  new  graft . All of
these situat ions should  be avoided because they w ill not  perm it
the  best  possible  aesthetic  outcom e  or  w ill  lead  to  additional
donor  site  m orbidity (w hich  m ust  be  explained  to the  pat ient).
An  easy way to avoid  th is is for  the surgeon  to lay the oversized
graft  on  the  recipient  site  and  place  a  tacking suture  at  the  pe-
riphery  before  t rim m ing  the  graft .  Make  increm ental  adjust-
m ents  in  graft  size  peripherally. Do  not  attempt  to  correct  the
ent ire  graft  size w ith  one fell swoop  of the knife. A few  seconds
of pat ience w ill pay o n icely in  the  end. Single-layered  closure
is all that  is necessary at  the periphery of the wound.

Prevent ing the  accum ulat ion  of fluid  (serom a  or  hem atom a)
beneath  the  graft  is crit ical because its survival depends on  the
nutr it ion  from  the wound  bed. Therefore, it  m ay be w ise to use
in terrupted sutures at  the periphery to allow  the egress of fluid
beneath  the  graft . Som e  surgeons  place  tacking sutures  in  the
central portion  of the graft  to help  prevent  it  from  lift ing o the
wound  bed, thereby closing  any  dead  space. This  technique  is
particularly helpful w ith  large  grafts. Additionally, w hen  larger
grafts  are  used,  creating  a  few  fenestrations  (“pie  crust ing”)
w ith  a  No.  15  blade  m ay  be  helpful  in  allow ing  fluid  egress.
Drain  placem ent  is  unnecessary, and  the  in terposition  of th is
foreign  body  prevents  revascularization  of  the  portion  of  the
skin  graft  superficial to it .

No m atter  the size of the graft , bolsters are extrem ely helpful
in  prom oting  skin  graft  healing.  Bolsters  are  usually  created
w ith  flu ed gauze, or  sim ilar  m aterial, followed  by a nonadher-
ent  dressing layer  that  is  then  coated  w ith  antibiotic oin tm ent.
This is then  sew n over  the graft  w ith  perm anent  m onofilam ent
suture. Bolsters  serve  two  purposes. First , they elim inate  dead
space  and  prevent  the  form ation  of serom as beneath  the  graft;
additionally, bolsters decrease  the  transm ission  of shear  (later-
ally transm itted) forces across the graft . Shear forces disrupt  the
newly form ing blood  supply and  m ay also  traum atize  the  graft
or  recipient  site, causing  serom as  or  hem atom as. Bolsters  can
be  bulky and  appear  unsightly to  the  patien t, but  they are  in-
valuable  in  graft  survival and  a  favorable  outcom e. In  general,
bolsters are  rem oved  approxim ately 7 days after  surgery unless
the  pat ient’s  clin ical  picture  dictates  otherw ise.  After  bolster
rem oval,  the  wound  can  be  exam ined  and  local  wound  care
applied.

Full-Thickness Skin Grafts
Because of the inherent  definition  of an  FTSG, wound  closure is
necessary at  the  donor  site. This is  typically done  in  a  fusiform
fashion. Therefore, the  surgeon  m ust  plan  not  only for  the  size
of the  necessary donor  t issue  but  also  for  the  excision  of addi-
tional t issues around  the  donor  site  to prevent  a standing cuta-
neous deform ity.

Once the donor site is selected, a 10 to 15% overestim ation  of
the  recipient  bed  is  w ise  because  of the  sm all am ount  of con-
tracture that  w ill occur. The skin  is harvested and subcutaneous
fat  sharply trim m ed  away. This im proves the  chance for  surviv-
al. The skin  m ay be  placed  in  saline-m oistened  gauze w hile he-
m ostasis  is  obtained  at  the  donor  site  and  layered  closure  of
th is wound is perform ed.

The  m anner  of  insetting  FTSGs  is  sim ilar  to  that  for  STSGs,
but  “piecrusting”  the  graft  is  rarely  indicated  because  these
FTSGs are not  generally m uch  sm aller  than  STSGs requiring th is
technique (e.g., coverage of a large scalp deficit).

Derm al Grafts
Autologous  derm al grafts  begin  w ith  the  partial  harvest  of an
STSG (thickness of 0.012  to 0.016  in). However, the  STSG is left
attached  at  the  distal  end. The  derm atom e  w idth  is  reduced,
and  a  deeper  pass  over  the  site  is  m ade  (th ickness  of 0.012  to
0.014 in) to harvest  the str ip  of derm is. The raised STSG m ay be
tacked  back  dow n  w ith  a  single  layer  of sutures, and  a  gentle
dressing applied.

Fig. 47.4  (a) Skin  defect  of the  right  temple  repaired  with  full-
thickness skin graft, held in place with peripheral sutures and a tie-over
bolster dressing. (b) Eight  months later, at  the  time  of repair of a
second defect . Note  mild  hypopigmentation of the  skin  graft.
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The derm al graft  is then  sutured  in to the  recipient  bed, typi-
cally  w ith  a  dissolvable  suture,  w ith  the  derm al  side  facing
superficially. In  som e situations, suturing is unnecessary, if m i-
gration  is not an  issue. AlloDerm  is inserted in  a sim ilar fashion.

Fat  Grafts
Fat  grafts  m ay be  harvested  through  liposuction  techniques  or
through  open  m eans.  The  surgeon’s  preference  typically  dic-
tates the m ethod chosen.

When  liposuct ion  is used, the  abdom en  is frequently chosen
as  the  donor  site  because  am ple  abdom inal  fat  is  usually
present, and  th is rem ote site often  allow s a two-team  approach
to be used, thereby reducing operating tim e. During th is techni-
que, the surgeon m ust  take care to stay in  the subcutaneous tis-
sues and avoid  dam aging the peritoneum . At the sam e t im e, the
cannula  opening m ust  be  directed  away from  the  derm is. After
harvest, a  pressure  dressing is  som etim es used  to  decrease  se-
rom a and/or hem atom a form ation.

Open  fat  harvest  m ay be perform ed sim ilarly, w ith  a sm all in-
cision  followed  by scissor  dissection  of the  skin  away from  the
subcutaneous  fat . The  author  generally  prefers  a  sem icircular
um bilical  incision  if  an  abdom inal  fat  harvest  is  being  per-
form ed  to  prevent  any additional abdom inal scarring. If an  ab-
dom inal lower quadrant  incision  is used, a  left-sided  incision  is
preferable  to avoid  confusing th is scar  w ith  an  open  appendec-
tomy incision . Also, m arking the  pat ient  in  an  upright  position
w ith  undergarm ents on  is helpful to cam ouflage the position  of
the final scar.

47.2.6  Follow-up
If any sites of duskiness are  seen, close follow -up  is warran ted.
Local wound  care  (gentle  cleansing  w ith  saline  or  peroxide  to
rem ove  any crust ing and  the  application  of an  an tibiotic oint-
m ent)  should  be  instituted, and  any conditions  that  m ay con-
tr ibute  to  th is  should  be  carefully  reexam ined  and  corrected.
For example, serom a form ation  under the graft  w ill decrease its
ability  to  receive  an  adequate  blood  supply  and  therefore
should  be  drained. Additionally, conditions such  as tobacco use
or uncontrolled  diabetes m ay also lead  to wound-healing issues
and  need  to  be  m anaged  post-operatively  to  m axim ize  the
chance for  a  successful outcom e. Photography can  be  helpful in
docum enting  and  tracking  the  extent  of  the  problem , and  it
serves as a  m eans of future  education  for  the  surgeon  and  stu-
dents. If sites  of necrosis  are  seen, the  aforem entioned  m eas-
ures  should  be  taken,  but  the  area(s)  of  necrosis  should  be
sharply excised  so that  they do not  act  as a grow th  m edium  for
bacteria. Regraft ing, or local t issue reconstruct ion , is not  recom -
m ended  at  th is  t im e  because  the  factors  responsible  for  in itial
failure  m ay still be  present  and  lead  to a  repeat  event, w hich  is
dishearten ing for  both  pat ient  and  surgeon. Rather, the  area  is
reconstructed  by  allow ing  secondary  in tention  healing  of th is
site, and  reconstruct ion  at  a  later  t im e  is considered. An  excep-
tion  to th is would  be a m oderate-size or  large failure  in  an  area
w here secondary in tention would create funct ional im pairm ent
or a significant  distort ion  of anatom ical structures. In  such  situ-
ations, if the  reasons for  failure  cannot  be  corrected  or  are  un-
clear, then  an  alternative  m ethod  of reconstruction  should  be
considered to avoid a repeat situation.

As  w ith  all scars, the  avoidance  of ultraviolet  light  is  crit ical
in  prevent ing  long-lasting  pigm entary  changes. A sunblock  or
sunscreen  of w ith  a  sun  protect ion  factor  (SPF) of 30  or  h igher
is  recom m ended  for  the  year  after  surgery.  After  successful
healing, m ethods  to  improve  the  final  aesthet ic  result  can  be
considered. Cam ouflage  w ith  cosm etics  is  very helpful in  both
the short-  and  long-term  m anagem ent  of residual aesthet ic im -
perfections. A full discussion  regarding derm abrasion  is beyond
the  scope  of th is chapter, but  derm abrasion  to the  periphery of
the graft , as well as the facial subunit , can  be considered to pro-
vide  a  better  blending of color  and  texture. Also, certain  laser
and  ligh t  applications  m ay  im prove  the  final  outcom e  by  im -
proving the  surrounding skin . In  general, these  techniques  are
not covered  by insurance companies, so they m ay not  be a real-
istic option  for m any patients.

47.3  Cart ilaginous Grafts
47.3.1  Nasal Cart ilage
Septum
The  quadrangular  nasal septal cartilage  is  an  invaluable  source
of graft  m aterial for  the  head  and  neck  surgeon. The  head  and
neck surgeon’s fam iliarity w ith  septoplasty m akes the  harvest-
ing of th is car tilage a rapid  and low -risk procedure. In  an  other-
w ise norm al and unoperated septum , the surgeon can  expect  to
obtain  a sheetlike piece of cartilage that  is approxim ately 1 m m
in  th ickness. It  is  easily  cut  in to  a  desired  shape  and  m ay  be
scored or m orselized depending on  the desired application .

One of the m ore com m on applications of the nasal septal car-
tilage  graft  is  to  im prove  a  dysfunct ional nasal valve. The  size
and  shape of the cart ilage allow  it  to be cut  in to rectangles (3 x
14  x  1 m m )  easily  and  in terposed  between  the  upper  lateral
cartilages  and  the  septum  to  w iden  the  in ternal  nasal  valve.
This  technique  can  also  be  used  to  w iden  the  m iddle  vault  of
the nose and bolster upper lateral car t ilages that m ay have been
disrupted and have since collapsed in to the nose. The nasal sep-
tal  cartilage  also  is  easily  fashioned  in to  batten  grafts,  w hich
help resist  external valve collapse.

Upper and Lower Lateral Cart ilages
The  upper  and  lower  lateral cartilages of the  nose  are  not  gen-
erally considered  prim ary autologous donor sites, prim arily be-
cause  of  the  aesthetic,  and  possibly  funct ional,  changes  that
m ay  occur. However, during  rhinoplasty, these  cart ilages  m ay
be  t rim m ed  (e.g., cephalic tr im  of the  lower  lateral cartilages).
These rem nants should  be saved  in  m oist  saline gauze until the
end  of the case. In  som e instances, they can  be crushed  or  m or-
selized  and  used  to  cam ouflage  m inor  irregular ities,  part icu-
larly of the nasal t ip .

47.3.2  Auricular Cart ilage
Auricular  cartilage, generally harvested  from  the  conchal bow l,
is  another  frequently  used  source  of graftable  cart ilage. Unlike
nasal  septal  cart ilage,  auricular  car tilage  is  bow l-shaped  and
therefore  does  not  lend  itself to  certain  applications. However,
th is  shape  is  quite  useful  in  nasal  applications  such  as  lower
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lateral  car tilage  reconstruction, alar  rim  grafts  (in  layered  re-
construction),  and  butterfly  grafts  (to  im prove  the  in ternal
nasal  valves).  The  ability  to  sim ultaneously  harvest  auricular
cartilage  w hile  the  recipient  site  is  being  prepared  is  another
advantage  of  th is  site.  Unlike  nasal  septal  cartilage,  auricular
cartilage is fairly weak. It  is th inner and m ore flexible and is not
suitable  for  situat ions  in  w hich  resilience  is  required;  in  older
patients, it  m ay be  quite  brit t le. The  m orselization  of auricular
cartilage  m ay  lead  to  its  destruct ion  and  an  appearance  of
m oist, wet dust.

Pre-  and  postauricular  harvest  is  possible  (� Fig. 47.5). It  is
recom m ended  that  som e  form  of  bolstering  technique  (e.g.,
dental rolls  or  m attress sutures;  see  � Fig. 47.5) be  used  w hen
the  donor  ear  is closed. This helps to reduce the  possibility of a
hem atom a, w hich  can  lead  to  subsequent  in fect ion  and  chon-
drit is, w ith  a resultant  “cauliflower” ear deform ity.

47.3.3  Costal Cart ilage
Costal car t ilage  is  often  used  in  situat ions of sign ifican t  nasal
and  auricular  reconstruct ions. It  o ers  a  reliably  large  piece
of car t ilage  that  can  be  carved  to  su it  a  host  of reconstruct ive
needs. One  of  the  best-know n  uses  for  costal  car t ilage  is  in
m icrotia  repair. The  creat ion  of delicate  features  th rough  car-
t ilage  carving requires  expert ise, and  it  is  recom m ended  that
the  surgeon  pract ice  th is  techn ique  w ith  substitu te  m ater ials
in  h is  or  her  free  t im e  to  gain  m astery. How ever, no  am oun t
of ex vivo practice  can  reliably pred ict  long-term  postoperat i-
ve  results.  The  details  of  these  techn iques  are  covered  in
Chapter  52  .

Costal  cartilage  can  be  harvested  sim ultaneously  in  a  two-
team  approach, thereby  decreasing  operative  tim e. Donor  site
m orbidity m ust  be  considered  w hen  costal cart ilage  is  used. A
chest  wall  scar  m ay  becom e  unsightly, and  its  placem ent  in  a
fem ale  patient  m ust  be  carefully  considered.  During  harvest,
the  possibility of pleural injury is real and  m ay lead  to a  pneu-
m othorax.  If  one  is  identified  during  surgery,  purse-string
closure  of the  defect  over  a  red  rubber  catheter  under  negative
aspiration  should  lead  to  a  safe  outcom e. As  w ith  any  costal
harvest, a  postoperative  chest  X-ray  is  perform ed  to  detect  a
pneum othorax. If one is identified  postoperatively, a chest  tube
should  be placed  and  any appropriate consultation  for  m anage-
m ent  m ade. Other  considerations  include  a  possible  unsightly
chest  scar, chest  wall pain , atelectasis, and  pneum onia. There-
fore, thorough  inform ed  consent  is  especially stressed  in  cases
of elect ive and cosm etic surgery.

47.3.4  Hom ografts
When  the surgeon identifies a reconstructive situation  in  w hich
the use of cart ilage would be beneficial, another option  rem ains
a possibility. Irradiated  cadaveric cart ilage  m ay be  used, and  its
use  depends  on  several factors. If the  patien t  or  caregiver  w ill
not  consent  to the  harvest  of autologous cartilage, or  if the  ad-
ditional risks of autologous cartilage harvest  outweigh  the  pos-
sible  benefits, cadaveric cartilage  m ay be  used. Although  som e
report  significant  resorption  in  long-term  follow -up,  others
have not found the rate to be as h igh.

In  addition  to resorption  concerns, there  exists a  concern  for
warping of the  hom ograft  cartilage, as  well as  the  fear  of viral

transm ission  (although  the  author  is  unaware  of any  reported
cases). It  is easy to see w hy m any surgeons prefer to harvest au-
tologous cart ilage.

47.4  Com posite  Grafts
Com posite  grafts  contain  two  or  m ore  layers  of  t issue,  and
therefore, even  m ore  so  than  FTSGs, require  a  robust  recipient
site  blood  supply. For  th is  reason , proper  patient  select ion  and
m inim ization  of pat ien t  com orbidities  (sm oking, glucose  con-
trol, blood th inners) are crucial for graft  viability.

A com m on  indicat ion  for  the  composite  graft  is  in  nasal ala
reconstruct ion . The  root  of the  helix  o ers  a  reliable  and  aes-
thetically  pleasing  source  for  th is  reconstruct ion . Graft  place-
m ent  is sim ilar  to that  for  the FTSG. Meticulous hem ostasis and
surgical technique cannot be overem phasized.

Fig. 47.5  (a) Anterior approach to concha cavum harvest. The surgeon
is elevating  beneath  the  perichondrium; dissection  is aided  through
hydrodissection with  1% lidocaine  and  1:100,000  epinephrine. (b)
Closure  of the  anterior approach. Mat tress sutures with  4–0 plain gut
were used to close the dead space and prevent an auricular hematoma.
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47.5  Osseous Grafts
Osseous graft s are  useful in  a  variety of head  and  neck recon-
struct ions.  These  grafts  can  be  placed  w ith  vascularized  or
nonvascular ized  m ethods.  Free  t issue  t ransfer  is  covered  in
Chapter  49  .

47.5.1  Nonvascularized Osseous Grafts
Split  calvaria m ay be readily harvested  for use in  head  and  neck
reconstruct ion , such as in  a nasal cantilever graft  for severe sad-
dle  nose  deform it ies. An  oscillating  saw  can  be  used  to  incise
the  outer  calvaria,  w ith  care  taken  to  prevent  penetration
through  the  inner  calvaria  and  injury to the  dura  m ater, w hich
can  result  in  an  epidural  or  subdural  hem atom a. It  is  recom -
m ended  that  the  surgeon, w hen  harvesting calvaria, avoid  su-
ture lines to m inim ize the risk for dural injury.

Iliac crest  o ers a viable  source  of autologous bone. Oral sur-
geons  frequently  use  the  iliac  crest  for  alveolar  bone  grafts
w hen deficien t  native t issues preclude im plant  placem ent.

The  ribs  o er  an  alternative,  although  less  often  utilized,
bone  stock. As  w ith  cart ilaginous  rib  harvest, the  risks  of th is
technique  are  real, and  the  bone  stock  at  th is  site  is  generally
less robust  than  that at  the calvaria or iliac crest.

47.6  Im plants
A variety of implant  m aterials exist  that  o er  flexibility in  head
and  neck  reconstruction  w ithout  any donor  site  m orbidity. No
m atter  w hat  the  m aterial, the  risks  for  infect ion  and  reject ion
are  greater  than  w ith  any  autologous  m aterial, and  therefore
the  judicious  use  of foreign  m aterial and  aseptic technique  are
m andatory.

47.7  Roundsm anship
●  Split -th ickness skin  graft s (STSGs) include the  en t ire  epi-

derm is and  a  variable  am ount  of derm is, depending on  the
th ickness.

●  Full-th ickness skin  grafts contract  less than  STSGs.
●  Derm al grafts can be used to raise a depressed scar. These

grafts are harvested after an  STSG has been  raised. The STSG
is left  pedicled and then  sutured back in  position  after the
derm al graft  has been  taken.

●  Com posite grafts contain  two or m ore layers of t issue, such as
skin–car t ilage or derm is–fat grafts.
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48  Reconst ruct ion of Facial Soft -Tissue Defects
Anthony P. Sclafani and James A. Sclafani

48.1  Int roduct ion
The  reconstruct ion  of facial defects  m ay be  required  after  fa-
cial  soft -t issue  t raum a  or  extensive  in fect ion ,  but  it  is  m ost
com m only  required  after  the  rem oval  of  skin  cancers.
Although  any  area  of the  body  m ay  be  a ected  by  these  in -
sults, the  par t icular  fun ct ional, psychological, and  em otional
sign ificance  of the  facial  appearance  m akes  the  seam less  re-
construction  of facial defects except ionally im portan t . The  re-
pair  of  such  defects  should  (1)  restore  or  m ain tain  norm al
function  of  the  a ected  and  adjacen t  facial  st ructures  and
(2)  restore  the  in tegrit y  and  appearance  of the  a ected  area
(s)  w ithout  (3)  dam aging  or  adversely  a ect ing  neighboring
t issues.

48.2  Incidence of Disease
As noted, the  m ost  com m on  reason  for  facial reconstruct ion  is
the  repair  of a defect  caused  by the  rem oval of a skin  cancer. In
2006, 3.5 m illion  nonm elanom a skin  cancers were diagnosed  in
the  United  States, a ect ing 2  m illion  people. Basal cell carcino-
m a  is  the  m ost  com m on  form , w hile  squam ous cell carcinom a
accounts for  approxim ately about  one-fourth  of cases. Nonm e-
lanom a  skin  cancers  were  the  fifth  m ost  com m on  cancer  in
Medicare  patients and  accounted  for  4.5% of Medicare  costs for
skin  cancer in  2006. Approxim ately 100,000 cases of m elanom a
are  diagnosed  annually. Melanom a, by vir tue  of di erent  treat-
m ent  recom m endat ions, typically generates larger  defects. Ap-
proxim ately  80% of  nonm elanom a  skin  cancers  occur  on  the
head, face, and  neck, and  80% of these  are  on  the  nose. Other
com m only a ected  areas in  the  head  and  neck are  the  auricles
and upper lip .

48.3  Term inology
Soft-t issue defects of the face involve dam age to or  the destruc-
tion  and  loss of one  or  m ore  parts of the facial envelope. A par-
tial-th ickness skin  defect  does not  fully extend  through  the der-
m is (� Fig. 48.1); because there is a reservoir of basal cells, such
a  defect  can  generally  be  m anaged  expectantly,  although  in
som e  cases, excision  of the  rem aining  derm is  (converting  the
defect  to  a  full-th ickness skin  defect) w ith  repair  is  a  good  op-
tion. If, especially in  t raum atic cases, the  skin  has been  incised
in  an  oblique  fashion  and  one  side  of the  laceration  has  been
underm ined  m ore than  the other side, a t rapdoor deform ity (in
w hich  the  flap  is  depressed  relative  to  the  surrounding  skin)
m ay develop.

In  order  to  cam ouflage facial scars m axim ally, it  is  helpful to
align  them , as m uch  as possible, w ith  relaxed  skin  tension  lines
(RSTLs). RSTLs  (� Fig. 48.2)  represent  the  facial  skin’s  natural
tendency to  fold  in  a  direct ion  perpendicular  to  the  dom inant
vectors  of  facial  m uscle  contraction . Although  RSTLs  m ay  fall
w ithin  existing w rinkles, they exist  in  the absence of these and

can  be best dem onstrated by asking the pat ien t  to an im ate indi-
vidually each  part  of the face.

The  sim plest  of  skin  defect  repairs  is  conservative  care. As
m entioned  earlier, th is  m ay be  appropriate  in  cases  of partial-
th ickness  injuries  and  includes  cleansing and  conservative  dé-
bridem ent  (w hen  necessary); generally, occlusive or  sem iocclu-
sive  dressings  are  applied,  w hich  prom ote  faster  healing  by
speeding  epithelial  m igration  over  the  rem ain ing  derm is.  In
cases  of sm all, inconspicuous  full-th ickness  defects, healing by
secondary in ten tion  m ay be acceptable. This relies on  the natu-
ral contractile  propert ies of the  wound  in  addition  to epithelial
m igration  from  the wound  edges. In  general, wounds healed  by
this  m ethod  generate  hypopigm ented, depressed  scars;  how -
ever, sm all defects, especially in  concave  areas such  as  the  alar
crease  or  the  region  im m ediately  adjacent  to  the  m edial  can-
thus, can  undergo  healing  by  secondary  in tention  w ith  excel-
lent  cosm etic results. Healing by secondary in tention  should  be
avoided in  areas of sign ificant cosm etic im portance and in  areas
of h ighly m obile aesthet ic units, such as the eyelids and lips.

Prim ary closure, in  w hich  the  w ound  edges are  advanced  to-
gether  and  all  injured  layers  of  the  skin  are  sutured, is  typi-
cally the  preferred  m ethod  of repair, if possible. Sim ple  closure
is  reserved  for  situations  of m inim al derm al separation  and  is
perform ed  w ith  a  single  layer  of sutures. Layered  closure  in-
cludes  m ultiple  layers  of sutures  (epiderm al  and  at  least  one
derm al  layer). Com plex  closure  m ay  require  som e  underm in-
ing of the  wound  edge  and/or  deeper  (e.g., facial or  m uscular)
layers  of sutures. Ideally, the  closure  should  align  w ith  RSTLs
(� Fig. 48.3).

Skin  grafts (� Fig. 48.4) m ay be required to repair skin  defects
and  are  characterized  by  th ickness. Split-th ickness  skin  grafts
(STSGs) include the epiderm is and a portion  of the derm is; th in
STSGs are  0.005  to 0.012  inches th ick, w hereas th ick STSGs are
0.018  to  0.030  inches  in  th ickness. STSGs  are  generally  m ore
viable and  leave less of a cosm etic defect  because the donor site
can  be allowed  to re-epithelialize. However, repaired  areas m ay
be  th inner  and  depressed, and  they  m ay  contract  m ore  than
those repaired w ith  full-th ickness skin  grafts (FTSGs). FTSGs, on
the other hand, contain  epiderm is and  the full th ickness of der-
m is. FTSG donor  sites  are  typically closed  prim arily  w ith  a  re-
sultant  scar, so that  they m ust  be placed  in  inconspicuous areas
w ith  significant  skin  laxity/redundancy. However, wounds  re-
paired  w ith  FTSGs undergo  less  contract ion  and  are  less  likely
to be depressed than  are those repaired w ith  STSGs.

Cartilage  grafts  are  frequently  used  to  rebuild  or  reinforce
structure, especially in  the nose or ear. Septal cartilage typically
yields  flatter  car tilage  grafts, w hereas  conchal  cart ilage  grafts
are  often  chosen  to  take  advantage  of the  natural curve  of the
concha.

Other  types of grafts include composite grafts, w hich  contain
two  or  m ore  dist inct  t issue  types,  such  as  skin–cartilage  or
m ucosa–cart ilage  grafts.  Derm is–fat  grafts,  harvested  by  first
rem oving  the  overlying  epiderm is  (either  by  derm abrasion  or
by  raising  an  STSG)  and  then  harvesting  the  derm is  and  the
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underlying  fat  as  a  unit ,  can  be  used  to  add  bulk  volum e  to
areas  of  t issue  deficit.  A skin–car tilage  graft  is  typically  har-
vested from  the concha or helix of the ear.

All grafts  are  separated  from  their  natural blood  supply dur-
ing harvesting and  are  nourished  in itially through  a  process of
serum  im bibition, in  w hich  nutrients present  in  the  serum  are
transfer  passively  from  the  wound  bed  to  the  graft . Generally
w ithin  72  to  96  hours, m icrovascular  connections betw een  the
recipient  site  and  the  graft  develop  (arterial  connections
slightly earlier than venous ones) to support  the graft .

Skin  flaps are  part ially elevated  segm ents  of skin  that  m ain-
tain  an  in tact  bridge  to  the  surrounding  skin  through  w hich
blood  supply  flow s. Skin  flaps  can  be  categorized  as  random
skin  flaps (relying on  blood  flow  through  the subderm al vascu-
lar  plexus)  or  axial flaps  (based  over  and  fed  by  a  specific  ar-
tery). Flaps can  also be described  by the way they are  m oved  to
repair  a  skin  defect . An  advancem ent  flap  is  m oved  unidirec-
tionally in to  an  adjacent  defect , w hereas  a  rotation  flap  pivots
around a defect . A transposition  flap is m oved over surrounding
intact  skin  to reach  its in tended recipien t  site, and an  in terpola-
tion  flap  crosses under  or  over  surrounding skin  to reach  its fi-
nal location, leaving a pedicle.

48.4  Applied Anatom y
The  repair  of facial skin  defects  m ost  com m only relies  on  ran-
dom  skin  flaps.  The  subderm al  plexus  is  the  principal  blood
supply  in  random  flaps.  The  extensive  vascular  in terconnec-
tions found  in  the  subderm is allow  opening of choke vessels to
shunt  blood  through  the  dim inished  flap  base, or  pedicle, to-
ward  the  flap  tip . Som e flaps, such  as  the  forehead  flap  (based
over one or both  supratrochlear arteries), are axial in  nature.

48.5  The Disease  Process
48.5.1  Et iology
Skin  defects m ay be  a result  of t raum a but  are  m ore  com m only
due to the excision  of skin  lesions. Traum atic injuries should  be
carefully prepared, ensuring the  rem oval of any necrotic t issue
or debris. Bite wounds should  be t reated caut iously w ith  appro-
priate  antibiotic  coverage  (am oxicillin /clavulanic  acid);  anim al
bites, if  not  grossly  contam inated, can  be  closed, but  injuries
from  hum an bites should be treated w ith  an tibiotics and under-
go delayed closure to prevent  infect ion.

Fig. 48.1  Layers and  blood  supply of the  skin.

48.5  The Disease Process

377



Fig. 48.2  Relaxed  skin tension lines.
 Fig. 48.3  Primary closures should  be  aligned  as closely as possible  to

relaxed  skin  tension  lines.

Fig. 48.4  (a–d) Types of skin  grafts.
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The m ajority of m alignant skin  lesions are nonm elanom a skin
cancers. In  the  United  States in  2006, m ore  than  3  m illion  non-
m elanom a  skin  cancers  were  diagnosed.  Melanom as  are  less
com m on, occurring at a rate of approxim ately 100,000 per year.

48.5.2  Pathogenesis
The  incidence  of  skin  cancer  am ong  Medicare  recipients  in-
creased  from  1.1  m illion  cases  in  1992  to  over  2  m illion  in
2006. This  trem endous increase  is  expected  to  continue. These
num bers reflect  cum ulative  skin  dam age induced  by sun  expo-
sure. The  role  of the  im m une  system  is  h ighlighted  by the  in-
creased  incidence  of  nonm elanom a  skin  cancers  in  patients
w ith  chronic im m unosuppression.

48.5.3  Natural History and Progression
Skin  defects, w hether  resulting from  traum atic wounds  or  the
rem oval of skin  lesions, are  typically  best  repaired  as  soon  as
possible. Open  skin  wounds of the head  and  face, if they are not
contam inated and are treated w ith  local wound care and antibi-
otics  as  appropriate, infrequently  becom e  infected  because  of
the  excellen t  blood  supply of the  skin  in  these  areas. However,
these  wounds  w ill  undergo  progressive  contract ion  during
healing by secondary in tention, w hich  m ay distort  surrounding
tissues; m oreover, the resultan t  scars are  usually th in , pale, and
waxy and w ill appear noticeably di eren t from  the surrounding
norm al skin .

48.5.4  Potent ial Disease Com plicat ions
Unrepaired  skin  defects  can  distort  surrounding  facial  struc-
tures if allowed  to contract . This m ay be  as sim ple  as a  stellate
scar  w ith  m ild  puckering  of  the  skin  in  its  im m ediate  area.
More  problem atic  is  the  contracted  scar  that  causes  eyelid
m alposition  or  ect ropion , lip  m alposition  generating asym m e-
try  or  a  “snarling”  appearance,  or  retract ion/notch ing  of  the
nasal ala.

48.6  Medical Evaluat ion
48.6.1  Present ing Com plaints
Patien ts w ith  skin  defects typically present  acutely, either  in  an
em ergent  setting  after  a  t raum atic  injury  or  sem iem ergently
after  a  planned  skin  excision  by a  derm atologist  or  surgeon. A
thorough  history should  be obtained, w ith  specific inquiries re-
garding any conditions that  would  be  expected  to im pair  prop-
er  healing. The length  of t im e betw een  skin  injury and  presen-
tation  should  also be determ ined; traum atic wounds of the face
should ideally be closed w ith in  12 hours of injury, although th is
tim e should be shorter in  areas w ith  less robust  vascularity. The
m echanism  and  instrum ent  of injury should  be  determ ined, as
well;  grossly  contam inated  wounds  should  undergo  delayed
closure, and  any  foreign  bodies  expected  (e.g., glass  shards  or
road  debris  in  cases  of m otor  vehicle  accidents) should  be  an-
ticipated. Finally, in tercurrent  injuries  (e.g., in tracranial or  cer-
vical injuries) as  well as  existing m edical conditions should  be
m anaged first .

48.6.2  Clinical Findings, Physical Exam i-
nat ion
A careful  exam ination  of the  wound  is  essential  to  determ ine
both  the t im ing and  m ethod of wound  care. The area should  be
gently cleaned  and  any blood  clots  rem oved. Grossly contam i-
nated, open  wounds  can  be  irr igated  w ith  a  warm  saline  solu-
tion  pulsed  through  a  20-m L syringe  fit ted  w ith  an  18-  or  20-
gauge  plastic in travenous catheter. The  wound  should  be  eval-
uated for its depth, as well as the viability of rem aining attached
skin ,  laceration  of  any  vascular  structures,  exposure  of  any
underlying  cartilage  or  bone, and  proxim ity  to  vital  or  h ighly
m obile  structures. Sharp  débridem ent  can  be  perform ed  at  th is
point  if needed  to assess the wound, but  in  general, th is should
be  m inim ized  and  restr icted  to  the  rem oval of obviously devi-
talized or necrotic t issues and grossly contam inated t issues. The
proxim ity  of the  defect  to  m obile  structures  (e.g., m argins  of
the  lips  or  eyelids, nasal alae)  should  be  noted. If a  t raum atic
flap  of skin  has been  created, the edges should  be inspected be-
cause these cuts are typically beveled  and  are m ore likely to de-
velop  a pincushion  deform ity (in  w hich  the skin  on  the concave
aspect  of a  curved  skin  cut  contracts  and  is  raised  compared
w ith  the  skin  on  the  convex  side  of  the  cut).  These  m argins
should  be resected to generate perpendicular  wound edges and
prevent  pincushioning.

48.7  Treatm ent
48.7.1  Medical Treatm ent
In cases in  w hich the wound w ill be allowed to heal secondarily,
rapid  wound  healing  a ords  optim al  appearance  and  pat ient
com fort . After  the  wound  has  been  appropriately  cleaned  and
appropriate hem ostasis ensured, a m oist dressing should be ap-
plied. In  the face, gentle wound care and  coverage w ith  an  anti-
biotic ointm ent  is generally su cient  and  acceptable to the  pa-
tient . Based  on  the  size  of the  defect , these wounds m ay take  6
to  10  weeks  to  fully  heal, but  as  noted  earlier, acceptable  cos-
m etic results m ay be achieved.

48.7.2  Surgical Treatm ent
Before any defect  is reconstructed, a num ber of conditions need
to be m et. A sim ple, com m on sense paradigm  of wound  closure
should  be  em ployed  in  determ ining the  best  m ethod  of wound
repair  (� Fig. 48.5). The wound  should  be  not  infected;  if infec-
tion  is present (gross contam ination  should be assum ed in  cases
of hum an bites), oral or in travenous an tibiotics should be begun
and  antibiotic irr igation  of the  wound  instituted  for  at  least  48
hours  before  repair  of  the  wound.  If  a  tum or  was  rem oved,
complete  and  proper  oncologic resection  should  be  ensured;  if
th is is uncertain  or  if there is a h igh  likelihood of recurrence, an
STSG m ay  be  applied  for  wound  coverage  w ithout  im pairing
surveillance for  recurrence. Part ial-th ickness wounds and  sm all
full-th ickness  wounds  in  cosm etically unim portan t  areas  or  in
concave  areas  (e.g., the  alar  crease)  can  be  allowed  to  heal by
secondary in tention  w ith  good  cosm etic  results, but  they m ay
take several weeks to heal. In  other cases, the local t issue should
be  assessed  for  laxity;  if su cient, prim ary  closure  should  be
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perform ed. Underm ining in  a  subcutaneous plane  peripherally
from  the  defect  can  improve local t issue laxity, but  care  should
be  taken  to  avoid  underm in ing  too  close  to  m obile  structures
(e.g.,  lower  eyelid),  w hich  m ay  be  distorted  by  t issue  m ove-
m ent. If prim ary closure  is still not  possible  w ithout  producing
unacceptable tension  of the wound  closure, either  an  FTSG or  a
skin  flap  m ay be used. Generally, the closer  to the defect  a graft
is  harvested, the  closer  the  skin  m atch. FTSGs for  the  face  are
m ost  com m only harvested  from  the  postauricular  sulcus, but  if
su cient  laxity is present, they can  also  be harvested  from  the
preauricu lar, non–hair-bearing  area  or  (in  pat ients  w ith  deep
nasolabial folds) from  the nasolabial crease. Contralateral eyelid
skin  can  be  used  to  repair  eyelid  defects, and  th is  is  often  the
best  m ethod  of repair  for  eyelid  defects. Larger  FTSGs  can  be
harvested  from  the  supraclavicular  fossa. On  the  nose, FTSGs
are  generally  not  used  unless  the  defect  is  sym m etrically  lo-
cated, especially on  the nasal t ip .

If there  is  su cient  adjacent  donor  t issue, a  local  skin  flap
(see Box Types of Facial Skin  Flaps (p.381)) can  be used to repair
the  defect . The  specific flap  design  is chosen  based  on  the  size,
shape, and  orien tation  of the  defect  and  its  proxim ity  to  aes-
thetic  unit  borders, w here  scars  can  be  hidden . The  sim plest
flap  is  the  advancem ent  flap  (� Fig. 48.6), in  w hich  there  is  a
unidirect ional m ovem ent  of the  tissue. One  or  two relaxing in-
cisions  are  m ade  along  or  parallel  to  RSTLs,  and  the  flap  is
m oved  in  the  sam e  vector  w hile  the  surrounding  t issues  are
underm ined  to allow  tissue  m ovem ent. Advancem ent  flaps are
particularly  helpful  in  the  forehead, w here  the  natural  trans-
verse  creases are  excellen t  places in  w hich  to hide  the  relaxing
incisions. Near  the  base  of the  flap, the  t issue  adjacent  to  the
flap  m ay bunch  in to a  “dog ear” or standing cone deform ity, re-
flecting the shorter length  of the flap  than  of the defect  itself. A
Burrow s  t riangle, w hich  in  essence  rem oves  part  or  all of th is
skin  excess, can  be used to correct  the deform ity.

Fig. 48.5  Decision tree to determine the appropriate method of wound closure. (a) Traumatic lesion versus electively excised lesion. (b) Determining
healing  by secondary intention, primary closure, or full-thickness skin  graft  or local skin  flap. (c) Choosing  between FTSG and  local flap.  FTSG, full-
thickness skin  graft; NMSC, nonmelanoma skin  cancer; STSG, split-thickness skin  graft.
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Types  of Facial Skin  Flaps
●  Advancement flap
○  Unidirectional movement into defect

●  Rotation flap
○  Pivots around an axis

●  Transposition flap
○  Transfer flap over normal intervening skin

●  Interpolation flap
○  Flap with non-inset pedicle

A rotat ion  flap  (� Fig. 48.7) pivots around a poin t  adjacent  to its
base after  a curvilinear  incision  is extended  to a length  approx-

im ately four  t im es the  distance from  the  pivot  point  to the  dis-
tal  aspect  of  the  defect.  Again ,  a  Burrows  t riangle  m ay  be
needed  to  correct  the  standing  cone  deform ity. Rotat ion  flaps
are  quite  useful in  the  cheek, w here  the  RSTLs  are  curvilinear.
An  O-T closure  is  essentially  the  use  of bilateral rotat ion  flaps
w hen  tissue  rotational  laxity  is  adequate  and  there  is  an  aes-
thetic boundary or RSTL in  w hich  to hide the scars. O-T closures
are  very  useful  in  the  lips  and  the  superior  forehead
(� Fig. 48.8).

In  transposition  flaps, such  as rhom bic and  bilobed  flaps, t is-
sue  is  transferred  across  a  bridge  of in tact  skin  to  be  inser ted
in to  the  defect .  Transposition  flaps  are  based  on  geom etric
patterns.  The  classic  rhom bic  flap  (� Fig.  48.9)  visualizes  a
rhom bus w ith  two  60-degree  and  two  120-degree  angles. The

Fig. 48.6  Advancement flap. (a–c) Schematic of advancement flap. (d) Patient  with a forehead defect  closed with (e) advancement flap. (f–h) Bilateral
advancement  flaps can  be  used; Burrows triangles can  be  excised as necessary.  RSTL, relaxed skin  tension  line.
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rhom bus is ideally oriented w ith  its short  axis parallel to RSTLs.
An  incision, equal in  length  to the  short  axis, is m ade from  the
defect  m argin  as an  extension  of the  short  axis, and  a  back cut
is  then  m ade  equal  in  length  and  parallel  to  the  side  of the
rhom bus.  The  outlined  flap  is  elevated,  the  donor  site  is
advanced  and  closed  prim arily  after  w ide  underm in ing, and
the  flap  is  t ransposed  in to  the  defect .  The  Dufourm en tal
m odificat ion  (� Fig.  48.10)  is  used  w hen  the  defect  is  rela-
t ively  narrow  and  conversion  to  a  rhom bus  would  sacrifice  a
sign ifican t  am oun t  of  norm al  skin .  Instead, a  narrow  rhom -

boid  is  draw n  around  the  defect . The  first  lim b  of the  flap  is
angled  to bisect  the  angle  form ed  by the  shor t-axis extension
and  the  extension  of  the  adjacen t  rhom boid  side.  The  back
cut  is  equal and  parallel to  the  side  of the  rhom bus. The  flap
generated  is  narrower  than  the  standard  rhom bic flap;  in  or-
der  to  facilitate  closure, a  Webster  M-plasty  is  perform ed  at
the  base  of the  defect , w hich  serves to narrow  the  defect  size.
The  rhom bic  flap  allow s  alignm en t  of  the  incisions  w ith
RSTLs  fairly  easily, but  it  leaves  scars  that  are  som ew hat  un-
naturally sharp -angled .

Fig. 48.7  Rotation flap. (a–c) Schematic of a rotation flap. (d) Patient  with extensive defect  of the temple  repaired with (e) advancement  flap above
the  brow combined  with  a  temple  rotation flap. This required  excision of a Burrows triangle  along  the  lateral orbital rim. (f) Patient  3  weeks after
repair. RSTL, relaxed  skin  tension  line.
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Fig. 48.8  O-T closures. (a) Preoperative markings around an upper lip  defect  indicate  incisions along the vermilion border, undermining of the upper
lip, and  planned  Burrows triangle  along  the  right  philtral column. (b) After closure, incisions lie  along  the  vermilion border and  on the  right  philtral
column. (c) Two weeks after repair. (d) Forehead  defect  with  transverse  forehead  rhytids marked. (e) Immediately after O-T repair, with  Burrows
triangle  excised  superiorly. (f) Four weeks after repair.

Fig. 48.9  Rhombic flap repair. (a,b) Schematic of a rhombic flap. (c) Defect  of the right  upper lip with rhombic flap drawn to lie in the nasolabial fold.
(d) The rhombic flap is rotated clockwise into the defect, and the donor site closed primarily. (e) Three weeks after rhombic flap repair. RSTL, relaxed
skin  tension  line.
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Fig. 48.10  (a,b) Schematic of a  Dufourmental rhombic flap  repair. RSTL, relaxed  skin tension line.

Fig. 48.11  Bilobed flap repair. (a–c) Schematic of a bilobed flap repair. The curvilinear lines represent  arcs extending through the distal aspect  of the
defect  as well as the center of the defect  and curving around a defined pivot  point. The first  flap is drawn to be 80% of the width of the center of the
defect, while the secondary flap is drawn to be 75% of the  width of the center of the primary flap. The primary flap closes the  defect, the  secondary
flap closes the primary flap donor site, and the secondary flap donor site  is closed primarily. (d) Patient  with nasal tip defect  and bilobed flap drawn.
(e) Bilobed  flap  rotated  in  place. (f) Four weeks after bilobed  flap  repair of nasal tip  defect, with  mild  primary flap  pincushioning  that  required
subsequent  intralesional corticosteroid  injection.
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Bilobed  flaps are  m ost  com m only used  in  lower  nasal repairs
less than  2 cm  in  diam eter or in  the occipital region . The bilobed
flap  (� Fig. 48.11)  is  aptly  nam ed  because  it  is  composed  of a
rotat ion/transposition  flap  w ith  two  lobes.  A pivot  point  is
chosen, and  two  arcs  are  draw n  around  this;  the  first  extends
through  the  center  of the  defect , and  the  second  runs  tangen-
tially  through  the  outer  aspect  of the  defect . The  first  lobe  is

designed  to  be  directly  adjacent  to  the  defect  w ith  its  apex
abut ting the  outer  arc, and  it  should  create  no m ore  than  a  45-
degree  angle from  the  defect . The diam eter  of the  prim ary lobe
should be about 80% of the w idth  of the defect . The second lobe
also  runs at  less than  45  degrees from  the  first  lobe, w ith  a  di-
am eter  that  is  approxim ately  75  to  80% the  w idth  of the  first
lobe. The  surrounding tissues are  underm ined  w idely, and  the

Fig. 48.12  (a) Defect  of the alar crease and superior nasolabial fold. (b) Island pedicle flap with at tached adjacent  subcutaneous tissue advanced into
defect. (c) Island  pedicle  flap  advanced  and  sutured  in  place. (d) One  week after repair of defect  with  island  pedicle  flap.
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donor  site  for  the  second  lobe  is  closed  prim arily;  th is  is facili-
tated  by elevating the lobe as an  extended  flap  w ith  an  angle of
(no m ore than) 30 degrees at  its distal end. The prim ary lobe  is
transposed  in to the  defect  w hile  the  second  lobe  is m oved  in to
the  defect  from  the  prim ary lobe. A bilobed  flap  allow s the  tis-
sue  to  be  shared  over  a  w ider  area  at  the  cost  of a  som ew hat
m ore  complex  scar.  Rhom bic  and  bilobed  flaps  are  generally
useful in  closing defects up to 2 cm . Poin ts of significant  tension
occur  at  the  distal  aspect  of  the  flap, as  well  as  at  the  point
w here the donor site m eets the defect .

An  island  pedicle  flap  (� Fig. 48.12)  transfers  a  segm ent  of
skin  vascularized  by  a  subcutaneous  pedicle  that  can  be  tun-
neled  under  adjacent  t issue  and  avoids  rem oving or  distort ing
tissue adjacent  to the defect .

Facial  defects  larger  than  2 cm  m ay  require  larger  flaps, in-
cluding cervicofacial flaps. Incisions for  these  flaps can  be  hid-
den  in  the  pre-  or  postauricular  crease  and  along  the  anterior
border  of the  sternocleidom astoid  m uscle. Large  nasal  defects
can  be  repaired  successfully  w ith  a  forehead  flap.  A m idline
forehead  flap  is  based  over  both  supratrochlear  arteries  and
consequently  has  a  w ide  base, w hich  lim its  its  arc of rotation
and  reach. The param edian  forehead  flap  (� Fig. 48.13) is based
on  a  single  supratrochlear  artery  and  has  a  m uch  narrower
pedicle; a narrower pedicle allow s m ore e ect ive rotation  and a
longer  reach  of the  flap, and  it  can  be  used  to  reconst ruct  the
nasal t ip  and colum ella. These flaps can  be extended behind the
frontal hairline, if necessary, but  the use of hair-bearing skin  for
reconstruct ion  often  necessitates subsequent  laser  hair  rem ov-
al. The flap  is turned  and  sutured  to the distal aspect  of the  de-
fect , w hile the pedicle from  the brow area rem ains in  place until
blood  supply to  the  distal end  of the  flap  develops and  crosses
the  scar  from  the  surrounding skin . The  donor  site  is generally
closed prim arily.

48.7.3  Com plicat ions (see Box Com pli-
cat ions of Skin Defect  Repair)
Contract ion  around  areas  allowed  to  heal by secondary in ten-
tion  can  lead  to t issue  distort ion  if it  occurs near  m obile  struc-
tures, such  as the eyelids or  lips. Repair of skin  defects is gener-
ally quite  successful, and  although  always possible, flap  failure
from  arterial  comprom ise  or  venous  engorgem ent  is  uncom -
m on. Because tissue has been  lost, there is always som e tension
on  the  skin  closure. Scars  m ay becom e hypertrophic, w idened,
or  hyperpigm ented. With  typical postoperat ive  swelling, there
m ay be som e comprom ise to the superficial layers of skin  of the
distal flap  (epiderm olysis). The flap  itself m ay stay swollen  and
raised  (pincushioning)  as  excessive  fibrosis  develops  (and  m ay
require  cort icosteroid  inject ions),  or  less  com m only,  the  flap
m ay  be  depressed  below  the  surrounding  skin  (trap  door  de-
form ity). Finally, preexisting  telangiectasia  m ay  becom e  m ore
prom inent, or  the  scar  m ay  rem ain  persisten tly  erythem atous
after flap  surgery and require laser treatm ent .

Com plicat ions  of Skin  Defect  Repair
●  Flap failure
●  Scar issues (hypertrophy, keloid, dyspigmentation, depressed

or widened scars)
●  Dehiscence (secondary to excessive wound tension, infection,

poor vascularity)
●  Epidermolysis (if leads to deeper loss)
●  Pincushioning/trap door deformity
●  Scar retraction or distortion of surrounding skin

Fig. 48.13  Paramedian forehead flap. (a) Through-and-through defect  of the right  ala. Markings for cheek flap advanced into the alar crease and right
paramedian forehead  flap. Internal lining  reconstructed  with  a septal flap  and  alar support  re-created  with  a  cartilage  graft. (b) One  week after
paramedian forehead flap, with pedicle at tached at  the origin of the right supratrochlear artery. (c) One week after pedicle division (3 weeks after first
stage  of forehead  flap).
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48.8  Roundsm anship
●  Skin  defects should  be repaired w ith  the m ethod that m ost

e ect ively fills the defect  w hile generating the sim plest  scar.
●  Repair should  be perform ed only w hen there is no infect ion

and complete resection  of any m alignancy is certain .
●  Underm ining of surrounding tissues facilitates tensionless

closure.
●  Incisions used to harvest flaps should be placed at  the borders

of aesthet ic un its and so that  they blend m axim ally in to re-
laxed skin  tension  lines.
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49  Myocutaneous and Free Flap Reconst ruct ion
Grigorly Mashkevich

49.1  Int roduct ion
Com plex  defects  of  the  head,  neck,  and  upper  aerodigestive
tract  often  necessitate  the  transfer  of regional or  distan t  t issue
in  order to restore lost  volum e and  funct ion. Regional myocuta-
neous  flaps  and  free  flaps  can  provide  the  optim al  bulk  and
three-dim ensional  configuration  to  m atch  vir tually  any  defect
in  the  head  and  neck  region. In  previously  irradiated  patients
w ith  head  and  neck cancer, th is m ethod  of reconstruct ion  pro-
vides healthy, well-perfused  tissue capable  of w ithstanding the
rigors of wound  healing in  a comprom ised  tissue bed. Flap  sur-
gery requires  m eticulous  planning w ith  a  targeted  set  of goals
aim ed  at  restoring volum e  and  dim inishing any functional im -
pairm ent  w ith  respect  to speech and swallow ing.

49.2  Incidence of Disease
Regional and  free flap  repair  is necessary in  a  sm all percentage
of pat ients  w ith  head  and  neck  cancer, t raum a, or  congenital
anom alies. This  m ethod  of reconstruction  is  typically reserved
for large wounds, existing or an ticipated, that  are not  am enable
to prim ary closure.

49.3  Term inology
Free  tissue  or  free  flap  reconstruct ion  is  a  surgical  procedure
during w hich  a  segm ent  of t issue, w ith  its  ow n  in tact  vascula-
ture, is harvested  from  a donor area and  transferred  to a recipi-
ent  site. The artery and  vein(s) perfusing the flap  are  cut  in  the
donor  region  and  sutured  to  recipient  vessels  in  the  head  and
neck  via  a  process  called  m icrovascular  anastom osis.  In  con-
trast ,  regional  t issue  transfer  m obilizes  healthy  tissues  from
areas  im m ediately  adjacent  to  the  head  and  neck. These  areas
include the anterior chest  wall (pectoralis m ajor  flap) and  post-
erolateral chest  wall  (latissim us  dorsi  flap). Regional  flaps  are
m ost  com m only  t ransferred  in  a  pedicled  fashion .  During
pedicled  transfer, the  base  of the  flap  at  the  site  of perfusing
blood  vessels  is  progressively  narrowed.  This  allow s  greater
arching and m obilization  of the flap w hile the connection  of the
perfusing  blood  vessels  to  their  source  is  retained.  The  term
composite refers to  flaps contain ing m ultiple  t issue  types (skin ,
fat ,  m uscle,  and/or  bone).  Myocutaneous  and  osteocutaneous
flaps are examples of composite flaps.

49.4  Applied Anatom y
The  anatomy  of  the  regional  and  free  flaps  m ost  com m only
used  for head  and  neck reconstruction  is outlined  in  � Fig. 49.1
and  � Table  49.1.  The  salient  points  about  each  flap  are  dis-
cussed  in  the  surgical  section  of  th is  chapter.  The  per tinent
head  and  neck anatomy includes recipien t  blood  vessels, w hich
are  selected  based  on  availability. In  oncologic cases, tum or  in-
volvem ent,  previous  surgeries,  and  prior  fields  of  radiation
therapy determ ine  vessel access. The  facial and  lingual ar teries

are m ost  com m only used  for arterial anastom osis. The facial ar-
tery  can  be  readily  identified  on  the  posterior  surface  of the
subm andibular gland. The lingual artery has a close relationship
w ith  the  hypoglossal nerve, w hich  lies  im m ediately superficial
to it  at  the  an terior  aspect  of the  external carotid. The  external
jugular, com m on  facial, and  internal jugular  veins  are  the  larg-
est-caliber  veins in  the  neck. They are  optim al for  venous anas-
tom osis  owing  to  their  location, length, and  availability  in  the
m ajority  of cases. The  anterior  jugular  veins  should  be  avoided
because  of  their  proxim ity  to  the  tracheotomy  site  (if  one  is
needed). In  a vessel-depleted  neck, ipsilateral transverse cervical
vessels  or  contralateral  neck  vessels  are  alternative  choices.
Transverse  cervical vessels  can  be  found  in  the  lower  portion  of
the  neck,  below  the  level  of  the  omohyoid  m uscle  (level  IV).
These  vessels are  com m only spared  during neck dissect ions and
lie  outside most  fields of radiation  to the head  and  neck, m aking
them  less susceptible  to radiation-induced  intralum inal stenosis.

49.5  The Disease  Process
49.5.1  Et iology
The extirpat ion  of oncologic disease is the leading cause of large
head  and  neck  defects  requiring  reconstruct ion  w ith  regional
and  distal  flaps. Traum a  and  congenital  deficits  are  less  com -
m on etiologies.

49.5.2  Pathogenesis
The evolut ion  of surgical defects in  the head  and  neck is deter-
m ined  by  the  tum or  location  and  the  need  to  obtain  clear
m argins. Wounds  m ay result  in  large  losses  of sensate  skin  or
m ucosa, cranial nerve dam age, and  im pairm ent  of crit ical func-
tions such  as speech  and swallow ing.

49.5.3  Natural History and Progression
Flap  t ransfer  to  a  recipient  site  leads  to  the  gradual  develop-
m ent  of  vascular  in terconnections  betw een  the  flap  and
surrounding  t issues.  In itially,  flap  survival  depends  solely  on
perfusion  through  the  vascular  pedicle  of the  flap. At  about  3
weeks, su cient  circulation  is  established  across  the  flap  bor-
ders  such  that  t ransferred  t issue  m ay  survive  w ithout  its
pedicle. This  ru le  does  not  apply  in  settings  of previous  radia-
tion  therapy, in  w hich  the circulation  in  the recipient  t issue bed
is poor and longer periods of t im e are required for healing.

49.5.4  Potent ial Disease Com plicat ions
Flap  failure  can  present  as  arterial  or  venous  obst ruction . The
m ost  com m on  cause  of each  is  th rom bus  form ation. Mult iple
factors  can  lead  to  th is  event , including  poor  vessel geom etry
(kinking  or  tw isting), a  poorly  executed  anastom osis  (insu -
cient  vessel preparation  and cleaning, or inadvertent  placem ent
of sutures  spanning  the  vessel  lum en), or  underlying  m edical
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Fig. 49.1  The  most  commonly used  flap  donor sites for head  and  neck reconstruction.
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problem s predisposing  to  a  hypercoagulable  state. Clot  form a-
tion  is  m ost  com m on  w ith in  72  hours  of the  creation  of a  m i-
crovascular  anastom osis. Insu cien t  arterial flow  through  the
flap m anifests as pale t issue, absent  blood flow  on  needle prick-
ing, and  m issing arterial Doppler  signal. Venous obstruction  re-
sults  in  engorged  t issues, w ith  continuous  dark  venous  oozing
on  needle  pricking  and  a  single-phase  “water  ham m er” signal
on  Doppler  ultrasound  in  the  in itial stage  of flap  failure. Both
scenarios  necessitate  urgent  return  to  the  operating  room  for
reexploration  of the blood  vessels, clot  evacuat ion , and  revision
of the  anastom osis. If the  revision  is  perform ed  w ith in  4  to  6
hours, the success rate approaches 50%.

49.6  Medical Evaluat ion
A pat ient  undergoing  regional  and  free  flap  transfer  m ust  re-
ceive  a  comprehensive  m edical  evaluation,  w ith  specific  em -
phasis  on  cardiovascular  and  pulm onary  health . The  patient’s
condition  m ust  be optim ized  to w ithstand  long operative t im es
under  general  anesthesia. Any  risk  factors  adversely  a ect ing
wound  healing  should  be  assessed, including  poor  nutrit ional
status, sm oking, previous  radiation  therapy, connective  t issue
disorders, peripheral vascular disease, and diabetes.

49.6.1  Present ing Com plaints
The  presenting complaints  revolve  around  the  disease  process
requiring  flap  reconstruct ion.  Flap-related  preoperative  con-
cerns typically include the length  of hospital stay, potent ial dis-
figurem ent  of the  donor  site, and  speech  and  swallow  results
follow ing the  operat ion. These  m ust  be  addressed  in  su cient
detail in  order to establish  appropriate expectations and  reduce
preoperative anxiety.

49.6.2  Clinical Findings, Physical
Exam inat ion
A general  physical  exam ination  of all  poten t ial  donor  sites  is
required  in  order  to  assess any evidence  of previous traum a or

surgery. Either  of these  m ay preclude  flap  harvest  at  a  site  be-
cause of concerns about  potential vascular  traum a. Part icular  to
the radial forearm , an  Allen  test  is done to ensure that  the ulnar
artery can  supply the en t ire palm ar arch  on  its ow n. During th is
test , perform ed  on  the  nondom inant  hand  of the  pat ient, the
radial and ulnar  vessels are occluded  and the pat ient  is asked  to
m ake a  fist  several t im es, thereby exsanguinating the hand  and
thenar  em inence. This is followed  by release  of the ulnar  artery
pressure  and  an  assessm ent  of the  capillary  refill t im e, judged
by observing the  return  of a  pink  hue  to  the  thum b. A tim e  of
less  than  5  seconds  indicates  su cient  circulation  and  an  ad-
equate  contribution  by  the  ulnar  artery  to  the  distal aspect  of
the palm ar arch . In  poorly cooperating patients, or in  those w ith
dark skin  color, the  Allen  test  can  be  perform ed  instead  w ith  a
pulse oxim eter.

Exam inat ion  of  the  th igh  focuses  on  skin  laxit y  and  the
degree  of subcu taneous  t issue  bu lk. Excessive  th igh  fat  m ay
preven t  the  use  of th is  site  in  soft - t issue  defects  around  the
airw ay because  of concerns for  poten t ial com prom ise. In  cer-
tain  defects, such  as total glossectom y, bu lk m ay be  desirable
and  is  a  posit ive  feature  of th is  site. A p inch  test  can  deter-
m ine  w heth er  a  pat ien t ’s  th igh  h as  su  cien t  laxit y,  w ith
generally  8  to  10 cm  of  excess  skin  con sidered  a  desirable
am oun t .

Exam ination  of the  leg  focuses  on  palpation  of the  dorsalis
pedis  and  posterior  t ibial  pulses. Signs  of peripheral  vascular
disease  m ay consist  of weak  or  absent  pulses, cyanosis  of the
digits, and  hair loss in  the distal lower extrem ity. Any exam ina-
tion  findings m ust be corroborated by vascular im aging (see be-
low ), w hich  is  the  single  m ost  im portan t  determ inant  of suit-
ability of the fibula as a donor location.

49.6.3  Test ing
For  a  fibular  free  flap, m agnetic  resonance  (MR)  angiography
can  precisely  assess  the  vascular  anatomy  of  the  leg.  Certain
congenital configurations or  peripheral vascular  disease involv-
ing the peroneal artery can  be detected by MR angiography and
preclude the use of th is flap.

Table 49.1  Regional and distal flap anatomy

Flap  source  Flap  type  Artery  Vein  Nerve  Defect

Pectoralis major  Pedicled, regional, or
free  flap

Pectoral branch  of
thoracoacromial and
lateral thoracic

Venae  comitantes  Lateral and  medial
pectoral nerves

Soft  tissuea

Latissimus dorsi  Pedicled, regional, or
free  flap

Thoracodorsal  Thoracodorsal  Thoracodorsal (motor)  Soft  tissuea

Radial forearm  Free  flap  Radial  Cephalic vein  and  deep
venae  comitantes

Lateral antebrachial cu-
taneous

Soft  tissuea

Anterolateral thigh  Free  flap  Descending  branch of
lateral circumflex
femoral

Venae  comitantes  Femoral cutaneous  Soft  tissue

Fibula  Free  flap  Peroneal  Venae  comitantes  Lateral sural cutaneous  Bony and  soft  tissue

Scapula  Free  flap  Subscapular  Subscapular  Dorsal rami of spinal
nerves

Bony and  soft  tissue

aBone  can  be  incorporated  in  rare  circumstances.
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49.6.4  Di erent ial Diagnosis
The  determ ination  of an  optim al  flap  donor  site  depends  on
the  location  of  the  head  and  neck  defect  and  the  degree  of
m issing tissue  bulk. The  m ajority of soft-t issue  reconstructions
in  the  head  and  neck can  be  achieved  w ith  radial forearm , an-
terolateral  th igh,  or  rectus  abdom inis  free  flaps.  A pectoralis
m ajor  myocutaneous  flap  is  an  excellen t  second  choice. It  can
becom e  a  prim ary option  in  patients  w ho  are  poor  candidates
for  free  t issue  transfer, for  anatom ical or  health  reasons. Bony
reconstruction  of the  m andible  is  best  achieved  w ith  a  fibula
free  flap. Alternative  flap  choices  include  radial  osteocutane-
ous,  serratus–rib,  scapula,  and  iliac  crest  flaps.  Each  has  its
pluses  and  m inuses  w ith  respect  to  bone  stock, length  of the
vascular  pedicle,  and  ease  of  harvesting.  Facial  skeletal  and
palate  defects are  best  repaired  w ith  prosthetics, obturators, or
a  com bination  of free  bone  and  cartilage  grafts  w ith  a  soft-t is-
sue flap  cover.

49.7  Treatm ent
49.7.1  Medical Treatm ent
Several anticoagulants can  be used for the prevention  of th rom -
bus  form ation  in  the  postoperative  sett ing. These  include  dex-
tran  and  aspirin , w hich  are equally e cacious. Aspirin  at  a dose
of 81 m g is cont inued  daily for  4  weeks follow ing the  operation
to  help  m aintain  vessel  patency.  Broad-spect rum  antibiotics,
pain  m edications, and  stool softeners are  given  in  the  im m edi-
ate postoperative sett ing.

49.7.2  Surgical Treatm ent
Preoperative  defect  anticipat ion  and  in traoperative  wound  as-
sessm ent  are  crit ical in  assist ing w ith  flap  selection  and  design.
Poten t ial flap  choices, based  on  anticipated  defect  location  and
size, are listed in � Table 49.2.

Each  potent ial flap  site has its advantages and  disadvantages.
The  strengths  of each  site  play an  important  role  w hen  one  is
planning to resurface  a defect  in  the head  and  neck. The details
of flap  dissection  are  beyond  the  scope  of th is  chapter;  how -
ever, salien t  points about  anatomy, flap  design, and  harvest  are
reviewed  below  for  som e  of the  flaps m ore  com m only used  in
head and neck reconstruction .

The pectoralis m ajor anatomy is show n in � Fig. 49.2. Flap de-
sign  takes  in to  considerat ion  the  first  two  in tercostal perfora-
tors  em anating  parasternally  (� Fig.  49.3).  These  perforators
supply  the  deltopectoral  flap, w hich  is  a  region  of  t issue  ex-
tending from  the  sternum  to the  shoulder. This cutaneous flap
can  be used  for coverage in  cases of pectoralis m ajor failure and
should  be  preserved. Once  incised, the  pectoralis m ajor  m uscle
is  identified  and  detached  from  the  anterior  chest  wall.  The
pedicle  (pectoral branch  of the  thoracoacrom ial artery) courses
on  the  undersurface  of the  m uscle  and  is  easily identified. The
lateral m uscle attachm ents to the hum erus, as well as the later-
al thoracic vessels, are  divided  to im prove the  arc of rotat ion. A
generous subcutaneous tunnel is then  created  under  the  delto-
pectoral flap, allow ing passage  of the  pectoralis  m ajor  in to the
neck. Care  is taken  to handle  the  skin  paddle  gently in  order  to
avoid  shearing  the  perforating  vessels  feeding  it  through  the
pectoralis m ajor m uscle. This flap  can  reach  as h igh  as the m id-

Table 49.2  Defect  location and flap selection

Defect  site  Locat ion  Appropriate  flap/reconstruct ion

Orbit  Orbital exenteration without  eyelid  preservation  Split-thickness skin grafting  followed by osseointegrated  implants and
globe  prosthesis

Orbital exenteration with  eyelid  preservation  Orbit  obliteration with  RFFF followed  by ocular prosthesis fit ted  into the
upper and  lower fornix

Maxilla  Superior maxilla  with  orbital exenteration  Orbit  considerations as above; ALT or RAFF in  cases of cavity obliteration;
rib  or split  calvaria for infraorbital rim  grafting

Inferior maxilla  and  hard  palate  Dental obturator or FFF

Oral cavity  Partial glossectomy  RFFF or thin  ALT

Hemiglossectomy  RFFF or thin  ALT

Near-total glossectomy  Bulky ALT or RAFF

Buccal mucosa  RFFF or thin  ALT

Through-and-through cheek  RFFF or thin ALT for inner lining; cervicofacial rotation or folded portions of
RFFF or ALT for external lining

Mandible  Anterior  FFF or serratus–rib  free  flap

Lateral  FFF or spanning  reconstruction  plate  covered  by RFFF, thin  ALT, or PMCF

Oro- and  hypopharynx  Pharyngeal wall  RFFF or thin  ALT

Laryngopharynx  RFFF or thin  ALT

ALT, anterolateral thigh free flap; FFF, fibular free flap; PMCF, pectoralis myocutaneous flap; RAFF, rectus abdominis free flap; RFFF, radial forearm free flap.

49.7  Treatment

391



face;  however, tension  on  the  pectoralis  m ajor  flap  increases
the  risk  for  skin  ischem ia  and  breakdow n. Part ial skin  loss can
occur  in  as  m any  as  half of all  pectoralis  flaps. The  resulting
chest  wall defect  can  be closed prim arily in  m ost situations.

The  radial  forearm  free  flap  has  several  anatom ical  advan-
tages  that  m ake  it  an  ideal soft-t issue  flap  for  num erous  head
and  neck defects. The m iddle to distal skin  of the forearm  has a
high  degree of pliability, allow ing it  to conform  to complex soft-
t issue  deficits  in  the  head  and  neck. These  com m only  include

defects  of  the  tongue  (� Fig.  49.4)  and  pharynx  (� Fig. 49.5).
The  other  attractive  feature  of  th is  flap  is  its  long  vascular
pedicle  and  redundant  venous  drainage.  In  a  vessel-depleted
neck, the pedicle can  reach  to the opposite side for anastom osis
w ith  recipient  vessels. The venous outflow  through the cephalic
vein  and  deep  venous  system , accom panying the  radial ar tery,
readily in tercom m unicates via  a  num ber  of sm all vessels and  a
single  large  vein  in  the  proxim al  forearm . The  redundancy  of
the  venous  outflow  allow s  the  select ion  of either  vein  for  the

Fig. 49.2  Pectoralis major myocutaneous flap  anatomy.

Fig. 49.3  Pectoralis major myocutaneous flap  design.

Fig. 49.4  Oral tongue  reconstruction with  a  radial forearm  free  flap.
The highly pliable  skin paddle  is able  to conform  to the  original shape
of the  reconstructed  left  tongue  and  floor of mouth.

Myocutaneous and Free Flap Reconstruct ion

392



m icrovenous  anastom osis. The  skin  paddle  design  is  anatom i-
cally  centered  on  the  radial  vasculature  of  the  forearm
(� Fig. 49.6). The  m edial border  of the  skin  paddle  is  restricted
at  the palm aris tendon, to avoid  potent ial exposure of the ulnar
vessels. Im portan t  steps in  flap  elevation  include early identifi-
cation  of the cephalic vein , preservation  of the distal superficial
branch of the radial nerve, and dissect ion of the com m unicating
vein  in  the  proxim al forearm . Inclusion  of the  lateral antebra-
chial  cutaneous  nerve, w hich  travels  along  the  cephalic  vein ,
provides a sensory nerve for reinnervation  in  the head and neck

region.  A split-th ickness  skin  graft  is  used  for  closure  of  the
forearm  wound.  Long-term  problem s  related  to  flap  harvest
m ay  include  sensory  loss  in  the  dist ribut ion  of the  superficial
radial nerve, scar contracture w ith  lim itation  of hand extension,
and  visible  deform ity. Grip  strength  and  range  of m otion  are
rarely a ected to any sign ifican t extent.

The  m ain  advantage  of the  anterolateral th igh  flap  over  the
radial forearm  flap  is reduced  donor  site  m orbidity. Most  th igh
defects  follow ing flap  harvest  can  be  closed  prim arily, thereby
avoiding a  skin  graft . Flap  design  depends  on  identification  of
the  perforating  vessels  from  the  flap  pedicle—the  descending
branch  of the  lateral circum flex  fem oral artery. These  perfora-
tors lie  close to a line draw n  between  the anterior superior  iliac
spine  and  anterolateral  patella.  After  redundant  skin  of  the
th igh  has been  pinched  together, the m edial and  lateral borders
of the  flap  can  be  m arked  (� Fig. 49.7). In  older  patien ts, skin
paddles  m easuring  250  to  350 cm 2 can  be  elevated  w hile  pri-
m ary closure in  the th igh is achieved. Elevation  of the anterolat-
eral th igh  flap  requires m eticulous dissection  of the perforating
vessels traversing the vastus lateralis m uscle. Alternatively, th is
flap  can  be  raised  by  keeping  a  port ion  of  vastus  lateralis
m uscle attached to the undersurface of the skin  and fat , thereby
elim inat ing  tedious  perforator  dissect ion .  The  anterior  lateral
th igh  flap  pedicle  is sim ilar  to that  of the radial forearm  flap, in
that  it  is  long and  can  reach  to the  opposite  side  of the  neck if
such  need  arises. Morbidity related  to th is flap  is m inim al, even
in  cases of m uscle sacrifice. Gait  disturbances are rare.

The  fibula  free  flap  is  the  optim al source  of t issue  for  bony
reconstruct ion  of the  head  and  neck, especially  the  m andible.

Fig. 49.5  Pharynx reconstruction  with  a  radial forearm  free  flap. The
skin  paddle  of the  flap  is tubed  and  sutured  to itself to  re-create  the
conduit  between  the  oropharynx and  esophagus. Part  of the  skin
paddle is brought outside to provide coverage above the laryngectomy
stoma.

Fig. 49.6  (a) Radial forearm  free  flap  design and  (b) after harvest.
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Favorable  anatom ical  characteristics  of  th is  flap  include  an
available bone length  of up  to 25 cm , strong cort ical bone capa-
ble  of supporting osseointegrated  im plants, and  a  reliable  vas-
cular  pedicle. In  addition, a  large  area  of lateral leg skin  can  be
harvested  w ith  th is flap, up  to 300 cm 2 (� Fig. 49.8). Harvesting
beyond th is am ount  risks par tial skin  loss. The fibular skin  pad-
dle  can  be  used  for  resurfacing m ost  tongue, cheek, and  associ-
ated  external  defects.  Fibular  bone  can  precisely  reconstitute

any  segm ental  m andible  defect .  Fibular  contouring  is  per-
form ed  w ith  closing  osteotom ies.  Each  osteotomy  segm ent,
w hich  relies  on  vascular  supply from  the  periosteum , needs to
be  3 cm  or  larger  to  preserve  su cient  blood  flow. Follow ing
the  osteotom ies, a  reconstruct ion  plate  is  applied  to  stabilize
the fibula w ithin  the m andibular defect .

Com plicat ions  of  free  flap  t ransfer  include  flap  failure  (as
previously  discussed), bleeding  (� Fig. 49.9), infect ion, wound

Fig. 49.7  Anterolateral thigh  free  flap  design.

Fig. 49.8  (a,b) Fibula  free  flap  design.

Fig. 49.9  Hematoma evacuation on  the  first  postoperative  day.
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dehiscence,  fistula  form ation,  hardware  exposure,  excessive
bulk, and  several others. Soft-t issue  flap  revisions m ay be  nec-
essary  to  im prove  tissue  contour  and  function.  In  applicable
cases, revisions  can  be  delayed  until after  the  end  of radiation
therapy.

49.8  Prognosis
The  overall success rate  for  free  t issue  transfer  in  the  head  and
neck approaches 95% in  several large  series reported  in  the  lit-
erature. The  perioperative  m ortality  is  approxim ately  1%. The
rate  of  m edical  complications,  m ost  com m only  caused  by
cardiac  and  pulm onary  m anifestat ions, is  about  20%. Surgical
complications, such  as wound  infect ion , breakdow n, and  fistula
form ation, are  significantly higher  in  patients w ith  a  h istory of
previous radiation therapy.

49.9  Roundsm anship
●  Flap  select ion  depends on  the m issing tissues and the volum e

requirem ents of a head and neck defect .

●  Free flaps are the optim al choice for the reconstruct ion of
large head and neck defects.

●  Free flap  reliability approaches 95%.
●  E ect ive elevation  of a pectoralis m ajor myocutaneous flap

requires sect ioning of the lateral thoracic artery and preserva-
tion  of the first  two in tercostal perforators.
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50  Tissue Expansion
Grigorly Mashkevich and Kenneth M. Wong

50.1  Int roduct ion
Over the past 30 years, t issue expansion  has becom e an  increas-
ingly useful adjunct  in  reconstruct ive  surgery, especially in  the
region  of the head  and  neck. Although  the concept of t issue  ex-
pansion  has been  know n since ancient  t im es, Neum ann, using a
rubber balloon  gradually filled w ith  air, first  applied th is techni-
que  in  reconstructive  surgery  in  1957. Follow ing  publications
by Austed  and  Radovan, t issue  expansion  gained  w ide  accept-
ance  during  the  1970s  and  1980s. Its  safety  and  e cacy  were
well docum ented  in  the  decades  that  followed. The  technique
of  t issue  expansion  has  been  applied  successfully  to  a  w ide
range  of clin ical problem s, including breast  reconstruct ion, re-
pair  of burn  wounds, pediatr ic  plastic  surgery, and  head  and
neck reconstruction. Tissue  expansion  provides several dist inct
advantages, such  as  excellent  color  and  texture  m atch  and  the
retent ion  of  cutaneous  sensory  function.  For  these  reasons,
tissue  expansion  continues  to  serve  as  a  valuable  tool  for  the
reconstruct ive surgeon.

50.2  Incidence of Disease
Although  exact  data  on  the  num ber  of t issue  expansion  proce-
dures  perform ed  are  lacking, the  use  of t issue  expansion  has
been  well docum ented  and  published. In  the head  and  neck re-
gion , the m ost  frequent  application  has been  for large scalp  and
neck wounds.

50.3  Term inology
A dist inct ion  should  be  m ade betw een  long-term  tissue expan-
sion  and  in traoperative  t issue  expansion  because  they di er  in
technique  and  the  process  of expansion. Long-term  t issue  ex-
pansion  involves placing an  expander  device  under  the  skin  in
the appropriate area. The wound is allowed to heal for  2 weeks,
and expansion is carried out  in  serial fash ion  over several weeks
w ith  sterile  technique  and  saline  inject ion .  The  expander  is
then  rem oved  in  another  surgical  procedure  and  the  wound
reconstructed  w ith  the  newly  expanded  tissue. In traoperat ive
tissue  expansion ,  on  the  other  hand,  is  perform ed  synchro-
nously w ith  reconstruction  of the  wound. In traoperative  tissue
expansion  is  carried  out  in  cyclical  fashion, w ith  three  cycles
of expansion  and  deflation. A large  Foley  catheter  or  specific
expander  device  is  used.  The  balloon  is  inflated  underneath
the  area  to  be  expanded, left  for  3 m inutes, and  deflated. The
flap  is  then  incised  and  used  to  reconstruct  the  wound  in  one
setting.

50.4  Applied Anatom y
A thorough  understanding of head  and  neck  anatomy and  the
histologic  layers  of the  skin  is  im portant  in  t issue  expansion,
especially  w hen  the  expanders  are  placed. The  skin  comprises
the epiderm is and  derm is, w hich  are situated over  the subcuta-

neous  t issues.  The  derm is  is  further  separated  in to  papillary
and  reticular  layers. All t issue  com ponents  of the  skin  undergo
physiologic  changes  during  tissue  expansion .  Know ledge  of
the  di erent  layers in  the  head  and  neck is im portant  in  term s
of the  placem ent  of expanders. In  the  scalp  region , the  t issue
layers  include  the  skin ,  connective  tissue,  galea  aponeurosis,
loose  areolar  t issue, and  periosteum . An  im portan t  layer  in  the
facial  region  is  the  superficial  m usculoaponeurotic  system
(SMAS), w hich  connects  to  the  galea  superiorly  and  platysm a
inferiorly.

50.5  The Disease  Process
50.5.1  Et iology
Tissue  expansion  can  address  wounds  in  need  of  soft-t issue
coverage, such  as those result ing from  burns, traum a, or cancer.
In  the  head  and  neck  region, t issue  expansion  can  additionally
be  used  for  scar  revision, the  t reatm ent  of m ale  pattern  bald-
ness, the  release of contractures, and  even  the repair  of cleft  lip
and  m icrotia. In  the  pediatric populat ion, tissue  expansion  can
assist  in  the  m anagem ent  of various  disorders, including  con-
genital  nevi,  hem angiom as,  lymphangiom as,  arteriovenous
m alform ations, and congenital anom alies.

50.5.2  Pathogenesis
Although  not  a  disease  process, long-term  t issue  expansion  re-
sults  in  m echanical, physiologic, and  histologic changes  (“bio-
logical creep”) w ithin  the  di eren t  t issue layers. The  epiderm is
and derm is exhibit  the m ost drastic changes.

Epiderm al th ickness rem ains the sam e or increases. Although
the  stratified  layers rem ain  in tact , m etabolic and  m itotic activ-
ities increase. After  expansion, the  epiderm is usually returns to
norm al, w ith  hyperpigm entation  and  dryness  the  m ost  com -
m on side e ects.

Increased  m etabolic act ivity and  physiologic changes are also
observed  in  the  derm is, w hich  can  lose  30  to  50% of its  th ick-
ness.  Fibroblast  activity  is  enhanced,  result ing  in  increased
collagen  synthesis. The  basal layer  of the  derm is  th ickens  and
myofibroblasts increase  in  num ber, w hich  can  lead  to flap  con-
tracture  after  flap  transfer. The num ber of hair  follicles rem ains
the  sam e,  but  the  density  decreases  as  the  surface  area  in-
creases. Adipose  t issue  and  m uscle  tend  to  atrophy w ith  t issue
expansion. Adipose  t issue  can  lose  up  to  50% of its  th ickness.
Nerves lengthen  w ith  gradual expansion. One  m ajor  advantage
of long-term  t issue  expansion  is neovascularization. Capillaries
proliferate, leading  to  a  lengthening of venules  and  arterioles.
Increased  vascularity  im proves  flap  survival  and  resistance  to
infect ion .

Tissue gain  during in t raoperative t issue  expansion  occurs via
a  di erent  process.  In traoperative  t issue  expansion  increases
skin  length  through  the  process  of  m echanical  creep,  w hich
involves the  disruption  and  realignm ent  of collagen  and  elastin
fibers, displacem ent  of adjacent  t issue, and  shift ing of in tersti-
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t ial fluids. About  1  to  3 cm  of additional flap  length  can  be  ob-
tained through th is approach.

50.5.3  Natural History and Progression
Many di eren t  shapes, sizes, and  volum es of t issue  expanders
are  used  in  long-term  expansion  (� Fig. 50.1). Com m on  shapes
include  rectangular,  crescent ,  and  circular.  Tissue  expanders
consist  of an  expandable  cham ber  composed  of silicone  elasto-
m ers  and  an  inject ion  port. In  the  head  and  neck  area, rem ote
inject ion  ports  can  be  optim ally  placed  away  from  sensitive
areas of the face. In  long-term  expansion, progression  occurs in
a biphasic m anner. There  is a  period  of t issue  resistance  during
the  in itial stages, w hich  is followed  by a  rapid  increase  in  com -
pliance.  Expansion  should  be  continued  until  there  is  about
tw ice  the  am ount  of  t issue  needed  to  cover  a  defect . On  the
other  hand,  in traoperative  expansion,  for  reasons  previously
outlined, occurs  m uch  m ore  rapidly  and  is  perform ed  in  one
setting.

50.6  Medical Evaluat ion
50.6.1  Present ing Com plaints
Patien t  m otivation  is an  im portant  factor in  the decision  to pro-
ceed  w ith  tissue  expansion . The patient  should  be  prepared  for
m ultiple  procedures  and  frequent  o ce  visits.  The  surgeon
m ust  counsel pat ients  and  caregivers  w ith  respect  to  the  tim e
course of expansion , expected physical appearance, and in terim
social  funct ioning. During  the  later  stages  of the  process, the
physical appearance  caused  by the  expanded  tissue  m ay inter-
fere  w ith  work  and  social  activities. Proper  pat ien t  education
before  the  process begins can  help  m inim ize  expected  anxiety.
The  surgeon  should  also  inquire  about  any history of sm oking,
diabetes, or  radiation  because any of these m ay adversely a ect
wound healing and outcom e.

50.6.2  Clinical Findings, Physical
Exam inat ion
The wound  should  be  m easured, and  the  shape  and  size  of the
expander  chosen  appropriately.  The  shape  of  the  expander
should  m atch  the  shape  of the  ant icipated  flap. If a  large  rota-
tion  flap  is expected, then  a crescent  or  circular  expander is se-
lected.  Rectangular  expanders  are  m ost  com m only  used  for
straight  advancem ent  flaps. The area of the base of the expand-
er  should  be  2.5  to  3  tim es  the  area  of the  defect . The  actual
am ount  of t issue that  can  be used  is only a fract ion  (about  35%)
of the increased surface area.

50.6.3  Test ing
Standard  preoperative  m edical  testing  should  be  perform ed
based  on  the  pat ient’s  m edical  h istory,  including  elect rocar-
diography, chest  X-ray, and  all  necessary  laboratory  work. All
required  m edical clearance  should  be  obtained  before  any pro-
cedures are perform ed.

50.6.4  Di erent ial Diagnosis
When  dealing w ith  a  wound  defect , the  surgeon  should  weigh
all  the  available  reconstructive  options. These  include  healing
by secondary  in ten tion, prim ary  reapproxim ation, local or  re-
gional flaps, split-th ickness or full-th ickness skin  grafts, and m i-
crovascular  free  flaps. Tissue  expansion  can  be  an  adjunct  to
any of these in terventions by increasing the am ount of available
tissue. The  advantages  of t issue  expansion  include  good  color,
texture and  bulk m atch , m inim al donor site m orbidity, m inim al
scarring, and  retention  of sensory and  adnexal funct ion . Disad-
vantages include  temporary cosm etic deform ity during the  ex-
pansion  phase, prolonged  period  of expansion , need  for  m ulti-
ple  procedures, and  complications associated  w ith  the  im plant
and placem ent.

50.7  Surgical Treatm ent
Multiple procedures are needed for long-term  tissue expansion.
Once an  expander w ith  the appropriate size and shape has been
selected, several technical considerations guide  its  insertion  in
the operating room . The incision  is placed away from  the site of
expansion  to  m inim ize  the  chance  of  wound  dehiscence  and
im plant  extrusion. The pocket  for  the  expander should  be large
enough  to  accom m odate  it  w ithout  resistance  and  folding. The
inject ion  port  should  be positioned  in  an  optim al location , w ith
patient  com fort  and  visibility for  the serial inject ions taken  in to
account.

The  area  of expansion  in  the  head  and  neck  determ ines  the
tissue  plane  in  w hich  the  expander  is  positioned. In  the  facial
region,  the  expander  is  placed  subcutaneously,  superficial  to
the SMAS, to protect  the facial nerve. In  the  neck, the  expander
can  be placed either superficial or deep to the platysm a m uscle.
When  the expander  is placed in  the deeper  plane, care m ust  be
taken  to position  the  device  away from  the  m arginal branch  of
the facial nerve. The  expander  is placed  betw een  the  galea and
pericranium  in  the scalp  and  forehead. Superficial placem ent  in
the scalp region  can lead to alopecia.

Fig. 50.1  Various shapes of tissue  expanders. (Image  provided
courtesy of Mentor Corporation, Santa  Barbara, CA.)
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Com plicat ions  associated  w ith  long-term  t issue  expansion
occur  in  approxim ately 10% of adult  patients  and  up  to  30% of
pediatric patients. These  include  hem atom a, serom a, exposure
or  extrusion, infect ion , num bness  due  to  neurapraxia, m igra-
tion, and  very rarely leakage of the  device. Exposure  and  infec-
tion  are  the  m ost  com m on  side  e ects. Their  m anagem ent  de-
pends on  w hen  they occur during the  expansion  process; if the
device is exposed or infected early, im plant  rem oval is the m ost
prudent  course  of  action,  w hereas  an  im plant  can  be  left  in
place for  an  additional round  of expansion  and  ant ibiot ics con-

tinued  to  prevent  infect ion  if  the  device  is  exposed  near  the
end  of the  expansion  process (� Fig. 50.2). Im plant  capsule  for-
m ation  can  lim it  the  pliancy of the  expanded  skin , and  capsu-
lectomy m ay be necessary.

50.8  Prognosis
When  perform ed  correctly,  t issue  expansion  has  excellent
cosm et ic and  funct ional results. It  has  becom e  a  valuable  tool,
especially in  the reconstruct ion  of the head and neck region.

50.9  Roundsm anship
●  There are two types of tissue expansion: long-term  and in tra-

operative.
●  Physiologic and h istologic changes (“biological creep”) occur

during long-term  expansion, w hereas m echanical changes ac-
company in traoperative expansion , know n as “m echanical
creep.”

●  The size of expander should be approxim ately 2.5 to 3 t im es
the size of the defect .

●  Expanders should  be rem oved if complications occur early in
the expansion process. Expansion  can  be continued or short-
ened w ith  late complications.

50.10  Recom m ended Reading
[1]  Ho m ann  JF. Tissue  expansion  in  the  head  and  neck. Facial  Plast  Surg  Clin

North  Am  2005; 13: 315–324
[2]  Hurvitz  KA, Rosen  H, Meara  JG. Pediatric cervicofacial t issue  expansion . In t  J

Pediatr Otorhinolaryngol 2005; 69: 1509–1513
[3]  Motam ed  S, Niazi F, Atarian  S, Motam ed  A. Post-burn  head  and  neck  recon-

struction  using tissue expanders. Burns 2008; 34: 878–884

Fig. 50.2  Patient  with bilateral microtia requiring long-term  expansion
of the  postauricular tissue of the  scalp to limit  the need for skin graft.
Impending  necrosis developed at  the  end  of the  expansion cycle. The
expander was removed and  the  expanded  tissue  successfully used  for
postauricular coverage  after elevation of the  auricular framework.
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51  Treatm ent  of Facial Paralysis
Grigorly Mashkevich

51.1  Int roduct ion
Facial  paralysis  is  a  challenging  problem  for  both  pat ien ts
and  physicians.  Th is  poten t ially  d isabling  condit ion  can
arise  from  m ult ip le  causes,  and  a  th orough  understand ing
of the  d i eren t ial  d iagnosis  an d  available  t reatm en t  opt ions
is  required .  Optim al  cosm et ic  an d  fun ct ion al  rehabilitat ion
in  pat ien ts  w ith  facial  paralysis  depends  on  an  in d ividual-
ized  t reatm en t  st rategy  perform ed  in  a  m ult id iscip linary
set t ing.

51.2  Incidence of Disease
The incidence of facial paralysis varies greatly based on its etiol-
ogy. This inform ation  is provided in  sections that follow.

51.3  Classificat ion of the Disease
Process
The  House-Brackm ann  scale  is  a  reliable  tool for  grading facial
nerve  dysfunct ion  (� Table  51.1). This scale  is not  applicable  to
patien ts  w ith  facial  nerve  synkinesis.  Other  scales  have  been
developed  to help  assess the  physical and  psychological impact
of facial paralysis on  a icted individuals.

51.4  Applied Anatom y
The facial nerve enters the tem poral bone via the in ternal audi-
tory  m eatus  and  t ravels  w ithin  the  t ight  bony confines  of the
fallopian  canal. Most  in flam m atory conditions  cause  pressure-
induced  paralysis  in  th is  portion  of  the  nerve.  Upon  its  exit
from  the  stylomastoid  foram en, the  facial nerve  penetrates the
substance  of the  parotid  gland, by w hich  it  is well protected  in
the  preauricular  region. With in  the  gland, it  divides  in to  five
m ajor  branches, w hich  exit  the  periphery of the  gland  deep  to
the  superficial  m uscular  aponeurotic  system  (SMAS). Anterior
to  the  parotid  gland, distal  facial nerve  branches  substan tially
intercom m unicate  and  innervate  the  m idfacial  m usculature
w ith  redundancy.

51.5  The Disease  Process
51.5.1  Et iology, Pathogenesis, Natural
History, and Progression
Congenital
Birth Trauma
Several  factors  during  the  bir th  of  a  child  m ay  lead  to  facial
nerve  injury and  associated  paralysis. These  include  the  use  of
forceps  during  the  delivery, bir th  weight  of m ore  than  3.5 kg
(7.7 lb), and  first  pregnancy. A contribut ing factor  m ay be com -
pression  m olding of the  fetus w hile  it  passes through  the  bir th
canal. In  th is sett ing, the facial nerve is susceptible to stretch  in-
jury  and  requires  t im e  to  regenerate. The  overall  prognosis  is
excellent, w ith  up  to 90% of ch ildren  achieving complete  recov-
ery of their facial nerve funct ion w ithout  surgical or m edical in-
tervention . In  the  rare  instances  in  w hich  transection  injury is
strongly suspected, surgical exploration  m ay be warranted.

Mobius Syndrome
Mobius syndrom e, first  described in  the 19th  century, is charac-
terized by concom itant  facial and abducens nerve palsies. These
m ay arise  as a  result  of peripheral nerve  underdevelopm ent  or
agenesis, as  well  as  from  poorly  funct ioning  brainstem  nuclei.
Additional  cran ial  nerves  m ay  be  a ected  in  th is  syndrom e.
Clinically, patien ts struggle  w ith  facial m ovem ent  and  have  ex-
trem e  di culty  expressing  em otion . Accompanying  problem s
include  oral incompetence, drooling, poor  self-esteem , and  so-
cial isolation—all of w hich  exacerbate the challenges to persons
w ith  th is  condition . In  th is  pat ien t  group, free  m uscle  transfer
has been  successfully used  for  the  rehabilitation  of facial m ove-
m ent. Ideally, such  in tervent ion  is perform ed  before  school en-
try in  an  attempt  to  avoid  the  psychological t raum a  caused  by
peer ridicule during the early form ative years.

Melkersson-Rosenthal Syndrome
Melkersson-Rosenthal  syndrom e  is  the  constellation  of recur-
rent  facial  paralysis,  facial  swelling,  and  tongue  fissures.
Although  the typical care of recurren t  flare-ups includes steroid

Table 51.1  House-Brackmann grading scale for facial nerve dysfunction

Grade  Impairment  Deficits

I  Normal  Normal facial movement

II  Slight  Normal resting  tone, complete  eye  closure, slight  weakness with  movement

III  Moderate  Mild  facial asymmetry at  rest, complete  eye  closure  with  effort, moderate  weakness with  movement

IV  Moderate–severe  Disfiguring  asymmetry at  rest, incomplete  eye  closure, some facial movement

V  Severe  Disfiguring  asymmetry at  rest, incomplete  eye  closure, slightly noticeable  facial movement

VI  Complete  Absent  facial movement

51.5  The Disease Process
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and  anti-inflam m atory  m edications, controversy  rem ains  over
the  m anagem ent  and  prevent ion  of facial  palsy. Isolated  case
reports describing facial nerve  decom pression  (opening its bio-
logic bony confines  to  prevent  nerve  pressure  during  bouts  of
swelling) suggest  that  long-term  resolution  of facial nerve  dys-
function  is possible w ith  th is m ore aggressive approach.

Hemifacial Microsomia
Hem ifacial m icrosom ia  comprises  a  spect rum  of congenital fa-
cial  anom alies  arising  from  underdevelopm ent  of one  side  of
the face. This syndrom e is m arked  by hem ifacial soft-t issue  de-
ficiency and  poor  developm ent  of the  lower  jaw, m axilla, and
external ear. In  cases of accom panying facial weakness or  para-
lysis, reconstruct ive  surgery can  be  planned  together  w ith  cra-
niofacial  repair  directed  at  correcting  jaw  and  ear  abnorm al-
it ies. The restorat ion  of facial sym m etry and  sm ile  can  be espe-
cially e ect ive  w ith  free  m uscle  t ransfer  because  it  provides  a
secondary benefit  of facial augm entation.

Infect ious
Bell Palsy
Bell palsy is also  know n  as idiopathic facial paralysis. However,
recent  evidence  suggests that  herpes sim plex virus is  the  m ost
likely agent  responsible for Bell palsy. The incidence of th is con-
dition  approaches 30 per 100,000 people. Typically, the onset of
paralysis occurs over  a period  of 24 to 72 hours and  m ay be  ac-
companied by other sym ptom s, such as pain  around the ear, de-
creased  taste,  and  dim inished  hearing  on  the  a ected  side.
Although  the  overw helm ing m ajority  of pat ients  recover  their
facial nerve funct ion, a sm all m inority are left  w ith  a m ovem ent
deficit , m arked  by aberran t  facial m ovem ents (synkinesis). Ste-
roids  and  an tiviral  m edicines  have  been  found  helpful  in  im -
proving  functional  recovery  of  the  facial  nerve  in  the  acute
stages of Bell palsy. In  selected  instances, in  w hich  elect rical ac-
tivity of the nerve is severely depressed during the first  2 weeks
(see testing below ), surgical decompression  of the  nerve’s bony
channel should  be  considered. In  those  w ith  poor  recovery and
synkinesis, chem odenervation  (paralysis) w ith  botulinum  toxin
A and in tensive physical therapy o er a prom ising rehabilitative
option.

Ramsay Hunt  Syndrome
Ram say Hunt  syndrom e  (herpes zoster  oticus) is  caused  by re-
activation  of the  varicella-zoster  virus  (hum an  herpesvirus  3)
w ithin  the facial nerve and  is accom panied by vesicle form ation
and  ear  pain  (zoster  oticus). Other  sym ptom s, such  as  hearing
loss, t inn itus, vert igo, nausea, and  vom iting, m ay be  present, as
well. These are thought  to arise from  irr itation  of the vestibulo-
cochlear nerve, w hich  is situated adjacent  to the inflam ed facial
nerve  in  the  temporal  bone. Although  no  random ized  studies
exist  on  the  treatm ent  of th is infrequent  condition, a  com bina-
tion  of steroids, antivirals, and  pain  m edications can  be  used  to
control in flam m atory injury of the facial nerve. This regim en  is
based  on  experience  in  the  treatm ent  of Bell  palsy  (w ith  ste-
roids),  as  well  as  the  treatm ent  of  zoster  infections  in  other
parts  of the  body  (w ith  an tiviral  m edications). The  prognosis
for  facial  nerve  recovery  is  poor  in  Ram say  Hunt  syndrom e,

w ith  chronic  neuralgia  (pain)  com m only  persisting  follow ing
the resolution  of in fect ion.

Otit is Media/Mastoidit is
Otit is m edia/Mastoiditis  is an  acute  infect ion  of the  m iddle  ear
and  m astoid  that  in  rare  cases (fewer  than  1%) m ay result  in  fa-
cial nerve  paralysis. Swelling around  the  nerve  and  toxic sub-
stances released  by bacteria are thought  to be the causative fac-
tors behind  facial nerve involvem ent . Successful t reatm ent con-
sists  of  the  prom pt  recognition  and  eradication  of  in fect ion.
This  includes  broad-spectrum  ant ibiot ics  and  myringotomy
w ith  placem ent  of a  vent ilation  tube, so  that  a  bacterial speci-
m en  can  be  obtained  for  culture.  A m astoidectomy  (rem oval
of infect ion  in  the  adjacent  m astoid  bone)  m ay  be  perform ed
in  selected  cases  of  associated  m astoiditis.  The  prognosis
for  complete  facial  nerve  recovery  is  excellent  w ith  the  above
interventions.

Cholesteatoma
Cholesteatom a  is  a  slow -grow ing  skin  cyst  that  over  t im e
causes destruct ion  in  the ear by exert ing pressure on  surround-
ing  structures  and  causing  flare-ups  of chronic  infect ion. The
incidence  of facial  paralysis  in  a  setting  of cholesteatom a  ap-
proaches  3%. Prom pt  recognition  of  th is  disease  process  and
surgical  eradication  are  crit ical  in  successfully  releasing  pres-
sure  from  the  facial nerve  and  rem oving the  source  of chronic
infect ion  and  inflam m ation . Poor  prognost ic factors  for  recov-
ery include extension  of a  cholesteatom a into the  petrous apex
(deep  portion  of the temporal bone) and  delayed  surgical treat-
m ent. Patients  w ho undergo  early in tervention  are  m ore  likely
to recover their facial nerve function  completely.

Lyme Disease
Lym e  disease  is  caused  by  Borrelia  burgdorfer i,  a  bacterium
transm itted  to hum ans through  the  bite  of in fected  t icks. Typi-
cal sym ptom s and  signs in  acute stages of Lym e disease  include
headache, weakness, fever, and erythem a chronicum  m igrans (a
characteristic  target-shaped  rash  that  develops  at  the  site  of a
tick  bite). Although  the  incidence  of accom panying facial para-
lysis  reaches 11%, it  completely resolves in  99.2% of patien ts. A
high  index of suspicion  for  Lym e  disease  should  arise  w hen  a
patien t  presents  w ith  a  recent  h istory of t ick  bites  during  the
sum m er m onths in  areas w here the disease is endem ic; the na-
tional risk m ap  is available  on  the  U.S. Centers for  Disease  Con-
trol  and  Prevention  Web  site  (h ttp://w w w.cdc.gov/lym e/stats/
m aps/in teractiveMaps.htm l). Lym e t iters should  be obtained  for
confirm ation  and antibiotic therapy instituted, follow ing guide-
lines  published  by  the  Infect ious  Diseases  Society  of Am erica
(http://w w w.idsociety.org/lym edisease.htm ).

Other
A num ber  of additional  in fect ious  processes  can  im pair  facial
nerve funct ion , including HIV infect ion, tuberculosis, in fect ious
m ononucleosis,  and  others.  These  conditions  typically  have
other  associated  sym ptom s  in  a ected  individuals, and  a  high
index of suspicion  is  required  to  m ake  the  diagnosis. Previous
history  and  risk  factors  for  exposure  influence  the  decision  to
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pursue these diagnostic possibilit ies in  a setting of facial paraly-
sis. The  m ainstay of m anagem ent  is  targeted  m edical therapy,
unless  associated  m astoiditis  is  identified  on  work-up. In  th is
instance, m astoidectomy should be perform ed to control the in-
fect ion  and swelling around the facial nerve.

System ic and Neurologic
Conditions  in  th is  category  include  autoim m une  diseases, dia-
betes, sarcoidosis, Guillain-Barré  syndrom e, m ultiple  sclerosis,
and  others. Infrequently, these  can  present  w ith  isolated  facial
paralysis. A correct  diagnosis and  prom pt  m edical in tervention
form  the in itial t reatm ent  strategy, w ith  an ticipated recovery of
facial m ovem ent  in  m ost cases.

Traum at ic
Traum atic injuries to the head  and  cranium  are one of the m ost
com m on  causes  of  acquired  facial  paralysis.  In  instances  of
blunt  traum a, in  w hich  no lacerations or  fractures occur, the fa-
cial nerve  retains its  cont inuity and  is  expected  to recover. In  a
setting  of  suspected  nerve  lacerat ion  (penetrating  t raum a
through  facial skin  and  soft  t issues), im m ediate  surgical explo-
ration  w ith  nerve  repair  is  warranted. Ideally, th is  would  take
place w ithin  3 days of injury, during w hich  t im e the distal por-
tion  of the  facial nerve  can  still be  stim ulated  and  thus  identi-
fied during surgery.

When  facial traum a  results  in  a  tem poral bone  fracture, ac-
companying  facial  nerve  injury  occurs  in  10  to  25% of cases.
Tem poral bone  fractures  follow  several pat terns, defined  w ith
respect  to the long axis of a  temporal bone:  longitudinal (80%),
transverse (10%), and  m ixed  (10%). Facial nerve paralysis occurs
m ore  frequently in  transverse  (50%) than  in  longitudinal (20%)
fractures. Full recovery  is  expected  in  pat ien ts  w ith  a  delayed
onset  of facial paralysis. In  contrast , up  to 50% of those  w ith  an
im m ediate onset  recover poorly. In  m any cases of significant  fa-
cial t raum a, concom itant  acute  conditions m ay delay exam ina-
tion  and  testing  of the  facial nerve. However, delayed  surgical
exploration,  even  m onths  after  the  injury,  can  still  be  per-
form ed  w ith  reasonable  success  rates  of  funct ional  improve-
m ent and recovery.

Iatrogenic injury  to  the  facial  nerve  can  occur  during  facial,
bony,  or  in tracranial  surgery.  The  extent  of  nerve  dam age
largely dictates the  type  of repair. In  severe  cases, nerve  repair
m ay not  be  possible, and  other  rehabilitative  m ethods m ust  be
utilized  (� Fig. 51.1).

Neoplast ic
The  extirpation  of cancer  invading or  situated  in  the  vicinity of
the  facial  nerve  m ay  require  sign ificant  nerve  m anipulation
during  surgery  and  possibly  partial  or  complete  t ransect ion .
The  m ost  com m on  tum ors a ect ing the  facial nerve  are  acous-
tic  neurom a  (vestibular  schwannom a),  glom us  tum ors,  facial
neurom a, and  carcinom a  of the  parotid  gland. When  the  facial
nerve  continuity  is  m ain tained  during  surgery,  postoperative
recovery  is  closely  m onitored. Stim ulation  of the  nerve  at  the
end  of the  procedure  m ay provide  useful prognostic data. Ste-
roid  m edications are  typically not  given  in  th is sett ing because
several  studies  have  clearly  show n  lack  of  benefit .  Follow ing

surgery, electrom yography (EMG) can  be ut ilized to assess rein-
nervation  of the  facial m usculature. Depending on  the  stage  of
recovery, as well as individual challenges and  concerns, several
sim ple procedures are  considered  to aid  w ith  eye closure, facial
sym m etry, and oral competence (� Fig. 51.2).

51.5.2  Potent ial Disease Com plicat ions
In the setting of an  in tact or repaired facial nerve, the resolution
of paralysis depends on  axonal regeneration  and  regrow th  in to
the facial m usculature. Aberrant  regeneration  of facial nerve ax-
ons can  be  characterized  by m isdirect ion  of fibers or  sprouting
of axons to innervate  m ultiple  facial m uscles. This can  result  in
synkinesis,  w hich  is  an  involuntary  contract ion  of  the  facial
m uscles  during  facial  m im etic  m ovem ent  (� Fig.  51.3).  Other
complications of facial paralysis include excessive globe dryness
and exposure keratopathy, oral incompetence and drooling, and
chronic cheek biting.

51.6  Medical Evaluat ion
In  an  acute  setting,  the  m edical  evaluation  should  address  a
num ber  of  di erential  possibilit ies,  as  outlined  in  � Fig.  51.4
and � Fig. 51.5.

51.6.1  Present ing Com plaints
Patients  w ith  facial  paralysis  experience  a  range  of di culties
pertaining  to  appearance, speech,  and  swallow ing. Periocular
complaints  m ay  include  blurry  vision,  excessive  tearing,  and
discom fort  or  pain . Perioral deficits  depend  on  the  age  of the
patient  and  corresponding facial tone. These  can  include drool-
ing, food  spillage, and  cheek  biting. Facial  asym m etry  at  rest
and  w ith  m ovem ent  can  be  a  sign ifican t  source  of em barrass-
m ent and lead to social w ithdrawal.

51.6.2  Clinical Findings, Physical Exam i-
nat ion
During the  in it ial visit, a  detailed  exam ination  of facial appear-
ance  at  rest  and  w ith  m ovem ent  is  photographed  and  video-
taped. On  physical  exam ination, pat ien ts  w ith  facial  paralysis
display  characteristic  t issue  sagging  and  lack  of  facial  m ove-
m ent (� Fig. 51.6 and � Fig. 51.7). The eye exam inat ion  typically
reveals lagophthalm os, or  an  inability to fully close the eye. The
Bell phenom enon, w hich  is  an  upward  rolling of the  globe  on
attempted  eye  closure,  is  an  im portant  finding  denoting  an
added level of protect ion  against  dryness. Signs of excessive eye
dryness  and  irr itation  include  redness  of the  conjunct ivae  and
m ucoid  or  purulent  drainage.  Exam ination  of  the  oral  cavity
m ay reveal drooling of saliva due to com m issure  incompetence
and inner cheek traum a from  biting.

51.6.3  Test ing
In  a  sett ing  of acute  facial  paralysis,  electrodiagnost ic  testing
can  help  identify  patients  w ho  m ay  benefit  from  surgical  de-
compression  of the  facial nerve. Elect roneurography of the  fa-
cial  nerve  m easures  compound  facial  m uscle  action  potential
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upon  stim ulation  of  the  nerve  at  the  stylom astoid  foram en.
Measurem ents from  the paralyzed and  healthy sides of the face
are  com pared.  In  cases  of  m ore  than  90% degeneration ,  de-
compression  of the  facial  nerve  m ay  be  indicated. In  cases  of
paralysis lasting beyond  3  weeks, facial EMG can  provide  prog-
nostic  data. This  test  is  perform ed  by  inser ting  a  needle  in to
one  of  several  larger  facial  m uscles,  such  as  the  orbicularis
oculi and  orbicularis  oris, and  recording act ion  poten tials. Pol-
yphasic  configuration  of  the  act ion  potentials  indicates  early
reinnervation  and  im pending  return  of  facial  function . Blood
tests  m ay  be  ordered  depending  on  the  level  of suspicion  for
any  num ber  of in fectious  and  system ic  disease  processes  (see
� Fig. 51.4).

51.6.4  Di erent ial Diagnosis
The  di erent ial  diagnosis  of facial  paralysis  is  reviewed  in  an
earlier  section  of  th is  chapter  (The  Disease  Process)  and  in
� Fig. 51.4 and � Fig. 51.5

51.7  Treatm ent
51.7.1  Medical Treatm ent
The  m edical  t reatm en t  of  facial  paralysis  depends  on  the
underlying  et iology.  Specific  treatm ent  guidelines  are  out-
lined  in  � Fig. 51.4. All  pat ien ts  w ith  facial  paralysis  receive

Fig. 51.1  Management  strategies for chronic facial nerve  paralysis of longer than  two years’ duration.
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eye  care  w ith  natural tears and  oin tm ent  un t il fu ll resolu t ion
of lagoph thalm os.

51.7.2  Surgical Treatm ent
The treatm ent  options for  facial paralysis and  associated  m ove-
m ent  disorders  are  num erous  and  vary  based  on  individual

deficits, needs, and  preferences. An  individualized  plan  of care
is form ulated  together  w ith  the  patien t. In  m any cases of facial
paralysis,  m ult iple  treatm ents  m ay  be  necessary  in  order  to
achieve  optim al  aesthetic  and  functional  results.  Specialty
services, such  as ophthalm ology, otology, and  physical therapy,
are  consulted  on  an  as-needed  basis.

Fig. 51.2  Management  strategies for intermediate  facial nerve  paralysis of 3  weeks’ to  2  years’ duration. EMG, electromyography.
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Acute Facial Paralysis (0–21 Days)
Identifiable  causes  of  acute  paralysis  are  treated  expediently
w ith  appropriate  m edical therapy, follow ing proper  identifica-
tion  of the  cause  (see  � Fig. 51.4). In  rare  instances, surgical in-
tervention  m ay be  necessary  to  control in fect ion  and/or  swel-
ling around the facial nerve.

In  a sett ing of facial nerve transection , several reconstructive
options  are  available  for  im m ediate  facial  nerve  repair, w hich
m inim ize  the  sequelae  of paralysis  and  prom ote  the  return  of
facial nerve  funct ion  (see  � Fig. 51.5). Tension-free  approxim a-
tion  is crit ical in  achieving a successful neurorrhaphy. Identified

nerve  ends  can  be  m obilized  for  distances  of  several  cent i-
m eters  by  releasing  attachm ents  to  surrounding  soft  t issues.
Larger  gaps can  be  repaired  w ith  either  regional (great  auricu-
lar)  or  distal  (lateral  an tebrachial  cutaneous  or  sural)  nerve
grafts. Nerve  stum ps  are  approxim ated  w ith  fine, in terrupted
m onofilam ent  sutures  (e.g.,  9–0  nylon)  placed  under  m icro-
scopic m agnification.

Interm ediate  Facial Paralysis (21 Days–2
Years)
During th is stage, facial nerve recovery is m onitored w ith  serial
EMG exam inations,  w hich  provide  useful  prognostic  data.  In
the  sett ing  of a  poorly  recovering  facial  nerve, several  proce-
dures can  be  considered  to restore  facial appearance  and  reha-
bilitate  funct ion  around  the  eye  and  m outh  (see  � Fig. 51.2). In
the  early stages, at  6  weeks to 3  m onths, the  placem ent  of gold
or  platinum  weights  aids  upper  eyelid  closure, and  static sling
suspension  of the  m idface and  lip  can  be perform ed  w ith  m ini-
m al  associated  dow ntim e.  These  procedures  do  not  in terfere
w ith  the  recovering facial nerve. In  the  later  stages, if the facial
nerve  continues  to  display  poor  recovery  on  EMG, considera-
tion  is given  to nerve transfer  procedures designed  to m aintain
neurologic  input  to  the  facial  m uscles. A graft  from  a  nearby
nerve,  m ost  com m only  the  hypoglossal  nerve  (cranial  nerve
XII), can  provide  such  input . This  ultim ately allow s the  preser-
vation  of tone  in  the  native  facial  m usculature—usually, how -
ever, at  the expense of causing synkinesis (involuntary sim ulta-
neous m ovem ent  of m ultiple  facial m uscles). As an  alternative,
definitive  reconst ruction  w ith  a  vascularized  gracilis  m uscle
transfer is also considered at  th is stage.

Chronic Facial Paralysis (More than 2 Years)
Paralysis
The m anagem ent  of chronic facial paralysis depends on  num er-
ous factors, including patient  preferences and  desires. Depend-
ing on  the situat ion, m edical considerations m ay lim it  available
procedures.  For  example,  older  and  frailer  pat ients  are  poor
candidates  for  nerve  and  m uscle  t ransfer  procedures.  Recon-
struct ive  options range  from  stat ic suspensions to  dynam ic re-
anim ation  via  m uscle  transfer  to  the  paralyzed  side  (see
� Fig. 51.1). Both  have  their  m erits  and  serve  a  useful purpose
in  the  aesthet ic  and  funct ional  rehabilitation  of pat ien ts  w ith
facial paralysis.

Static slings are the sim plest solution w ith  the quickest recov-
ery  tim e. They  reposit ion  ptotic  t issues  of the  face  and  aid  in
functional  aspects,  such  as  lip  closure  and  the  prevention  of
food  spillage. Autologous fascia, hom ologous  tissue  (AlloDerm ;
LifeCell Corporation, Branchburg, NJ), sutures, and various m an-
ufactured  m aterials (Gore-Tex; W. L. Gore & Associates, Newark,
DE)  can  be  used  for  th is  purpose. Static  slings  m ay  relax  and
stretch over t im e, poten t ially requiring additional tighten ing.

Muscle  transfer  allow s  the  restoration  of  sym m etry  and
m ovem ent on  the paralyzed side. These are m ore extended pro-
cedures  w ith  longer  recovery tim es  than  those  of static slings.
Transfer of the temporalis m uscle, however, requires the pat ient
to  bite  dow n  in  order  to  activate  the  sm ile. The  procedure  of
choice to regain  involuntary sm ile  is a two-stage transfer  of the

Fig. 51.3  Right  facial synkinesis, or lip  pucker. Note  simultaneous
contraction of the right  orbicularis oculi, orbicularis oris, and platysma
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gracilis  m uscle.  During  the  first  operation,  a  sm ile-specific
branch  of the facial nerve is identified  on  the healthy facial side.
This  branch  is  then  grafted  across to  the  paralyzed  side  w ith  a
long  nerve,  such  as  the  sural  nerve  (� Fig.  51.8,  � Fig.  51.9,
� Fig. 51.10). Approxim ately 6 to 9 m onths later, follow ing axo-
nal regeneration  and  the  developm ent  of a  Tinnel sign, a  seg-
m ent  of the  gracilis  m uscle  is  transferred  to the  paralyzed  side
and  connected  to the  previously grafted  nerve  (� Fig. 51.11). In
approxim ately 6 m onths, the t ransferred  m uscle becom es func-
tional and provides m ovem ent on  the paralyzed side. The graci-
lis transfer a ords better precision w ith  respect  to the sm ile an-

gle  and  greater  excursion  (m ovem ent) of the  com m issure  (cor-
ner of the m outh) in  comparison w ith  the temporalis t ransfer.

Synkinesis
Synkinesis  is  the  poorly  coordinated, sim ultaneous, and  invol-
untary contraction  of several facial m uscles  during  purposeful
m ovem ent  of  the  face. For  example, w hile  eye  closure  is  at-
tempted, the corner of the m outh  m ay m ove also, generat ing an
unwanted  sm ile  (see  � Fig. 51.3).  Such  poor  coordination  re-
sults  from  random  axonal  regeneration  w ithin  the  recovering

Fig. 51.4  Differential diagnosis and  management  of acute  facial nerve  paralysis with  an  intact  facial nerve, 0  to  21 days’ duration.
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Fig. 51.5  Differential diagnosis and  management  of acute  facial nerve  paralysis with  a transected  facial nerve, 0  to 21  days’ duration.
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facial nerve. The successful m anagem ent  of synkinesis depends
on  select ive  chem odenervation  w ith  a  paralytic  agent  (botuli-
num  toxin  A) in  com binat ion  w ith  facial physical therapy. The
e ects of botulinum  toxin  inject ions wear o , and the inject ions
m ust  be repeated every 3 to 4 m onths. Other therapies, such ra-
dio-frequency  ablation, m ay  reduce  the  required  frequency  of
such inject ions but  are still investigational at  th is juncture.

51.8  Prognosis
The  prognosis  for  recovery of facial m ovem ent  varies  w ith  the
disease etiology and tim ing of presentat ion. Many patients w ith
infect ious or  system ically based  cases of facial paralysis recover
fully w ith  appropriate  treatm ent . Outcom es in  the  surgical re-
habilitation  of  chronic  facial  paralysis  are  m ore  di cult  to
quantify  and  depend  on  num erous  patient-  and  procedure-
related factors.

Fig. 51.6  Facial appearance  in  paralysis, frontal view.

Fig. 51.7  Facial appearance  in  paralysis, lateral view.

Fig. 51.8  Sural nerve harvest  from  the left  leg. Note the  length of the
nerve  and  several small access incisions.

Fig. 51.9  Dissected  facial nerve  branch responsible  for commissure
elevation. This branch  is cut  and  sutured  to the  sural nerve  graft.
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51.9  Roundsm anship
●  Patien ts w ith  facial paralysis require an  individualized ap-

proach  to achieve optim al cosm etic and funct ional outcom es.
●  Recovering facial nerve can result  in  synkinesis. The optim al

treatm ent of synkinesis includes chem odenervation w ith  bot-
ulinum  toxin  A and physical rehabilitation.

●  An assessm ent of the facial zones (forehead; periocular, perio-
ral, and cervical regions) helps define the surgical goals in  pa-
tients w ith  chronic facial paralysis.

●  Chronic facial paralysis can  be m anaged w ith  static reposi-
tioning or dynam ic reanim ation. The choice of surgery
depends on  the individual patient’s presentat ion, needs, and
goals.

51.10  Recom m ended Reading
[1]  Hadlock  TA, Greenfield  LJ, Wernick-Robinson  M, Cheney ML. Multim odality

approach  to  m anagem ent  of  the  paralyzed  face.  Laryngoscope  2006;  116:
1385–1389

[2]  Mehta RP, Hadlock TA. Botulinum  toxin  and  quality of life in  patients w ith  fa-
cial paralysis. Arch  Facial Plast  Surg 2008; 10: 84–87

[3]  Rosson  GD, Redett  RJ. Facial  palsy:  anatomy, etiology, grading, and  surgical
treatm ent. J Reconstr Microsurg 2008; 24: 379–389

Fig. 51.10  The  sural nerve  graft  is passed  within  the  upper gingivo-
buccal sulcus to the  paralyzed  side  of the  face.

Fig. 51.11  Gracilis muscle  graft, harvested and  ready for inset. Note
facial access incision for graft  placement  (upper left  corner).
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52  Correct ion of Congenital Auricular Deform it ies
Anthony P. Sclafani and Anthony M. Sclafani

Congenital  auricular  deform it ies  describe  a  w ide  range  of
anom alous  auricular  form s, from  prom inent  to  completely ab-
sent  ears. These  deform ities m ay be  associated  w ith  other  con-
genital  syndrom es  but  m ost  often  are  found  in  isolation.
Although  the  correct ion  of  these  deform it ies  addresses  the
patien t’s  physical  appearance, they  should  not  be  considered
cosmetic;  these  procedures  are  perform ed  to  restore  a  norm al
appearance  of the  ears  and  are  rightly classified  as  reconstruc-
t ive surgeries. The procedures can  be perform ed  at  any age, but
ear  deform it ies  are  best  corrected  in  ch ildhood, before  the  pa-
tient  has  su ered  psychologically  from  social  st igm atization
and has developed a sense of physical “self.”

52.1  Incidence of Disease
The  exact  incidence  of congenital  auricular  deform ities  is  un-
know n, and  th is figure is m ost  likely underreported because af-
fected  patients  m ay  sim ply  style  their  hair  to  cam ouflage  the
deform ity. Approxim ately 5% of Caucasians in  the  United  States
have  protruding ears. The  2011  Am erican  Society for  Aesthet ic
Plast ic  Surgery  survey  estim ated  that  just  sligh tly  fewer  than
27,000  “cosm etic” ear  surgeries  w ere  perform ed;  59% of  pa-
tien ts  w ith  prom inent  ears  have  a  fam ily h istory of the  condi-
tion ,  and  transm ission  is  thought  to  be  autosom al-dom inant
w ith  variable  penetrance. Cases  of m icrotia/anotia, easily  evi-
dent  at  bir th , are  m ore  reliably  reported, w ith  a  general inci-
dence  in  the  United  States  of approxim ately  1  in  every  7,000
to  8,000  live  bir ths.  Ethnic  and  national  di erences  in  inci-
dence  have  also  been  described,  w ith  Hispanics,  Asians,  and
Navajo  Native  Am ericans  m ore  com m only  a ected  in  the
United  States. Microtia  is  m ore  com m on  in  boys  (60  to  70% of
cases)  than  in  girls. More  cases  of m icrotia  are  noted  on  the
right  side  (60%)  than  the  on  left  (30%);  approxim ately  10% of
cases are  bilateral.

52.2  Term inology
Term s to  understand  include  those  that  refer  to  the  structures
of the  norm al auricle  (listed  below ), as well as those  pertain ing
to  specific deform ities  and  their  associated  abnorm alities. The
term  anotia  refers  to  the  total  absence  of  any  external  ear,
w hereas microt ia  describes an  imperfectly form ed  auricle  rang-
ing from  grade  I (sm all but  relat ively norm ally shaped  ear) and
grade II (abnorm ally sized and form ed auricle w ith  som e recog-
nizable  components  of the  auricle)  to  grade  III m icrotia  (skin
and car tilage rem nants only). Grade III m icrotia has been  subdi-
vided  in to  lobule  rem nant  and  conchal  rem nant  subtypes, in
w hich  only skin  approxim ates  a  m alpositioned  earlobe  (lobule
rem nant) or  skin  and  m alform ed  cart ilage  approxim ate  an  ear-
lobe and  inferior  conchal bow l (conchal rem nant). Aura l a tresia
is to the  absence of an  external auditory canal, tym panic m em -
brane, and in tact  ossicular chain  and is frequently seen  together
w ith  m icrotia.  Hemifacia l  microsomia  is  a  condition  in  w hich
som e  or  all parts  of a  hem iface  are  underdeveloped, also  seen

not  infrequently  together  w ith  m icrotia.  Cryptotia  refers  to  a
m ild  auricular  deform ity  in  w hich  the  superior  helical  rim  is
tucked  under  temporal  skin  and  does  not  project  away  from
the head. A variety of com m on  nam es have been  used  to phe-
notypically  describe  the  prom inen t  auricle,  such  as  lop  ear,
bat  ear, satyr  ear, shell  ear, and  cup  ear, am ong  others. It  is
m ore  valuable  to  iden t ify  the  specific  defects  of  the  m al-
form ed  ear  because  these  features  w ill  be  d irect ly  addressed
during otoplasty.

52.3  Applied Anatom y
Surgeons perform ing procedures on the auricle should be fam il-
iar  w ith  the norm al structures and  form s of the  natural auricle,
such  as  the  helix, an tihelix, scaphoid  fossa, fossa  t riangularis,
conchal bow l, t ragus, antit ragus, lobule, helical root, cauda heli-
cis, and  postauricular  crease  (� Fig. 52.1). The  auricle  is  com -
posed  of fibroelastic cartilage, and  although  flexible in  youth , it
becom es m ore rigid  over  t im e. The arterial supply to the auricle
is  from  the  posterior  auricular  artery and  superficial temporal
ar teries, w hich  are both  term inal branches of the external caro-
tid  artery system s (� Fig. 52.2).

Rudim entary  m uscles  help  m aintain  the  auricular  position,
and  in  som e  individuals  they have  a  sligh t  ability  to  m ove  the
auricle. Sensory nerves to the auricle are from  the auriculotem -
poral  nerve  (from  the  m andibular  division  of  the  tr igem inal
nerve), the  great  auricular  nerve  (from  C2  through  C4  roots),
the  Arnold  nerve  (branch  of the  vagus nerve), and  tw igs of the
facial nerve (� Fig. 52.3). Both  the neural and  vascular supply to
the  auricle  follow  a  radial  pattern , allow ing  a  circum ferential
ring  blockade  around  the  base  of  the  ear  to  anesthetize  the
ent ire auricle.

52.4  The Disease  Process
52.4.1  Et iology
No specific causes of auricular  m alform ation  have been  conclu-
sively  proved.  Auricular  prom inence  can  occur  sporadically,
although  about  60% of patien ts  have  a  positive  fam ily  h istory.
Transm ission  betw een  generat ions  is  as  an  autosom al-dom i-
nant  trait  w ith  incomplete  penetrance.  Conversely,  m icrotia
appears  to  occur  m ore  com m only  in  certain  countries  (e.g.,
Finland  and  Equador)  and  cultures,  suggesting  som e  lim ited
genet ic role.

52.4.2  Pathogenesis
The  external ear  develops  separately  from  the  m iddle  ear  and
inner  ear.  The  auricle  is  form ed  from  the  tissues  of  the  first
and  second  branchial arch, w ith  the  first  arch  contribut ing the
first  three  h illocks  of His, w hile  the  fourth  through  sixth  hil-
locks originate  from  the  second  arch;  these  are  present  by day
38  of gestation. The  t ragus  and  the  root  and  body of the  helix

52.4  The Disease Process

409



develop  from  first-arch  t issue,  w hile  the  rem ainder  of  the
auricle  originates  from  the  second  arch . The  auricle  develops
betw een  weeks  6  and  16  of gestation. The  helix  is  believed  to
grow  rapidly  during  weeks  8  through  12  and  ultim ately over-
hangs the  rest  of the  auricle;  during weeks 13  through  16, the
antihelical curl develops and  m edializes the helix. It  is thus rea-
sonable  to  assum e that  the  deform it ies seen  in  prom inent  ears
form  during  weeks  10  through  16, w hereas  m icrotia  deform -
ities  are  a  result  of m ore  significant, earlier  gestational abnor-
m alities  and  can  be  att ributed  to  anom alous  developm ent  of
hillocks 2 through 5.

An  alternative  theory of auricular  em bryogenesis  holds  that
the tragus and  helical root develop from  the first  arch; the an ti-
helix,  conchal  bow l,  lobule,  and  antit ragus  develop  from  the
second  arch;  and  the  rem ainder  of the  helix as well as the  sca-
phoid  fossa  are  derived  from  the  free  ear  fold, a  swelling  just
above  and  behind  the  developing arches. This  theory relegates
the hillocks of His to incidental findings.

52.4.3  Natural History and Progression
The  auricle  grow s after  bir th  and  attains approxim ately 85% its
adult  size by 5  to 6  years of age. Without  in tervention, congen-
ital auricular deform it ies do not  im prove over t im e.

52.4.4  Potent ial Disease Com plicat ions
Prom inent  ears  do  not  progress  or  cause  a  physical  debility.
However, the  social stigm a  of deform ed  ears  can  cause  signifi-
cant  em otional dist ress. Children  rarely su er  from  teasing  by
peers before the age of 6 years, and surgery can  be delayed until
that  t im e, w hen  the  patient  w ill be  m ore  m ature  and  coopera-
tive. Microtia  likew ise  does  not  worsen;  however, m icrotia  is
typically associated  w ith  aural atresia  and  its  associated  m axi-
m al conduct ive  (60 dB) hearing loss. In  cases of bilateral m icro-
tia, auditory rehabilitation  w ith  bone-anchored  hearing aids  is
essential to allow  appropriate auditory cort ical developm ent.

Fig. 52.1  Normal auricular landmarks.

Fig. 52.2  Auricular blood  supply.
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52.5  Medical Evaluat ion
52.5.1  Present ing Com plaints
Although  m icrotia  is  im m ediately  recognized  at  bir th , patients
frequently do  not  present  until the  age  of 3  or  4  years because
the  fam ily has been  advised  that  no t reatm ent  is possible  until
the  age  of 5  or  6  years. Parents  typically  style  the  child’s  hair
long to cam ouflage the deform ity.

Patients  w ith  unilateral  m icrotia, despite  the  m axim al  con-
duct ive hearing loss, rarely su er from  auditory deprivation  be-
cause  hearing  in  the  contralateral  ear  is  usually  norm al.  The
child  should  receive  preferential  classroom  seating  (front  of
class, una ected  ear  toward  the  teacher). Aggressive  and  early

treatm ent  for  even  transient  cases of childhood  hearing loss (e.
g., otitis  m edia  w ith  e usion) is  justified. By contrast, pat ients
w ith  bilateral m icrotia should  be fit ted  w ith  a bone stim ulation
hearing aid  early  to  facilitate  norm al speech  developm ent. Pa-
tients  w ith  prom inent  ears  have  hearing  loss  no  m ore  com -
m only than  do other pat ients.

Children  w ith  m icrotia  younger  than  5  years  of age  m ay  be
aware  of the  “di erent” appearance  of their  ears  but  typically
are too young to dem onstrate  any anxiety about  th is di erence.
By 7  years  of age, patien ts  w ith  m icrotia  have  becom e  acutely
aware  of  the  abnorm al  appearance  of  their  ears(s)  and  m ay
have  already  su ered  the  taunts  and  teasing  of classm ates. In
contrast, patients  w ith  prom inent  ears, despite  a  lesser  degree
of deform ity, m ay present  earlier  w ith  psychological issues and

Fig. 52.3  Auricular sensory innervation. CN, cranial nerve.
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by age 6 or 7 m ay be unw illing to participate socially because of
em barrassm ent .

52.5.2  Clinical Findings, Physical
Exam inat ion
Children  w ith  auricular  anom alies should  be  assessed  in  a  uni-
form  m anner. The  an terior–posterior  auricular  position  should
be 5 to 6 cm  lateral to the lateral can thus, and  the top of the he-
lix should  be  at  the level of the  eyebrow ; deviations from  these
should  be noted. Auricular  position  can  be a ected  by craniofa-
cial anom alies, including hem ifacial m icrosom ia. This m ay occur
in  as  m any  as  40% of patients  w ith  m icrotia  and  can  involve
m axillary or  zygom atic w idth , but  it  is  m ost  com m only is seen
as m andibular  asym m etry. This can  be  dem onstrated  by asking
the  patien t  to  bite  dow n  on  a  tongue blade  placed  horizontally
across  the  posterior  teeth  and  observing  the  t ilt  of the  blade.
The basic outline of the auricle should  be a sm ooth  helical m ar-
gin  that  extends  from  the  helical  root  dow n  into  the  earlobe.
The  shape  and  depth  of the  conchal bow l should  be  exam ined;
the  superior  and  inferior  crura  of  the  an tihelix  run  in to  the
com m on  crus to  form  a  gentle  Y-shaped  curve  extending from
the  m argin  of the  conchal bow l toward  the  helical  rim . These
basic structures thus define  the  scaphoid  fossa  and  fossa t rian-
gularis;  the tragus and  antit ragus define the incisura in tert ragi-
ca. The  conchal bow l is  separated  in to  the  cym ba  conchae  and
the concha cavum  (see � Fig. 52.1).

Furled  auricles  should  m anually  be  re-form ed  and  the  t rue
height  and w idth  of the auricle noted. These dim ensions should
be  5  to  6 cm  and  2.5  to  3.5 cm , respect ively, and  represent  the
am ount  of useable  native  cartilage  available. The  in terrelation
of the structures them selves should  be  evaluated: the  auriculo-
cephalic angle  (between  the head  and  the  auricle, as seen  from
above)  should  be  no  m ore  than  25  degrees;  from  the  sam e
vantage point, the conchom astoid  angle should  be about  90 de-
grees,  w hile  the  antihelix  should  also  turn  away  90  degrees
from  the conchal bow l (� Fig. 52.4). Overall, the ear should  pro-
trude  from  the  head  no  m ore  than  10  to  12 m m  superiorly, 16
to 18 m m  in  the m idpoin t of the helical rim , and 20 to 22 m m  at
the  lobule. The  inclination  of the  long  axis  is  sim ilar  but  not

equal to  that  of the  nasal dorsum  (inclined  about  20  to  30  de-
grees o vert ical; � Fig. 52.5).

Obviously, pat ients w ith  m icrotia w ill have  significantly few-
er, if any, norm al landm arks. The  auricular  rem nant  can  be  as-
signed  a grade  from  I to III. Grade  I m icrotia  is a  sm all ear  w ith
relatively  norm al  features  and  proport ions;  an  auricle  w ith
grade II m icrotia m ay have a few  recognizable features of a nor-
m al auricle  but  is  clearly  “deform ed.” An  auricle  w ith  grade  III
m icrotia  typically  has  only  a  vestigial  rem nant, w hich  can  be
categorized  as  a  conchal rem nant  (m im icking  a  conchal bow l)
or  the  m ore  com m on  lobule  rem nant  (w ith  a  sm all, skin -cov-
ered, m alform ed  block of cartilage  at  the  superior  end  of a  fle-
shy “lobule” rem nant).

52.5.3  Test ing
Patien ts w ith  auricular deform it ies should  be photographed be-
fore  any  surgical  in tervention .  Standard  frontal,  lateral,  and
oblique  view s  should  be  supplem ented  by  posterior  views  (to
assess  the  lateral  project ion  of  the  ears)  as  well  as  close-up
views of the ears. All patients should have a preoperative audio-
logic  assessm ent  for  docum entat ion  as  well  as  assistance  in
determ in ing  the  need  and  feasibilit y  of surgical aural rehabi-
litat ion  (in  cases  of  m icrotia/atresia).  High-resolut ion  com -
puted  tom ography  (CT)  of  the  tem poral  bones  should  be
obtained  w hen  the  ch ild  is  old  enough  to  cooperate  w ith  the
test  to aid  in  fu r ther  determ in ing the  candidacy of the  pat ien t
for  aural atresia  repair. Th is  is  done  preoperatively  in  our  in -
st itu t ion  th rough  the  cooperat ive  e or ts  of  the  facial  p last ic
surgeon  and  the  otologist .  The  patien t  w ith  m icrotia  should
be  assessed  for  evidence  of other  congen ital  deform it ies, es-
pecially  hem ifacial  m icrosom ia,  congen ital  facial  nerve  im -
pairm ent , and  Goldenhar  and  Nager  syndrom es. Consultat ion
w ith  a  geneticist  and  screen ing  for  cervical spine  deform it ies
(X-rays  or  CT of  the  neck)  and  renal  anom alies  (ult rasound)
m ay be  appropriate.

52.5.4  Di erent ial Diagnosis
The  diagnosis  of m icrotia  is  fairly  self-evident  because  the  de-
form ity is obvious and  has been  present  since bir th . Prom inent
ears  also  are  sim ple  to  diagnose,  but  the  surgeon  should  be
aware that  cranial anom alies can  cause m alposition  and  prom i-
nence of the ears; m ore com m only, postauricular  inflam m atory
swelling m ay cause the ear  to protrude.

Fig. 52.4  Interrelations of auricular structures.

Fig. 52.5  The  inclination of the  auricle  should  be  roughly parallel to
that  of the  nasal dorsum.
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52.6  Treatm ent
52.6.1  Medical Treatm ent
Although  there is no m edical treatm ent  per se for an  advanced-
grade  m icrotia, m inor  auricular  deform it ies  can  som etim es  be
partially or  fully corrected  noninvasively. Especially w ith in  the
first  year  of life, the  auricular  cartilage is quite  soft  and  pliable.
Taping  and  splin ting  prom inent  or  folded  auricles  during  the
first  several m onths of life  can  aid  in  correcting, or  at  least  im -
proving, the contour of the auricle.

A prosthesis can  be  m ade, w ith  the  contralateral ear  used  as
a  tem plate, and  be  either  glued  in  place  or  m ounted  w ith  os-
seoin tegrated implants. A well-m ade prosthesis, although artifi-
cial and requiring m aintenance, can  look quite realistic.

52.6.2  Surgical Treatm ent
Otoplast y
Prom inent  auricles  can  be  reshaped  and  repositioned  by  oto-
plasty. Ely described  the first  case of otoplasty in  New  York City
in  1881,  w hen  he  excised  full-th ickness  portions  of  conchal
bow l. In  1903, Morestin  described  m any  techniques  curren tly
in  use,  w hile  Luckett  used  car tilage  incisions  and  sutures  to
form  the antihelix in  1910. Modern  otoplasty m aneuvers fall in -
to two dist inct  categories:  cart ilage-cutt ing and  cart ilage-spar-
ing techniques.

Cartilage-cutting techniques are  powerful steps that  can  sig-
nificantly  rem odel  and  reposition  the  auricle;  however, these
techniques  can  lead  to  unnatural,  sharp  edges  w hen  cuts
through  firm  cart ilage are seen  through th in  auricular skin . Car-
tilage-sparing techniques avoid  sharp  angles  by relying m ain ly
on  sutures  and  postoperative  fibrosis  to  bend, fold, and  m ain-
tain  the  corrected  shape and  position  of the  auricular  car t ilage.
The  utilit y  of  th is  approach  can  be  lim ited  in  adult  pat ients,
w hose  cartilage  is  sti er  and  less  pliable  than  that  of pediatric
patien ts.

Most  otoplasty  procedures  use  a  postauricular  approach,
although an  anterior approach can  be used for an terior car tilage
scoring. In  th is  technique, a  fine  rasp  or  w ire  brush  is  used  to
m ake  parallel  longitudinal  partial-th ickness  cuts  through  the
cartilage  of  the  lateral  surface  of  the  an tihelix.  Subsequent
contractile  forces, in  addition  to  postoperat ive  splin ting, then
prom ote  cart ilage  warping  and  the  creation  of a  m ore  convex
lateral  surface.  Again ,  cartilage  irregularit ies  are  som etim es
visible through  th in  lateral auricular skin .

Both  cart ilage-cutt ing  and  cartilage-sparing  procedures  ac-
cess the auricular car tilage via a postauricular  incision  and  fusi-
form  skin  excision. The skin  on  either side of the incision  can  be
elevated  and  retracted  for  adequate  exposure  from  the  helical
rim  to the m astoid  periosteum . Skin  excision  should  be conser-
vative  and  planned  so  as to allow  the  scar  to  fall in to the  post-
auricular sulcus.

Cartilage-cutting  procedures  m ay  involve  the  exposure  and
rem oval of an  overly  convex conchal bow l cartilage  that  bow s
excessively  and  does  not  rest  flat  against  the  m astoid  cortex.
Other  m odifications include  parallel incisions on  either  side  of
the apex of the antihelical curve, followed by sutures placed be-
tween  the  two larger  segm ents;  the  str ip  of an tihelical apex is

allowed  to  ride  over  the  sutured  cartilage  segm ents to  cam ou-
flage  the  sharp  angle  form ed  by the  junct ion  of the  two  larger
cartilage  segm ents.  Cart ilage-sparing  procedures  are  m ore
com m only used. These are  used  to form  a m ore defined  antihe-
lix,  m edialize  the  conchal  bow l,  correct  prom inence  of  the
superior  pole  of  the  auricle,  or  correct  earlobe  prom inence.
Mustardé  described  m attress sutures placed  betw een  the  sides
of the  an tihelical fold  and  tied  su ciently t ightly to  better  de-
fine  the  ant ihelix. The  an tihelix  should  be  m anually  folded  by
the  surgeon, and  a  2–0  silk  suture  can  be  passed  through  the
cartilage  and  across  the  an tihelix  about  1 cm  below  its  apex
(� Fig.  52.6)  to  m ark  the  site  for  the  two  to  four  m att ress
sutures. The  postauricular  dissection  is  then  exposed, and  the
entry and  exit  sites of the sutures as they pass through  the car-
tilage are  noted. These  m arking sutures are  rem oved, and  hori-
zontal m attress sutures of a 3–0 or  4–0 braided, nonabsorbable
suture  m aterial are  placed  at  these  sites  (� Fig. 52.7)  and  tied
w hile  an  assistan t  folds  the  antihelix  appropriately.  Three  to
five  sutures  are  placed  along  the  length  of  the  com mon  and
superior  crura  of  the  antihelix.  Suture  bites  should  be  w ide
enough  to allow  a gentle, rolling antihelical curve; however, su-
tures  should  not  be  placed  too  superiorly  along  the  superior
crus to avoid a  “tent  pole” deform ity (in  w hich the superior crus
of the  antihelix extends crisply up  across the  scaphoid  fossa to
the helix).

The conchal bow l can  be sutured  m ore  m edially to reduce its
lateral extension  in  cases of prom inence. If the  m astoid  surface
of the  conchal  bow l is  significantly  rounded, partial-th ickness
cartilage  excision  is  perform ed  to  “flatten” th is  surface  of the
cartilage. Horizontal  m attress  sutures  are  placed  through  the
conchal cart ilage  extending away from  the  m astoid  and  tied  to
a suture bite of m astoid  periosteum . It  is im portan t  that  the su-
ture  pull the  conchal bow l poster iorly as well as m edially;  m as-
toid  sutures  placed  too  anteriorly w ill cause  the  anterior  lip  of
the  conchal bow l cartilage  to  m ove  anteriorly and  comprom ise
the external auditory m eatus.

Further  contouring  of the  auricular  position  and  shape  can
be  perform ed  w ith  directed  sutures  for  specific purposes. One

Fig. 52.6  Silk sutures placed  to  mark the  sites for Mustardé  sutures.
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com m on  finding  after  antihelical and  conchal bow l correction
is persisten t prom inence of the superior auricular pole. This can
be  fixed  m ore  m edially  w ith  sim ilar  m attress  sutures  passed
betw een the cartilage of the fossa tr iangularis and the tempora-
lis  fascia. Also, inferior  pole  prom inence  can  occur, m anifested
by an  overly lateral earlobe. This  m ay be  due  to  excessive  soft
t issue  on  the  m edial aspect  of the  earlobe  (best  treated  by con-
servative  skin  excision  from  the  m edial surface  of the  earlobe)
or to a prom inent or laterally orien ted cauda helicis. This can  be
treated  either  w ith  conservative  cart ilage  excision  or  w ith  an
additional m attress suture  betw een  the  cauda  helicis  and  con-
chal bow l.

It  is  im portant  that  both  during  and  after  placem ent  of the
cartilage  sutures, the  repositioned  and  re-form ed  cartilage  not
be  stretched  or  pulled,  but  instead  gently  m anipulated.  Care
should  be  taken  to  ensure  that  sutures  do  not  tear  through

cartilage. Once the auricle has been  repositioned, the postauric-
ular  skin  is  redraped  and  any excess  skin  is  conservatively ex-
cised. The wound  m ay be drained  w ith  a sterile  rubber  band  (if
necessary), and  the  skin  is  closed  w ith  a  running 4–0  chrom ic
suture.  A form -fit t ing,  lightly  compressive  dressing  is  m ade
from  cot ton  soaked  in  m ineral  oil,  packed  lightly  to  fill  the
newly created  concavities, underneath  a  m astoid  dressing. The
dressing and  drain  are  rem oved  on  postoperat ive  day 1, and  an
elastic  ath letic  headband  is  worn  over  both  ears  constan tly;
after  the  first  week, th is is worn  at  n ight tim e  only for  the  next
3 weeks (� Fig. 52.8).

Auricular Reconst ruct ion
Most  surgeons  w ho  t reat  m icrotia  surgically  generally  follow
the  techniques  described  by  Tenzer  and  Brent;  Nagata  has

Fig. 52.7  Placement  of conchohelical (Mustardé) sutures. Horizontal mat tress sutures are  (a,b) placed and  then (c) tied  while  an assistant  holds the
antihelix in  an  appropriately folded  position.
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described a som ew hat di erent  technique but  also used autolo-
gous  rib  car tilage  to  create  the  auricular  fram ework. More  re-
cently, a  synthetic  m aterial (Medpor;  Porex  Surgical, New nan,
GA)  has  been  used,  but  m anagem ent  is  problem atic  if  it  be-
com es infected after aural atresia repair is perform ed.

Stage 1
Reconstruct ion  w ith  autologous rib  requires a staged  approach.
Surgery  is  generally  begun  after  the  patient  is  6  to  7  years  of
age,  so  that  adequate  costal  cart ilage  is  available.  A piece  of
clear X-ray film  is placed over the norm al ear, and the outline of
the  auricular  structures is  t raced. The  position  and  orientation
of the  norm al ear  relative  to the  temporom andibular  joint, lat-
eral  canthus,  and  superior  orbital  rim  are  also  drawn.  Sm all
perforations  are  m ade  in  the  X-ray  film  w ith  a  needle  along
each  of these  m arks  to  preserve  them  even  after  the  template
has been  sterilized.

A 7-  to  8-cm  incision  is  m ade  across the  lower  ribs approxi-
m ately two finger  breadths above  the  contralateral costal m ar-
gin .  The  inferior  oblique  and  rectus  abdom inis  m uscles  are
transected. The  perichondrium  over  the  seventh  rib  is  incised
and  elevated, and  th is plane  is followed  m edially until the  syn-
chondrosis of the  sixth  and  seventh  ribs is exposed. This entire
sect ion  of the seventh  rib w ith  the synchondrosis and  a port ion
of the  sixth  rib  is  then  harvested  en  bloc after  the  deep  peri-
chondrium  has  been  fully  elevated;  th is  w ill  form  the  core  of
the  auricular  fram ework. An  8-  to  9-cm  segm ent  of cartilage
from  the  eighth  rib  is sim ilarly harvested;  th is segm ent  is used
to form  the  helix. It  is generally necessary to th in  th is segm ent
to  facilitate  form ing  the  convexity  of  the  helical  rim ;  the  re-
m aining cart ilage  can  be  used  to  form  the  t ragus or  to  deepen
the  conchal bow l, or  it  can  be  “banked” subcutaneously in  the
temporal  region  and  retrieved  for  use  to  provide  additional
auricular lateralization  in  the th ird-stage procedure.

During car tilage  harvest, the  perichondrium  is  carefully ele-
vated  circum ferentially;  although  this is  relatively sim ple  to  do
on  the  anterior  surface, part icular  care  should  be  taken  to  re-
m ain  betw een the cart ilage and the perichondrium w hen work-
ing on  the  posterior  surface. After  the  cartilage harvest, the  in-
tegrity  of  the  posterior  perichondrium  and  parietal  pleura

should  be  confirm ed  by  filling  the  wound  w ith  warm  sterile
saline  and  noting  the  absence  of any air  leak  (bubbles)  during
positive pressure vent ilation. If these are present , the pleural vi-
olation  should  be  identified  and  a  soft  red  rubber  catheter  in-
serted  in to  the  pleural  space  w hile  a  purse-string  suture  is
placed  around  the tear  in  the  pleura. Suct ion  should  be  applied
and the suture t igh tened  and  tied  as the catheter  is w ithdraw n.
Transected  m uscles  are  then  reapproxim ated  w ith  an  absorb-
able braided suture, and the wound is drained and closed.

The harvested cart ilage pieces are then  carved  and sutured  to
form  the  auricular  fram ework. Ideally, the  synchondrosis  be-
tween  the  fifth  and  sixth  ribs  form s  the  superior  and  inferior
crura, fossa triangularis, and superior part  of the scaphoid fossa;
the  rem ainder  of the  scaphoid  fossa, com m on  antihelical crus,
conchal bow l, and  inferior  auricle  are  form ed  w ith  the  bulk of
the  seventh  rib.  The  eighth  rib  is  sutured  to  th is  inner-base
fram ework to form  the  helix. Additional pieces of cartilage  can
be  sutured  to  the  fram ework to  form  additional bulk  and  sup-
port  for  a  tragus. Clear, perm anent  m onofilam ent  4–0  or  5–0
buried  sutures are  used  to fix these  cartilage segm ents in  posi-
tion  based on  the X-ray tem plate (� Fig. 52.9).

Next , the  template  is again  used  to confirm  the  desired  posi-
tion  of the  constructed  auricle. An  incision  is  m ade  in  the  skin
so that  a  subcutaneous pocket  for  the  fram ework can  be  devel-
oped  and  any  m alform ed  rem nant  cart ilage  rem oved. It  is  es-
sential that  th is skin  be  elevated  just  below  the  derm is and  any
hair  follicles  to  produce  a  th in  flap  that  can  w rap  delicately
around  and  highlight  the  curves  of  the  fram ework.  Clearly
superfluous  rem nant  skin  is  resected  after  proper  placem ent
and  positioning of the fram ework. Another  pocket  is developed
above  the  deep  temporal  fascia  well  superior  to  the  planned
position  of  the  superior  helix,  and  the  unused  cart ilage  seg-
m ents are  “banked” for  use during auricular  elevation  and  a re-
sorbable  suture  placed  to  keep  these  segm ents  away from  the
m ain  pocket. The  fram ework  is  placed, and  then  a  sm all, flat,

Fig. 52.8  (a) Before  and  (b) after otoplasty.

Fig. 52.9  Carved costal cartilage framework next  to template based on
the  contralateral ear for microtia  repair.
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open-channel  drain  is  placed  to  drain  the  area  around  the
fram ework; once the fram ework has been  placed  on  suct ion, the
shape  of  the  framework  can  be  seen  and  checked  for  proper
placem ent. Skin  incisions  are  closed  w ith  resorbable  m onofila-
m ent  sutures.  A lightly  compressive  dressing  is  applied  and
m aintained  for 4 days w hile the drain  is kept  on  low  suction  and
is rem oved w hen  the drainage decreases to less than  5 m L/d.

Stage 2
After  6  to  8  weeks,  the  earlobe  is  created.  Rem nant  skin  (in
som e  cases, skin  and  cart ilage)  is  generally  located  anteriorly,
running vertically and  crossing the  desired  conchal bow l posi-
tion. A V-shaped  incision  is  m ade  based  inferiorly  around  the
m icrotia rem nant, w ith  the base kept  as w ide as possible inferi-
orly. A back  cut  is  m ade  extending  up  the  lower  part  of  the
auricular  fram ework. The  m ost  inferior  port ion  of the  fram e-
work  is  elevated,  the  rem nant  is  t ransposed  posteriorly  and
bivalved, and  the  fram ework  is  tucked  in to  the  flap. The  skin
incisions  are  then  closed  in  layers  w ith  m onofilam ent  resorb-
able  sutures. Alternatively, th is  stage  can  be  perform ed  at  the
sam e  tim e  as  the  fram ework  construct ion  and  placem ent
(� Fig. 52.10).

Stage 3
At 6  to 8  weeks after  stage  2  (12 to 16 weeks after  stage  1), the
skin  approxim ately 5 m m  beyond  the  helical rim  fram ework is

incised. The auricular  fram ework is then  progressively elevated,
w hile  a  generous  cu  of soft  t issue  is  left  covering  the  m edial
aspect  of the  cart ilage. The  previously  banked  cartilage  is  re-
tr ieved and  sutured  to the m edial–anterior  aspect  of the fram e-
work  and  covered  w ith  a  soft-t issue  flap  elevated  from  the
fram ework. Further  w ide  underm in ing superiorly and  posteri-
orly  is  perform ed  and  allow s  the  occipital  and  temporal  skin
flap  to  be  advanced  anteriorly  and  inferiorly,  respect ively,  to
bring the  edge of the flap  up  to the postauricular  sulcus. A full-
th ickness  skin  graft  is  harvested  from  the  inguinal region  and
used to cover  the m edial surface of the elevated  auricle, and the
donor  site  is  closed  prim arily.  An  antibiotic/petroleum  gauze
bolster is sutured  in  place over  the skin  graft  and  rem oved after
1 week.

Addit ional Procedures
After  the  first  th ree  stages, patien ts  w ho  seek  hearing restora-
tion  can  undergo aural atresia repair. At  that  t im e or at  a subse-
quent  surgery, an  anteriorly based  skin  flap  can  be  raised  from
the  conchal bow l (w hich  can  then  be  deepened) and  w rapped
around  previously placed  cartilage for  t ragus reconstruct ion , or
sim ply used  as the lateral t ragal surface w hile a composite graft
from  the  contralateral conchal bow l is used  for  t ragal structure
and m edial surface coverage. Also, patients w hose rem nant skin
was  based  too  superiorly  w ill  have  an  elevated  earlobe  after
stage  2;  th is  can  be  t ransposed  to  a  m ore  sym m etric,  lower
position  if needed.

Fig. 52.10  (a) Before  and  (b) after framework placement  and  lobule  transposition for microtia  repair.
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Com plicat ions
Otoplasty
In  general, complications of otoplasty are fairly uncom m on  (see
Box  Com plications  of  Otoplasty  and  Auricular  Reconstruct ion
(p.417)  ). Most  are  related  to  technique:  cellulitis, chondrit is,
hypertrophic  scar/keloid, suture  failure,  suture  bridging, tele-
phone  ear, and  recurrence. Cellulit is  can  occur  and  is generally
caused  by typical skin  flora. Chondritis is m arked  by deep  pain
in  addition  to  swelling and  erythem a  that  develop  3  to  5  days
after  surgery. Drainage, culture, and  antibiotics  (including cov-
erage for  Pseudomona s in  cases of suspected  chondritis) should
be  instituted  as  soon  as  the  diagnosis  is  suspected. Excessive
skin  resection  is  generally  the  cause  of  “suture  bridging,” the
visible  span  of sutures across the  postauricular  crease, w hereas
excessive  skin  closure  tension  m ay predispose  to  the  develop-
m ent  of hypertroph ic or  keloid  scars. Uneven  reduction  of the
auricular  prom inence can  cause  a  “telephone ear” deform ity, in
w hich  the  superior  and  inferior  poles  project  farther  from  the
head than does the m idportion  of the auricle; careful inspect ion
of the  in traoperative  result  should  identify  th is  unwanted  re-
sult . Recurrence  of auricular  deform ity is  uncom m on  (approxi-
m ately 2%) and is generally a result  of suture failure.

Com plicat ions  of Otoplast y and  Auricular
Reconst ruct ion

Com plicat ions of otoplast y
●  Recurrence of deformity (2%)
●  Telephone ear
●  Suture bridging
●  Hypertrophic scar/keloid
●  Cellulitis
●  Chondritis

Com plicat ions of auricular reconst ruct ion
●  Pneumothorax
●  Atelectasis/pneumonia
●  Cartilage exposure
●  Blunting/loss of postauricular sulcus
●  Hematoma
●  Chondritis

Auricular Reconstruct ion
Pneum othorax is  rare, and  particular  attention  to rem aining in
the  proper  plane  during cartilage  harvest  is  essential. We  rou-

tinely  obtain  a  chest  X-ray  in  the  recovery  room , as  well  as  6
hours later. Atelectasis is m ore com m on  because patients splin t
postoperat ively  as  a  result  of  t ransect ion  of  the  in tercostal
m uscles.  Pat ients  should  be  given  adequate  analgesics,  and
early am bulation  should  be  required. Skin  breakdow n  and  car-
tilage exposure can  occur, generally early after placem ent of the
fram ework. At  th is  early stage, healing by secondary in tention
is  rarely su cient  to  close  the  wound;  the  cartilage  should  be
conservatively  débrided  in  order  to  rem ove  devitalized  tissue
and  covered  w ith  a  local skin  flap  or  (if there  is  m inim al local
skin  laxity)  a  temporoparietal fascia  flap. Loss  of lateralization
and blunt ing of the postauricular sulcus can  develop if excessive
skin  graft  contracture  occurs; we prefer  to advance the posteri-
or  skin  flap  in to  the  apex  of the  postauricular  crease  and  use
the skin  graft  to cover only the m edial surface of the auricle.

52.7  Roundsm anship
●  The correction  of prom inent ears can  be perform ed after the

age of 6 years, by w hich tim e the ears have attained approxi-
m ately 85% of their adult  height .

●  Cartilage-cutting techniques are m ore likely to produce sharp
edges.

●  Auricular prom inence should be checked after each  suture is
placed, and even  correct ion  along the length  of the auricle
should be ensured.

●  Methods of m icrotia reconstruct ion  use cartilage segm ents of
m ultiple ribs to construct di eren t  parts of the auricle.
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53  Prim ary Rhinoplasty
Anthony P. Sclafani and James A. Sclafani

53.1  Int roduct ion
Rhinoplasty is  the  deliberate  alteration  of the  form , shape, and
often  the funct ion  of the external nose. Although  generally per-
form ed  for cosm etic reasons, rh inoplasty can  also be perform ed
to  improve  nasal respiration  or  to  repair  congenital, t raum atic,
or  otherw ise  acquired  deform it ies. Each  step  in  any procedure
on  the external nose should  be  perform ed w ith  the dual e ects
on  appearance  and  breath ing  kept  in  m ind. Whereas  an  open
reduct ion  of a  nasal fracture  includes  the  creation  of incisions
in  the nasal bones, w hich  can  then  be repositioned, rh inoplasty
includes additional contouring of the  nose by altering the  nasal
bridge (by augm enting or  reducing the size and/or  w idth  of the
bones and  cart ilages) or  the  position , orien tation , and  shape  of
the nasal t ip .

53.2  Incidence of Disease
Although  it  does  not  treat  a  specific  “disease,” prim ary  rh ino-
plasty can  be perform ed in  a num ber of com m on scenarios: the
dorsal “bum p,” the  “large” nose, the  deviated  nose, the bulbous
tip, and  the overprojecting or  underproject ing nasal t ip  are fre-
quent  indicat ions  for  rh inoplasty.  Rhinoplasty  is  the  second
m ost  com m on  facial  plastic  surgical  procedure;  m ore  than
126,000 rhinoplasties were perform ed in  2011.

53.3  Term inology
In  a  discussion  of the  nose, m ovem ent  from  the  glabella  to-
w ard  the  nasal  t ip  is  described  as  cauda l;  m ovem ent  in  the
opposite  d irect ion  is  cepha lic. W hen  the  posit ion  of the  nasal
t ip  is  d iscussed,  project ion  refers  to  the  degree  the  t ip  ex-
tends  aw ay  from  the  face, w hereas  rota t ion  denotes  the  up -
w ard  (as  viewed  laterally)  p ivot ing of the  nasal t ip  (based  at
the  nasal alae);  de-project ion  and  de-rota t ion  refer  to  the  op -
posite. The  nose  is  often  d iscussed  in  th irds;  the  upper  th ird
of the  nose  runs from  the  ar t icu lat ion  of the  nasal bones w ith
the  nasal  process  of the  fron tal  bone  and  ends  at  the  caudal
m argin  of  the  nasal  bones  (� Fig. 53.1).  The  m iddle  th ird  of
the  nose  con t inues caudally from  the  nasal bones to the  an te-
rior  septal  angle  (the  dorsal  aspect  of  the  m ost  caudal  por-
t ion  of  the  septum ). The  lower  th ird  of  the  nose  com prises
the  nasal t ip .

There  are  two  types  of approach  to  rh inoplasty:  endona sa l
rhinoplasty is perform ed  solely through  incisions placed w ithin
the  nose, w hereas an  open  or  externa l rh inoplasty uses in ternal
nasal incisions com bined w ith  one across the colum ella. Osteot-
om ies are  bony incisions through  the  dorsal or  lateral bones of
the  nose  in  order  to  reshape, reduce, or  reposition  the  nasal
bones. Open  reduct ion  of a  nasal  fracture  di ers  from  rhino-
plasty in  that  it  is lim ited to osteotomy and reposit ioning of the
nasal  bones, w hereas  rhinoplasty  involves  act ive  reshaping  of
the nose to a new  form .

53.4  Applied Anatom y
The nasal bones extend  inferiorly from  the  nasal process of the
frontal bones and articulate laterally w ith  the ascending process
of  the  m axilla  and  w ith  each  other  m edially.  Inferiorly,  the
paired  upper  lateral cartilages  have  a  trapezoid  shape  and  in-
sert  on  the in ternal aspect  of the lower (caudal) nasal bones for
approxim ately 2  to 3 m m . Laterally, the  upper  lateral cartilages

Fig. 53.1  The  nasal bones are  relatively narrow, with  the  ascending
portion of the maxilla comprising significant  portions of the nasal side
walls. The  maxillary crest  sits along  the  nasal floor, upon which  rests
the quadrangular septal cartilage. The nasal process of the frontal bone
articulates with  the  nasal bones superiorly.

Primary Rhinoplasty

418



are bound  to the free  m argin  of the  piriform  aperture  (the  cau-
dal end  of the  bony nasal opening);  they  fuse  w ith  the  dorsal
nasal  septum  m edially.  The  dorsal  septum  extends  slightly
m ore  caudally than  the  lower  aspect  of the  upper  lateral cart i-
lages, ending at the anterior septal angle (� Fig. 53.2).

Each  lower lateral cart ilage is an  inverted V- or U-shaped car-
tilage, w ider at  the lateral crus, narrow ing at  the bend of the in-
term ediate  crus, and  running  inferiorly  as  the  th inner  m edial
crus. The  m ost  in ferior  part  of the  m edial crus typically curves
backw ard  and  has  a  fibrous  attachm ent  to  the  caudal septum ,
w hich  serves as one of the three m ajor t ip  supports. The cepha-
lic end  of the lateral crus extends for 1 to 3 m m  over  the caudal
aspect  of the upper lateral cart ilage, and the fibrous attachm ent
of these  two areas form s the  second  m ajor  t ip  support, know n
as  the  scroll. The  th ird  m ajor  m echanism  of t ip  support  is  the
actual strength , in tegrity, and resilience of the lower lateral car-
tilages (� Fig. 53.3).

The  shape,  position ,  and  orientation  of  the  nasal  t ip  are
chiefly  determ ined  by  the  tip  supports. The  m ajor  and  m inor
tip  supports are  listed  in  the  Box Major  and  Minor  Tip  Support
Mechanism s  (p.419). These  classifications  m ay  vary  from  pa-
tient  to pat ient, and  in  certain  cases, m inor  t ip  supports m ay be

m ajor  ones, and  vice versa;  each  pat ien t  should  be  assessed  in-
dividually (� Fig. 53.4).

Major and Minor Tip Support  Mechanism s
Major supports of the nasal t ip
●  Length and strength of the lower lateral cartilages
●  Attachment of the upper lateral cartilages to the lateral crura

of the lower lateral cartilages
●  Attachment of the foot plates of the medial crura of the low-

er lateral cartilages to the caudal septum

Minor supports of the nasal t ip
●  Fibrous at tachment of the domes of the lower lateral crura to

each other (interdomal ligament)
●  Nasal skin
●  Membranous septum
●  Anterior septal angle
●  Posterior septal angle
●  Sesamoid cartilage and fibrofat ty tissue of the alae

Fig. 53.2  The upper lateral cartilages insert  on the  undersurface  of the  nasal bones, fuse  medially with the  septal cartilage, and are  at tached to the
lower lateral cartilages by fibrous tissue  (inset). The  lower lateral cartilages angle  cephalically and  do not  run along  the  rim  of the  nostril. Fibrofatty
tissue and sesamoid cartilage comprise the dense tissue of the nasal lobule. The nasal tip skin is thinnest  over the rhinion. LLC, lower lateral cartilage.
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Funct ionally, an  im portant  area  is the  in ternal nasal valve. This
is  the  cross-sectional  area  form ed  by  the  caudal  end  of  the
upper  lateral cart ilage, the  nasal septum , the  floor  of the  nose,
and  the inferior  tu rbinate. This area serves as a variable  resistor
to  nasal  airflow. Excessive  narrow ing  of th is  area  by  en large-
m ent  of the turbinate, septal deviation, or  weakness or  collapse
of the upper lateral cart ilage and/or the cephalic end of the low -
er  lateral cart ilage  can  lead  to  in ternal  nasal valve  collapse  or
stenosis.

53.5  The Disease  Process
53.5.1  Et iology
Nasal deform ity can  be  congenital, developm ental, or  acquired
and  m ay involve  any or  all of the  areas of the  nose. Dislocation
of the septum  during birth  can, if left  uncorrected, lead to devi-
ated grow th  of the nose, and the septum  should be gently repo-
sit ioned as soon as possible. Cleft  lip  and cleft  palate deform it ies
are  associated  w ith  typical patterns  of distort ion  of the  lower
two-th irds of the  nose. The  onset  of puberty is associated  w ith
significant  nasal grow th , and  during th is t im e subtle  deviations
m ay becom e m ore  obvious. Most  adults  w ill recall at  least  one
episode  of  “significant” nasal  traum a  during  childhood. Adult
nasal traum a  m ay lead  to  m alposition ing and  subsequent  m al-
union  of the nasal bone and  to fracture  of the septum  w ith  dis-
placem ent. Fractures  of the  caudal end  of the  nasal bone  m ay
weaken  the attachm ent  of the upper lateral cart ilage, w ith  sub-
sequent  collapse  of the  in ternal nasal valve. Injury of the  nasal

septum  (caused  by traum atic, surgical, induced  [e.g., in t ranasal
cocaine abuse], or  inflam m atory/infect ious [e.g., Wegener gran-
ulom atosis  or  syphilis] processes)  can  result  in  collapse  of the
nasal dorsum  and  subsequent  nasal t ip  distort ion. Unsuccessful
rhinoplasty can  also lead to an  unacceptable nasal appearance.

53.5.2  Pathogenesis
Deform ed  noses lack a  sm ooth  contour, sym m etry, and  organic
integration  w ith  the  other  facial structures. A complete  discus-
sion  of facial aesthetics is beyond  the  scope  of th is chapter, but
in  general, the length  of the  nose  should  be  appropriate for  the
rest  of the  face. The  nose  should  begin  superiorly  at  approxi-
m ately  the  level of the  upper  eyelid  crease  and  end  at  a  nasal
tip  that  projects away from  the face by roughly 55 to 60% of the
distance from  the nasal root  to the lateral alae. There should  be
a  sm ooth  and  gentle  sweep, beginning at  the  superom edial or-
bital rim  and  extending dow n  along  the  side  of the  nose, that
w idens  sligh tly  at  the  ala  (� Fig. 53.5). The  ala  should  extend
laterally to a point along a vertical line dropped from  the m edial
canthus. From  a basal (“worm ’s eye”) view, the  nasal t ip  should
comprise approxim ately half of the w idth  from  ala to ala.

Asym m etry of the  nasal bones, either  from  true  asym m etry
of the bones or  from  asym m etric m alposition ing, w ill m ake the
upper  th ird  appear  deviated. Excessive  bow ing  of the  m iddle
nasal th ird  can  m ake the  nose  look  “crooked,” even  if the  nasal
bones  are  sym m etrically  placed  (� Fig. 53.6). This  m ay be  due
to m edial collapse of the upper lateral cart ilages or to a deviated
dorsal septal cart ilage. Lack of an  appropriate  “supratip  break”
(a visible step-o just  above the m idline of the cephalic edge of
the  nasal t ip , w here  the  nasal t ip  is  seen  to  project  1  to  2 m m

Fig. 53.3  The nasal tip support  can be compared to a tripod, with each
lateral crus of the  lower lateral cartilages serving  as one  leg  of the
tripod and the fused medial crura serving as the third leg of the tripod.

Fig. 53.4  The  interdomal (Pitanguy) ligament  (long arrow) and  the
anterior septal angle  (short  arrow) seen through an external approach
rhinoplasty.
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above the  nasal dorsum ) w ill m ake the  nose  appear  longer  and
w ill accentuate  a  dorsal hum p. From  the  frontal view, the  alar
rim s should approxim ate a  “gull in  flight” (� Fig. 53.7).

Viewed  laterally, the  rim  of the  ala  should  extend  no  m ore
than  1  to  2 m m  along  a  line  bisect ing  the  nasal  opening;  a
greater  distance  is  evidence  of  alar  retract ion.  Sim ilarly,  the
lower  border  of the  nasal  opening  on  th is  view  should  be  no
m ore than  1 to 2 m m  below  th is line; greater  distances indicate
a  hanging  colum ella. An  irregularity  or  bum p  along  the  nasal
tip , referred  to  as  a  bossa, m ay  be  m ultiple  and  is  frequently
(but  not always) an  e ect of a poorly perform ed rhinoplasty.

53.5.3  Natural History and Progression
Although  m ost  nasal deform ities are  fixed  in  nature, those  that
progress  indicate  som e loss of structural in tegrity and  support
and  should  be  investigated  thoroughly.  A collapsing  bridge
m ay  indicate  loss  of dorsal  septal  support  from  an  overly  ag-
gressive  septal subm ucous resection , or  indicate  progression  of
a  septal  perforat ion  or  other  significant  septal  process.  Pro-
gressive  w idening of the  nasal bones can  occur  in  the  presence
of an  en larging neoplasm  of the  nasal cavity or  of severe  nasal
polyposis. The  nasal t ip  can  becom e broader  and  m ore  prom i-
nent  in  the  setting  of  act ive  rosacea. There  is  a  natural  ten-
dency of the  nose  to  appear  longer  w ith  age  as  the  nasal skin
envelope loses elasticity. Especially in  the  setting of prior  nasal
surgery, the  in ternal  nasal  valve  m ay  cause  progressive  nasal
obstruct ion .

53.5.4  Potent ial Disease Com plicat ions
Nasal  deform it ies  and  nasal  obstruct ion  are  not  life-threaten-
ing, nor w ill they typically worsen  other conditions.

53.5.5  Disease Grading
Saddle nose deform ity, w hich  is a depression  of the m iddle and
upper  th irds  of the  nose, is  qualitatively described  as  m ajor  or
m inor.  Otherw ise,  there  is  no  universally  accepted  and  used
grading of nasal deform ity. Much  m ore  im portant  are  a  careful
exam ination  and  description  of  the  deform ity  and  an  under-
standing of the state of the underlying structures.

Fig. 53.5  A gentle  sweep  from  the  superior–medial orbital rim  along
the  side  of the  nose  widens at  the  ala  in  an aesthetic nose.

Fig. 53.6  The  two nasal side  walls course  gently from  the  orbital rims
to the  alae  in  a symmetric fashion in  the  aesthetic nose.

Fig. 53.7  On the  frontal view, the  alar rims together form  a  “gull in
flight.”
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53.6  Medical Evaluat ion
53.6.1  Present ing Com plaints
Whether  a  patien t  presenting for  rh inoplasty  requests  specific
changes to h is or her nose or sim ply asks the physician  to “m ake
my nose look better,” it  is imperative  to help  the  pat ient  define
the  surgical goals. The  pat ien t  should  be  asked  to  indicate  pre-
cisely the changes desired w hile inspecting the nose in  a m irror
and  using the  end  of a  cotton  applicator  as a  pointer. This sim -
ple  exercise w ill help  the  patient  develop  a  m ore  precise  surgi-
cal goal. The  surgeon  should  assist  the  patient  in  th is  process
by  helping  to  define  appropriate  param eters  for  change,  but
the  patien t  m ust  be  com fortable  that  thechoices  and  desires
w ill  be  respected. Patients  should  be  questioned  about  nasal
obstruct ion  (unilateral  or  bilateral), as  well  as  any  sym ptom s
of sinusitis.

53.6.2  Clinical Findings, Physical
Exam inat ion
A complete discussion  of facial aesthetics can  be found in  Chap-
ter  38.  However,  the  surgeon  should  critically  exam ine  the
patient’s  face  and  should  assess  the  pat ient’s  general  facial
structure. Is  there  any facial bone  deficiency or  asym m etry?  Is
there  underdevelopm ent  of  the  cheeks  or  the  chin ,  both  of
w hich w ill cause the nose to look larger? Is the nasal root  at  the
appropriate  height?  Does  the  dorsum  project  su cien tly  and
sm oothly, and  is  there  a  su cient  supratip  break?  Is  the  nasal
length  appropriate and  is t ip  project ion  su cient?  This is easily
assessed  w ith  the  “3–4-5  right  triangle” rule  (� Fig. 53.8). The
nose is viewed  from  the side, and  a vert ical line extending infe-
riorly from  the low  point  of the  nasal root  is visualized. A hori-
zontal  line  perpendicular  to  th is  vert ical  line  and  passing
through  the  high  point  of the  nasal t ip  is also visualized. These
lines form  two sides of a righ t  tr iangle, w hile the th ird  line con-
nects  the  nasal root  to  the  nasal t ip  and  runs  along  the  nasal
dorsum . The vertical side of the triangle is assigned a value of 4;
the  horizontal  side  should  be  approxim ately  three-fourths  of
the length  of the vert ical side, and  the nasal t ip  project ion  (hor-
izontal line) should  be approxim ately three-fifths (55 to 60%) of
the nasal dorsal length  (th ird side).

The nasal t ip, seen  from  a basal view  (� Fig. 53.9), should  ap-
proxim ate an  equilateral tr iangle, w ith  the nasal t ip  comprising
about  one-th ird  of the w idth  of the  entire  nasal base. The nasal
alae should  lie  along or just  w ithin  vertical lines dropped  dow n
from  the m edial canthi.

An  im portan t  part  of the  exam ination  of the  nose  is  palpa-
tion. The nasal bones should be palpated for sym m etry, contour,
and  angulation . The  bridge  of the  nose  should  be  assessed  for
incomplete  contact  of the  nasal bones in  the  m idline  (an  “open
roof”  deform ity).  The  m iddle  and  lower  th irds  of  the  nose
should  be  checked  for  adequate  support , and  the  t ip  should  be
palpated for underlying sym m etry.

The in ternal nose should  also be exam ined by anterior  rh ino-
scopy and  (w hen  appropriate)  nasal endoscopy. The  condition
of the  septum  and  inferior  turbinates, including the  nasal m u-
cosa, should be noted.

53.6.3  Test ing
Although  test ing  is  generally  not  perform ed  before  rh ino-
plasty,  those  patien ts  in  w hom  nasal  valve  collapse  or  ob-
struct ion  is  suspected  should  undergo  functional  test ing.  To
test  nasal  function  and  possible  nasal  valve  collapse  during
respirat ion , a  Cott le  m aneuver  can  be  perform ed;  the  skin  just
lateral to the  ala  is stabilized  (not  draw n  laterally) and  the  pa-
t ien t  is  asked  to  inspire  deeply. Alternatively, a  fine  curet  or
the  t ines  of a  forceps  can  be  placed  inside  the  nose  gen tly  to
stabilize  the  site  of  suspected  collapse. If  the  nasal  obstruc-
t ion  is  decreased  w ith  either  m ethod  of stabilizat ion , the  site
of the  collapse  can  be  iden tified . Acoust ic  rh inom etry  or  rh i-
nom anom etry  can  supplem ent  the  functional  assessm ent  of
the  nose.  Radiographic  assessm ent  is  rarely  necessary,  but
computed  tom ography  m ay  be  helpful  in  cases  of  suspected
sinusit is.

Fig. 53.8  The  “3–4-5  right  triangle” rule.
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Fig. 53.9  (a) The structures of the nasal tip. (b) The lobule comprises one-third of the nasal tip height, and the nasal tip is approximately one-third the
width  of the  nasal base.
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53.6.4  Photography
Photographic assessm ent  is  im perative  in  rh inoplasty, as  in  all
cosm etic  in tervent ions. Standardized  photographs  are  invalu-
able  in  docum enting  the  degree  of preoperative  deform ity, as
well  as  the  postoperative  changes. All  photographs  should  be
taken  w ith  the  pat ient  in  front  of a  nonreflective  background
and in  a “head neutral” position  (w ith  the gaze focused on a site
at  eye level). Right  and  left  lateral and  45-degree oblique views,
as  well  as  a  frontal  project ion, should  be  obtained;  all  views
should include the top of the head to the thyroid  notch. A close-
up, “worm ’s eye” view  should be taken  of the nasal base.

53.6.5  Di erent ial Diagnosis
One  of the  m ost  significant  preoperative  duties  of the  surgeon
is  to  assess  the  appropriateness  of the  patient  for  surgery. Pa-
tien ts  w ho  show  inordinate  concern  for  m inor  deform ities  or
w ho  attr ibute  social, personal, financial, or  em ploym ent  di -
culties  to  the  appearance  of  their  nose  w ill  be  disappointed
w ith  even  the  best  surgical results if these  other  concerns con-
tinue  after  surgery. It  is essential to identify these patien ts pre-
operatively.  In  questionable  cases,  a  preoperative  psychiatric
evaluation  m ay be helpful.

53.7  Treatm ent
53.7.1  Medical Treatm ent
There  is no way to alter  the shape of the nose w ith  m edication.
However, it  is  essential that  a  tr ial of nonsurgical m anagem ent
of nasal obstruct ion  be  m ade  w ith  topical nasal cort icosteroid
sprays. If nasal allergies  contribute  to  nasal obstruction, these
should  be  appropriately  m anaged, as  well. Confirm ed  cases  of
sinusit is  should  be  t reated  w ith  antibiotics  and  all evidence  of
sinusit is elim inated before rhinoplasty. In  the case of chronic si-
nusitis  that  fails to  resolve  w ith  appropriate  antibiotic therapy,
endoscopic sinus surgery can  be  perform ed  at  the  sam e opera-
tive setting before the rhinoplasty. However, rh inoplasty should
be  deferred  to  another  t im e  if there  is  any concern  for  signifi-
cant  sinus  bleeding, orbital  penetration, or  cerebrospinal fluid
leak.

53.7.2  Surgical Treatm ent
Rhinoplasty can  be  perform ed  through  either  an  endonasal or
an  external  approach. An  endonasal  approach  keeps  all  inci-
sions w ith in  the nasal vestibule. Simple access to the nasal dor-
sum  is  accom plished  by  m aking  an  in tercartilaginous  incision
that  is placed at  the in tersect ion  of the caudal upper lateral car-
tilage  w ith  the  lateral  crus  of  the  lower  lateral  cartilage
(� Fig. 53.10a). Blunt  or  sharp  underm in ing is perform ed  above
the  upper  lateral  cartilage  unt il  the  nasal  dorsum  is  reached.
When  m inim al changes to the nasal t ip  are planned, a transcar-
tilaginous incision  can  be  used. This approach  m oves the  in ter-
cartilaginous  incision  m ore  caudally  and  is  located  directly
above  the  planned  incision  in  the  lateral crus. After  the  lateral
crus is incised, the cephalic portion  of the lateral crus is excised;
generally, th is  provides  a  m odest  increase  in  definition  of the
nasal t ip  (� Fig. 53.10b). As  an  alternative, a  retrograde  dissec-

tion  can  be  perform ed  after  an  in tercartilaginous  incision  is
m ade  and  the  sam e  cephalic  portion  of the  lateral  crus  is  ex-
cised  (� Fig. 53.10c). Finally, a  delivery approach  to the  t ip  can
be  used;  th is  com bines an  in tercar tilaginous incision  that  con-
nects to a  t ransfixion  incision  (a  through–and-through  incision
of the  m em branous septum  directly in  front  of the  caudal sep-
tum ) w ith  a m arginal incision  (w hich follow s the caudal m argin
of the  lower  lateral  car tilage  beginning  near  the  foot  plate  of
the  m edial  crus, extends  in to  the  dom e, and  then  follow s  the
caudal m argin  of the lateral crus;  � Fig. 53.11). Once these inci-
sions are  m ade, the  nasal t ip  and  alar  skin  are  dissected  o the
perichondrium  of the lower lateral cartilage. The skin  of the na-
sal m argin  is  retracted  w ith  a  hook cephalically, w hile  a  hook
placed  at  the  in tercart ilaginous  incision  retracts  the  lateral
crus  caudally  until it  can  be  delivered  up  and  onto  the  caudal
nasal m argin . This  approach  provides w ider  exposure  of lower
lateral  cart ilage  for  m ore  aggressive  resection  or  sutur ing
(� Fig.  53.12).  Regardless  of  the  t reatm ent  of  the  t ip ,  these
approaches  all use  the  in tercart ilaginous incision  to  access  the
nasal dorsum .

An  external approach  (“open  rhinoplasty”) di ers from  these
approaches in  that it  uses m arginal incisions in  each  nasal vesti-
bule, w hich  are then  connected  by a broken-line incision  across
the  m idportion  of the  colum ella. This  allow s the  skin  and  soft
tissue  of the  nasal t ip  to  be  elevated  o  the  perichondrium  of
the nasal t ip  cartilages (see � Fig. 53.4).

Nasal Tip
Changes to  the  nasal t ip  can  be  m ade  by incising, excising, su-
turing, or  graft ing the  nasal t ip  cartilages. The  changes  can  be
predicted  by understanding the  concept  of the  nasal t ip  tr ipod
(see � Fig. 53.3). The nasal t ip  is visualized  as a tr ipod, w ith  the
apex at  the nasal t ip. Each  lateral crus serves as a leg of the tr i-
pod, and  the two m edial crura (together) serve  as the th ird  leg.
Changes to any leg of the  t ripod  w ill a ect  the t ip  position  and
project ion  in  a predictable way.

Typical  contouring  changes  to  the  tip  include  resection  of a
cephalic str ip  (a port ion  of the cephalic edge of the lateral crus),
sutures  to  sharpen  the  angle  of the  cartilage  in  the  area  of the
dom e  or  to  bind  the  two  dom es, and  complete  split t ing of the
cartilage  (in  a  cephalic–caudal direction)  at  or  near  the  dom e.
Cephalic str ips are resected by carefu lly incising the cart ilage of
the  lateral  crus, w ith  care  taken  to  preserve  an  in tact  str ip  of
caudal  lateral  crus;  5  to  8 m m  of  w idth  of  rem ain ing  crus
should  generally  be  left  in  place, although  the  precise  am ount
necessary  is  determ ined  by  the  resilience  of the  car t ilage  and
its relat ive im pact  on  tip  support  in  the individual patien t. After
the cart ilage is incised, it  is dissected free of the underlying ves-
tibular  m ucosa. It  is  essential to  respect  any  natural asym m e-
tr ies of the  alar  car tilages and  leave sym m etric portions of car-
tilage  rem aining. The  resection  of cephalic  str ips  w ill  weaken
the lateral lim bs of the tripod, and  the apex w ill rotate  cephali-
cally;  conversely, the  resection  of a  portion  of the  m edial crura
w ill  not  only  decrease  tip  project ion  but  also  rotate  the  tip
dow nward. Further  narrow ing of the  nasal t ip  can  be  e ected
w ith  an  in terdom al  suture,  a  m attress  suture  through  both
dom es to narrow  the dom al angles (� Fig. 53.13).

More  aggressive  m anagem ent  of the  t ip  can  include  vertical
dom e  division,  in  w hich  the  lateral  crus  is  divided  from  the
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m edial crus  just  lateral to  the  dom e. Sutures  are  placed  to  se-
cure  the  two  m edial segm ents  and  also  to  stabilize  the  lateral
crura to the m edial crura (� Fig. 53.14). Postoperative healing in
the nasal t ip  w ill cause m ore significant  narrow ing and rotation
of the nasal t ip  due to a weakened alar arch.

A powerful technique that  both  narrows the nasal t ip  and  in-
creases project ion  and  rotat ion  is the  lateral crural steal proce-
dure. The vestibular  m ucosa is dissected  free from  the  alar  car-
tilage  at  the  dom e  and  for  a  distance  lateral to  it , and  the  de-
sired  additional t ip  project ion  is  m easured  lateral to  the  exist-
ing  dom e  and  m arked.  This  area  of  cartilage  is  then  lightly
crushed  w ith  a  forceps to  allow  further  contouring. A m attress
suture is placed, spanning th is new  dom e sym m etrically; as the
suture is t ightened, additional lateral crus is  “stolen” and  added

to  the  m edial lim b  of the  tripod. The  tip  is  narrowed, and  the
shift  of cart ilage  from  the  lateral to  the  m edial segm ent  leg in-
creases project ion  and  rotat ion . With  or  w ithout  cartilage shift -
ing or  resection , m attress sutures at  the  nasal t ip  can  be placed
to  narrow  the  angle  at  each  dom e  and/or  to  narrow  the  space
betw een the dom es.

Cartilage  grafts  (harvested  from  septal, conchal, or  rib  carti-
lage) can  be  used  to  add  support  to  the  nasal t ip  structures. A
colum ellar  strut  can  be  carved  and  placed  betw een  the  m edial
crura for  additional m edial t ripod  support  of the  tip;  if needed,
the  graft  can  be  w ider  at  the  posterior  septal angle  to correct  a
retracted  colum ella.  In  pat ients  w ho  have  severe  nasal  tip
asym m etry or deform it ies of the alar car t ilages at  the dom es, or
in  pat ien ts  w ho  require  additional t ip  definition , a  shield  graft

Fig. 53.10  (a) The site  of the  intercartilaginous incision can be  demonstrated  by opening a nasal speculum  and pressing gently cephalically. This will
bring the caudal edge of the upper lateral cartilage into relief. (b) A transcartilaginous incision transects the mucosa over the midportion of the lateral
crus; the  mucosa is dissected  off the  cephalic portion of the  crus, the  cartilage  is transected  at  the  level of the  mucosa and  cut, and  the  cephalic
portion is removed. (c) Alternatively, an intercartilaginous incision is used, and retrograde dissection is performed to excise a cephalic portion of the
lateral crus.
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can  be placed in  a precise pocket caudal to the m edial and in ter-
m ediate  crura  (endonasal approach) or  sutured  directly  to  the
m edial and  in term ediate  crural  segm ents  (external approach).
The  nasal t ip  skin  then  w ill redrape  over  th is  additional cart i-
lage, accentuat ing  the  contours  of the  t ip;  depending  on  how
m uch  above  or  below  the  natural  dom e  the  shield  graft  is  al-
lowed  to  extend, project ion  and  apparent  rotation  can  also  be
a ected.

Spreader  grafts  (� Fig. 53.15) are  rectangular  grafts  that  can
be  placed  between  the  dorsal upper  lateral cartilages and  sep-
tum  unilaterally or  bilaterally (through  either  an  endonasal or
an  external  approach)  after  the  upper  lateral  car tilages  have

been  separated  from  the  dorsal septum . These  grafts  can  help
open  the  in ternal nasal valve  and  are  useful in  addressing m id-
dle  nasal vault  asym m etries  caused  by deviation  of the  dorsal
septum . An  alar  bat ten  graft  can  be  placed  from  the  piriform
aperture to the septum  over  the junction  of the lateral crus and
the  upper  lateral  cartilage;  the  lateral  crus  can  be  sutured  to
this graft  to stabilize it  and  prevent  valve collapse. Occasionally,
a  rim  graft  can  be  placed  caudal  to  the  lateral  crus  to  extend
the  alar  m argin  in  cases  of alar  retract ion. Prem axillary  grafts
are  som etim es placed  in  front  of the  prem axilla  to t reat  a  deep
nasolabial  angle. Many other  grafts  can  be  placed  for  specific
regions.

Fig. 53.11  Incisions to access the  nasal tip. Marginal (blue), intercarti-
laginous (red), and  transcolumellar (green) incisions.

Fig. 53.12  Delivery of the  lateral crus.

Fig. 53.13  A mattress suture  though both domes narrows each domal angle  and  brings the  domes together to refine  the  nasal tip.
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Nasal Dorsum
After  the nasal tip  has been  exposed and  treated, the nasal dor-
sum  is fully addressed. Sharp or blunt  underm in ing elevates the
soft  t issues above the  perichondrium  of the  upper  lateral cart i-
lages  and  the  dorsal  septum .  When  the  caudal  edge  of  the
dorsal nasal bones is reached, a periosteal elevator is used to el-
evate  the  periosteum  o  the  dorsal aspect  of the  nasal bones.
Cartilaginous  dorsal hum ps are  resected  sharply (� Fig. 53.16),
and  violation  of the  underlying nasal m ucosa  is  avoided  w hen
possible to prevent  valvular stenosis. Larger bony hum ps can  be

Fig. 53.14  Vertical dome  division  with  resuturing  of the  cephalic ends of the  cartilage  segments can  significantly narrow the  nasal tip.

Fig. 53.15  The  nasal tip  and  dorsum  as seen  from  above  (caudal on
left, cephalic on right). Spreader grafts (held  in  the  forceps) can  be
placed  (unilaterally or bilaterally) into discrete  pockets (long arrow)
lateral to  the  septum  (short  arrow).

Fig. 53.16  Cartilaginous dorsal excess is excised  incrementally with  a
No.  11  blade.
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rem oved  w ith  an  osteotom e  (� Fig.  53.17),  w hereas  sm aller
hum ps  can  be  filed  dow n  increm entally  w ith  rasps. Typically,
rem oval of a  bony  hum p  creates  an  “open  roof” (incontinuity
of  nasal  bones  across  the  bridge)  alm ost  to  the  root  of  the
nose;  if  not,  single-guarded  osteotom es  can  be  used  to  com -
plete  bilateral osteotom ies separating the  nasal bones m edially
(� Fig.  53.18).  When  a  large  cartilaginous  hum p  is  rem oved,

spreader  grafts  m ay  be  placed  bilaterally  betw een  the  upper
lateral cartilage  and  the  dorsal septum  to prevent  the  develop-
m ent of in ternal nasal valve collapse.

Lateral  osteotom ies  (� Fig.  53.19)  are  required  to  close  an
open  roof or  narrow  a  nasal  bridge. These  are  perform ed  by
incising the  m ucosa  just  lateral to  the  anterior  inser t ion  of the
inferior  turbinate, elevating the soft  t issues along the nasom ax-
illary junct ion  and then  perform ing the osteotomy. A triangle of
bone  (“Webster  tr iangle”)  is  preserved  at  the  inferolateral  as-
pect  of  the  piriform  aperture  to  prevent  m edial  alar  collapse
postoperat ively.  The  osteotomy  progresses  superiorly  until  it
com m unicates w ith  the m edial osteotomy (� Fig. 53.20).

An  inward  rotation  of the  osteotom e  w ill  help  connect  the
two  osteotom ies if the  m edial osteotomy rem ains  in  the  para-
m edial  position .  The  nasal  bones  are  then  freely  m obile  and
can  be  m anipulated  in to  the  appropriate  position . In  cases  of
asym m etrically  shaped  or  excessively  w ide  nasal  bones,  an
interm ediate  osteotomy can  be  perform ed  after  the  m edial os-
teotomy but  before  the  lateral osteotomy by sliding the  osteo-
tom e  m edially  from  the  piriform  aperture  incision  along  the
caudal edge of the bone. A unilateral osteotomy of th is kind  can
adjust  a  m isshapen  nasal bone, w hereas  bilateral in term ediate
osteotom ies can  help  narrow an overly w ide nasal bridge.

Alar Base Modificat ions
The alar  w idth  should  harm onize w ith  both  the nasal t ip  w idth
and  dorsal  w idth , and  it  roughly  should  fall  between  ver tical
lines  dropped  from  the  m edial  canthi;  from  a  basal  (“worm ’s
eye”) view, the nasal alae and tip  should  form  an  equilateral tr i-
angle. Widened  alae  m ay  be  a  result  of  th ickened  alar  walls,
rounded  and  w idened  alar  apertures, or  both  (see  � Fig. 53.17).
Alar  base  reduct ions  are  typically  perform ed  after  tip -plasty
and dorsal narrow ing. Incisions are m ade along the nasal crease
and  in to  the  vestibule.  Triangular  or  wedge-shaped  excisions
are  m ade  to reduce the  inner  size  or  outer  size  (or  both) of the
ala, w ith  the  incision  carried  in to  the  nasal vestibule  or  along
the  alar  crease  as  needed. Deep  absorbable  sutures  are  placed
to align  the  segm ents, and  the  vestibular  incision  is also  closed
w ith  absorbable sutures; the external closure is perform ed w ith

Fig. 53.17  (a) After the  periosteum  is elevated  from  the  midline  nasal bones, (b) an  osteotome  is used  to  remove larger dorsal humps.

Fig. 53.18  Medial oblique  osteotomies facilitate  complete  medializa-
tion  of the  nasal bones.
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5–0 or  6–0  m onofilam ent  perm anent  sutures (� Fig. 53.21  and
� Fig. 53.22).

Postoperat ive Care
After  in ternal nasal incisions are closed w ith  resorbable sutures
and  colum ellar  incisions  are  closed  w ith  perm anent  m onofila-
m ent  sutures, a  cast  is applied  to the  nasal dorsum . Colum ellar
sutures and  the  nasal cast  are  rem oved  in  7  days, and  the  nasal
tip  and dorsum  are further taped for an  additional 7 days.

Com plicat ions
Com plicat ions (see Box Com plications of Rhinoplasty) are infre-
quent  but  m ay occur. Bleeding should  occur  in  fewer  than  2  to
5% of cases, and  infect ion  is  rare. Incomplete  osteotomies m ay
leave  an  open  roof deform ity. Excessively  high  lateral osteoto-

Fig. 53.19  Osteotomies are used to reshape or reposition nasal bones.
Medial osteotomies are  paramedian in  location, whereas lateral
osteotomies run mainly through the  ascending  portion of the  maxilla
and  typically preserve  a  bone  triangle  at  the  lateral caudal piriform
aperture. Intermediate osteotomies run between these two and can be
used  in  cases of excessively wide  or misshapen  nasal bones.  Fig. 53.20  A lateral osteotomy incises the nasal bone from the piriform

aperture  to the  medial osteotomy.

Fig. 53.21  Alar base  reductions can  be  performed to  reduce  excessive  (a) nasal sills, (b) alar margins, or (c) nares.
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m ies can  lead  to  a  “rocker  deformity,” in  which  the  upper  por-
tion  of the  nasal bones  protrudes  when  the  lower  portions  are
m edialized  because  the  lateral  osteotomy  has  been  carried

across  the  concave  portion  of bone  above  the  nasal root. Nasal
obstruction  can  be  a result  of excessive  dorsal narrowing, an  un-
treated  septal deviation  or  turbinate  enlargem ent, or  an  internal
or  external  nasal  valve  collapse/stenosis. Soft-tissue  thickening
in  the  nasal tip, excessive bony dorsal reduction, inadequate car-
tilaginous dorsal resection, or loss of tip  support  all can  lead  to a
“pollybeak” deformity. Irregularit ies of the tip  m ay develop  early
or  late  because  of excessive  cartilage  resection  or  damage  and
postoperative  fibrosis, especially  in  patients  w ith  thin  skin, and
these  bossae  will visible. Disruption  of the  internal nasal valve,
failure  to  address  septal  deform ity  or  turbinate  enlargem ent,
and  even  overly narrowing the nose can  cause nasal obstruction.
In  general, rhinoplasty is a  successful operation, and  patient  sat-
isfact ion  rates  should  be  in  the  90% range  (see  � Fig.  53.22;
� Fig. 53.23  and  � Fig. 53.24). Revision  surgery, because  of the
prior surgery, may be successful in  only 80% of cases.

Com plicat ions  of Rhinoplast y
●  Septal hematoma
●  Septal perforation
●  Saddle nose deformity
●  Residual hump
●  Deviated nose
●  Open roof deformity
●  Rocker deformity
●  Bossa
●  Pollybeak deformity
●  Nasal tip overrotation/underrotation/projection
●  Nasal obstruction
●  Epistaxis
●  Nasal valve collapse/stenosis
●  Alar retraction
●  Hanging columellaFig. 53.22  (a) Preoperative  and  (b) postoperative  views of rhinoplasty

with  dorsal augmentation  in  addition  to  increased  tip  projection  and
definition. Alar base  reduction  was necessary to restore  appropriate
balance  to the  nasal tip.

Fig. 53.23  (a) Preoperative and (b) postoperative
views of rhinoplasty with  dorsal reduction  and
conservative  refinement  of the  nasal tip.
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53.8  Roundsm anship
●  Major and m inor t ip  supports m aintain  the position  of the na-

sal t ip. Know  them .
●  Understand the tr ipod concept.
●  Rhinoplasty should  never sacrifice funct ion  for form .
●  The height of nose (nasal root to nasolabial angle) is generally

not changed. The position  of the nasal t ip  and dorsum  are
generally based on  the nasal height.

●  Rem em ber the 3–4-5 righ t  t riangle view  of the nose.
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Fig. 53.24  Preoperative  (a,c) and  7-year post-
operative  (b,d) views of external rhinoplasty to
straighten  and  reduce  the  nasal dorsum  and
refine  the  nasal tip.
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54  Revision Rhinoplasty
Alexander Ovchinsky

54.1  Int roduct ion
Rhinoplasty  is  rightfully considered  by  m any  to  be  one  of the
m ost di cult  facial plast ic procedures. The t ridim ensional anat-
omy of the  nose, involving  m ultiple  t issue  layers  w ith  various
anatom ical properties (skin , bone, car t ilage, and  nasal m ucosa),
and  the  cen tral  locat ion  of the  nose  in  the  face  m ake  rh ino-
p lasty  a  techn ically  dem anding  task  w ith  variable  final  ou t-
com es.  These  factors  undoubtedly  accoun t  for  a  fairly  h igh
revision  rate  of rh inoplasty surgery com pared  w ith  other  sur-
gical cosm etic procedures.

In  cases of dissat isfaction  after  rh inoplasty for  aesthet ic and/
or  funct ional reasons, revision  rhinoplasty m ay be  indicated  to
im prove the patien t’s nasal appearance and funct ion. Com pared
w ith  prim ary rh inoplasty, revision  rh inoplasty is an  even  m ore
challenging operation  because  the  m ain  goal of th is  procedure
is  to  m odify  funct ional  and/or  cosm etic  defects  or  complain ts
after  a  previous  procedure  that  was  unsuccessful according  to
the patient’s estim ation.

54.2  Incidence of Disease
The  revision  rate  of rh inoplasty surgery is know n  to be  in  the
range  from  10  to  15% nat ionw ide. Th is  fairly  h igh  incidence
of revision  surgery com pared  w ith  that  of other  facial p last ic
procedures m ay be  due  to the  in t ricacy and  com plexity of the
nasal anatom y, requiring  a  h igh  level of surgical expert ise  to
consisten t ly ach ieve  good  results. In  addit ion , involvem ent  of
various  t issues  w ith  very  di eren t  physiologic  and  anatom i-
cal  propert ies,  such  as  bone,  car t ilage,  skin ,  and  m ucosa,
m akes  the  healing process  less  predictable  and  m ore  d i cu lt
to fu lly con trol.

54.3  Term inology
The term inology used  in  the description  of norm al nasal anato-
my has been  presented  in  earlier  chapters. The term  saddle na-
sa l deformity describes a  nasal dorsal height  that  is  lower  than
norm al, w hereas  dorsa l hump  indicates  an  excessive  height  of
the  nasal  dorsum . Polybeak  deformity  indicates  excessive  full-
ness  in  the  supratip  region, w hich  creates  a  beaklike  appear-
ance  of the  nasal profile. Inverted-V deformity is  excessive  nar-
row ing or  pinching of the  cartilaginous  m idvault  caudal to  the
bony–cartilaginous  junct ion  and  m ay  indicate  the  presence  of
internal nasal valve  collapse. A Cottle  m aneuver  is  the  test  for
in ternal  nasal  valve  collapse, in  w hich  the  upper  lateral cart i-
lage  is  m anually  supported  on  the  undersurface  w hile  change
in  the patient’s nasal breath ing is assessed.

There  exist  m ultiple  descriptions  for  postoperative  nasal t ip
deform ities, such  as t ip  bossa  and  boxy, bifid, or  bulbous t ip . A
bossa  of the  nasal tip  is  a  knuckling of the  lower  lateral cart i-
lages  (LLCs)  at  the  nasal  t ip  due  to  contract ing  healing  forces
acting on  overly weakened  cartilages. Certain  types of patients,
especially those w ith  th in  skin  and  strong t ip  cart ilages that  are
w idely placed, are  especially at  risk. Columella r  show  describes

the length  of the colum ella visible on  the profile view  (norm ally
2 to 4 m m ).

54.4  Applied Anatom y
An  overview  of nasal anatomy m ay be  found  elsew here  in  the
body of th is text .

54.5  The Disease  Process
54.5.1  Et iology
The  dorsal abnorm alities frequently necessitating revision  sur-
gery  are  saddle  nasal  deform ity, persistent  dorsal  hum p, and
persisten t  dorsal asym m etry and  deviation. The  m ost  com m on
etiologies  for  saddle  nasal  deform ity  include  overly  zealous
reduct ion  of  the  nasal  dorsum  during  prim ary  surgery
(� Fig. 54.1), inward  collapse  of flail nasal bones after  osteoto-
my, and  overly aggressive  septoplasty w ith  excessive  resection
of the bony and car t ilaginous septum , leading to the loss of dor-
sal support  (� Fig. 54.2). Overly  zealous  reduction  of the  bony
dorsum  relative  to  reduct ion  of the  cartilaginous dorsum  leads
to the polybeak deform ity (� Fig. 54.3). Other etiologies of poly-
beak  deform ity  include  insu cient  reduct ion  of the  cartilagi-
nous dorsum , as well as extensive  postoperat ive  fibrosis  in  the
supratip region  (m ore com m on in  patients w ith  th ick skin).

Insu cien t  cartilaginous  m idvault  support  due  to  overly  re-
duced  upper  lateral  car tilages  (ULCs)  or  inadvertent  detach-
m ent  of the ULC from  its attachm ent  to the undersurface of the
caudal  nasal  bone  during  dorsal  hum p  reduct ion  m ay  lead  to
the  inverted-V deform ity and  in ternal nasal valve  collapse w ith
resultant  nasal airway obst ruction.

Nasal t ip  deform it ies can  occur after overly aggressive LLC re-
duct ion  leading to  a  loss  of car tilage  strength  and  gradual de-
form ity  due  to  forces  of  postoperative  scarr ing  and  fibrosis,
after  division  of  the  LLC leading  to  a  loss  of  continuity  and
weakness, or after poor surgical technique w ith  asym m etric re-
duct ion  or sutur ing (see � Fig. 54.3). Excessive colum ellar  show
com m only  results  from  the  placem ent  of  a  disproport ionally
large  colum ellar  strut  or  t ip  graft , buckling of the  m edial crura,
or  an  excessively  long  caudal  septum  pushing  the  colum ella
out.  Additionally,  colum ellar  show  should  be  distinguished
from  alar  retract ion, w hich , albeit  occasionally  an  anatom ical
variant, m ost  com m only  results  from  inadequate  alar  support
or excessive scarring.

54.5.2  Pathogenesis
Although som e post-rh inoplasty deform it ies are purely cosm et-
ic  in  nature, others  m ay  result  in  significant  funct ional  prob-
lem s.  Inverted-V deform ity  and  saddle  nasal  deform ity  m ay
result  in  in ternal nasal valve collapse and nasal obst ruction. Sig-
nificant  nasal t ip  irregular it ies  and  weakness  of the  LLCs  m ay
cause  alar  stenosis  and  collapse, especially on  inspirat ion, thus
resulting  in  external nasal valve  comprom ise  (see  � Fig. 54.3).
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Excessive  resect ion  of the  nasal sep tum  during  prim ar y  sep -
torh inoplasty  resu lts  in  a  gradual  loss  of nasal  suppor t , pro-
gressive  dorsal saddling, and  nasal obstruct ion . Alternat ively,
insu cien t  correct ion  of  a  preexist ing  septal  deviat ion  or
failure  to  perform  septoplasty  during  prim ary  rh inoplasty
w hen  indicated  w ill  leave  the  pat ien t  w ith  persisten t  nasal
airw ay obst ruct ion .

54.5.3  Natural History and Progression
The  postoperat ive  nasal appearance  and  funct ion  m ay in itially
be  norm al in  pat ients w ith  underlying structural deficits. With
tim e, however, weakened, overresected  car tilages buckle  under
the influence of subcutaneous fibrosis and  scarring. Progressive
subcutaneous fibrosis  in  the  supratip  region  leads to  the  poly-
beak deform ity, w hereas progressive  alar  soft-tissue  scarring, if
not  resisted  by strong car t ilaginous support , causes alar  notch-
ing  and  collapse  in  m ore  severe  cases  (see  � Fig. 54.3). Incor-
rectly  perform ed  osteotom ies  (i.e.,  incomplete  osteotom ies  or
osteotom ies  carried  too  far  superiorly  beyond  the  nasofrontal
junct ion) com m only fail to correct  nasal bony deviation . Failure
to perform  osteotom ies to close an  open  roof after dorsal hum p
reduct ion  results  in  open  roof deform ity and  progressive  scar-
ring  of the  dorsal  skin  in to  the  gap  betw een  the  nasal  bones
(see � Fig. 54.1). Onlay grafts placed during the prim ary surgery

(bone  or  cartilage  autografts  or  allografts) m ay warp, sh ift , be-
com e infected, or be resorbed.

Because  m any  postoperative  changes  occur  gradually  over
tim e  as  a  consequence  of  progressive  bony–cartilaginous  re-
m odeling and  the forces of scar contracture  and  fibrosis, the  “fi-
nal” result  of rhinoplasty is typically described at  1 year or  m ore
after  surgery. However, even  after  that, som e  (generally  subtle,
but  possibly  dram atic  w hen  significant  structural  integrity  has
been  comprom ised)  changes  in  nasal  appearance  and  function
m ay st ill take  place over  the follow ing m onths to years.

54.5.4  Potent ial Disease Com plicat ions
As already discussed, the potent ial complications of rh inoplasty
are  prim arily of two types:  funct ional due  to nasal obstruct ion
and cosm etic due to persisten t or worsened nasal deform ity.

54.6  Medical Evaluat ion
54.6.1  Present ing Com plaints
Patients  evaluated  for  revision  rhinoplasty  m ost  com m only
present  w ith  aesthetic and/or  funct ional nasal complaints  that
can  be  broadly subdivided  in to  two  categories:  uncorrected  or

Fig. 54.1  (a,b) A patient  with  a  history of prior
nasal trauma and rhinoplasty who presented with
saddle  nose  and  open  roof deformities, irregular
and  widened  nasal bones, a  ptotic nasal tip, and
pinched  lower lateral cartilages with  external
nasal valve  stenosis. (c,d) Twelve  months after
revision  rhinoplasty with  dorsal costal cartilage
graft, bilateral bat ten grafts, columellar strut, and
lateral osteotomies.
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poorly corrected problem s that  were present before the original
surgery and  new  problem s that  have occurred  as a result  of the
previous rhinoplasty. The form er include persistence of a dorsal
hum p  because  of insu cient  reduct ion, persistence  of a  nasal
dorsal deviation  and  an  uncorrected  septal deviation  resulting
in  persistent  nasal obstruct ion, and  persistent  t ip  irregular it ies
that  were  insu ciently addressed  or  not  addressed  at  all. The
latter  include  open  roof deform ity, saddling  of the  nasal  dor-
sum , inverted-V deform ity, tip  asym m etry and  bossa, excessive
colum ellar  show, alar  notching and  retract ion, in ternal and  ex-
ternal  nasal  valve  collapse,  and  various  deform it ies  due  to
poorly placed, designed, shifted, or warped nasal grafts.

54.6.2  Clinical Findings, Physical
Exam inat ion
A thorough  exam inat ion  of the  external nasal anatomy, w hich
includes an  evaluation  of the nasal appearance on  frontal, later-
al, oblique, and  base  views, and  careful palpation  of the  nasal
bony–cartilaginous  fram ework  are  perform ed. This  com m only
allow s  an  accurate  assessm ent  of  the  exist ing  problem s  and
gives the surgeon  an  idea about  w hat  was done during the  pri-
m ary surgery. In  a cephalic to caudal direct ion , the  nasal bones
and  car tilaginous  m idvault  are  exam ined  for  deviation, exces-
sive  w idth  or  pinching, asym m etry, step-o s, and  the  presence
of a dorsal hum p or  inverted-V deform ity. The Cottle  m aneuver
assists in  confirm ing in ternal nasal valve  collapse. The nasal t ip
is  exam ined  for  adequacy of project ion , rotat ion, and  support ,
as well as for  the  presence  of t ip  asym m etry, deviation, or  alar

weakness. Anterior  rh inoscopy  and  nasal  endoscopy  are  rou-
tinely perform ed, part icularly in  patients w ith  nasal obst ructive
sym ptom s, to  better  evaluate  the  in ternal  nasal  anatomy  and
rule  out  other poten t ial causes of nasal obstruct ion, such  as na-
sal polyps, sinusit is, and nasopharyngeal lesions.

54.6.3  Test ing
Standard  preoperative  photography  is  always  required  before
revision  rhinoplasty. It  should  docum ent  the  frontal and  basal
views, and  the  right  and  left  90-degree  lateral  and  45-degree
oblique views. Rhinom anom etry, an  object ive test  for  nasal air-
way resistance and  obstruct ion, m ay be helpful in  som e instan-
ces to  diagnose  and  docum ent  the  degree  of obstruction  but  is
not routinely perform ed. This test , however, m ay com e in  handy
w hen  a  pat ient  reports  significant  nasal obst ruction  and  there
is  no  object ive  evidence  of the  cause  of obstruction  on  exam i-
nation.  Com puter  im aging  is  frequently  used  as  preoperative
consultation  tool;  it  greatly facilitates com m unication  betw een
surgeon  and  patient  but  should  never  be  considered  to  be  a
guarantee of surgical outcom e.

54.6.4  Di erent ial Diagnosis
Nasal  deform it ies  are  m ultifactorial  in  etiology, and  they  m ay
be  congenital or  arise  from  prior  surgery or  traum a. The  surgi-
cal  planning  is  largely  based  on  the  deform ity  at  hand  rather
than  its  possible  etiology.  However,  revision  rhinoplasties
are  usually  m ore  tim e-consum ing  and  technically  dem anding

Fig. 54.2  (a,b) Patient  with  complaints of persis-
tently deviated  nasal dorsum, “low-set” nasal
profile, and  ptotic tip  after rhinoplasty. (c,d)
Fourteen months after revision  rhinoplasty with
costal cartilage  dorsal graft, columellar strut,
lateral and  medial osteotomies, and  tip
refinement.
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because of the altered nasal anatomy and scarring from  the pri-
m ary procedure. Patients should  always be  asked  for  their  con-
sent  to the  possible harvest  of a car tilage (auricular  or  rib) and/
or calvarial bone graft  because there m ay not  be any suitable or
su cien t septal cartilage rem aining after the original surgery.

54.7  Treatm ent
54.7.1  Medical Treatm ent
Medical  treatm ent  has  lim ited  application  in  cases  in  w hich
the  m ain  problem  is  structural  (i.e. loss  of support , deviation,

other). However, there  is a role for  m edical therapy in  attempts
to  decrease  nasal  m ucosal  edem a  and  hyperreact ivity.  In tra-
nasal, as well as  oral, steroids and  antih istam ines m ay be  used
in  various com binations for  th is purpose. Steroid  inject ions in to
the  areas of excessive scarring (m ost  com m only in  the  supratip
region) assist  in  im proving nasal appearance;  injectable  tr iam -
cinolone  is  com m only  used, adm inistered  no  m ore  frequently
than  every 3 weeks.

Nasal alloplastic im plants placed  during the  prim ary surgery
m ay becom e  infected, necessitat ing treatm ent  w ith  oral or  in-
travenous antibiotics. Although  unlikely to salvage the  implant ,

Fig. 54.3  (a–c) Progressive  saddle  nose  deform-
ity, tip  ptosis, and  alar notching  with  internal
nasal valve  stenosis developed  in  this patient
after prior rhinoplasty. (d–f) Six months after
revision  rhinoplasty with  dorsal costal cartilage
graft, columellar strut, and bilateral batten grafts.
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these  help  reduce  the  infect ious load  and  optim ize  the  pat ient
for a revision procedure.

54.7.2  Surgical Treatm ent
Revision  rhinoplasty  is  an  indicated  treatm ent  for  m ost  of the
nasal conditions, w hether functional or cosm etic, that  arise as a
result  of or  that  persist  in  spite  of a  prior  rh inoplasty. Revision
rhinoplasty  surgery  is  usually a  m ore  dem anding and  di cult
procedure from  the surgeon’s perspective because of the altered
nasal anatomy, obliteration  of the norm al t issue planes by post-
operative  fibrosis, and  frequently insu cient  donor  septal car-
tilage  after  prior  septoplasty. The  use  of alloplast ic  m aterials,
such  as e-polytetrafluoroethylene (e-PTFE), silicone, and porous
high-density  polyethylene  im plants,  rem ains  a  viable  albeit
controversial option  in  revision  rhinoplasty and  thus should  be
discussed  w ith  pat ients preoperatively. In  secondary or  tert iary
revisions, w hen  the defect  is m ain ly cosm etic and  not  funct ion-
al, m any surgeons advocate  a  “m inim alist ic” approach  by using
various  onlay  grafts  to  cam ouflage  the  defect  rather  than
undertaking a  form al reconstruct ive  rh inoplasty, w hich  would
be m uch m ore-t im e consum ing and less predictable.

It  is  importan t  to  consider  preoperatively  w hether  the  revi-
sion  surgery is appropriate. Som e post-rh inoplasty pat ien ts be-
com e  so  obsessed  w ith  their  nasal  appearance  that  they  m ay
desire revision  after  revision  in  the pursuit  of perfect ion  and  an
unrealist ic goal. It  is  the  responsibility  of a  surgeon  to  discuss
all  surgical  lim itations  w ith  pat ients  and  to  carefu lly  select

operative  candidates  by  excluding  those  w ith  unrealist ic  ex-
pectations, psychiatric problem s, or body dysm orphic disorder.

A persistent dorsal hum p due to underreduct ion during a pri-
m ary surgery can  be corrected by further dorsal reduct ion  w ith
dorsal rasps or  an  osteotom e for  bony hum ps and  a  scalpel for
cartilaginous reduct ion.

Correct ion  of a persistent  nasal deviation  com m only requires
revision  osteotom ies. Lateral  osteotom ies  alone  are  frequently
adequate;  however,  m edial  and/or  in term ediate  osteotom ies
m ay be  necessary in  cases of th ick, severely deviated, or  asym -
m etric nasal bones (see  � Fig. 54.2). One  should  determ ine  the
reason  for  the  failure  to  correct  the  nasal deviation  during the
prim ary surgery because failure to correct  th is during a revision
procedure w ill likely lead to persistent dorsal deform ity. Several
com m on  reasons for  persistent  dorsal deviation  after  a prim ary
rhinoplasty  include  incorrectly  perform ed  osteotom ies  (either
incomplete  osteotom ies  or  asym m etric osteotom ies), failure  to
correct  bony septal deviation  (so that  m idline position ing of the
nasal bones  is  not  possible), and  uncorrected  deviation  of the
cartilaginous  dorsum . Open  roof deform ity  results  from  a  fail-
ure  to perform  osteotom ies after  dorsal hum p  reduction  and  is
usually corrected by lateral osteotom ies.

Saddle  nasal deform ity is usually corrected  by the  placem ent
of dorsal onlay grafts, w hich  m ay be  autografts, hom ografts, or
allografts  (see  � Fig. 54.1,  � Fig. 54.2,  � Fig. 54.3,  � Fig. 54.4).
Autologous  m aterials, w hich  include  septal, auricular, or  costal
cartilage  grafts  and  calvarial  bone  grafts, are  usually  the  pre-
ferred  option;  however,  there  are  several  inherent  problem s

Fig. 54.4  (a,b) Severe  bony–cartilaginous saddle
deformity after prior nasal trauma and  subse-
quent  rhinoplasty. (c,d) Eighteen  months after
revision rhinoplasty with  a  dorsal onlay graft  of
diced  costal cartilage  wrapped  in  AlloDerm
(LifeCell Corporation, Branchburg, NJ).
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related  to the  use  of autologous grafts, such  as donor  site  m or-
bidity,  resorption,  and  warping  (w ith  m ost  cart ilage  grafts,
especially  costal  car tilage).  Hom ografts  (including  irradiated
cadaveric rib cartilage grafts) have been  used w ith  variable suc-
cess  because  of reported  resorption  of the  graft . The  use  of al-
lografts, such  as e-PTFE, silicone, and  porous high-density poly-
ethylene, avoids donor  site  m orbidity and  issues of insu cient
graft  availability;  however,  alloplast ic  m aterials  are  prone  to
m igration ,  extrusion ,  foreign  body  react ion,  and  infect ion,
w hich  m ay exacerbate  the  nasal deform ity and  necessitate  im -
plant  rem oval.

Asym m etries of the  car tilaginous dorsum  are  com m only due
to  uncorrected  deviation  of the  dorsal  septal  cartilage, asym -
m etric  or  weak  ULCs,  or  asym m etrically  placed  onlay  grafts
during  the  prim ary  surgery. Dorsal septal deviations  are  di -
cult  to  correct  because  sim ple  excision  of the  deviated  septal
cartilage  w ill  undoubtedly  lead  to  a  loss  of nasal  support  and
saddle  nose  deform ity. Num erous  surgical techniques  exist  for
the reconstruction  of dorsal septal deviations, including spread-
er  graft  placem ent  to  brace  and  straighten  the  deviated  cart i-
lage (w ith  or  w ithout  prior cartilage scoring), complete rem oval
of the  cartilaginous  septum  and  extracorporeal reconstruction
of the  car t ilage  pieces  over  a  resorbable  polydioxanone  m esh
that  is  then  placed  in  the  anatom ical  position  and  secured  to
the  ULCs, or  replacement  of the  septal  cartilage  w ith  a  costal
cartilage  L-shaped  graft .  In  som e  instances,  a  sim ple  detach-
m ent  of the  ULCs from  the septal cartilage allow s the  release  of
septal  tension  forces  and  correct ion  of  the  septal  deviation .
Asym m etry of the ULCs is usually corrected by the placem ent of
a ULC onlay graft  or  a  un ilateral spreader  graft;  occasionally, an
oversized  ULC m ay be tr im m ed conservatively w ithout  sacrific-
ing the  support. Weakness of the  ULC, either  congenital or  sec-
ondary to ULC overresect ion  or detachm ent  from  the bony–car-
tilaginous junct ion, com m only leads to m idvault  weakness, in-
verted-V deform ity, and  in ternal nasal valve  collapse. This  can
be corrected by the placem ent of spreader grafts, w hich  are car-
tilaginous grafts placed betw een the ULCs and dorsal septal car-
tilage. Spreader grafts provide additional support  to the cartila-
ginous m idvault  and  increase the cross-sect ional area of the in-
ternal nasal valve, thus improving its patency and  relieving na-
sal  obstruct ion.  An  asym m etric  or  shifted  dorsal  onlay  graft
m ay be repositioned or replaced altogether.

Polybeak deform ity, or  excessive  fullness  in  the  supratip  re-
gion, results from  excessive  postoperative fibrosis in  the  supra-
tip , underreduction  of the  cartilaginous  dorsal  hum p, overre-
sect ion  of the bony dorsum , or progressive nasal t ip  ptosis post-
operatively.  Thus,  a  polybeak  deform ity  should  be  corrected
based  on  the  prim ary  causative  factor  w ith  the  cautious  exci-
sion  of subderm al scar  and  fibrosis, addition  of structured  tip
grafts  to  provide  a  m ore  substantial base  upon  w hich  the  skin
and  soft-t issue  envelope  can  be  draped, fur ther  reduct ion  of
the  cart ilaginous  dorsum , and  augm entation  of the  bony  dor-
sum  or correct ion  of the nasal tip  ptosis.

Nasal t ip  deform it ies usually result  from  excessive  weakness
of the  LLCs from  overresect ion, disruption  of continuity, asym -
m etric LLC suturing, extensive scarring of the nasal tip  skin , or a
com bination  of these. The end  result  m ay be a bifid  t ip, bossae,
alar  collapse, excess  or  deficiency of colum ellar  show, severely
overrotated  t ip  creating  the  appearance  of  a  foreshortened
nose, or an  underprojected or droopy tip.

Tip  bifidity, or divergence of the dom e areas of the LLCs, usu-
ally results  from  the  failure  to  properly secure  the  dom es  as  a
single  unit;  the  dom es  are  then  pulled  apart  by  the  forces  of
scar  contracture. The  correct ion  of a  bifid  t ip  requires resutur-
ing  the  dom es  together  w ith  a  nonabsorbable  suture  (Ethilon
[Ethicon, Som erville, NJ] or  polypropylene). There  exist  m ulti-
ple techniques to correct  nasal t ip  bossae, including direct  exci-
sion  of the  bossae  and  reestablishm ent  of the  cont inuity of the
LLCs w ith  sutures  and  cam ouflage  of the  bossa  w ith  either  an
onlay or  a  t ip  graft . Alar  collapse  com m only occurs  because  of
excessive  weakening of the  lateral crura  of the  LLCs secondary
to overresection  (i.e., excessive cephalic tr im ) or loss of continu-
ity  (in  cases  of LLC division). Occasionally, weak  LLCs m ay col-
lapse under the forces of scar contracture as a result  of m arginal
incisions  alone.  Alar  collapse  usually  leads  to  external  nasal
valve  stenosis, in  w hich  the  alar  soft  t issues collapse  during in-
spiration  under  negative  pressure,  causing  nasal  obstruction.
Reestablishing  the  strength  of the  LLC lateral  crura  w ith  alar
strut  grafts  (cartilage  grafts  placed  on  the  undersurface  of the
lateral crura  betw een  the  crura  and  the  vestibular  m ucosa) or
w ith  alar  bat ten  grafts  (onlay  cart ilage  grafts  placed  over  the
lateral crura) im proves alar  support  and  usually corrects exter-
nal nasal valve stenosis (see � Fig. 54.1).

Excessive colum ellar  show  is caused  by buckling of the m edi-
al crura, poor  placem ent  of the  colum ellar  strut  or  t ip  graft , or
an  overly long caudal septum . Alar retract ion  w ill m ake the col-
um ella  m ore  visible  on  the  profile  view. Buckled  m edial crura
m ay be  corrected  w ith  sutures  or  w ith  excision  of the  buckled
segment  and  the  reestablishm ent  of  medial  crural  continuity
w ith  a permanent  suture. Another option  is to suture the  m edial
crura onto the caudal septal cartilage, as in  the so-called  tongue-
in-groove  technique,  which  usually  corrects  m edial  crural  de-
form ity  and  adds  to  tip  support. Poorly  placed  columellar  strut
or  tip  grafts need  to be replaced or repositioned. Alar  retractions
are  m ore  di cult  to  correct;  m ild  retract ion  may  be  corrected
w ith  an  alar  rim  cartilage  graft , whereas more  severe  retract ion
m ay  require  a  composite  graft  (usually  from  the  contralateral
auricle). Insu cient  columellar  show  is corrected  by adding vol-
um e caudal to the  m edial crura with  either  a colum ellar  strut  or
a  tip  graft . A premaxillary plumper  graft , a  diced  cartilage  graft
placed  into  the  pocket  created  at  the  base  of the  columella  and
in  front  of the  anterior  nasal spine, can  also  improve  colum ellar
show  and creates an  illusion  of increased  tip  rotation.

An  overrotated  nasal  t ip  and  a  foreshortened  nose  are  the
stigm ata  of unsuccessful rh inoplasty, or  m ultiple  rh inoplasties
(� Fig.  54.5).  They  com m only  result  from  the  com bination  of
overresect ion  of  the  caudal  septal  cartilage, overly  aggressive
cephalic tr im  of the LLC lateral crura, and excessive lateral repo-
sit ion ing of the  dom es  com bined  w ith  skin  contracture  forces
pulling the t ip  cephalad. The correct ion  of a foreshortened  nose
requires de-rotation  of the nasal t ip, lengthening of the supratip
region, the  creation  of an  illusion  of lengthening  by  placing  a
colum ellar  strut  or  a  t ip  graft , or  a  com bination  of the  above
techniques. Extended  spreader  grafts, w hich  extend  from  the
bony–cartilaginous junct ion  to beyond  the  caudal extent  of the
septal cart ilage  and  are  connected  to  the  colum ellar  strut , re-
create  a  new  L-shaped  nasal support  structure  upon  w hich  the
final t ip  position  is  set. The  addition  of a  t ip  graft  assists  w ith
lengthening the nose, thus creating an  illusion  of m ore de-rota-
tion, and can  aid in  cam ouflaging t ip  irregular it ies.

54.7  Treatment
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Underrotated  or  ptotic nasal t ips  occur  from  weakening and
failure to reconstruct  t ip  support  structures during the prim ary
surgery. Thick and  heavy nasal t ip  skin  and  weak LLCs are  the
predisposing risk factors for  postoperative  t ip  ptosis. The ptotic
tip  needs  to  be  resupported  either  w ith  a  strong  colum ellar
strut  or by sutur ing the LLCs to the caudal septal cartilage, as in
the tongue-in-groove technique.

54.8  Prognosis
As for  prim ary rhinoplasty, there is a defin itive revision  rate for
secondary rh inoplasty that  averages about  15%. Proper  patient
select ion  is  the  key factor  to  a  successful revision  rhinoplasty;
only  patien ts  w ith  realistic  expectations  of  the  surgical  out-
com e  and  w ith  nasal deform it ies  that  are  deem ed  correctable
on preoperative evaluation  should be o ered a revision  surgery.
It  is  a  universally  recom m ended  and  accepted  practice  not  to
em bark on  a revision  surgery too soon  after  the prim ary rh ino-
plasty;  a  year  should  be  allowed  to  elapse  before  revision  sur-
gery is attempted, par ticular  if the t ip  needs to be  revised. This
am ount  of  t im e  allow s  m ost  of  the  postoperat ive  changes  to
m ature  and  gives  the  patient  enough  t im e  to  get  used  to  the
new  nose;  th is  latter  factor  alone  helps  significantly  decrease
the num ber of patient  requests for a revision  procedure.

54.9  Roundsm anship
●  Revision rhinoplasty surgery is required in  10 to 15% of pa-

tients after prim ary rhinoplasty. This h igh  revision rate is

m ainly due to the in tr icacy of the nasal anatomy, complexity
of the surgical technique, and di culty of controlling the
healing process in  various tissues w ith  di erent  anatom ical
characteristics, such as bone, cartilage, m ucosa, and skin .

●  Alteration  of the nasal anatomy during prim ary rhinoplasty
surgery m akes revision rhinoplasty a m ore technically de-
m anding procedure w ith  a less predictable final outcom e.

●  Only patients w ith  correctable deform it ies and realistic ex-
pectations should be o ered a revision procedure.

●  An  accurate assessm ent of the problem  in  quest ion  and care-
ful surgical planning, w hich frequently includes auricular or
costal car tilage or calvarial bone graft  harvest, is im perative
for optim izing the surgical outcom e.

●  All m ajor structural revisions should  be delayed for at  least  1
year after the prim ary surgery. This allow s enough t im e to
elapse for scar m aturation  and for the nose to acquire its final
shape.

54.10  Recom m ended Reading
[1]  Chand  MS, Torium i  DM. Treatm ent  of  the  external  nasal  valve. Facial  Plast

Surg Clin  North  Am  1999; 7: 347–356
[2]  Daniel  RK, Sajadian  A. Secondary  rhinoplasty:  m anagem ent  of  the  overre-

sected dorsum . Facial Plast  Surg 2012; 28: 417–426
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Fig. 54.5  (a) Patient  with cleft  lip nasal deformity
who previously underwent  two rhinoplasty sur-
geries, with  overrotated  nasal tip  and  “short
nose.” (b) Six months after revision rhinoplasty
with  bilateral extended  spreader grafts, colum-
ellar strut, and  tip  refinement.
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55  Special Considerat ions in Rhinoplasty
Grigorly Mashkevich

55.1  Int roduct ion
Rhinoplasty changes  the  shape  and/or  funct ion  of the  nose. In
several clin ical scenarios, special considerations are required for
the  planning  and  execution  of  th is  operat ion.  These  include
patien ts  w ith  cleft  lip/palate  deform ities  and  those  of  ethnic
extract ion, part icularly of Middle Eastern , African , Asian, or His-
panic descent. Som e of the  nuances of rh inoplasty surgery per-
tinent  to these  groups of patients are  addressed  in  detail in  the
sect ions that follow.

55.2  Incidence of Disease
The incidence of cleft  lip  and  palate deform ity varies depending
on  the  population.  In  Caucasians,  the  incidence  reaches  1  in
1,000  live  bir ths. The  rate  in  the  African  population  is  approxi-
m ately half of that, and the rate am ong Asians is tw ice as h igh.

55.3  Term inology
Cleft  rh inoplasty  is  designed  to  restore  appropriate  height  and
sym m etry to  the  a ected  side  of the  nasal t ip  in  patients  w ith
history of cleft  lip  deform ity. Ethnic rhinoplasty reflects a surgi-
cal  m odification  of the  nasal  appearance  in  patients  of ethnic
extract ion. Ethnic rhinoplasty has an  im plicit  goal of m aintain-
ing  the  ethnic nasal appearance  and  avoiding  “Westernization
rhinoplasty.”

55.4  Applied Anatom y
A cleft  nose  is m arked  by deform ity lim ited  to the nasal tip  and
a ect ing the lower lateral cartilage on  the side of the  cleft . This
cartilage  is typically flattened  and  lowered  in  comparison  w ith
the  contralateral lower lateral cart ilage  (� Fig. 55.1). Because  of
the  underlying cleft  defect , the  base  of the  nostr il is  w idened;
the colum ella and ala are situated farther apart  on  the cleft  side,
w hile the nasal septum  is deviated to the noncleft  side. The pre-
m axilla is also frequently deficient .

Within  each  ethnic  group, patients  undergoing  rh inoplasty
display consisten t  external nasal features. These  nasal features
are  listed  for  persons of Middle  Eastern  and  African  descent  in
� Table 55.1.

55.5  The Disease  Process
55.5.1  Et iology
The  etiology and  evolution  of cleft  deform ity are  outlined  else-
w here  in  th is  textbook. Ethnic nasal structure  and  appearance
represent  variations  of norm al  and  occur  because  of inherent
genet ic di erences betw een clustered populations.

55.5.2  Pathogenesis
If not  surgically  corrected, a  nasal  cleft  deform ity  w ill  lead  to
persistent  flattening  of  the  lower  lateral  cart ilage  on  the  af-
fected  side. This configuration  can  result  in  nasal obstruction  at
the  level  of  the  vestibule  and  external  nasal  valve.  Despite
grow th  and  developm ent , an  obvious t ip  deform ity w ill persist
on  the cleft  side.

The  external  nasal  appearance  of persons  of non-Caucasian
lineage  exhibits  several  defining  characteristics,  w hich  are
listed  for  selected  groups in  � Table  55.1. For  instance, persons
of  Middle  Eastern  extract ion  com m only  have  large  dorsal
hum ps and  underrotated  nasal t ips. On  the other hand, persons
of African  descent  m ay  have  weak  and  underprojecting  nasal
bones, w ith  large and th ick nasal tips.

Fig. 55.1  Cleft  lip  and nose  deformity (a) before  and (b) after cleft  lip
and  nose  repair.

55.5  The Disease Process
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55.5.3  Natural History and Progression
The  grow th  and  developm ent  of ethnic  nasal  appearances  are
genet ically driven, resulting in  the unique features listed  for se-
lected groups in � Table 55.1.

55.5.4  Potent ial Disease Com plicat ions
Potent ial complications  in  cleft  noses  include  persistent  exter-
nal deform ity  and  nasal airway obstruct ion  at  the  level of the
external nasal valve. Ethnic noses are  not  a form  of disease  and
are w ithout  inherent  structural problem s that  can  lead  to com -
plications  such  as  nasal obstruction. Most  com m only, patients
of ethnic extract ion  desire nasal surgery to im prove their exter-
nal appearance.

55.6  Medical Evaluat ion
The  complete  evaluation  of children  w ith  cleft  deform ity is  re-
viewed elsew here in  th is textbook.

The  in itial consultation  for  an  ethnic  rhinoplasty  allow s  the
surgeon  to discuss the  patient’s concerns and  goals for  surgery.
The concept  of m ain taining an  ethnic identity should  be clearly
com m unicated  during  the  in itial and  subsequent  visits. A sur-
geon  should  be  cautious  w ith  patients  requesting  drastic
changes in  their  nasal appearance because th is m ay lead  to un-
natural results and  “Western ization” changes. Such  results m ay
becom e a strong source of dissatisfaction  in  such  patients.

Digital  photography and  m orphing  are  used  to  convey  pro-
posed  changes. These  are  show n  and  discussed  as  a  point  of
reference, w ithout  im plicit  guarantees  of the  result . If needed,
before  and  after  photographs  of previous  surgical pat ien ts  can
be used  to clarify di erences in  rhinoplasty goals betw een  Cau-
casian  and ethnic noses.

55.6.1  Present ing Com plaints
Children  w ith  a  cleft  nose  present  prim arily w ith  cosm etic and
functional deficits related  to lip  and  palate  clefting. The accom -
panying nasal deform ity, although  not  a  prim ary complaint  of
parents,  m ust  be  noted,  docum ented,  and  addressed  during
cleft  surgery.

Patients  w ho  seek  ethnic  rh inoplasty  present  w ith  com -
plaints related to their appearance, w hich m ay include concerns

about  any of the features listed  for  the  selected  groups in  � Ta-
ble 55.1.

55.6.2  Clinical Findings, Physical
Exam inat ion
The  clin ical findings  and  exam ination  of the  child  w ith  a  cleft
deform ity are reviewed in  thepathogenesis sect ion  of th is chap-
ter.  The  findings  pertaining  to  pat ien ts  undergoing  ethnic
rhinoplasty  are  listed  in  � Table  55.1. As  in  all  pat ients, nasal
palpation  should  be  perform ed  to  determ ine  the  inherent
strength  of the lower lateral car tilages, docum ent  any evidence
of previous nasal surgery, and assess potential cartilage graft ing
sites, such  as the septum  and  ear. Any reports of nasal obstruc-
tion  should  be  evaluated  during  the  physical  exam ination  by
assessing valve competence and nasal allergies.

55.6.3  Test ing
No special testing is required  for  pat ients w ith  a cleft  deform ity
beyond  docum ent ing  appropriate  grow th  and  developm ent  in
the first  several m onths of life.

55.7  Treatm ent
55.7.1  Medical Treatm ent
The  m edical treatm ent  of a  child  w ith  a  cleft  deform ity  is  dis-
cussed  elsew here  in  th is textbook and  is not  applicable  for  the
cleft  nose  defect . Ethnic pat ients  w ith  valve  obstruction  due  to
inherently  weak  lower  lateral cartilages  m ay  benefit  from  ex-
ternal sten ts, such  as  Breathe  Right  nasal str ips  (GlaxoSm ithK-
line, Philadelphia, PA). Patients  w ith  nasal  obstruct ion  due  to
underlying  allergies  should  undergo  allergy  testing  and  be
treated w ith  cort icosteroid sprays.

55.7.2  Surgical Treatm ent
The m ain  goal of cleft  rh inoplasty is reconfiguration  of the low -
er lateral cartilage w ith  restoration  of nasal sym m etry and  pro-
ject ion  on  the a ected side. Cleft  rh inoplasty should accom pany
cleft  lip  repair  in  children  at  about  3  m onths of age. Infants are
judged  to  be  surgical  candidates  based  on  the  “ru le  of  10s”:

Table 55.1  Characteristics of the external nasal appearance in patients of Middle Eastern or African extraction

Nasal appearance  Middle  Eastern  African

Skin  and  soft-tissue  envelope  Thick skin  and  subcutaneous tissues of the  tip  Thick skin  and  subcutaneous tissues of the  tip

Upper third  Overprojecting  bony dorsum  and  radix, dorsal
widening

Underprojecting  bony dorsum  and  radix, dorsal
widening

Middle  third  Widening of the osseous and cartilaginous vaults  Widening of the  osseous and cartilaginous vaults

Nasal tip
 Amorphous and  hanging  nasal tip, variation in

width  Amorphous and  wide  nasal tip

Nostrils  Variable  degree  of alar flaring  Alar flaring

Special Considerat ions in Rhinoplasty
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weight  over  10  lb, hem oglobin  level over  10 g/dL, and  age  over
10  weeks. During  cleft  rh inoplasty, the  skin  overlying  the  de-
form ed  lower lateral cartilage is underm ined, and  a  suspension
suture  is  placed  through  the  dom e  region.  The  lower  lateral
cartilage  is  sutured  in  a  m ore  cephalic  and  m edial  position
(see � Fig. 55.1). This suture  is bolstered  for  several weeks w ith
a  silicone  but ton .  Defin itive  cleft  rh inoplasty  can  be  o ered
start ing  at  age  16  for  those  patien ts  w ith  persistent  nasal
deform ity and/or  airway obstruct ion. An  open  rhinoplasty  ap-
proach  via  a transcolum ellar  incision  a ords the best  visualiza-
tion  of the  lower  lateral cart ilages. These  can  be  m odified  w ith
suture  and  car t ilage-graft ing techniques  to  achieve  desired  tip
sym m etry and airway patency.

Ethnic rhinoplasty  (� Fig. 55.2) addresses som e  of the  visual
characteristics part icular  to the ethnic nasal appearance. Native
nasal harm ony m ust  be  kept  in  m ind  w hen  ethnic rhinoplasty
is perform ed. This surgery has a goal for appearance that  di ers
from  w hat  is desirable  in  Caucasian  rhinoplasty. Like  any other
rh inoplasty  operat ion,  ethnic  nasal  surgery  m ust  incorporate
the  patient’s  goals  and  concerns. However, one  of the  prim ary

object ives  of  ethnic  rh inoplasty  is  the  avoidance  of  surgical
“Western ization.” Excessive  reshaping of the  nose  to m atch  the
ideal Caucasian  nose  creates an  unnatural appearance  in  ethnic
patients. Such  a result  generates a  relative  discord  betw een  the
nose  and  the  face. The  surgical goals  of ethnic  rh inoplasty  for
Middle Eastern  and African  patients are listed in � Table 55.2.

Several undesirable  outcom es  m ay complicate  ethnic rh ino-
plasty. These  include the  sam e problem s seen  in  Caucasian  rhi-
noplasty, w hich  are  discussed  in  detail in  a  di eren t  sect ion  of
th is  textbook.  Part icular  to  ethnic  nasal  surgery  is  surgical
“Westernization ,” w hich  is  best  avoided  by  understanding  the
native visual characteristics of ethnic noses.

55.8  Prognosis
Favorable  outcom es  are  expected  in  m ost  properly  executed
cleft  and  ethnic  rhinoplasties. Errors  leading  to  complications
are best  avoided  by m eticulous planning and  precise  execution.
An  understanding  of  native  visual  characteristics  in  ethnic
noses should help  avoid surgical “Western ization .”

Fig. 55.2  Patient  of Middle  Eastern extraction (a)
before  and  (b) 6  months after rhinoplasty. Note
the  maintenance  of a strong  radix and  dorsum,
with only a  partial dorsal reduction  and  con-
comitant  tip  rotation.

Table 55.2  Surgical maneuvers commonly performed in Middle Eastern and African ethnic rhinoplasty

Surgical maneuvers  Middle  Eastern  African

Skin and soft  tissue envelope
Conservative  removal of fat  in  the  supratip  region;
postoperative  monitoring  and  conservative  steroid
injections

Moderate–aggressive  removal of fat  in the  supratip  region;
postoperative  monitoring and  conservative  steroid
injections

Upper third
Maintenance  of high  radix during  dorsal hump reduction;
elevation of the  tip  to  enhance  a  visual illusion  of dorsal
hump  reduction

Augmentation  grafting  of the  radix and  dorsum

Middle  third
Osteotomies for dorsal narrowing; placement  of spreader
grafts to  avoid  internal valve  collapse  and  an  inverted-V
deformity

Osteotomies for dorsal narrowing

Nasal tip

Cartilage-sparing  maneuvers; preferential use  of suture
techniques for the  dome  region; placement  of strong
supports (columellar strut  or septal extension graft, shield
or cap  grafts)

Cartilage-sparing  maneuvers; preferential use  of suture
techniques for the  dome  region; placement  of strong
supports (columellar strut or septal extension graft, shield or
cap  grafts)

Nostrils  Alar base  reduction in  some  cases  Alar base  reduction in  the  majority of cases
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55.9  Roundsm anship
●  Special considerations are im portan t  in  the planning and

execution  of rh inoplasty surgery in  pat ients w ith  cleft  de-
form it ies and in  those of ethnic extract ion.

●  Cleft  rh inoplasty should accom pany cleft  lip  and palate repair
at  3 m onths of age.

●  Ethnic rh inoplasty addresses im portan t  visual characteristics
in  pat ien ts of Middle Eastern , African, Hispanic, and Asian
backgrounds.

●  The avoidance of surgical “Western ization” in  ethnic patients
is an  im portan t goal of ethnic rhinoplasty.

55.10  Recom m ended Reading
[1]  Azizzadeh  B, Mashkevich  G. Middle Eastern  rh inoplasty. Facial Plast  Surg Clin

North  Am  2010; 18: 201–206
[2]  Sykes  JM, Tollefson  TT. Managem ent  of  the  cleft  lip  deform ity. Facial  Plast

Surg Clin  North  Am  2005; 13: 157–167
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56  Surgical Treatm ent  of the Aging Face
Anthony P. Sclafani and James A. Sclafani

56.1  Int roduct ion
Modern  surgery of the aging face was first  reported in  the early
1900s  and  was  clouded  in  secrecy,  w ith  pat ients  seeking  to
m aintain  anonym ity  and  surgeons  attempting  to  keep  their
techniques to them selves. Over  the past  100 years, these proce-
dures  have  becom e  better  designed, defined, and  described  by
surgeons  and  accepted  by  the  public  at  large. The  procedures
have  becom e  increasingly refined, w ith  better  and  longer-last-
ing  results, as  well  as  sm aller, less  conspicuous  scars  and  less
m orbidity.

56.2  Incidence of Disease
In  2008, 132,000  facelifts  and  44,000  forehead  lifts  were  per-
form ed  in  the  United  States.  These  procedures  can  be  per-
form ed individually or in  concert , depending upon the aesthetic
needs of the patient.

56.3  Term inology
Browlift  and  foreheadpla sty are  distinct  and  separate term s. The
brow lift  procedure  elevates  the  brow  only, w hereas  the  fore-
headplasty  additionally  treats  rhytids  of the  forehead. Neither
facelift  nor  rhyt idopla sty is an  accurate description  of the proce-
dure, w hich  neither  “lifts” the  face  nor  solely  treats  w rinkles
(rhytids). A better  description  is  facia lpla sty, but  the  term  face-
lift  is used herein  because of its com m on use. Sim ilarly, a midfa-
celift  rejuvenates and  recontours the m idface (the area betw een
the lower  eyelids and  the  nasolabial folds) and  does not  sim ply
“lift .”

56.4  Applied Anatom y
The soft-t issue  anatomy of surgical facial rejuvenation  includes
the  skin ,  superficial  m usculofascial  layer,  facial  m uscles,  and
nerves.

56.4.1  Skin
Elevation  of the skin , w hen  perform ed, in  done by elevating the
skin  flap  w ith  a  sm all am ount  of subcutaneous fat  on  the  flap.
This provides protect ion to the subderm al plexus of vessels. Ele-
vation  of th is  plane  is  relatively easy in  the  m idface  and  lower
face but  is m ore di cult  in  the forehead, w here the m uscles are
m ore in tim ately attached  to the skin . Sim ilarly, the skin  is fairly
firm ly attached  to slips of m uscle from  the sternocleidom astoid
(SCM) m uscle laterally and often  requires sharp dissection.

56.4.2  Musculofascial Layers
Beginning  in  the  forehead, the  fascial  layer  of  the  galea  apo-
neurotica  covers and  envelops the  frontalis m uscle. Posteriorly,
th is layer cont inues in to the  occipitalis m uscle fascia; inferiorly,

the galea fuses w ith  the periosteum  about  2 cm  above the orbi-
tal rim , w hile laterally the galea fuses w ith  m ultiple layes of fas-
cia  just  m edial  to  the  superior  temporal  line  (m ost  superior
attachm ent  of the  temporalis  m uscle). Anatom ically, the  galea
becom es  contiguous  w ith  the  SMAS (superficial  m usculoapo-
neurotic system ), a  fascial t issue  that  covers and  envelopes the
facial m uscles, at  the  zygom atic arch, w here  they fuse  w ith  the
periosteum . Inferiorly, the  SMAS is contiguous w ith  the  platys-
m a m uscle, w hereas m edially it  sends fibrous slips superficially
to  the  overlying  skin . Laterally, th is  t issue  is  less  m obile  than
m edially and covers the parotidom asseteric fascia.

56.4.3  Facial Muscles
Im portant  m uscles  encountered  or  m odified  during  forehead-
plasty include the  paired  frontalis m uscles (brow  elevators that
originate  posteriorly  from  the  galea  and  course  inferiorly  to
in term ingle w ith  each other in  the m idline and w ith  the orbicu-
laris oculi m uscles m ore laterally); orbital portion  of the orbicu-
laris  oculi  m uscles  (brow  depressors);  paired  corrugator  and
depressor  supercilii m uscles (brow  m edializers and  depressors,
respect ively,  originat ing  from  the  superom edial  orbital  rim );
and  the  m idline  procerus  m uscle  (brow  depressor  originat ing
from  the nasal bones).

In  the m idface, m ost  m uscles are  out  of the im m ediate surgi-
cal  field;  however,  the  zygom aticus  m ajor  m uscle,  coursing
from  the  m idportion  of  the  zygom atic  arch  to  the  nasolabial
fold  and m odiolus, is a landm ark in  the deep plane facelift . Sim -
ilarly, the orbital portion  of the inferior orbicularis oculi m uscle,
depending on  the  surgical approach , m ay require  m obilization
or m odificat ion.

In  the lower face, the platysm a is the inferior extension  of the
SMAS and  runs from  the  clavicle  to in terdigitate  w ith  the facial
m uscles  and  SMAS just  above  the  m andibular  border. Start ing
in  the lateral neck, th is m uscle extends to m eet  the m uscle from
the  opposite  side  in  the  m idline. Generally, these  are  fibrously
bound  together  near  the  ch in  but  dehisce  m ore  inferiorly,  a
state  that  worsens  w ith  age.  Laterally,  the  SCM  m uscle  runs
from  the  m astoid  inferom edially;  especially superiorly, slips  of
fascia and m uscle extend from  th is m uscle to insert  on  the skin .

56.4.4  Nerves
Motor Nerves
The facial nerve is the only m otor nerve w ithin  the surgical field
of forehead, face, and  neck  rejuvenation  procedures. After  the
nerve  em erges from  the  stylom astoid  foram en  and  branches at
the  pes  anserinus,  five  m ain  branches  innervate  the  facial
m uscles. These  branches  becom e  increasingly  m ore  superficial
m edially, w here in  particular  the temporal and  buccal branches
have  significant  in terconnections.  The  temporal  branch  runs
superiorly to innervate  the  forehead  and  lateral orbicularis and
corrugator m uscles. The temporal branch  crosses the zygom atic
arch, usually in  one  to three  branches, w ithin  the  fusion  of the
SMAS and  periosteum , and  then  runs  on  the  undersurface  of
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the  galea in to the forehead. Often, an  upper  and  a  lower  buccal
branch  of the  facial nerve  run  m edially, parallel to  the  Stensen
duct , to  innervate  the  m idfacial  m uscles  from  their  deep  sur-
face. More  inferiorly, the  m arginal  m andibular  nerve  extends
m edially in  the  area  of the  m andibular  border, usually dipping
below  the  m andible  before  ascending  over  it  to  innervate
the  depressor  anguli  oris  m uscle. The  temporal  and  m arginal
m andibular  nerves are  the  m otor  nerves m ost  at  risk for  injury
during surgery.

Sensory Nerves
The  supraorbital  and  supratrochlear  nerves  (branches  of  the
ophthalm ic division  of the  tr igem inal nerve, V1) supply sensa-
tion  to  the  brow  and  forehead  posteriorly  to  the  crow n. These
nerves em erge from  notches or  foram ina along the superior  or-
bital  rim  accom panied  by  arteries  and  veins,  run  posteriorly,
and  branch  and  becom e  m ore  superficial  peripherally.  The
supratrochlear nerve is generally found betw een 15 and  20 m m
lateral to the m idline, w hile the supraorbital nerve em erges ap-
proxim ately  23  to  26 m m  from  the  m idline.  The  infraorbital
nerve (branch  of the m axillary division  of the t rigem inal nerve,
V2) em erges from  a foram en  in  the  m axilla just  below  the orbi-
tal rim , accom panied  by associated  arteries and veins; th is fora-
m en  is  generally near  the  m idpupillary line. The  m ental nerve
(branch  of the  m andibular  division  of the  t rigem inal nerve, V3)
exits  a  bony  foram en  in  the  m andible  below  the  canine  tooth
and  is generally not  encountered  during a  facelift  unless a  chin
im plant  is being placed. The great  auricular  nerve (from  C2 and
C3) em erges around  the  Erb  poin t  (a  poin t  on  the  posterior  as-
pect  of the  SCM m uscle  6.5 cm  below  the  external auditory ca-
nal) and  crosses  the  m iddle  one-th ird  of the  SCM m uscle  w ith
m ultiple  branches to innervate  the  lower  port ion  of the  auricle
and  m astoid  area. The  great  auricular  nerve  is  the  m ost  com -
m only injured nerve during facelifts.

56.5  The Disease  Process
56.5.1  Pathogenesis
Facial aging is a  complex concert  of m ultiple  processes that  oc-
cur at  di eren t  t im es and  rates and  to di eren t  degrees in  indi-
vidual patien ts. Skin  aging occurs and  is characterized  by colla-
gen  loss, disorder, and  degradation;  loss  of elasticity;  derm al
thinning;  decreased  in tegrity  of  the  derm al–epiderm al  bond;
and  dyschrom ia (age spots, or  m ottled  pigm entation). Fat  in  the
face is organized  in  discrete  compartm ents that  undergo di er-
ent ial descent  and/or  atrophy w ith  aging;  m idfacial fat  is m ore
likely to atrophy and descend as the fibrous support  in  th is fat ty
tissue degrades, w hile fat  accum ulat ion  in  the subm ental region
further  ages the face. In  addition  to contributing to facial w rin-
kles  because  of  repetit ive  contract ion  (e.g.,  “sm oker’s  lines”
around  the  m outh), som e  m uscles  m ay have  an  elevated  tone
(e.g., horizontal forehead  lines  that  resolve  w hen  the  patient’s
eyes are  closed  and  the patien t  is no longer  subconsciously ele-
vating  the  eyebrow s). Finally, facial bony resorption  can  occur
and contribute to facial aging.

Each  patient  m ust  be crit ically exam ined  and  the factors con-
tr ibuting  to  the  undesirable  appearance  identified. Treatm ents

should  be  designed  to  address  these  specific  causes  of  facial
aging.

56.5.2  Et iology
As our  bodies age, our  appearance  is a ected. Genetics clearly
plays  a  m ajor  role  in  aging, and  a  full d iscussion  of th is  top ic
is  beyond  the  scope  of  th is  chapter.  Disorders  such  as  cu tis
laxa  and  Eh lers-  Dan los  syndrom e  produce  a  prem aturely
aged  appearance  due  to  a  loss  of norm al  elast in  or  collagen
in tegrity, respect ively. Clearly, several exogenous factors  con -
tr ibu te  to  aging, as  w ell. Tobacco  use, excessive  sun  exposure,
fluctuations  in  w eigh t , and  poor  nut rit ion  all  lead  to  prem a-
ture  aging.

56.5.3  Natural History and Progression
It  is  self-evident  that  over  t im e, our  faces and  bodies w ill con-
tinue  to age. Patients frequently present  asking, “It  is t ime for  a
facelift?” When  to undergo a facial rejuvenative procedure is an
intensely personal decision  for patients, but  the surgeon can  aid
them  in  th is  decision  by asking them  to  consider  the  sim ilar-
ity  of  their  appearance  to  that  of  older  relat ives,  as  w ell  as
understanding  that  the  overall  sum  of  the  m ult ip le  aging
processes  ongoing  w ill  determ in e  the  progression  of  aging.
For  exam ple, in  the  study  of Guyuron  et  al, the  m ain tenance
of facial volum e w as associated  w ith  a  younger  appearance  in
older  pat ien ts;  conversely, younger  subjects  w ith  m ore  facial
fat  appeared  older.

56.6  Medical Evaluat ion
56.6.1  Present ing Com plaints
A complete  h istory  and  physical  exam inat ion  should  be  com -
pleted  for every patient  seeking facial rejuvenation. A frank and
unpressured  discussion  w ith  the  patient  should  elicit  from  the
patien t  the specific features he or she seeks to im prove. It  is im -
portant  to  discuss the  patient’s  m otivation  for  th is  surgery be-
cause  proper  pat ient  select ion  is  key  to  success. Patien ts  w ho
choose surgery to improve their  personal life, w in  the  approval
or  love  of a  spouse  or  significant  other, or  gain  a  prom otion  at
work seek  results  that  surgery cannot  give. Pat ien ts  w ith  body
dysm orphic disorder  w ill express dissat isfaction  w ith  their  ap -
pearance  out  of proportion  to their  actual deform ity. These  pa-
tients  should  be  identified  preoperatively,  and  a  referral  for
psychiatric  evaluation  is  appropriate. Pat ients  w ith  body  dys-
m orphic  disorder  su er  from  an  unrealist ic  body  im age  and
w ill not  be  satisfied  w ith  the  results of even  the  m ost  skillfully
perform ed  surgery. Appropriate  patien ts  express  a  reasonable
dislike of not iceable signs of aging and seek to im prove their ap -
pearance  to  bolster  their  self-esteem  or  to  “just  look better.” A
complete  m edical and  surgical h istory should  be  obtained;  the
surgeon  should  specifically  inquire  about  any  history  of facial
traum a, prior  facial surgery, peripheral vascular  disease, bleed-
ing  disorder,  or  collagen  vascular  skin  disorder. A list  of pre-
scription , over-the-counter, and  hom eopathic m edications used
by the  patient  should  be  obtained, and  tobacco and  alcohol use
should  be assessed.
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56.6.2  Clinical Findings, Physical
Exam inat ion
The  patient  seeking  rejuvenat ion  of  the  face  should  undergo
a  comprehensive  facial  exam inat ion  in  a  system atic  way.
Although patients m ay request  treatm ent of a specific area, oth-
er  parts of the face w ill im pact  the appearance of that  area, and
treatm ent  should  be  planned  in  a  way  that  achieves  m axim al
im provem ent. For  example, a  pat ien t  w ho desires treatm ent  of
fat  deposits  of the  neck m ay benefit  from  a  ch in  im plant  if the
project ion  of the chin  is weak.

The patient  should  be assessed  w hile seated  upright  w ith  the
head  in  a  neutral position  and  eyes closed. Rhytids of the  fore-
head  and glabella should  be noted, as should  the position  of the
frontal hairline, w hich  should  be  no m ore than  5  to 6 cm  above
the  brow s. Hair  density should  also  be  evaluated. The  position
of the  eyebrow s should  be  noted  relat ive  to the  orbital rim  and
then  lifted to an  aesthetically pleasing position, and the am ount
of elevation  required  should  be  noted. Ideally, the  m ale  brow
runs  fairly  horizontally  at  or  sligh tly  below  the  orbital  rim ,
w hereas in  wom en  the brow  should  arch  and  peak a  few  m illi-
m eters  above  the  rim  at  or  just  m edial  to  the  lateral canthus.
The  m edial and  lateral brow  should  lie  on  the  sam e  horizontal
plane. The m edial brow  should begin  along a vertical line draw n
from  the  nasal ala  through  the  m edial canthus, and  the  lateral
brow  should end on  a line running tangentially from  the ipsilat-
eral ala th rough the lateral canthus.

The  m idface  should  show  sm ooth  con tours,  rising  from  a
sligh t  concavity  below  the  low er  eyelid , then  falling  to  blend
in to  the  low er  face. Ideally, there  is  on ly  m in im al depression
in feriorly  at  the  nasolabial  fold ,  defin ing  the  boundary  be-
tw een  the  cheek  and  the  perioral  area;  th is  depression  is
m ore  defined  superiorly  as  an  extension  of  the  alar  crease
but  then  ideally  fades  in feriorly.  The  ideal  poin t  of  h ighest
prom inence  of the  m idface  should  be  at  a  poin t  iden t ified  at
the  in tersect ion  of  the  extension  of  the  lateral  orbital  rim
and  the  zygom atic  arch . Sligh t  defin it ion  m ay be  presen t  be-
low  the  m alar  arch , but  a  severe  depression  im parts  a  gaun t
appearance.

The  lower  face  extends  below  the  oral  com m issure  and
ideally has a  defined, sm ooth  jaw line  extending from  the  m an-
dibular  angle  to  the  ch in . The  neck should  be  sm ooth, w ithout
“bands” or  “cords.” The  cervicom ental angle  (form ed  by the  in-
tersection  of a  line  from  the  ch in  running along the  subm ental
area and  a  second  line  running along the  an terior  aspect  of the
neck on  a  lateral view) ideally should  be  90 degrees but  can  be
blunted by a low  hyoid  bone, an  accum ulation  of subm ental fat ,
and platysm al bands.

56.6.3  Test ing
As patien ts undergoing facial rejuvenative  procedures are  gen-
erally  older,  a  complete  m edical  evaluation  should  be  per-
form ed,  preferably  by  the  patien t ’s  prim ary  care  physician .
The  surgeon  should  describe  the  planned  procedure  to  the
prim ary care  physician  and  discuss  the  required  perioperative
care. Before  surgery, a  complete  series (full-face frontal and  bi-
lateral  oblique  and  lateral  views)  of  photographs  should  be
obtained.

56.6.4  Di erent ial Diagnosis
Although  the changes addressed w ith  th is surgery are generally
self-evident, it  is  im portant  to  rule  out  conditions that  m ay ei-
ther  m im ic aging or  cause  compensatory changes  that  in  turn
w ill  age  the  appearance  of  the  patien t.  Pat ients  w ith  upper
eyelid ptosis w ill use frontalis m uscle contract ion to provide ad-
ditional  upper  eyelid  lift  at  the  expense  of  heavy  horizontal
w rinkles of the forehead. Likew ise, en largem ent or  ptosis of the
subm andibular  gland  w ill  m im ic  jow ling.  The  facial  skeleton
should  be  addressed  in  older  patients w ith  bony facial aging or
patients w ith  congenitally hypoplast ic bony features w ho dem -
onstrate prem ature aging.

56.7  Medical Treatm ent
The  surgeon  best  serves  pat ients  by  presenting  them  w ith  a
range of options, from  subtle to dram atic changes w ith  m inim al
to extensive  procedures, and  allow ing them  to choose  the  pro-
cedure(s) that  m ost  suit  their  needs. Although  m inim ally inva-
sive  t reatm ents  cannot  rem ove  redundant  skin  or  elevate  soft
t issues, som e  changes  can  be  su cien t  for  the  patient  w ho  is
not  prepared  to undergo m ore  involved  procedures. Botulinum
toxin  A, a neurotoxin  approved  by the FDA for  t reatm ent of gla-
bellar lines in  2002, acts by blocking acetylcholine release at  the
neurom uscular  junct ion. Treatm ent  of the  brow  depressors, in
the  face  of m oderately  increased  tone  of the  frontalis  m uscle,
w ith  help  elevate  the  brow. Botulinum  toxin  A can  be  used  to
reduce  platysm al banding. Although  it  is generally safe  and  as-
sociated  w ith  m inim al  bruising,  complications  of  botulinum
toxin  A  result  from  its  spread  to  and  e ect  on  nontarget
m uscles, such  as the levator  palpebrae  m uscle; its e ect  on  th is
m uscle causes ptosis (w hen  it  is injected  around the eyes). Seri-
ous complications are  generally lim ited  to inappropriate  use  of
the  neurotoxin , the  use  of adulterated  or  unapproved  toxin , or
its use by inadequately trained injectors.

Soft-t issue  fillers, such  as autologous fat , hyaluronic acid  de-
rivatives, poly-L-lact ic  acid, porcine  collagen, and  calcium  hy-
droxylapatite, have been  used  to fill both  folds and  w rinkles, as
well as to restore facial volum e. These  “volum e lifts” can  sm ooth
areas  of the  face  and  restore  a  m ore  youthful appearance. Ad-
verse  e ects associated  w ith  soft-t issue fillers include bruising,
lum piness or palpability, granulom a form ation, and infect ion.

56.8  Surgical Treatm ent
56.8.1  Forehead
Multiple  procedures  are  used  currently  to  raise  the  eyebrow s
and  sm ooth  the  forehead. The  m ost  predictable  technique, the
direct  brow lift , is the  sim plest  and  quickest  to perform  but  can
leave  visible  scars, and  it  addresses only brow  position . A m id-
forehead  lift  can  additionally sm ooth  the forehead  but  requires
a  visible  scar. The  coronal  foreheadplasty  hides  the  scar  at  or
w ithin  the  hairline  and  allow s  sm oothing  of  the  forehead  as
well as  brow  repositioning, but  it  requires  a  long incision  and
an  increased  recovery tim e. An  endoscopic foreheadplasty can
yield  sim ilar  results  w ith  sm aller  scars  and  a  m uch  shorter  re-
covery, but  it  requires  dedicated  endoscopic equipm ent  and  is
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less e ect ive  in  cases of severe  brow  ptosis. Finally, a  temporal
lift , perform ed either through  a lim ited open  approach or endo-
scopically, can  reposition  the  lateral  brow  and  easily  be  com -
bined  w ith  a  facelift , but  it  has lim ited  benefit  in  the  m idbrow
and m edial brow.

Direct  Browlift
The direct  brow lift  is a sim ple procedure that  can  be perform ed
under  local  anesthesia  to  reposit ion  the  lateral  two-thirds  of
the  eyebrow s. It  is  best  reserved  for  patien ts w ith  severe  brow
asym m etry,  such  as  those  w ith  unilateral  facial  paralysis
(� Fig.  56.1).  The  best  candidate  for  th is  procedure  is  a  fair-
skinned  m an  w ith  th ick eyebrow s to  provide  m axim al cam ou-
flage  for  the  scar.  The  am ount  of  brow  elevation  is  directly
m arked  as an  ellipse  resting on  the  upper  brow  hairs. This skin
is then  excised; the exposed orbicularis oculi m uscle fibers infe-
riorly are  then  sutured  superiorly  to  the  fibers  of the  frontalis
m uscle. A layered  skin  closure  is  then  perform ed. A m odifica-
tion  of th is technique, the indirect  brow lift , places the excisions
in  preexisting horizontal forehead  creases  1  to  2 cm  above  the
brow s.

Midforehead Lift
The  m idforehead  lift  uses  a  broken  line  incision  in  an  upper
forehead  crease  betw een  the  m idpupillary  lines. The  frontalis

m uscle  is  incised , and  in ferior  d issect ion  below  the  galea  is
perform ed  un t il  the  corrugator  supercilii  and  procerus
m uscles  are  iden t ified;  these  can  then  be  d ivided  to  sm ooth
the  glabella. The  fron talis  m uscle  is  redraped  superiorly, ex-
cess  m uscle  is  excised , and  the  m uscle/galeal layer  is  closed .
The  skin  is  then  redraped  and  the  excess excised, follow ed  by
layered  derm al  and  epiderm al  closure. The  m idforehead  lift
is  a  good  opt ion  in  pat ien ts  w ho  are  bald  or  have  severely
th inn ing or  receding  hairlines  and  also  have  a  deep  forehead
crease  in  w h ich  the  scar  can  be  h idden ;  how ever,  its  e ec-
t iveness  in  lift ing  the  brow  lateral to  the  m idpupillary line  is
lim ited .

Coronal Foreheadplast y
The  coronal foreheadplasty uses  a  m uch  m ore  significant  inci-
sion, w hich  runs from  the top of one helical root over the crow n
to the other helical root. Laterally, the skin  is elevated below  the
temporoparietal  fascia  (w hich  is  contiguous  w ith  both  the
SMAS and  the  galea), th rough  w hich  runs the  temporal branch
of the  facial  nerve, w hereas  betw een  the  temporal  crests  the
plane  is  subgaleal.  The  dense  periosteal  attachm ents  of  the
temporoparietal fascia  and  the  galea  are  divided  sharply at  the
temporal  line.  The  dissection  transit ions  to  a  subperiosteal
plane  approxim ately 2 cm  above the  orbital rim  (w here  the  ga-
leal  leaves  fuse  densely  w ith  the  periosteum ), and  dissection
proceeds  to  the  orbital  rim . The  forehead  flap  can  be  “turned
dow n” to  expose  the  corrugator  and  procerus  m uscles  inferi-
orly, w hich  are  then  divided. The frontalis m uscle  is scored  be-
low  the  deepest  t ransverse  crease. The  flap  is  then  advanced
superiorly, redundant skin  is excised, and the galeal and skin  in-
cisions are  closed  after  the  wound  is drained. The  m idforehead
lift  and  the  coronal foreheadplasty  require  a  certain  degree  of
overcorrect ion  because the point  of fixation  is at  the galeal clo-
sure (at  the coronal incision), not at  the brow  (poin t of in terest),
and  there is som e  “stretch  back” of the flap  over  t im e. Midfore-
head  lift  requires elevation  to  about  150% of the  desired  eleva-
tion, and  the  coronal  foreheadplasty  typically  requires  200  to
250% overcorrect ion .

Tem poral Lift
The temporal portion  of the coronal foreheadplasty can  be  per-
form ed  in  isolation  to elevate the lateral brow. An  open  incision
w ithin  the  hair-bearing  temple, supplem ented  by  inferior  dis-
sect ion  under  direct  vision  or  assisted  w ith  endoscopes, is per-
form ed  inferiorly  to  the  orbital  rim .  The  attachm ents  at  the
superior  temporal line  are  divided  dow n  to  the  orbit , w ith  re-
lease of the orbital retain ing ligam ent in  th is process. The lateral
brow  is  then  elevated, and  extra  skin  is rem oved  and  closed  in
layers under tension .

Endoscopic Foreheadplast y
Endoscopic  foreheadplasty  com bines  a  num ber  of  features  of
these procedures but  relies on  a m ore funct ional understanding
of brow  dynam ics. A num ber  of 1-  to  2-cm  sagittal  incisions
(two  to  four, typically)  are  m ade  in  the  hair-bearing  scalp  be-
tween  the  tem poral  lines. One  additional  incision  is  m ade  in
each  tem ple, as  in  the  temporal  lift . The  central  incisions  are

Fig. 56.1  (a) Patient  with  a  right  brow paralysis after tumor resection
(note lack of rhytids on the  right  side  of the forehead). The severity of
the brow ptosis caused significant  visual field reduction. (b) One week
after direct  browlift, there  is improved symmetry of the brows and no
visual field  cut.
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used  to  develop  a  subperiosteal  (less  com m only,  subgaleal)
plane  dow n  to the  orbital rim  and  glabella, w hile  the  temporal
incisions allow  a sub-temporoparietal fascia dissect ion  m edially
to  the  superior  temporal lines  and  inferiorly  to  the  zygom at ic
arches and lateral orbital rim s. During th is dissect ion, care m ust
be  taken  to  protect  the  temporal branches  of the  facial  nerve,
w hich  runs  in  the  overlying  tem poroparietal fascia. This  plane
is relatively avascular, but  a  bridging vein  (zygom aticotemporal
vein , the so-called  “sentinel” vein) crosses betw een the tempor-
oparietal fascia and  tem poralis m uscle and  pierces the underly-
ing  deep  tem poral  fascia  in  close  proxim ity  to  the  tem poral
branches. Cautery is  best  avoided, but  if necessary (because  of
bleeding or  for  the  enhanced  exposure  required  during a  m id-
face  lift ;  see below ), it  should  be  done  at  the  deep  origin  of the
vein . The  dense  fibrous  attachm ents  at  the  superior  temporal
line  are  divided  dow n  to  the  orbital  rim .  The  periosteum  is
opened at the orbital rim  (after the arcus m arginalis, the perios-
teum  of the  rim  of the  superior  orbit , has been  identified). This
incision  should  extend  across  the  m idline  cont inuously  be-
tween  one lateral can thus to the  other. In  the  glabella, the  cor-
rugator  and  depressor  supercilii and  the  procerus  m uscles  are
identified  and  divided  w hile  the  branches  of the  supraorbital
and  supratrochlear  nerves are  protected. With  th is  release, the
forehead  flap  is  freely  m obile  and  can  be  advanced  superiorly
as  needed. Early failures  of the  endoforeheadplasty were  m ost
likely  due  to  failure  to  provide  su cien tly  long  (> 6  weeks)
brow  support  to  allow  the  periosteum /galea  to  becom e  su -
ciently  adherent  to  the  deep  structures  to  resist  gravitational
descent . Moreover, residual corrugator  and  depressor  supercilii
and  procerus m uscle  funct ion  w ill also pull the brow  inferiorly.
However,  w ith  bone-anchored  sutures  or  resorbable  fixation
devices, w hich  can  provide  th is needed  long-term  support , the
postoperat ive brow  position  is quite predictable, and significant
overcorrect ion  is  unnecessary.  Tem porally,  the  elevated  tem -
poroparietal  fascia  is  advanced  superiorly  and  sutured  to  the
deep  temporal fascia  and  the  wound  closed. Recovery  is  quite
quick,  w ith  patien ts  often  return ing  to  work  w ith in  a  week
(� Fig. 56.2).

Midfacelift
The endoscopic foreheadplasty can  be  extended  by incising the
periosteum  of the  superior  edge  of the  zygom a and  continuing
subperiosteal  elevation  along  the  zygom a  to  the  inferolateral
orbital rim , then  inferiorly in to the m idface. Special elevators al-
low  dissect ion  around  the  infraorbital  nerve  and  inferiorly  to
just  above  the  tooth  roots. A suture  is then  passed  through  the
m idfacial fat  and  fixed  superiorly to the deep  temporal fascia at
the  temporal  incision . The  provides  superolateral  elevation  of
the m idface.

An  alternative  approach  to  the  m idface  is  through  the  lower
eyelid.  Either  by  a  t ransconjunct ival  or  a  t ranscutaneous  ap-
proach, the periosteum  is incised  at  the infraorbital rim  (sim ilar
to the  approaches used  for  m idfacial fractures) and  elevated  on
both  sides  of the  infraorbital nerve  to just  above  the  m axillary
tooth  roots,  betw een  the  nasal  side  walls  m edially  and  the
m asseter  m uscle  laterally. After  the  periosteum  and  the  lower
end of the dissect ion  have been  incised, bone-anchored fixation
devices as well as sutures to the orbital rim  are used to m obilize
and  secure  the  periosteum  and  m idfacial fat  superiorly. Lateral

canthal suspension  is im portant  in  these cases to avoid  causing
an  ect ropion.

Although the endoscopic approach requires no eyelid incision
and has a low  incidence of post  operat ive lid  m alposition, there
is  a  1  to  2% risk  for  injury to  the  frontal or  buccal branches  of
the facial nerve. Moreover, correct ion of a  “tear trough” deform -
ity (hollow ing and  concavity of the lower eyelid  below  the  m e-
dial orbital rim ) is  not  possible  w ith  th is  approach. Conversely,
lid  m alposition  at  a  rate  of up  to  19% has been  reported  in  the
transpalpebral approach, although  th is  should  be  considerably
lower w ith  the use of bone-anchored  fixation . The choice of ap -
proach  depends  upon  surgeon  preference  and  the  specific
needs of the patient.

56.8.2  Lower Face
Subm ental Liposuct ion
Many  surgeons  com bine  subm ental  liposuction  w ith  other,
m ore  invasive  procedures, such  as facelift , neck lift , and  platys-
m aplasty, to achieve m axim um  contouring of the neck and low -
er face. The aesthetic goals of younger patien ts w ith  elastic skin
and  isolated  subm ental  or  jow l  fat  deposits  can  be  m et  w ith
subm ental  liposuction  alone. Postoperative  contract ion  of the
skin  in  patients w ith  good  skin  tone can  provide subtle  yet  sat-
isfying  defin ition  of  the  cervicom ental  angle.  Older  patients

Fig. 56.2  (a) Moderate  brow ptosis with  lipoma of the  left  forehead.
(b) After endoscopic browlift  (with  resect ion of the  forehead  lipoma),
the forehead is notably smoother, and the brows are in a more relaxed
position.
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w ith  increased  laxity  w ill  likely  benefit  from  subm ental  lipo-
suct ion  in  com bination  w ith  another, m ore invasive procedure.

The procedure  involves sm all stab incisions in  the  subm ental
and  subauricular  regions. Pretunneling w ith  progressively larg-
er  blunt-tipped  cannulas  w ithout  the  use  of  suct ion  elevates
the subcutaneous plane before inser tion  of the liposuction  can-
nula. A wetting solution  of 0.1% lidoocaine w ith  1:1,000,000 ep-
inephrine  can  be  injected  before  or  during  the  pretunneling
procedure. Aspiration  liposuction  is then  conducted  w ith  1 atm
of negative  pressure. The  open  face  of a  blunt-tipped, single-
port  cannula  is orien ted  away from  the  derm is and  a  bim anual
technique  is used;  the  surgeon’s nondom inant  hand  guides the
cannula  through  the  subcutaneous  fat  layer  in  skin  rolled  and
compressed  by  the  dom inant  hand. Liposuct ion  is  perform ed
conservatively, w ith  a  sm all  am ount  of fat  left  on  the  flap  to
protect  the  subderm al  plexus  blood  supply. The  aspiration  is
typically  done  betw een  the  two  SCM m uscles  laterally  and  as
far inferiorly as the thyroid notch. Overlapping subauricular and
subm entally based  fan  patterns are  used  to avoid  visible  ridges
and  achieve  a  sm ooth  contour. Care  is taken  to ensure  uniform
fat  rem oval so  that  the  flap  redrapes naturally w ith  peripheral
tapering. After  closure  of the  incisions, an  elastic neck garm ent
w ith  flu is applied for proper compression.

SMAS Facelift
The  SMAS facelift  is  typically  conducted  after  subm ental  and
subjow l fat  deposits  have  been  addressed  w ith  liposuct ion, as
discussed above. An  incision  beginning in  the temple, w rapping
around the ear, and ending in  or at  the occipital hairline is m ade
and  m ay incorporate the previously m ade liposuct ion  incisions.
In  wom en,  the  incision  can  be  h idden  behind  the  tragus
(� Fig. 56.3). A subcutaneous dissection  over  the  cheek and  lat-
eral  neck  is  then  perform ed, extending  4  to  10 cm  from  the
tragus  and  preauricular  incision. With  scissors, a  skin  flap  can
be  elevated  in  the  occipital region  w hile  care  is  taken  to  avoid
injury  to  the  great  auricular  nerve. After  the  earlobe  has  been
freed,  the  scissors  can  be  directed  toward  the  lower  neck
through  the  superficial  subcutaneous  plane.  A vertically  ori-
ented  str ip  of SMAS is  incised  approxim ately  2 cm  anterior  to
the  skin  incision , exposing  the  parotidom asseteric  fascia, and
m ay  curve  around  the  earlobe.  The  SMAS  is  elevated
(� Fig. 56.4) below  the  zygom a inferiorly to  the  junct ion  of the
platysm a. Anterior  to  the  parotid, if dissect ion  is  perform ed  it
m ust  rem ain  superficial  to  the  m asseter  to  avoid  facial  nerve
branches. Inferiorly, the  lateral  aspect  of the  platysm a  is  then
identified  and  a  m inim al subplatysm al elevation  is  conducted.
The  SMAS–platysm a  flap  is  then  secured  w ith  a  superoposte-
rior  vector  of traction  and  m ultiple  sutures. After  the  SMAS–
platysm a flap has been  realigned and sutured, excess SMAS and
skin  can  be  excised, w ith  care  taken  not  to  put  undue  tension
on  the flap. This superolateral traction  typically a ects the low -
er cheek, jow l region, and  an terior–superior  neck. The incisions
are  then  closed  in  a  two-layer  fashion, w ith  carefu l  attention
paid  to the hair-bearing skin . Im provem ents in  the jaw line  and
neck contour are seen  relatively quickly.

Rhyt idectom y with Lateral SMASectom y
Rhytidectomy  w ith  lateral  SMASectomy  was  described  as  an
alternative  to  the  SMAS  flap  rhytidectomy,  w hich  required

discrete elevation  of the SMAS. Before the in troduct ion  of rhyti-
dectomy w ith  lateral SMASectomy, extensive  SMAS dissection
anterior  to  the  parotid  gland  was  thought  necessary  to  e ect
significant  change  in  the  overall  facial  contour. However, th is
dissection  was  know n  to  put  facial  nerve  branches  at  h igher
risk. Advocates of the lateral SMASectomy approach argued that
extensive  SMAS dissection  was not  necessary in  m ost  patients
and  that  its  risks  outweighed  the  long-term  benefits.  Lateral
SMASectomy is essentially the rem oval of a port ion of the SMAS
overlying the  anterior  edge  of the  parotid  gland. The  direct ion
of the SMASectomy is orien ted  so that  the vectors of SMAS clo-
sure  lie  perpendicular  to  the  nasolabial  fold  (� Fig. 56.5). This
closure e ect ively brings the m obile m edial SMAS up to the lev-
el of the m ore fixed lateral SMAS. Care is taken  to rem ain  below
the m alar em inence and in  a plane superficial to the deep  fascia
and  the  parotid  parenchym a, in  order  to  m inim ize  the  risk  for
injury to the facial nerve branches. This rapid  and relatively safe
technique  produces  contouring of not  only  the  nasolabial fold,
but  also the jow l and jaw line. The lateral SMASectomy also gen-
erates a m ore superiorly orien ted vector of lift .

Deep Plane Facelift
For the deep  plane facelift , standard temporal, preauricu lar, and
postauricular  incisions are  m ade that  m ay extend  in to the tem -
poral hairline  and  over  the  occiput. A short  subcutaneous flap
is elevated  that  extends up  to about  3 cm  anterior  to the tragus
and  rem ains  posterior  to  a  line  draw n  from  the  angle  of  the
m andible  to  the  lateral  canthus.  A J-shaped  vert ical  str ip  of
SMAS is  then  excised, w ith  care  taken  to  stay  posterior  to  the
course of the temporal branch of the facial nerve. The sub-SMAS
plane is entered and elevated inferiorly, and the osseocutaneous
and  fasciocutaneous ligam ents are  divided  dow n  to the subpla-
tysm al plane  approxim ately 3  to 5 cm  below  the  m argin  of the
m andible. The division  of these ligam ents allow s complete  m o-
bilization  of the  deep  plane  flap. The  flap  is  also  elevated  over
the m edial extent  of the zygom aticus m ajor  m uscle in  a superi-
or  to inferior  fashion  to avoid  injury to the zygom atic branch  of
the  facial nerve. The  subplatysm al flap  can  be  elevated  far  m e-
dially,  but  it  does  not  have  to  be  carried  across  m idline
(� Fig.  56.6).  Traction  is  then  applied  to  the  platysm a–SMAS
flap  in  a  superolateral direct ion, and  sutur ing is done  to create
an  in itial vector  parallel  to  the  m andibular  ram us. Redundant
skin  m ay  be  excised  at  th is  point  w ithout  creating  tension  in
the flaps. Closure is conducted in  m ultiple layers.

Corset  Plat ysm aplast y
Platysm aplasty  is  considered  to  be  particularly  useful  in  pa-
tients  w ith  platysm al banding in  order  to  establish  a  m ore  de-
fined  cervicom ental angle and jaw line. Ideal candidates include
those  w ith  good  skin  elasticity, m oderate  neck ptosis, and  th in
skin . The procedure can  be conducted  under local anesthesia in
qualified  patients, rem oving the m orbidity associated w ith  gen-
eral anesthesia. Like  m any other  techniques, platysm aplasty  is
often  em ployed  in  conjunct ion  w ith  subm ental  liposuction .
This  un ion  not  on ly allow s im proved  defatt ing of the  neck but
also  also  aids  in  underm ining  the  cervical  skin  in  a  relat ively
atraum atic fash ion. Corset  platysm aplasty can  be  used  in  con-
cert  w ith  laterally based facelift  techniques.
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With  the patient  in  the upright  position, the anterior  borders
of the  SCM m uscles and  the jaw line, jow ls, left  and  right  bands
of the platysm a m uscle, and thyroid  cart ilage are identified  and
m arked  out  on  the  skin .  The  classic  subm ental  stab  incision
used  during  subm ental liposuction  is  extended  approxim ately
4 cm  after  the  completion  of  liposuction.  After  soft-t issue

bridges have been  divided  between  the  derm is and  underlying
platysm a,  the  m edial  edges  of  the  platysm a  are  identified
and  skeletonized. Each  side  of the  m uscle  can  then  be horizon-
tally t ransected at  the level of the hyoid, and a running suture is
used  to  bring  the  two  edges  of  the  platysm a  together  in  the
m idline  from  the  subm ental  zone  dow n  to  the  thyroid  notch.

Fig. 56.3  (a) The  standard  facelift  incision  wraps around  the  ear. For a  patient  with  a  low hairline, the  incision  can  be  carried  into the  frontal and
occipital hairline; for a patient  with a higher hairline, the  incision runs along the  hairline. (b) The postauricular portion of the  incision runs along the
posterior conchal bowl when the ear is reflected forward, so that  when the ear is in its normal position, the scar will fall into the postauricular sulcus.
(c) In a male patient or a patient  with a laterally displaced tragus, the incision is positioned in the pretragal crease to avoid draping beard hair onto the
tragus or pulling the tragus more laterally, respectively. (d) When possible, the preauricular incision is placed on the inner aspect of the tragus to better
camouflage  the  scar.
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Fig. 56.4  In an SMAS facelift, a skin flap  is raised
toward the nasolabial fold and in the lateral neck;
an incision is then made  in  the  SMAS, and  an
SMAS flap  is elevated  in  the  same  direction. The
SMAS flap  is then  advanced  posterosuperiorly
and  sutured. SMAS, superficial muscular apo-
neurotic system.

Fig. 56.5  A lateral SMASectomy is better re-
served for patients with mild cervical skin laxity. A
skin  flap  is raised, and  a  1-cm  strip  of SMAS is
excised  from  the  angle  of the  mandible  to the
malar arch (directed  toward  the  lateral canthus).
The  SMAS is sutured  is a  mostly superior
direction.
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The  running suture  is  then  returned  superiorly w ith  w ider  t is-
sue bites and tied  in  the subm ental region  (� Fig. 56.7).

Subm ental W-Plast y
Subm ental W-plasty  is  a  technique  em ployed  in  patients  w ith
significant  skin  laxity  w ho  are  not  candidates  for  a  tradit ional
facelift  and  neck lift  procedure. It  is typically reserved  for  older
m en  w ith  severe  cervical  skin  laxity  w ho  are  com m itted  to
m aintaining a  beard  to  cam ouflage  the  scar. The  procedure  in-
volves the  direct  vert ical excision  of redundant  subm ental skin
and  subcutaneous  fat  and  closure  of  the  ver tical  scar  w ith  a
running W-plasty. The platysm a is then  plicated  in  the m idline,
allow ing the  skin  to  redrape  properly. Tension  is  also  rem oved
by closing the incision  w ith  alternating deep  derm al buried  ab-
sorbable  sutures  at  the  m idpoin ts  of the  lim bs. The  epiderm is
can  be  closed  w ith  eversion  of the  edges w ith  in terrupted  non-
absorbable sutures (� Fig. 56.8).

Significant  bleeding is uncom m on  in  any of these procedures
(rare  in  surgery of the  forehead  and  m idface), but  as  w ith  any
surgical procedure, it  is possible. Pat ien ts should  be  specifically
warned  to  avoid  an ticoagulants such  as  aspirin  and  nonsteroi-
dal anti-inflam m atory drugs for at  least  2 weeks before surgery
and  for  1  week after  surgery. Male  gender, use  of general anes-
thesia,  in t raoperative  hypertension, and  postoperative  nausea
and  vom iting  all  increase  the  risk  for  hem atom a. Hem ostasis
should  be  m eticulously  ensured  before  wound  closure,  and

sealants such as platelet gel should not be relied upon to control
bleeding. Drains are  often  used  to ensure  the  adequate  evacua-
tion  of any serum  or  sm all am ounts of blood  after  a  coronal or
endoscopic forehead procedure or facelift . Hem atom as typically
present  w ith  pain  out  of proportion  to the  surgery and  m ay be
associated  w ith  external bruising and  swelling or  buccal ecchy-
m osis. Act ive  bleeding (expanding hem atom a) requires  reope-
ration  to  achieve  hem ostasis. Large, stable  hem atom as  can  be
m anaged  in  the  operat ing  room  or  at  the  bedside  by  opening
the facelift  incision  in  the postauricular area and  evacuating the
clots (� Fig. 56.9). Sm all (< 1 cc) hem atom as can  be watched  for
7  to  10  days  and  aspirated  w ith  a  needle  as  the  clot  begins  to
break  dow n. Hem atom as  are  m ore  com m on  in  m en  (7  to  9%)
than  in  wom en (1 to 2%).

Com plicat ions  of Facelift  and  Forehead-
plast y
●  Hematoma (1–7%)
●  Sensory nerve injury (7%)
●  Motor nerve injury (0.5–2.6%)
●  Alopecia (1–2%)
●  Infection (<0.2%)
●  Poor scarring
●  “Pixie ear” deformity
●  Skin slough

Fig. 56.6  A deep  plane  facelift  relies on  a
relatively small skin  flap, which allows access to
the  preauricular SMAS. The  SMAS is incised  and
an SMAS flap is elevated as the surgeon identifies
and  progresses medially over the  zygomaticus
major muscle. The  composite  flap  is then
advanced  posterosuperiorly.
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56.8.3  Infect ion (<0.2%)
Infect ion  after  a  facelift  or  brow lift  is  rare  bu t  is  m ore  is
m ore  com m on  in  pat ien ts  w ith  poorly con trolled  d iabetes  or
on  im m unosuppressive  th erapy. Un treated  h em atom as  pro-
vide  an  excellen t  environm en t  for  the  developm en t  of in fec-
t ion ,  an d  th ey  sh ou ld  be  evacuated  as  soon  as  possible.
Pat ien ts  w ith  sm all  hem atom as  that  are  bein g  observed  for
clot  lysis  before  asp irat ion  shou ld  be  t reated  w ith  prophylac-
t ic  an t ibiot ics  selected  to  cover  th e  predom in an t  bacteria,
staphylococci.  Obvious  abscesses  should  be  d rained  an d
cultu red .

56.8.4  Motor Nerve Injury (0.5–2.6%)
Motor  nerve  injury  is  uncom m on;  the  nerve  m ost  com m only
a ected  is  the  m arginal  m andibular  nerve.  This  nerve  loops
dow n  below  the  m andibular  m argin  and  then  ascends  again
m edially  to  innervate  the  depressor  anguli  oris  m uscle. Injury
to  th is  nerve  w ill  result  in  an  inability  of the  patient  to  ever t
the  lower  lip  w hen  sm iling. The  nerve  m ay be  injured  directly
or  during liposuct ion  contouring of the  lateral jaw line. Injuries
to the  temporal branch  of the facial nerve  can  occur during the
superior  dissection  of a  facelift  or  the  temporal dissect ion  of a
forehead  procedure. Injury is  best  avoided  by rem aining in  the
appropriate  surgical  plane:  below  the  temporoparietal  fascia

Fig. 56.7  (a) Platysmaplasty is performed
through a  submental incision  and  involves
identification  of the  medial edges of the  platys-
ma and  transverse  platysmal transection at  the
level of the  hyoid. The  platysmal edges are
sutured  together. (b) Patient  before  platysma-
plasty. (c) One  week after platysmaplasty.
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during  dissection  above  the  zygom atic  arch  and  above  the
SMAS/tem poroparietal fascia  during the  facelift  dissect ion. The
buccal branch  of the  facial  nerve  can  be  injured  (� Fig. 56.10)
during anterior dissection  in  deep plane facelifts or during m id-
facelifts.  Even  w hen  the  proper  plane  is  m aintained,  these
nerves m ay be  injured  by excessive  t ract ion, clamping, or  cau-
tery;  hem ostasis  is  best  avoided  because  attempts  to  control
bleeding m ay cause nerve injury.

If  nerve  transection  is  identified  in traoperatively,  tension-
less  m icroscopic  neurrorrhaphy  w ith  7–0  nylon  sutu res
should  be  perform ed  and  can  be  expected  to  m ain tain  tone
and  som e  active  (but  dim in ished)  m uscular  funct ion . If para-
lysis is noted  postoperatively, adequate  t im e for  the  resolut ion
of all anesthesia  m ust  be  allowed  before  a  m otor  nerve  para-
lysis  is  diagnosed. If  persisten t , it  is  im portan t  to  rem em ber
that  m ost  of these  injuries  are  t ransien t  and  related  to  blun t
nerve  traum a  or  traction ,  and  they  often  recover  spontane-
ously. The  injuries  should  be  observed  serially, and  elect rical
stim ulation  should  be  used  for  m onitoring. Nerve  explorat ion
and  neurorrhaphy are  indicated  for  cases  in  w hich  there  is  an
absence  of  elect r ical  act ivity.  Support ive  care,  such  as  gold
weigh t  p lacem ent  and  oph thalm ic  lubricants,  is  provided  as
indicated.

56.8.5  Sensory Nerve Injury (7%)
The great  auricular  nerve  is the  m ost  com m only injured  nerve,
w ith  injury  in  up  to  7% of cases. After  em erging  from  the  Erb
point, the  nerve  runs deep  to the  platysm a posterior  to the  ex-
ternal jugular  vein , and  it  can  be  injured  during inferior  facelift
dissection . Injury to th is nerve w ill cause  anesthesia of the  ear-
lobe and  the  inferior  half of the  auricle. Although  total t ransec-
tion  of  either  the  supraorbital  or  supratrochlear  nerve  is
uncom m on  during  forehead  procedures, focal  areas  of hypes-
thesia  m ay  be  noted  over  the  forehead  and  frontal scalp  after
endoscopic  foreheadplasty.  These  are  typically  sm all  (< 1 cm )
areas  that  m ay  be  perm anent  but  generally  becom e  sm aller
over t im e.

56.8.6  Alopecia
Alopecia  after  surgery for  an  aging face  can  be  a  disconcerting
but  transient  e ect  of shock to the hair follicles (telogen  e uvi-
um ). Pat ien ts  generally  recover  in  3  to  4  m onths. More  prob-
lem atic is perm anent alopecia.

Alopecia  after  facelift  m ay occur  in  1  to 2% of pat ients. When
hair-bearing  skin  is  incised, the  blade  of  the  knife  should  be

Fig. 56.8  Submental W-plasty involves direct  skin
excision, platysmal tightening, and  W-plasty skin
closure.
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angled  parallel to the angles of the hair  shafts to avoid  injury to
the  follicles.  Flaps  should  be  redraped, and  continuity  of  the
hairline should be restored w hen the flap is replaced and closed
w ithout excessive tension . Widened scars, even  if properly posi-
tioned , w ill cause obvious alopecia. Sm all areas of postoperative
alopecia m ay be treated  w ith  m icrofollicular hair  grafts, w here-
as large areas m ay require excision  and flap repair.

Alopecia after  foreheadplasty depends upon  the specific pro-
cedure. Most  problem atic is  alopecia  after  a  coronal forehead-
plasty, and  it  is  im portan t  to  m aintain  the  angle  of the  scalpel
parallel to  the  hair  follicles  to  avoid  transect ing hair  roots  and
to  preserve  m axim al  postoperative  hair  density. Alopecia  can
occur  around  the  incisions  of an  endoforeheadplasty;  th is  was
m ore  com m on  (6  to  10%) w ith  the  use  of transcutaneous fixa-
tion  screws, but  the  use  of perm anent  bone-anchored  devices
has reduced the rate considerably (1 to 3%).

56.8.7  Poor Scarring
Scars  that  are  too  w ide  or  hypertrophic  w ill  be  obvious. They
are  m ore  com m on  in  the  postauricular  area  and  are  best  pre-
vented by a tensionless closure after  SMAS support . Layered  clo-
sure  also  reduces tension  on  the  epiderm al closure. Proper  scar
placem ent  is  essential  for  m axim al  cam ouflage  (� Fig.  56.11).

Hypertrophic scars  are  treated  w ith  intralesional corticosteroid
injections, w hich  m ay be  supplem ented  w ith  the  use  of topical
silicone  gel sheeting. Widened  scars, if the  surrounding  skin  is
lax, can  be  excised  and  the local skin  advanced  for  closure. Infe-
rior  t ract ion  of the flap  can  distort  the  earlobe, pulling its inser-
tion  inferiorly  and  blunting  its  norm ally  rounded  shape.  The
risk for  this pixie  ear  deform ity, a telltale  sign  of facelift  surgery,
can  be  reduced  by  suturing  the  derm is  of  the  inferior  facelift
flap  superiorly to  the  conchal bow l perichondrium  for  support,
as well as ensuring adequate SMAS support  to the skin  flap.

56.8.8  Skin Slough
Facelift  surgery  generates  a  large, m edially  based  skin  flap  on
each  side of the face. The distal flap  is located at  the wound clo-
sure  in  the  periauricular  area, and  th is  is  the  area  of the  flap
w ith  the  m ost  tenuous  blood  supply.  Pat ients  w ith  compro-

Fig. 56.9  Early pretragal hematoma after facelift  (arrows).

Fig. 56.10  Mild  right  upper lip  weakness indicating  buccal branch
weakness.

Fig. 56.11  Treatment of hypertrophic scars after a facelift  complicated
by the  poor placement  of incisions.
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m ised  vasculature  are  at  increased  risk for  skin  slough  in  these
areas; the m ost  com m on precipitating factor  is tobacco use. Pa-
tients  undergoing  facelift  surgery  m ust  stop  all tobacco  use  at
least  6  weeks in  advance of the  surgery to reduce the  vasocon-
str ictor  e ects  of n icotine;  in  cases  in  w hich  the  surgeon  sus-
pects  that  the  pat ient  has  been  sm oking, a  blood  or  urine  test
for  cot in ine, a  n icot ine  m etabolite, can  be  perform ed. Evidence
of recent  tobacco use is an  indication  to delay the surgery. Addi-
tionally, a  hem atom a  or  other  fluid  collection  m ay  impair  re-
vascularization  of the flap  and  lead  to flap  necrosis. In  patien ts
in  w hom  impaired  vascularity  of the  flap  is  suspected, a  deep
plane  facelift  should  be  strongly considered  because  the  flap  is
m ore  robust .  The  t reatm ent  of  a  skin  slough  is  conservative,
w ith  expectant  wound  care  and judicious débridem ent. Healed
areas  of skin  slough  are  m ore  likely to  develop  a  hypertroph ic
scar. After  full  healing  of the  skin  slough, the  surgeon  should
consider revision  of the scars.

56.9  Prognosis
The longevity of an  aesthet ic facial procedure  depends not  on ly
upon  the  specific  procedure  and  expert ise  of the  surgeon  but

also  upon  the  patien t’s  ability  to  heal, skin  care, lifestyle  (e.g.,
sm oking), and state of skin  aging.

Forehead  procedures m aintain  their  e ect  over a longer peri-
od  of t im e if the brow  depressor  m uscles (corrugator  supercilii,
depressor supercilii, procerus, and orbital portion  of the orbicu-
laris oculi) are neutralized  (e.g., by transect ion  or the continued
use  of  botulinum  toxin  A).  However,  brow  procedures  rarely
“need” to  be  repeated  because  m ost  of the  cosm etic benefit  is
m aintained over t im e.

Midfacial procedures perform ed subperiosteally rely on  read-
herence of the  periosteum  to bone, a dense bond  that  stretches
lit t le  and  so  m ain tains  m idface  elevation. However, atrophy of
the  m idfacial fat  m ay prom pt  additional t reatm ent  (autologous
fat  t ransfer  or  inject ion  of fillers) of the area to m aintain  an  ap-
propriate proport ion  of m idfacial volum e.

Facelift  procedures, w hich  rely on  soft  t issue–soft  t issue  ad-
hesion , do have a lim ited  “lifespan” because th is scar  t issue w ill
soften  and  stretch  over  t im e. As a  rule  of thum b, deeper  proce-
dures  “last”  longer  than  those  perform ed  m ore  superficially.
The  benefits  of a  subcutaneous facelift  m ay be  lost  after  a  year
or two, w hereas an  SMAS procedure m ay not need to be revised
for  7 to 10 years in  younger  patients or  for  5  to 7  years in  older
patients (� Fig. 56.12).

Fig. 56.12  (a) Before  and  (b) after SMAS facelift.
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56.10  Roundsm anship
●  In  forehead rejuvenation  procedures in  general, greater eleva-

tionis required the m ore distal the point of fixation  is from
the brow.

●  Modern  facelift  procedures rely on  the SMAS to m aintain
elevation.

●  The m ost com m only injured nerve during a facelift  is the
great auricular  nerve; the m ost com m only injured m otor
nerves are the m arginal m andibular and temporal branches
of the facial nerve.

●  The temporal branch of the facial nerve runs w ithin  the tem -
poroparietal fascia; m ain tain ing dissection  below  this fascia
protects the nerve from  injury.

●  Brow  elevation  during endoscopic brow lift  depends on  ad-
equate myotom ies of the m uscles that depress the eyebrow s.

56.11  Recom m ended Reading
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57  Blepharoplast y
YuShan L. Wilson and Grigorly Mashkevich

57.1  Int roduct ion
The eyes are  often  the focus of attention  of m any pat ients seek-
ing facial rejuvenation. Periocular aging m anifests as a com bina-
tion  of brow  descent , excess  skin  form ation  in  the  upper  and
lower lids, and  orbital fat  hern iation . These  processes are  influ-
enced  by both  heredity and  age. Blepharoplasty is an  operation
designed  to reduce redundant  skin  and  fat  in  the aged  periocu-
lar  region. This  surgery  is  m ost  often  perform ed  for  cosm etic
reasons,  but  it  can  also  correct  functional  deficits  associated
w ith  reduced visual fields.

57.2  Incidence of Disease
Periorbital  aging  a ects  all  individuals  start ing  in  their  late
twenties  and  early  th ir t ies. Blepharoplasty  is  one  of the  m ost
frequently requested aesthet ic facial procedures.

57.3  Term inology
Dermatocha la sis  is  an  acquired  condition  of  excessive  eyelid
skin  laxity  that  is  related  to  genetic  predisposition,  natural
aging, and  environm ental factors. Derm atochalasis is accom pa-
nied  frequently by prolapsed  orbital fat  (� Fig. 57.1). Stea toble-
pharon  denotes  the  prolapse  of orbital  fat  through  either  t rue
hern iation  or  pseudoherniation  from  behind  a  weakened  orbi-
tal  septum .  Aesthetically,  th is  m anifests  as  fullness  of  the
eyelids, or  “bags.” Blepharocha la sis  is  a  disorder  of  the  upper
eyelids characterized  by recurren t  attacks of unilateral or  bilat-
eral lid  edem a, ultim ately resulting in  loss of skin  elasticity and
atrophic changes. Main ly young or  m iddle-aged  wom en  are  af-
fected.  Festoons  are  redundant  folds  of  the  orbicularis  oculi

m uscle  in  the  lower  lid  that  drape  onto  them selves, creating a
ham m ock-like  baggy  appearance.  Malar  bags  are  soft-t issue
prom inences on the lateral edge of the infraorbital ridge and zy-
gom atic  prom inence. They  typically  rem ain  stable  w ith  facial
anim ation  but  m ay worsen  during sm iling.

57.4  Applied Anatom y
The  eyelids  are  composed  of  an  outer  and  an  inner  lam ella
(� Fig. 57.2). The outer lam ella consists of the skin  and orbicula-
ris oculi m uscle, w hile the inner lam ella includes the tarsus and
conjunct iva  (often, the  orbital  septum  and  tarsus  are  consid-
ered  a  m iddle  lam ella). The  upper  eyelid  extends superiorly to
the  eyebrow, w hile  the lower lid  extends below  the  inferior  or-
bital rim  to join  the cheek. The skin  of the eyelids is the th innest
in  the body, often  less than  1 m m  in  th ickness. The upper eyelid
skin  crease  (superior  palpebral sulcus) is  form ed  by the  inser-
tion  of the levator  m uscle  aponeurotic fibers in to the skin  (8  to
9 m m  in  m en and 9 to 11 m m  in  wom en).

In  the m idpupillary line, the upper lid  m argin  should  be situ-
ated  m ore  than  2 m m  above  the  light  reflex  in  the  pupil, w ith
sm aller distances denoting upper lid  ptosis. This distance is also
referred  to  as  m argin  reflex  distance. The  lower  eyelid  m argin
should rest  at  the level of the lower lim bus.

The  tarsus  is  com posed  of  th ick  fibrous  t issue  and  is
presen t  in  both  the  upper  and  lower  eyelids. It  provides in teg-
rit y  and  stabilit y  to  the  eyelids  and  contains  sebaceous  m ei-
bom ian  glands. The  tarsus is  an  im portan t  landm ark  in  eyelid
surgery  because  incisions  are  often  m arked  in  comparison  to
its posit ion .

The levator  palpebrae superioris m uscle is the m ajor  elevator
of the  upper  eyelid. It  originates from  the  superior  orbital apex

Fig. 57.1  (a,b) Aging-related  changes in  the
periorbital region.
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and  inserts  in to  the  upper  lid. This  attachm ent  results  in  the
superior eyelid crease that  is a nearly ubiquitous feature in  Cau-
casian  eyelids.

The orbicularis oculi m uscle is one of the m uscles of facial ex-
pression , innervated  by  the  temporal  and  zygom atic  branches
of the  facial nerve. These  branches  are  orien tated  horizontally
and  innervate  the  m uscle  from  its  undersurface.  The  m uscle
(� Fig.  57.3)  is  composed  of  orbital  and  palpebral  segm ents,
w ith  the  latter  fur ther  subdivided  in to  preseptal and  pretarsal

components. The palpebral segm ent  is prim arily responsible for
blinking and voluntary w inking, w hile the orbital segm ent  gen-
erates  forced  closure. Medially, m uscle  heads  of  the  pretarsal
orbicularis  unify  to  form  the  m edial  canthal  tendon,  w hich
inser ts  in to  the  anterior  lacrim al crest. Laterally, these  m uscle
fibers condense to becom e the lateral canthal tendon, w hich  at-
taches to the Whitnall tubercle.

Im m ediately beneath  the  surface  of the  preseptal orbicularis
lies  the  orbital  septum .  The  orbital  septum  is  a  connective

Fig. 57.2  Cross-sectional eyelid  and  orbital anat-
omy.

Fig. 57.3  Periorbital musculature.
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t issue  structure  that  attaches peripherally to the  periosteum  of
the orbit  at  the arcus m arginalis. It  serves as a boundary retain-
ing the  orbital contents. There  are  two  upper  eyelid  fat  pads—
m edial and  central—w ith  the  lateral compartm ent  occupied  by
the  lacrim al  gland. The  lower  eyelid  fat  pads  are  divided  in to
m edial, central, and  lateral compartm ents. The  inferior  oblique
m uscle separates the m edial and central fat  compartm ents.

The Asian  eyelid  has dist inct  anatom ical di erences from  the
Caucasian  eyelid. In  the  Asian  upper  eyelid, the  lower  inser tion
point  of  the  levator  aponeurosis  leads  to  a  sm aller  or  absent
upper lid  fold. An  upper  eyelid  skin  crease  is absent  in  approxi-
m ately 50% of Asian  persons. This  variant  is  viewed  as  less de-
sirable in  the Asian culture because of the appearance of a heav-
ier  eyelid. Absence of the crease is often  associated  w ith  m edial
epicanthal hooding.

57.5  The Disease  Process
57.5.1  Et iology
The  upper  eyelid  is  one  of  the  first  facial  features  to  exhibit
signs of aging, t ypically star t ing in  the late  tw en ties. A com bi-
nat ion  of genet ic  pred isposit ion  and  environm ental  in fluen-
ces  con tributes  to  th is  process,  w hich  results  in  eyelid  skin
laxity, w eaken ing  of the  orbital  septum , and  fat  at rophy and
hern iat ion .

57.5.2  Natural History and Progression
The youthful eyelid  is sm ooth  and  free  of rhytids  or  redundant
folds. The  lateral orbital rim  is  free  of skin  draping or  hooding.
The lower eyelid  exhibits a sm ooth  gentle convexity and  blends
seam lessly in to the  skin  of the  upper  cheek. With  aging, exces-
sive skin  form s in  the  upper  and  lower lids. The  orbital septum
weakens, allow ing variable am ounts of orbital fat  to bulge. With
the  descent  of the  m alar  fat  pad  and  sagging of the  orbicularis
oculi m uscle, the  bony outline  of the  infraorbital rim  becom es
m ore prom inent. These changes give rise to a fatigued and  aged
periocular appearance.

57.5.3  Potent ial Disease Com plicat ions
Advanced  derm atochalasis  m ay  result  in  superior  and  lateral
visual  field  disturbances, secondary  to  obstruct ion  by  redun-
dant  upper eyelid skin .

57.5.4  Disease Grading
There  is no form alized  disease  grading system  for  derm atocha-
lasis and  steatoblepharon. Em phasis is placed  on  descript ion  of
the deform ity and  photographic evaluation  of the  aging-related
changes.

57.6  Medical Evaluat ion
57.6.1  Present ing Com plaints
As w ith  any aesthetic procedure, it  is  im perative  to  establish  a
reasonable  and  rational m otivation  for  the  treatm ent . Patien ts

w ho  request  eyelid  surgery  w ith  the  goal  of attain ing  a  m ore
youthful  appearance  are  good  candidates. The  m ost  com m on
complaint  voiced  by  pat ients  is  a  t ired  appearance.  Patients
w ith  significant derm atochalasis m ay complain  of di culty see-
ing, especially w hen looking up.

57.6.2  Clinical Findings, Physical
Exam inat ion, Test ing
Medical conditions that  would  contraindicate  any facial rejuve-
nation  surgery  should  be  elicited. Medications, vitam ins, and
herbal supplem ents that  m ight  in terfere  w ith  clot ting m ust  be
identified. These  need  to be  discontinued  at  least  7  days before
any planned  eyelid  procedure. A thorough  ophthalm ologic h is-
tory, w ith  attention  to vision, dry eye, and  recurrent  ocular  in-
fect ions such  as conjunct ivitis, styes, chalazia, and  herpes, m ust
be obtained.

Eyelid  evaluation  begins  w ith  a  general  exam inat ion  of the
skin  type—dry or  oily, th in  or  th ick. Any preexisting asym m e-
tr ies or concom itan t  brow  ptosis should  be noted  and  discussed
w ith  the  patient. Brow  elevation  surgery  m ay  be  necessary  to
achieve the optim al cosm etic outcom e.

Upper  lid  redundancy  is  best  evaluated  w ith  the  patient’s
eyes closed. The  skin  m ay be  grasped  w ith  forceps  in  a  m edial
to  lateral direct ion  to  estim ate  the  am ount  of skin  that  can  be
resected  safely. Medial and  central fat  pseudoherniation  can  be
evaluated  w hile  gentle  pressure  is  applied  to  the  globe. Exces-
sive  lateral fullness should  alert  the  exam iner  to the  possibility
of a ptotic lacrim al gland.

Testing the lower lid  tone determ ines the vulnerability of th is
structure  to  postoperative  m alposition . Tone  m ay  be  assessed
w ith  the  “snap” test  (� Fig. 57.4), during w hich  the  lower  lid  is
grasped  gently betw een  the  thum b and  forefinger, pulled  away
from  the  globe, and  released. A norm al lid  w ill  “snap” back  to

Fig. 57.4  The  lower lid  skin  is grasped  between the  thumb and
forefinger and  pulled  away from  the  globe. The  time  and  ease  with
which the lid  returns to its normal position indicate the lower lid  tone.
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contact  the  globe  like  a  spring. Slower  returns  indicate  a  poor
lid  tone. Sim ilarly, a  lid  distraction  test  (� Fig. 57.5) can  be per-
form ed, in  w hich  the lid  is pulled inferiorly; the return  of the lid
to  its  norm al  position  should  be  brisk. The  worst  response  is
failure of the eyelid  to return  until the patient  blinks.

Pseudohern iation  of fat  in  the lower lid  can  be ascertained by
having the  pat ient  gaze  upward  and  then  to  the  righ t  and  left .
Grasping the  skin  w ith  forceps w hile  the  pat ient  is looking up-
ward identifies the am ount of lower lid  laxity.

The Schirm er test , w hich  determ ines the level of tear produc-
tion,  is  obtained  in  all  patien ts  in terested  in  blepharoplasty.
This  test  is  perform ed  by  placing  a  str ip  of filter  paper  in  the
conjunct ival sac of the lower eyelid  for  5 m inutes. The wet  por-
tion  of the paper is then  m easured. Values above 15 m m  denote
a  norm al level, w hereas  readings  below  5 m m  indicate  severe
dryness. Blepharoplasty is relatively contraindicated  in  patients
w ith  severe  dryness because  such  a  procedure  m ay precipitate
a  dry  eye  syndrom e  (persistent  ocular  pain  and  discom fort ,
w ith  the potent ial for corneal ulceration). For pat ients in  the in-
term ediate  category  (5  to  15 m m ), correlation  of the  Schirm er
test  result  w ith  the  poten t ial developm ent  of eye  dryness after
surgery  is  less  clear. In  th is  group, conservative  skin  excision
m ay be undertaken.

57.6.3  Photography
As w ith  all aesthetic surgery, preoperative  photographic docu-
m entation  is  essential. Close-up  1:5  ratio  photographs  should
include the  follow ing:  frontal view s w ith  the  eyes open, gazing
upward, and  closed;  oblique  and  lateral  view s  w ith  the  eyes
open . These  close-up  photographs should  include  the  eyebrow
superiorly and  the  nasal ala  in feriorly. A 1:10  full-face  view  is
also  appropriate.  Pictures  should  be  taken  in  good  lightning
w ithout  flash  because  flash  photography  m ay  wash  out  finer
details.

57.6.4  Di erent ial Diagnosis
Upper  eyelid  ptosis  m ay present  concom itan tly w ith  derm ato-
chalasis. This eyelid  rim  m alpositioning cannot  be  t reated  w ith
an  upper lid  blepharoplasty. Depending on  the  etiology, appro-
priate ptosis repair should precede blepharoplasty surgery.

57.7  Treatm ent
57.7.1  Medical Treatm ent
Although  a  m ultitude  of facial rejuvenation  products  are  avail-
able  on  the  m arket, a  discussion  of their  proposed  m echanism s
and  e cacy  is  beyond  the  scope  of  th is  chapter.  In  general,
superficial rhytids respond  well to  chem ical peels and  laser  re-
surfacing, w hereas  redundant  skin  and  prolapsed  fat  are  best
m anaged by surgical m eans.

57.7.2  Surgical Treatm ent
Blepharoplasty can  be perform ed  safely as an  outpatien t  proce-
dure  w ith  local anesthesia  and  w ith  or  w ithout  in travenous se-
dation. The  procedure  begins  w ith  m arking  of the  eyelids. All
m akeup is rem oved, and the skin  is cleansed w ith  alcohol to re-
m ove  natural skin  oils. With  the  pat ient  in  the  supine  position,
the brow  is gently pushed  toward  the  orbital rim  to counteract
the  e ect  of gravity. The  upper  lid  skin  is  then  gently grasped
w ith  forceps, w ith  one  blade  at  the  superior  lid  crease  and  the
other  grabbing  just  enough  redundant  skin  to  sm ooth  the  lid.
The  upper  m edial incision  should  not  pass m ore  m edially than
the nasal–orbital junct ion . Laterally, it  is extended in to a natural
crease  betw een  the  orbital rim  and  eyelid. Medially and  later-
ally,  the  sinuously  shaped  m arkings  join  at  30-degree  angles
(� Fig. 57.6). A 30-gauge needle is used  to infiltrate 1 to 2 m L of
1% lidocaine  w ith  1:100,000  epinephrine,  bu ered  w ith  8.4%
sodium  bicarbonate, subcutaneously. At  least  10 m inutes  is  al-
lowed to pass for m axim al anesthesia and vasoconstrict ion. Fol-
low ing  the  incisions,  the  redundant  skin  is  rem oved  sharp ly

Fig. 57.5  Lower lid  laxity can be  assessed  by distracting  the  lid
inferiorly and  allowing  it  to  recoil.

Fig. 57.6  The lower limb  of the  upper blepharoplasty incision  runs in
the  supratarsal crease, while  the  upper limb  is determined  by the
amount  of redundant  skin.
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w ith  Stevens  scissors. The  lateral aspect  of the  orbicularis  can
be t rim m ed for additional debulking and  to induce lateral brow
elevation. The excision  exposes the orbital septum .

Redundant  pseudohern iated  fat  is  trim m ed  conservatively
through  but tonhole  incisions  in  the  orbital  septum . Excessive
fat  rem oval m ay result  in  retract ion  of the lid  and a pronounced

overhang of the  orbital rim , thereby producing the  e ect  of an
aged appearance. Each  excised segm ent of fat  is set  aside so that
a  comparable  am ount  can  be  rem oved  from  the  contralateral
eyelid.

Meticulous  hem ostasis  before  closure  significantly  reduces
the  risk  for  postoperative  bleeding.  Wound  closure  begins  at
the lateral edge of the incision , w hich  is the area of greatest  ten-
sion. This part  of the incision  is reapproxim ated w ith  several in-
terrupted  m attress sutures. The rest  of the wound  is closed  in  a
subcuticu lar  fashion  w ith  a  6–0  nonabsorbable  m onofilam ent
suture.

Lower  lid  blepharoplasty can  be  perform ed  via  either  of two
surgical  approaches:  (1)  t ransconjunct ival  (see  � Fig.  57.2;
� Fig. 57.7  and  � Fig. 57.8)  or  (2)  transcutaneous  w ith  a  skin –
m uscle flap  (� Fig. 57.9  and � Fig. 57.10). The transconjunct ival
approach  avoids an  external scar  and  carries a  lower  incidence

Fig. 57.7  The transconjunctival lower blepharoplasty incision is placed
just below the lower border of the tarsus, dividing the capsulopalpebral
fascia  and  lower lid  retractors and  allowing  exposure  of the  orbital
septum.

Fig. 57.8  Upper blepharoplasty with  transconjunctival lower blephar-
oplasty. (a) Before  and  (b) after the  surgery, at  6  months.

Fig. 57.9  Transcutaneous lower blepharoplasty with  a  subciliary
incision.

Fig. 57.10  Upper blepharoplasty and  transcutaneous lower blephar-
oplasty, with skin–muscle flap. (a) Before and (b) after the surgery, at 6
months.
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of ectropion. For  the transconjunct ival approach, the conjunct i-
va and cornea are first  anesthetized w ith  0.5% tetracaine hydro-
chloride  ophthalm ic  solution .  Subsconjunct ival  inject ion  w ith
local anesthetic solution  follow s. Corneal protectors are  placed
to protect  the eye from  injury. A Desm arres retractor is then  in-
troduced  to  retract  the  lower  lid  m argin ,  and  an  incision  is
m ade  3  to  4 m m  below  the  tarsus. A preseptal plane  is  identi-
fied  and  developed  via  blunt  dissection  w ith  cot ton-tipped
applicators. Fat  pads are  visualized  w hile  gentle  pressure  is ap -
plied  to  the  globe. As  w ith  the  upper  eyelids, care  should  be
taken  to avoid  aggressive fat  rem oval because th is m ay result  in
a  hollow, or  skeletonized, appearance. For  patients  w ith  a  tear
trough  deform ity, repositioning  and  suturing of the  orbital fat
can  also be perform ed  though  th is exposure. The t ransconjunc-
tival incision  is  approxim ated  w ith  several  6–0  fast-absorbing
gut  sutures. External skin  redundancy can  be  addressed  w ith  a
“pinch  excision .” One to three m illim eters of redundant  skin  in-
ferior  to the  ciliary m argin  is pinched  w ith  forceps and  sharply
excised  w ith  Iris  scissors. The  orbicularis  m uscle  is  not  excised
during th is m aneuver.

During  a  t ranscutaneous  approach ,  a  subciliary  incision  is
m ade  parallel  and  approxim ately  2  to  3 m m  below  the  palpe-
bral m argin . A skin –m uscle flap  is then  lifted  to expose  and  in-
cise  the  orbital septum . Depending on  the  individual needs, all
three  fat  pads  can  be  addressed  in  a  sim ilar  m anner  as  during
the  transconjunct ival  approach.  The  inferior  oblique  m uscle,
w hich  separates  the  m edial  and  central  fat  compartm ents,  is
identified to help prevent  inadverten t injury. Follow ing fat exci-
sion , any  redundant  skin  is  t rim m ed  conservatively. If surgery
is perform ed w ith  the patient  under conscious sedation  or local
anesthesia, asking  the  pat ien t  to  gently open  the  m outh  w hile
gazing  upward  helps  prevent  cutaneous  overresect ion. Lower
lid  support  is reestablished  by placing a ver tical suspension  su-
ture  in  the  lateral aspect  of the  orbicularis  m uscle, t ied  to  the
lateral orbital rim  periosteum  at  the region  of the lateral orbital
tubercle.

57.7.3  Postoperat ive Care
Wounds are left  uncovered and are lubricated w ith  an  antibiotic
ophthalm ic oin tm ent . During the  first  two  postoperative  days,
cold  compresses  are  placed  at  hourly  in tervals  for  20 m inutes
w hile the patient  is awake. Acetam inophen  w ith  or  w ithout  co-
deine  is  often  su cient  to  relieve  discom fort . Patients  are  in-
structed to avoid any m edications that can produce vasodilation
(including alcohol) or  increase  the  risk for  bleeding, such  as as-
pirin-containing  products  and  nonsteroidal anti-inflam m atory
drugs. In  addition  to  analgesics, antibiotic eye  drops and  lubri-
cants are  given. Sutures are  rem oved  on  the fifth  postoperative
day, at  w hich  point  m akeup  can  be  applied  to the lid  skin . Con-
tact  lenses m ay also be used  at  th is t im e. Most  patients are able
to  return  to  their  norm al level of activity by the  seventh  post-
operative  day. Light  exercise  can  star t  2  weeks  after  surgery,
w ith  full exercise resum ed at 6 weeks.

57.7.4  Com plicat ions
Fortunately,  serious  complications  of  blepharoplasty  are  un-
com m on;  however, several lesser  complications  and  m inor  se-
quelae  m ay occur  follow ing th is procedure. The eye  can  sustain

injury at  any t im e during an  eyelid  procedure. Traum a from  ex-
cessive  pressure,  cautery,  or  ill-posit ioned  sutures  can  occur.
The transconjunct ival approach  carries a greater risk for corneal
abrasion . These  injuries  are  extrem ely  painful and  can  lead  to
ulcers.  Abrasions  are  treated  conservatively  w ith  ophthalm ic
drops or  ointm ent, w ith  ophthalm ologic consultation. Postope-
rative problem s that generally resolve after the second postope-
rative week include eyelid  ecchym osis, tearing, contact  lens dif-
ficulty, contact  derm atit is, and  a  sensation  of t ightness. Long-
dorm ant  chalazia m ay be  react ivated  in  the first  few  weeks fol-
low ing surgery. This  relatively  painless  swelling  is  localized  to
the upper lid  m argin  and  is best  treated w ith  warm  compresses
and an tibiotics.

Orbital  hem atom a  after  blepharoplasty  rem ains  rare. When
encountered, it  constitutes  a  true  surgical  em ergency  because
increasing pressure w ithin  the orbit  can  dam age the optic nerve
and  result  in  blindness. Any sudden  increase in  pain  during the
im m ediate  postoperative  period  should  raise  suspicion  of th is
possibility. Surgical in tervention  should be tim ely, w ith  opening
of the wound, rem oval of clots, and  achievem ent  of hem ostasis.
If  the  patient  experiences  decreasing  vision  or  if  the  ocular
pressure approaches 80 m m  Hg, lateral canthotomy and inferior
cantholysis are urgently perform ed to decom press the orbit  and
preserve  vision . The  developm ent  of lid  hem atom a  in  the  im -
m ediate  postoperat ive  period  also  necessitates  reopening  the
wound  and  establishing  hem ostasis.  If  discovered  at  a  later
tim e, the hem atom a should be allowed to liquefy and can  be as-
pirated w ith  a needle in  7 to 9 days. If the clot  is not  rem oved, a
firm  nodular scar m ay form  in  th is area.

The m ost com m on funct ional problem  after blepharoplasty is
dry eye syndrom e. This is often preventable by obtaining a thor-
ough  history and  identifying complaints  of ocular  itch ing, for-
eign  body sensation, and  burning. All patients undergo an  oph-
thalm ologic evaluation  before blepharoplasty, w hich  includes a
Schirm er  test . If despite  these  precautions  a  pat ient  develops
dry eyes follow ing blepharoplasty, attention  should  be directed
toward  m ain taining  corneal  protect ion  w ith  artificial  tears,  a
nocturnal lubricant , and lid taping.

Persistent  diplopia  after  blepharoplasty  usually  indicates  in-
jury  to  the  inferior  oblique  m uscle. Diplopia  as  a  consequence
of m ild  t raum a  to  the  m uscle  is  often  temporary, but  transec-
tion  m ay cause perm anent ocular dysm otility requiring surgical
in tervention.

Problem s of lid  position  m ay also  arise  after  blepharoplasty.
Typically, the  lower  lid  m argin  rests  at  the  corneal lim bus, but
m inim al  scleral  show  m ay  be  a  norm al variant. Postoperative
displacem ent  of  the  lower  lid  by  1 m m  can  often  be  seen.  If
m oderate  scleral show  is  noticed  postoperat ively, in itial treat-
m ent  consists  of  upward  m assage  and  closed-eye  squints  to
strengthen  the  orbicularis  oculi. More  extensive  scleral  show,
ect ropion, or  lateral  lower  lid  rotation  (“hound  dogging”)  re-
quires a m ore  aggressive  approach  w ith  horizontal lid  shorten-
ing and potentially skin  graft ing.

Blepharoptosis, or  upper lid  ptosis, can  be noticed postopera-
tively.  Often,  th is  is  secondary  to  unrecognized  preoperative
lid  ptosis  or  due  to  levator  injury  during  blepharoplasty.  La-
gophthalm os,  or  inability  to  close  the  palpebral  fissure  after
blepharoplasty, is  usually a  temporary  phenom enon. After  the
completion  of blepharoplasty, it  is norm al to see palpebral sep-
aration  of up  to  4 m m . Greater  distances substan tially increase
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the postoperat ive risk for lagophthalm os. If th is is noticed in tra-
operatively, a  str ip  of resected  skin  can  be  replaced  before  con-
clusion of the procedure.

At  t im es,  aesthetic  concerns  after  blepharoplasty  are  not
viewed  as complications by the  surgeon, but  they m ay be  con-
sidered as such  by the patient. Patien ts m ay voice complaints of
persisten t  m alar  bags  and  anim ated  lateral w rinkling. Because
these  are  not  correctable  by  blepharoplasty,  such  m isunder-
standing  is  best  avoided  by  adequate  preoperative  awareness,
patien t education, and realistic expectations.

57.8  Roundsm anship
●  Blepharoplasty targets excessive periorbital skin  and fat.

●  Lower blepharoplasty approaches include t ransconjunct ival
and transcutaneous approaches.

●  The inferior oblique m uscle separates the m edial and central
fat  compartm ents of the lower eyelid.

●  Aggressive fat  excision  m ay result  in  orbital hollow ing, accen-
tuating an aged appearance.
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58  Facial Im plants
Alexander Ovchinsky

58.1  Int roduct ion
Alloplast ic m aterials  have  long been  used  for  the  correction  of
functional  and  aesthetic  facial  problem s. The  recent  develop-
m ent  of  new, biocompatible  m aterials  has  further  broadened
the  application  of im plants  in  facial plast ic surgery. The  m ajor
advantages  of  alloplasts  are  the  follow ing:  abundance  of
im plant  m aterials;  lack  of need  for  a  donor  site, w ith  related
m orbidity;  and  ease  of custom izing  the  im plant  according  to
the individual pat ient’s needs by select ing from  num erous sizes
and  shapes  or  by generating, w ith  computer  assistance, a  cus-
tom  im plant based on  the patient’s anatomy.

The  disadvantages  are  based  on  the  fact  that  all  alloplast ic
im plants are foreign  bodies w ith  all the poten t ial complications
of such.

Thus, an  ideal  im plant  should  be  (1)  nontoxic;  (2)  nonanti-
genic; (3) noncarcinogenic; (4) biocompatible w ith  the host  tis-
sues;  (5)  infect ion-resistant;  (6)  easily  shaped,  m olded,  and
carved  and  able  to m aintain  its form  and  volum e perm anently;
and (7) cost-e ective.

58.2  Incidence
Alloplast ic im plants are com m only used in  m idfacial augm enta-
tion  procedures  as  m alar,  subm alar,  shell,  or  tear  trough
im plants  (� Fig.  58.1);  in  rh inoplasty  surgery  for  dorsal  aug-
m entation  or as L-shaped  structural im plants; and  in  m andibu-
lar  augm entation  (� Fig. 58.2). A total  of 8,789  m alar  im plant
procedures were  done  in  2009, comprising 0.6% of all cosm etic

surgeries; 73% of the m alar im plant  procedures were in wom en.
Nearly  $23  m illion  w as  spent  on  m alar  im plant  surgery  in
2009. A total of 13,000  ch in  im plant  surgeries were  perform ed
in  2009,  w hich  accounted  for  0.9% of  all  cosm etic  surgeries;
52% of these  were  in  wom en  and  48% in  m en. The  total annual
spending  on  chin  augm entation  surgery  in  2009  was  nearly
$27 m illion.

58.3  Term inology
Facial  im plants  are  di erentiated  based  on  their  application
(m alar, subm alar, m andibular, other) or  their composition. Vari-
ous synthetic m aterials have been  used  for  facial im plants. Sili-
cone im plants have been  used in  clin ical pract ice since the m id-
dle  of  the  20th  century;  silicone  has  a  fairly  high  degree  of
chem ical inertness and  stability, and  it  is  not  allergenic. Tissue
react ion  to  solid  silicone  im plants  is  characterized  by  the  for-
m ation  of a  fibrous tissue  capsule  w ithout  t issue  ingrow th  in to
the  implant . Expanded  polytetrafluoroethylene  (Gore-Tex;  W.
L. Gore  Associates, Flagsta , AZ) has found  w ide  application  in
facial augm entation  because  of its  lim ited  soft-t issue  ingrow th

Fig. 58.1  Mandibular implants (silicone). Top left: extended anatomical
chin  implant. Top  right: extended  conform  anatomical chin  implant.
Bottom  left: prejowl implant. Bottom  right: mandibular angle  implant.

Fig. 58.2  Malar implants (silicone). Top: conform  malar shell implant.
Middle: malar shell implant. Bottom: combined submalar shell implant.
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and  m inim al  in flam m atory  react ion .  The  m aterial  allow s  for
partial  incorporation  of the  host’s  soft  t issues, thus  m aking  it
less suscept ible to infect ion  or m igration, w hile not significantly
comprom ising the ease of im plant  rem oval, if necessary. Porous
polyethylene  (Medpor;  Porex  Surgical,  New nan,  GA)  perm its
extensive  t issue  ingrow th  in to  the  im plant  pores, w hich  pro-
vides  additional stability  but  m ay m ake  im plant  rem oval very
di cult . Medpor  is a very rigid  m aterial and  therefore tolerates
thin  soft-t issue coverage poorly. Mesh  polym ers include Marlex,
a h igh-density polyethylene (Marlex Pharm aceuticals, New  Cas-
tle, DE);  Mersilene, a polyester  fiber  m esh  (Ethicon, Som erville,
NJ);  and  Dacron , a  condensation  polym er  obtained  from  ethyl-
ene  glycol  and  terephthalic  acid  (Dow  Corning, Midland, MI).
Mesh  polym ers are  easily folded  and  shaped  and  allow  exten -
sive  soft -t issue  ingrow th  th rough  the  m esh  netw ork.  Th is
m in im izes the  risk  for  m igrat ion  and  in fect ion  but  m ay m ake
rem oval of the  im plan t  m ore  d i cult .

58.4  Applied Anatom y
Nasal  dorsal  im plants  are  placed  over  the  paired  nasal  bones
(bony  dorsum )  and  paired  upper  lateral  cartilages  (cartilagi-
nous dorsum ). An  im plant  is placed  directly over  the bony–car-
tilaginous  fram ework,  underneath  dorsal  soft  t issues.  Nasal
im plants  that  are  L-shaped  are  placed  over  the  nasal  dorsum
(longer part  of the L) and in to the colum ella betw een the m edial
crura of the lower lateral cart ilages (shorter par t  of the L).

The m andible  consists of the central sym physis and  the bilat-
eral m andibular  bodies, ram i, angles, and  coronoid  and  condy-
lar  processes. The  alveolar  process  of  the  m andible  form s  its
superior  port ion  and  supports the lower dentit ion, w hich  is in -
nervated  by  the  inferior  alveolar  nerve. The  condylar  process
articulates w ith  the  glenoid  fossa of the  temporal bone to form
the  temporom andibular  joint. The  m ental  nerve, the  term inal
branch  of the  inferior  alveolar  nerve, exits  through  the  m ental
foram en, located  betw een  the  first  and  the  second  prem olars
about 1 cm  above the lower m andibular border. Mandibular im -
plants are used  to augm ent  m any of these anatom ical areas and
m ay be  used  unilaterally in  cases of m andibular  asym m etry or
hem ifacial m icrosom ia. For  example, anatom ical chin  implants
are  used  to  augm ent  the  sym physial  area  prim arily, w hereas
extended  anatom ical chin  im plants augm ent  both  the  m andib-
ular  sym physis and  the  parasym physial and  body regions. Pre-
jow l im plants provide augm entation  to the area of the m andib-
ular  body just  m edial to the jow l w ithout  adding any volum e to
the sym physial region. Mandibular angle im plants serve to aug-
m ent  the  body and  ram us of the  m andible  and  are  com m only
used in  patients w ith  hem ifacial m icrosom ia.

The  anatomy of the  m idface  is prim arily defined  by the  rela-
tionship  betw een  the  zygom a and  the  soft  t issues of the  cheek
and  infraorbital  region. The  zygom atic  bone  is  a  tet rapod  and
consists of the  body of the  zygom a w ith  four  articulating proc-
esses: the zygom aticotemporal, zygom aticofrontal, zygom atico-
m axillary,  and  zygom atico-orbital  processes. The  zygom a  de-
fines  the  cheek  prom inence  and  plays  an  importan t  role  in
achieving the  tr iangular  shape  of a  youthful face. The  m asseter
m uscle  is  attached  to  the  inferior  aspect  of the  zygom a  body
and  zygom atic arch . The zygom aticus m ajor and  m inor  m uscles

of  facial  expression  also  originate  from  the  inferior  aspect  of
the  zygom a  and  insert  in to  the  area  of the  upper  lip  and  oral
com m issure. Several fat  compartm ents  have  been  described  in
the  area  of the  m idface;  the  m alar, buccal, and  suborbicu laris
oculi  fat  pads  are  the  m ost  im portan t  ones.  Various  im por-
tan t  anatom ical structures, such  as  branches  of the  facial and
tr igem inal (in fraorbital  and  zygom aticofacial)  nerves, parot id
duct , and  branches of the  facial ar tery are  located  in  the  m id-
face  region .

58.5  The Disease  Process
58.5.1  Et iology
Saddle nasal deform ity is usually a result  of nasal traum a or pri-
or  nasal surgery (secondary to overzealous reduct ion  of the na-
sal dorsum  or aggressive septoplasty leading to the loss of nasal
dorsal  support);  som e  Asian  and  African-Am erican  patients
m ay have a congenitally low  dorsum , as well. System ic diseases,
such  as  Wegener  granulom atosis  and  syphilis, and  illicit  drug
use (cocaine snort ing) m ay lead  to the loss of nasal support  and
dorsal saddle deform ity.

Mandibular  deform it ies necessitating the  use  of implants are
usually  of developm ental  etiology. Microgenia  and  m icrogna-
th ia lead  to a sm all-appearing chin  on  the frontal view, and  the
profile m ay be im proved w ith  a m andibular im plant. Hem ifacial
m icrosom ia  m ay  be  an  isolated  finding  or  a  component  of  a
syndrom ic condition  (e.g., Treacher  Collins  syndrom e, Crouzon
syndrom e) and  com m only requires  unilateral augm entation  of
the a ected par ts of the m andible.

A hypoplastic  zygom a, either  developm ental or  due  to  t rau-
m a, frequently benefits from  augm entation. Soft-t issue voids in
the  infraorbital region  due to m idfacial ptosis and  atrophy m ay
also be im proved w ith  m alar implants.

58.5.2  Pathogenesis and Natural
History
Most  facial deform ities necessitating augm entation  are  cosm et-
ic in  nature, and  their  correction  is aim ed  prim arily at  improv-
ing of the  overall facial balance. Saddle  nasal deform ity, w hen
severe, m ay result  in  sym ptom s of nasal obstruct ion.

58.5.3  Potent ial Com plicat ions
Com plicat ions  related  to  facial im plants  can  be  broadly subdi-
vided  in to  two  m ain  categories. Im m ediate  complications  are
related  prim arily  to  the  surgical  placem ent  of an  implant  and
include hem atom a, bleeding, and neural injury leading to either
m otor or sensory deficits. Later complications, related m ainly to
the  foreign  body  nature  of the  implant , include  infect ion, for-
eign  body  react ion , im plant  m igration  or  extrusion, and  poor
scarring of the access incisions.

58.5.4  Disease Grading
Most  facial  implants  com e  in  a  variety  of sizes, depending  on
the  degree  of augm entation  needed. The  selection  of im plant
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size  is based  prim arily on  the patient’s needs and  the surgeon’s
expert ise. Many m anufacturers  o er  im plant  sizers, w hich  are
sterilizable  rubber  replicas  of the  various  implant  sizes. Sizers
provide  good  visual  assistance  during  preoperative  pat ient
consultations  and  during  select ion  of the  correct  im plant  size
for a given  patien t.

58.6  Medical Evaluat ion
58.6.1  Present ing Com plaints
Patients m ay feel that  certain  areas are  disproport ionally sm all
or  deficien t  (e.g., a  sm all or  “weak” chin , flat  cheekbones, or  a
“low ” nasal dorsum ). Patients  w ith  m icrogenia  frequently  dis-
like  a  poorly defined  or  blunted  cervicom ental angle;  they m ay
also complain  of a “big nose,” not realizing that a disproport ion-
ally sm all ch in  m ay be the m ain  underlying etiology.

58.6.2  Clinical Findings, Physical
Exam inat ion
Midfacial  hypoplasia  m ay  be  secondary  either  to  an  insu -
cien tly developed  m alar  bone  (type  I) or  to  atrophy and  ptosis
of the m idfacial soft  tissues (type II). The form er requires a m a-
lar  shell  im plant  to  augm ent  the  zygom a  and  create  a  h igher
arch  of the  cheekbone. The latter  m ay be  corrected  w ith  a  sub-
m alar  im plant,  w hich  augm ents  soft-t issue  deficiency  below
the m alar arch  w ithout additional augm entation  of the zygom a.
The  com bined  bony–soft  t issue  deficiency  (type  III)  requires
placem ent  of a  m alar–subm alar  im plant  to  address  both  prob-
lem s sim ultaneously.

Saddle  nose  deform it ies present  as a low, w ide nasal dorsum
and  m ay be  bony, cartilaginous, or  a  com bination  of bony and
cartilaginous. The  nose  appears w idened  because  of the  lack of
dorsal height .

Patient  w ith  m icrognathia  have  class II occlusion  on  physical
exam ination  and  are  best  t reated  w ith  or thognathic  surgery.
However, patients  w ith  norm al  occlusion  and  m icrogenia  are
best  served w ith  a ch in  im plant. In  patien ts w ith  hem ifacial m i-
crosom ia, the  degree  of m andibular  asym m etry m ay vary. Iso-
lated  m andibular  angle–ram us  deficiency  is  com m on,  but  in
som e cases the w hole hem im andible m ay be hypoplastic.

58.6.3  Test ing
No specific testing is required  except  for  a  routine  preoperative
work-up. Com puter  im aging m ay be  a  useful consultation  tool
to com m unicate the proposed changes to the patient.

58.6.4  Di erent ial Diagnosis
Saddle nasal deform ity m ay be a result  of prior t raum a, surgery,
or  loss of septal support  due  to  inhaled  drug use  or  a  system ic
condition  (i.e., Wagener  granulom atosis, neoplasm , or  syphilis).
Midfacial and  m andibular  hypoplasias are  usually developm en-
tal conditions, w hether isolated or part  of a cran iofacial syndro-

m e, or  m ay  result  from  the  aging  process. Soft-t issue  aging  of
the neck m ay exacerbate a m ild chin  deficiency.

58.7  Surgical Treatm ent
The basic principles of m alar, nasal, and  m andibular  augm enta-
tion  are  in  fact  very sim ilar. Select ing an  im plant  of appropriate
shape  and  size  is  very im portant  in  achieving a  pleasing facial
contour. Nasal dorsal implants can  be  placed  via closed  or  open
rhinoplasty  approaches, depending  on  the  part icular  problem
at  hand  and  the  surgeon’s preference. Surgical access for  m alar
augm entation  is usually through  a gingivobuccal incision; how -
ever,  t ransconjunct ival  or  subciliary  approaches  m ay  also  be
used.  Mandibular  implants  can  be  in troduced  in t raorally
through  a gingivobuccal incision  or  through  the  open  approach
via  subm ental incision. With  all im plants, the  dissect ion  is car-
ried  on  top of the bone in  the subperiosteal plane. In  the chin , a
sm all strip  of periosteum  over the sym physis m ay be left  in tact ,
thus m aking the  central port ion  of the  im plant  supraperiosteal
and  the lateral port ion  subperiosteal. It  is of param ount  impor-
tance  to  create  a  precise  pocket  to  fully accom m odate  the  im -
plant  w ithout  undue  tension  or  buckling, but  at  the  sam e tim e
to avoid excessive underm ining to m inim ize the risk for implant
m igration  and  shift ing. One  should  be  aware  of the  location  of
the m ental and  infraorbital nerves in  order  to avoid  injury dur-
ing the dissection or in t roduct ion  of the im plant.

The  implant  is  typically soaked  in  an  antibiotic solution  and
then  placed in to the pocket. The area is evaluated  for sym m etry
and the presence of palpable edges, and all needed adjustm ents
are  carried  out. The  wound  is  thoroughly  irr igated  w ith  saline
or  an  antibiotic  solution, hem ostasis  is  verified, and  the  inci-
sions are closed. If the im plant  pocket  is precise, it  is usually not
necessary to  suture  the  implant . However, som e  surgeons pre-
fer  suturing im plants either  to the periosteum  (m andibular  im -
plants)  or  to  the  overlying  skin  (m alar  and  nasal  dorsal  im -
plants) for additional security. A compression  dressing is placed
to  m inim ize  the  chance  of hem atom a  and  to  further  stabilize
the im plant  in  the im m ediate postoperative period.

Surgical  complications  usually  involve  injury  to  the  sensory
(infraorbital  and  m ental)  nerves  w ith  resultant  hypesthesia,
w hich  m ay be transient  or  perm anent depending on  the degree
of injury. Weakness of the  m arginal m andibular  nerve  m ay oc-
cur  during m andibular  im plant  placem ent  as a  consequence  of
overzealous  retract ion  and  nerve  compression;  th is  is  alm ost
always a  temporary  problem . There  is  a  potent ial for  injury  to
the  facial  nerve  branches  during  dissect ion  over  the  m asseter
m uscle  and  m alar  im plant  placem ent. Other  surgical complica-
tions  include  hem atom a, serom a, infect ion, and  bad  scarr ing.
Long-term  complications  related  to  im plants  them selves  were
discussed earlier in  th is chapter.

58.8  Prognosis
The  surgical  success  rate  is  universally  good, w ith  only  sm all
percentage  of patients  developing postoperative  complications
necessitating implant  rem oval. Although  challenging, facial im -
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plant  procedures provide  the  patient  w ith  improved  facial har-
m ony that  is long-lasting.

58.9  Roundsm anship
●  Many di erent  types of facial im plants are available to create

a variety of changes.
●  Long-term  im plant-related complications include infect ion,

foreign  body react ion , m igration, and extrusion.
●  Detailed facial analysis and proper im plant select ion  lead to

optim al surgical outcom e.
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59  Managem ent  of Aging Skin
Tova Fischer Issero  and Alexander Ovchinsky

59.1  Int roduct ion
As the  “Baby Boom ” generat ion  ages and genetic breakth roughs
uncover  the  etiology  of m any  disease  m echanism s, aging  has
com e  to  be  considered  a  disease  process  that  can  be  t reated,
rather  than  the  inevitable  final pathway of all  hum ans. Physi-
cians have  occupied  them selves w ith  discovering ways to  help
their  pat ients  live  longer  and  feel better  about  them selves, all
the  w hile  m odifying  chronic  diseases  and  a ect ing  lifestyle
choices. The social renaissance  in  the  1960s and  1970s brought
w ith  it  a  surge  in  the  acceptance  and  w illingness  of physicians
to  perform  and  of  patients  to  request  cosm etic  surgery.  The
search  for  the  fountains  of youth  generated  an  outpouring  of
new  surgical techniques and  dialogue. In  addition , nonsurgical
approaches  to  facial  rejuvenat ion  have  peaked  as  the  sale  of
over-the-counter  and  specialty  products  to  reverse  the  signs
aging  has  reached  a  m arket  h igh, and  as  the  o erings  of aes-
thetic surgeons, derm atologists, and  aestheticians in  the  realm
of facial resurfacing have burgeoned.

59.2  Incidence of Disease
The incidence of aging is directly proport ional to the lifespan  of
a given population; the specific appearance of an  aged individu-
al depends on  a host  of factors, including but  not  lim ited  to ge-
netic predisposition, diet, and environm ent.

59.3  Term inology
When  analyzing a  face, the  physician  observes for  rhytids (skin
w rinkles) and other obvious changes in  the skin . Dynam ic w rin-
kles are am enable to treatm ent  w ith  a neurom odulator because
they are  produced  by m im etic m usculature and  can  be reduced
by weakening the underlying m uscle. Static w rinkles need to be

addressed  separately because  they m ay overlie  areas  of act in ic
keratosis, prem alignant  warty lesions that  occur on  the sun-ex-
posed  areas  of the  face. Skin  tone  and  color  are  graded  w ith
standardized grading scales, such  as the Fitzpatr ick Scale  (� Ta-
ble  59.1) and  the  Glogau  Wrinkle  Scale  (� Table  59.2). Skin  re-
juvenation  techniques, w hich  m ay  be  ablative  or  nonablative,
are  all aim ed  at  improving the  quality, texture, and  appearance
of the  skin  and  are  usually perform ed  on  skin  that  has aged  or
undergone act in ic dam age, acne scarring, or  hypertrophic scar-
ring. The  ablative  m odalit ies  em ploy  di erent  m echanisms  of
skin  injury:  chem ical peels  cause  caustic  injury, derm abrasion
causes m echanical injury, and  lasers cause therm al injury. Each
rejuvenation  procedure  has  its  ow n  vocabulary  and  instruc-
tions, w hich  are  essential  for  the  operator  to  understand  and
use in  com m unication.

59.4  Applied Anatom y
The skin  is composed  of three basic layers. The  outerm ost  later
of skin  is the  epiderm is;  the  derm is is deeper  and  is composed
of the  superficial papillary layer  and  the  deeper  reticular  layer
(� Fig. 59.1). Injury lim ited  to the  epiderm is and  papillary der-
m is, the  end-product  of m ost  resurfacing procedures, results in
a  wound  that  heals  w ithout  scarr ing,  w hereas  injury  to  the
deeper reticular layer usually heals w ith  scar form ation .

59.5  The Disease  Process
59.5.1  Et iology and Pathogenesis
Multiple  theories  have  been  proposed  to  explain  the  aging
process. The  free  radical theory is  the  basis  of m any over-the-
counter  serum s, cream s, and  dietary supplem ents. This  theory
postulates  that  free  radicals,  routinely  produced  during  cell
m etabolism , build  up  as  the  body ages and  then  in terfere  w ith

Table 59.1  Fitzpatrick Scale of skin types

Type  I  White  or freckled  skin; blue  or hazel eyes; blond  or red  hair;
always burns, never tans

Type  II  Fair skin; blond, red, or brown hair; usually burns, tans less
than  average

Type  III  White  to  olive  skin; sometimes burns mildly, tans average

Type  IV  Brown skin; rarely burns, tans with  ease  more  than average

Type  V  Intermediate  brown-colored  skin; Asian, Latin, or Indian;
brown skin; tans easily

Type  VI  Black skin; never burns

Source: Data from  Table  29.1. In: Cummings C, Haughey B, Thomas JR, et
al, eds. Cummings Otolaryngology: Head  and  Neck Surgery. Philadelphia,
PA. Elsevier Mosby; 1998:693–713 AND Mandy SH, Monheit  GD.
Dermabrasion and  chemical peels. In: Papel ID, ed. Facial Plastic and
Reconstructive  Surgery. New York, NY: Thieme  Medical Publishers;
2009:301–320.

Table 59.2  Glogau Wrinkle Scale

Group  I: mild  Group  II:
moderate

Group  III:
advanced

Group  IV: severe

Few wrinkles  Wrinkles with
muscle contraction

Wrinkles at  rest  All wrinkles

Lit tle  wrinkling
or scarring

Early wrinkling;
mild  scarring

Persistent  wrin-
kling; moderate
acne  scarring

Wrinkling; pho-
toaging  gravita-
tional and
dynamic

No keratosis  early actinic kera-
tosis

Discoloration,
telangiectasias,
actinic keratosis

Actinic keratosis
± skin  cancer or
acne  scars

28–35 ya  35–50 ya 50–65 ya 60–75 ya

Source: Adapted from Table 29.2. In: Cummings C, Haughey B, Thomas JR,
et  al, eds. Cummings Otolaryngology: Head and  Neck Surgery. Phila-
delphia, PA: Elsevier Mosby; 1998:693–713.
aApproximate age  range; severity of wrinkles depends upon other factors
in  addition  to  age.
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cellular  respiration  and  energy product ion  in  the m itochondria,
dam aging  the  cell. A second  theory  centers  on  the  decline  in
horm onal levels that  naturally occurs as one ages. Fem ale m en-
opause  and  m ale  andropause  both  lead  to  a  decline  in  sexual
horm one  levels,  w hich  give  the  characteristic  appearance  of
youth  to those  in  their  peak reproduct ive  years. The  cell senes-
cence  theory  states  that  cells  have  a  fin ite  ability  to  replicate
and w ith  each  replication  lose a telom ere protein . The telom ere
sequence determ ines the cell’s age capacity. Yet  another  theory
involves inflam m ation  and an  increase in  cellular stress that oc-
curs  as  certain  chem icals  and  horm ones  naturally  build  up  in
the  body. Histologically, aging  skin  show s  a  loss  of epiderm al
call  di erentiat ion  and  degenerat ion  of the  underlying  elastic
network. The  am ount  of collagen  in  the  derm is decreases, der-
m al fibers degenerate, and  the derm al–epiderm al junction  flat-
tens. Lym phocytes  infiltrate  the  derm is, and  m elanocytes  be-
com e unevenly distr ibuted, causing m ottled pigm entation .

59.5.2  Natural History and Progression
A com m on  end  poin t  for  all  hum anity  is  aging. As  horm one
levels begin  to  decline, the  body and  face  begin  to  show  signs

of  aging.  Wrinkles  develop  in  dynam ic  and  stat ic  locat ions,
areas  that  are  dependen t  or  have  been  dam aged  by  the  sun .
Sm oking, d iet , skin  care, and  genet ics  can  alter  facial appear-
ance, as w ell.

59.5.3  Potent ial Disease Com plicat ions
Aging skin  can  cause  physical and  psychological d ist ress. Skin
laxity  around  the  eyes  can  resu lt  in  visual changes  by a ect-
ing the  palpebral fissure. Pat ien ts  can  becom e very dist ressed
about  their  cosm et ic appearance  and  the  loss  of their  youth -
fu l glow.

59.5.4  Disease Grading
Grading system s and  classifications are used  to standardize and
provide in terphysician  reliability w ith  regard to physical exam i-
nation  and  treatm ent , as  well  as  guidance  in  determ ining  an
appropriate treatm ent  m odality for  a specific patient  (see  � Ta-
ble 59.1 and � Table 59.2).

Fig. 59.1  Layers of the  skin.
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59.6  Medical Evaluat ion
59.6.1  Present ing Com plaints
Patien ts  seeking  a  consultat ion  for  facial  rejuvenat ion  have
com plain ts  related  to  their  aged  appearance, w hether  a  spe-
cific  area  w ith  noted  physical changes  or  the  overall appear-
ance.  Changes  in  skin  texture  and  laxity, p igm entat ion ,  and
suscept ibilit y  to  bruising  and  blem ish ing  can  also  cause
dissat isfact ion .

59.6.2  Physical Exam inat ion, Laboratory
Studies, and Im aging
A  thorough  social  and  m edical  h istory  m ust  be  obtained
from  a  pat ien t  seeking  any  cosm etic  procedure. Any  h istory
of  previous  surgery,  p revious  facial  t reatm ents,  or  t raum a,
m edicat ion  use,  allergies,  and  the  likelihood  of  scar  form a-
t ion  m ust  all  be  taken  in to  accoun t  w hen  a  specific  t reat-
m en t  m odalit y  is  considered .  A  h istory  of  sun  exposure,
w hether  rem ote  or  recen t , is  crucial in  evaluat ing the  degree
of photodam age  to  the  skin . Chron ic m edical condit ions  m ay
preclude the  use  of certa in  t reatm en t  m odalit ies, such  as col-
lagen  vascular  d iseases  and  scleroderm a, w h ich  are  absolu te
con traindicat ions  to  the  use  of chem ical peels  (� Table  59.3).
A h istory  of  im m unosuppression  ind icates  a  poor  prognosis
for  healing  after  t reatm en t ,  as  does  act ive  sm oking.  A pa-
t ien t’s  expectat ions, funct ional  status, and  ability  to  care  for
h im self  or  herself,  and  to  com ply  w ith  follow -up  after  a
t reatm en t , w ill also  a ect  the  readiness  of a  clin ician  to  per-
form  a  certain  procedure.

Exam ination  of the face  should  be  perform ed  consisten tly, in
a  system atic and  m eticulous fashion . Careful attention  m ust  be
paid  to  skin  laxity, texture  and  coloration, and  blem ishes;  the
location  of w rinkles;  and  the  strength  of bony structures. The
face  m ust  be  observed  w hen  active  and  in  repose  to  study the
m ovem ent  of  individual  m uscle  groups.  Photographic  docu-
m entation,  im portan t  for  both  consistency  and  postoperative
comparison ,  should  use  standardized  light ing  and  poses.  No
crucial  laboratory  tests  are  needed  before  in tervention , other
than preoperative screening.

59.6.3  Di erent ial Diagnosis
Rare  m edical  condit ions,  such  as  Hutch inson-Guilford
syndrom e  (Progeria)  appear  as  prem ature  aging;  however  a
sim ple  h istory  and  physical  exam  w ill  m ake  th is  d iagnosis
eviden t .

59.7  Medical Treatm ent
The  m edical t reatm ent  of aging skin  is  divided  in to three  basic
categories. Skin  resurfacing is discussed here; neurom odulation
and  injectable  fillers  are  covered  separately.  Chem ical  peels
chem ically ablate  di ering th icknesses of the skin  to reduce the
e ects of aging and sun  dam age.

Although  the  technique  itself is  easy  to  learn , experience  is
necessary to  predict  how  di eren t  skin  types  and  areas  of the
face  w ill  respond  to  peels.  The  concentration  of  the  solution
used  and  the length  and  num ber  of applications determ ine  the
depth  of peel. Peels  work  by  causing  protein  precipitation  or
keratolysis.

When  compared  w ith  photoaged, nonrejuvenated  skin , skin
that  has  undergone  chem ical  peeling  exhibits  new  bands  of
derm al collagen  and  ordered  cellular  di eren tiat ion  in  the  epi-
derm is,  free  of  irregularit ies  and  act in ic  keratosis.  Melanin
granules are  evenly distr ibuted  and  bleached. The  derm al–epi-
derm al m atrix is linearly orien ted, w ith  elastot ic fibers paralle-
ling the  new  collagen. There  is  decreased  lym phocyt ic infiltra-
tion. Wrinkles  are  e aced  by the  new  layers  of connective  t is-
sue. Chem ical peeling can  decrease precancerous skin  lesions.

Pretreatm ent  w ith  tretinoin  is applied for 2 to 4 weeks before
the  peel;  th is th ins the  epiderm is (allow ing deeper  penetration
of the  chem ical peel) and  increases the  rate  of derm al collagen
product ion  (speeding  im provem ent  and  recovery  after  the
peel).

A superficial chem ical peel is generally suitable for  all Fitzpa-
tr ick skin  types and  Glogau  category I skin . Low  concentrations
of chem ical  agents  are  used  to  exfoliate  the  stratum  corneum
and  epiderm is  to  stim ulate  regrow th  and  temper  superficial
photodam age;  these  include  40  to  99% glycolic acid;  10  to  20%
trichloracetic acid;  Jessner  solution  (a  m ixture  of salicylic acid,
lact ic  acid, ethanol, and  resorcinol);  and  salicylic  acid. A m e-
dium -depth  chem ical peel (� Fig. 59.2) causes controlled  injury
dow n to the papillary derm is in  a single application; it  uses 35%
trichloracetic acid  com bined  w ith  Jessner solution, solid  carbon
dioxide, or  glycolic acid. It  is appropriate  for  patien ts w ith  Glo-
gau  category II skin , act in ic keratosis, or  m ild  acne  scarring. A
deep  chem ical peel wounds  the  skin  dow n  to  the  m idreticular
derm is and  is e ect ive  in  rejuvenating severely photoaged  skin
w ith  deep  rhytids;  it  is  used  for  patien ts  w ith  Glogau  category
III or  IV skin . A Gordon-Baker  peeling solution  (a  com bination
of 88% phenol, septisol, croton  oil, and  dist illed  water) is  m ost
com m only  used  because  it  reliably  and  consistently  produces
the  expected  result . The  phenol produces rapid  denaturization
and  irreversible  coagulation  of the keratinocytes. It  is th is kera-
tinocyte  coagulation  that  lim its the  depth  of penetration  of the

Table 59.3  Brody relative and absolute contraindications to chemical peels

Relative  contraindications  Darker skin type (Fitzpatrick IV–VI); history of keloid formation; history of herpes; history of cardiac abnormality; history
of facial radiation therapy; marked  quantity of vellus hair; telangiectasia

Absolute  contraindications  Unrealistic patient  expectations; physical inability to perform  adequate  postoperative  care; significant  renal and  hepatic
dysfunction; HIV infection; significant  immunosuppression; emotional instability/mental illness; Ehlers-Danlos syndrome;
scleroderma; collagen vascular disease; recent  isotretinoin  treatment; anticipation  of inadequate  photoprotection

Source: Adapted from  Table  29.3. In: Cummings C, Haughey B, Thomas JR, et  al, eds. Cummings Otolaryngology: Head and Neck Surgery. Philadelphia,
PA: Elsevier Mosby; 1998:693–713.
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peel; pure phenol penetrates less deeply because it  has a great-
er coagulative e ect .

Before  application  of the solution, the face  is first  cleansed  to
rem ove oils and  exfoliate desquam ated  cells, and  then  the solu-
tion  is applied w ith  saturated gauze or a brush. A deep  peel is a
m ajor  surgical procedure, and  both  preoperative  m edical clea-
rance  and  in traoperative  in travenous  sedation  and  hydration
are  necessary, as well as in traoperative  m onitoring and  oxygen
support . Phenol is cardiotoxic, nephrotoxic, and  hepatotoxic, so
hydration  and  extension  of the application  tim e to m ore than  1
hour  for  the  entire  face  lim its  the  toxic side  e ects  of the  pre-
parat ion . Deep  peels  can  be  occluded  (zinc  oxide  tape  is  ap -
plied  to  cover  the  phenol  solution  im m ediately  after  applica-
tion  in  order  to  increase  penetration  of the  solution  in  deeply
w rinkled  faces)  or  nonoccluded  (w hich  involves  m ore  skin
cleansing and  the  application  of greater  am ounts  of peel solu-
tion , but  no taping).

The  skin  heals  w ith in  slightly di eren t  t im e  fram es depend-
ing on  peel depth. After  a  deep  peel, healing of the  skin  occurs
in  four  phases. Inflam m ation  is  evident  im m ediately, w ith  er-
ythem a  occurring  as  the  epiderm is  separates  and  gradually
sloughs  o w ith  the  use  of soaks and  compresses. Coagulation
then  follow s, and  re-epithelialization  begins on  day 3  and  con-
tinues in to days 10 to 14, at  w hich  point  fibroplasia com m ences
and  new  collagen  is  form ed.  This  phase  lasts  un til  about  4
m onths postoperat ively. Patients m ust  be inform ed that  there is
a  h igher  potent ial  for  pigm entary  disturbance  and  textural
dam age  from  chem ical peels. All  pat ien ts  are  advised  to  wear

sunscreen  at all t im es after the peel, and m akeup m ay be neces-
sary to cam ouflage certain  areas, as well.

Derm abrasion  is  a  m echanical m ethod  of rem oving  the  epi-
derm is  and  regenerating  the  collagen  of  the  papillary  layer
w ithout  injuring the  underlying reticular  layer. The  new  colla-
gen  that  is produced  supports a  new  epiderm is. This technique
is  best  used  for  skin  w ith  act in ic  dam age, aging, or  scarr ing.
Derm abrasion  wounds, just  like chem ical peels or laser wounds,
heal by  re-epithelialization  from  the  wound  m argins  and  epi-
derm al appendages that  rem ain  (such  as pilosebaceous glands).
Because  the  skin  of the  face  is rich  in  sebaceous glands, it  is an
excellent  skin  surface  for  th is  procedure. The  preoperative  ap-
plication  of t retinoin , as  in  chem ical peels, has  been  show n  to
shorten  healing  tim e  by  approxim ately  3  days.  Additionally,
ch illing the  skin  before  abrasion  creates a  rigid  surface that  can
then  be abraded  evenly. Derm abrasion  m ay use w ire brushes or
w heels  covered  w ith  diam ond  chips.  Microderm abrasion,  in
w hich  sm all  alum inum  or  glass  particles  are  blow n  over  the
skin , produces  an  e ect  sim ilar  to  that  of superficial chem ical
peels.

Derm abrasion  is done in  an  outpat ien t  sett ing, and preopera-
tive  and  in traoperative  anxiolytics and  painkillers are  adm inis-
tered  to  m ake  the  patien t  m ore  com fortable, as  well  as  local
anesthesia. Once  the  skin  is  solidified  by  the  cooling  agent  or
distended  by  the  inject ion  of  a  dilute  anesthetic,  abrasion  is
perform ed. Adequate depth  through  the epiderm is is m ade evi-
dent  by  the  loss  of  pigm entation, and  depth  to  the  papillary
derm is  is  identified  by  punctate  bleeding. Once  the  papillary

Fig. 59.2  Patient  (a) before and (b) after 35% trichloracetic acid peel. Note the smoother and more even complexion and the effacement  of fine lines
after treatment.
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derm is  is  entered  further, faint  bands  of collagen  becom e  visi-
ble, and  w hen  th is is  destroyed, abrasion  dow n  to the  reticular
layer  is  complete. Postoperative  occlusive  dressings, especially
biosynthetic dressings, speed  healing t im e  by keeping wounds
m oist  and  allow ing  wound  fluid  and  grow th  factors  to  have
m axim um  contact  w ith  the  skin . Steroids  reduce  edem a  and
discom fort ,  and  as  w ith  any  other  procedure  that  rem oves
epiderm is, an tiviral prophylaxis  should  be  star ted  2  days  be-
fore  t reatm ent  and  con t inued  un til  ep ithelializat ion  is  com -
plete. Pat ien ts  are  restarted  on  t ret inoin  at  that  t im e  and  are
advised  that  they  m ust  use  sunscreen  w hen  going  outside.
Most  pat ien ts  are  able  to  resum e  daily act ivit ies after  7  to  10
days;  how ever, it  takes approxim ately 4  to  6  w eeks for  eryth -
em a to fade fu lly.

Light-based  skin  rejuvenat ive therapies depend  upon  the dif-
ferent  e ects caused  by di eren t  levels of absorbed  energy. The
energy  delivered  is  a ected  by  the  wavelength  (� Fig.  59.3)
used;  shorter  wavelengths  im part  m ore  energy  (� Fig.  59.4).
Once  in  contact  w ith  a  surface,  the  energy  is  di erentially
absorbed, reflected, scattered, or  t ransm itted, according to  the
tissue  qualit ies  and  the  presence  of chrom ophores  in  the  skin
corresponding to  the  wavelength  of the  light  (� Fig. 59.5). The
light  energy  absorbed  by  the  tissue  w ill  cause  photodynam ic,
elect rom agnet ic,  and  therm al  e ects  to  di ering  degrees
(� Fig. 59.6).

Laser  resurfacing can  be  ablative  or  nonablative. Ablative  la-
ser resurfacing is accom plished w ith  the carbon dioxide laser or
the  erbium :yt tr ium -alum inum  garnet  (Er:YAG)  laser.  Lasers
produce  e ects by a  process of phototherm olysis, in  w hich  the
laser’s specific wavelength  corresponds to a peak in  the absorp-
tion  curve of the chrom ophore. Unwanted e ects are lim ited by
choosing  an  absorption  peak  well  separated  from  the  absorp-
tion  curve  of  other  chrom ophores,  such  as  hem oglobin  and

Fig. 59.3  Wavelength, frequency, and  amplitude  of light. The  energy
delivered  increases as frequency increases.

Fig. 59.4  Spectrum  of light. KTP, potassium  titanyl phosphate; Nd:YAG, neodymium:yttrium-aluminum  garnet; PDL, pulsed  dye  laser; UV, ultraviolet.

Fig. 59.5  Light  energy striking  a  surface  can be  absorbed, reflected,
scat tered, or transmit ted.
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m elanin . Both  the  carbon  dioxide  and  Er:YAG lasers  use  water
as the selected chrom ophore because m ore than  90% of the epi-
derm is is water. When  the  laser  h its the  target  t issue, laser  en-
ergy is absorbed by water m olecules, w here it  is then  converted
to heat, vaporizing water and  tissue alike. Ideally, only a lim ited
am ount  of heat  is  transferred  to the  adjacent  collagen-contain-
ing t issue, preventing unwanted  tissue  injury. Laser  safety is  of
the  utm ost  im portance  for  the  operator, support  sta , and  pa-
tient .  This  includes  the  use  of  protect ive  eyewear,  nonflam -
m able  drapes, laser  m asks, and  a  sm oke  evacuator, in  addition
to  the  rem oval of alcohol-based  m akeup  and  m oisturizers. In-
travenous, regional, or  topical anesthesia is used.

The  carbon  dioxide  laser  uses  a  continuous  wavelength  of
10,600 nm . Over  the  past  half century it  has been  reconfigured
to  provide  a  short  pulse  duration,  ideal  for  resurfacing.  The
water absorbance of the Er:YAG laser is 10 tim es that of the car-
bon  dioxide  laser,  ow ing  to  a  wavelength  of  2,940 nm .  This
causes  m ore  precise  t issue  th inning and  less  adjacent  therm al
injury, coupled  w ith  a  faster  healing tim e. However, less  t issue
tigh tening occurs  w ith  th is  laser  because  there  is  less  therm al
e ect  on  adjacent  t issue. Postoperative  edem a, recovery  tim e,
resultant hyper- and hypopigm entation , and scarr ing are signif-
icantly less w hen  the  erbium  laser  is used. Ow ing to the  inher-
en t  di erences  and  advantages  of these  two  laser  types, som e
com bine both  laser  wavelengths in  order  to provide the benefit
of the pooled result .

Many  surgeons  pretreat  the  skin  w ith  t ret inoin ,  and  all
should  advise patien ts to avoid  sun  exposure before resurfacing
because  it  exacerbates  postoperative  hyperp igm entation  due
to m elanocyte  act ivation . As the  laser  vaporizes the  epiderm is,
the  t issue  appears  pink  w hen  the  papillary  derm is  is  entered;
after  m ore  laser  passes, the  t issue  color  changes  to  a  cham ois
yellow, w hich  indicates  reticular  derm is  and  the  need  to  stop
skin  ablation .  Postoperatively,  the  use  of  occlusive  dressings
shortens  healing  tim e  to  5  to  7  days. Str ict  sun  avoidance  is
necessary  for  approxim ately  2  to  3  m onths  until  all  of  the
postoperative  erythem a  has  subsided  in  order  to  decrease  the
risk for  hyperpigm entation .

Nonablat ive  lasers  select ively  a ect  the  derm is  and  spare
the  epiderm is. Minim al  recovery  is  needed, w hich  m akes  it  a

preferred  choice  for  m any  patients.  However,  m ultiple  treat-
m ent sessions are necessary, and the results are not  as dram atic
as those  w ith  ablative  lasers or  deep  peels. The  1,320-nm  neo-
dym ium :ytt rium -alum inum  garnet  (Nd:YAG) laser  provides the
optim al wavelength  for  specifically target ing the  derm is. It  has
been  e ect ive  in  w rinkle  reduction  and  in  treating  acne  scars
through  a  process  of  stim ulated  derm al  collagen  deposition.
The 1,450-nm  diode laser has good derm al penetration , as well,
and  has achieved  good  results in  reducing rhytids. Fractionated
lasers  work  by creating  m ultiple  m icroscopic areas  of therm al
injury, around  w hich  the uninjured  tissue  prom otes rapid  heal-
ing. Re-epithelialization  occurs  w ithin  24  hours, and  erythem a
usually resolves w ithin  a week.

In tense pulsed  light  (IPL) is a noncoherent , polychrom atic fil-
tered  light  source  used  for  phototherm olysis. In itially approved
by the  FDA in  1995  for  the  treatm ent  of leg  telangiectasia, its
benefits  were  soon  noted  in  the  treatm ent  of photoaging  and
vascular  lesions  and  in  hair  rem oval. Specially  designed  filters
in  the  t reatm ent  head  m anipulate  the  wavelengths  em itted  in
order  to  provide  selective  therm olysis  based  on  the  target  tis-
sue’s  absorption  (e.g.,  vasculature  vs  epiderm is).  Mult iple
pulses to a given  area allow  therm al relaxat ion  of the target  t is-
sue betw een pulses; relaxat ion  t im e depends on  t issue and skin
type  (Fitzgerald  skin  type, ethn icity). IPL is e ect ive  in  t reating
facial telangiectasia  and  poikiloderm a  of sun-exposed  areas, as
a  photorejuvenation  m odality,  and  for  hair  rem oval.  Treating
the  en t ire  face  can  reduce  m ottled  pigm entation  and  freckling
and can  sm ooth  the skin . Studies have show n  an  increase in  the
transcription  of types I and  III collagen  and  of elastin  follow ing
IPL treatm ent.

Photodynam ic therapy (PDT) is a nonablat ive  photorejuvena-
tion  technique  that  em ploys  the  com bination  of a  light  source
and  the  creation  of react ive  oxygen  to biologically dam age  and
change  the  underlying  skin . A photosensitizing  agent, such  as
am inolevulin ic acid  (5-ALA), is applied  topically and  penetrates
abnorm al keratin  in  cutaneous  tissue  and  creates  endogenous
protoporphyrin  IX, an  activated  oxygen  in term ediate. When  an
appropriate  light  source  is  then  applied, the  act ivated  photo-
sensitizer  causes  cell  destruct ion  and  death . The  dam age  in-
flicted  m ust  surpass the cellular  repair  m echanism s in  order for

Fig. 59.6  Low levels of energy may affect  biological systems in  a  nonlethal way, whereas higher levels may destroy, coagulate, or simply vaporize
tissues.
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destruct ion  to  be  complete, know n  as  the  photodynam ic  res-
ponse. The e ectiveness of PDT depends on  the photosensitizer
used, the light  source, and the oxygen status of the target  tissue.
PDT uses  include  the  t reatm ent  of selected  nonm elanotic  skin
cancers, acne and  sebaceous hyperplasia, various infect ious and
inflam m atory skin  conditions, and  act in ic keratosis, in  addition
to cosm etic photorejuvenat ion.

The  side  e ects  of all of the  above  procedures include  hypo-
and  hyperpigm entation, poor  cosm esis, scarring, and  infect ion.
Patients w ith  a  h istory of herpesvirus  infect ion  are  required  to
take prophylaxis after  the procedure in  order  to prevent  react i-
vation  of the  infect ion . Phenol is  cardiotoxic, nephrotoxic, and
hepatotoxic, and  certain  groups  of patien ts  are  not  eligible  for
deep  peels.  Derm abrasion  can  m ake  patients  m ore  prone  to
m ilia outbreaks and  acne flares, as well as persisten t  erythem a,
all of w hich  can  be  m anaged  w ith  topical or  oral agents. After
laser resurfacing, patients frequently develop contact derm atit is
in  react ion  to  certain  oin tm ents;  in  th is  case, the  use  of those
oin tm ents should  be  stopped  and  the face  t reated  w ith  a  cort i-
costeroid  cream .  The  developm ent  of  scat tered  purpura  is  a
unique  side  e ect  of both  PDT and  IPL t reatm ent, although  the
incidence is low and it  usually resolves on  its ow n. Stinging pain
is also a side e ect  of IPL, w hich  can  be  reduced  w ith  the appli-
cation  of topical anesthetic cream  before treatm ent .

59.7.1  Prognosis
Superficial chem ical peels  do  not  penetrate  the  epiderm is  and
have  no  clin ically  not iceable  recovery  t im e.  Medium -depth
peels, superficial  derm abrasion, and  ablative  laser  resurfacing
have  a  healing  tim e  of approxim ately  5  to  7  days. Repetit ive
peeling is often  necessary to produce the full desired  e ect . Re-

sults  from  deep  and  m edium  peels  usually last  for  over  1  year.
Barring the  occurrence  of side  e ects, the  peels are  e ect ive  in
rejuvenating  photoaged  and  act in ic  skin .  Use  of  the  Nd:YAG
nonablative  laser  has  been  show n  to  be  m ost  e ective  in  pa-
tients  w ho  have  Fitzpatr ick  type  I or  II skin  w ith  m ild, m oder-
ate, or severe rhytids.

59.8  Roundsm anship
●  Skin  resurfacing can  be perform ed chem ically w ith  chem ical

peels, m echanically w ith  derm abrasion, or therm ally w ith
ablative lasers.

●  The strength  (concentration) of the peeling solution , the du-
ration  of the application, and the condition  of the treated skin
determ ine the depth  of a chem ical peel.
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60  Facial Soft -Tissue Fillers and Neurom odulators
Anthony P. Sclafani and Anthony M. Sclafani

60.1  Int roduct ion
Facial  w rinkles  m ay  be  a  result  of  skin  laxity,  subcutaneous
m uscular  contract ion, volum e loss, or  derm al atrophy. Skin  fill-
ers were  developed  to help  correct  volum e deficiency and  focal
derm al th inning. Other  procedures, such  as facelift  and  chem i-
cal or  laser  skin  peel, address these  issues only part ially, and  if
perform ed  overly aggressively, they m ay lead  to a  “tight ,” “sur-
gical” appearance. Silicone  oil  inject ions  have  had  a  lengthy  if
poorly controlled  h istory as a facial treatm ent , in  term s of both
m aterial  and  technique  used. Beginning  in  1981, a  num ber  of
m aterials were in troduced  in  the United  States as facial w rinkle
fillers, such  as collagen, hyaluronic acid  (HA) derivatives, calci-
um  hydroyxlapatite  (CaHA) and  poly-L-lact ic acid  (PLLA); m any
m ore  m aterials  are  available  worldw ide,  but  reliable  clin ical
evidence is som ew hat lacking.

The neurotoxins com m only in  use in  the  United  States are  all
toxins  isolated  from  Clostr idium  botulinum  bacteria. Originally
isolated  in  1895, botulinum  toxin  A (BTxA) was first  used in  the
1970s  for  the  treatm ent  of strabism us. In  1992, its  use  for  the
treatm ent  of  periocular  w rinkles  was  first  described;  since
then , BTxA has acquired a $2 billion  m arket  worldw ide.

Soft-t issue  fillers  and  neurotoxins  o er  the  potential to  sig-
nificantly  rejuvenate  the  face  w ith  a  m inim ally  invasive  ap-
proach, but  they have risks and  m ust  be  adm inistered  properly
by adequately trained m edical professionals.

60.2  Incidence of Disease
Skin  aging due  to  derm al or  soft-t issue  atrophy or  to  hyperki-
netic lines w ill occur to varying degrees, and each  patient  needs
to  be  addressed  individually.  Generally,  facial  aging  worsens
w ith  age. Hyperkinetic lines and  shallow  rhytids due  to derm al
atrophy  m ay  becom e  not iceable  during  a  person’s  th ir t ies,
w hereas  soft-t issue  atrophy  and  m ore  severe  rhytids  m ay
becom e noticeable  only in  a patien t’s fort ies or  fift ies. Hyperki-
netic  lines, such  as  crow ’s-feet  (� Fig. 60.1), m ay  develop  be-
cause  of patterns  of  facial  expressivity  or  involuntary  m uscle
contraction .  Pat ients  w ith  fair  skin  are  m ore  prone  to  these
changes. Wom en, sm okers, and  individuals  w ith  frequent  sig-
nificant  fluctuations  in  weight  are  also  m ore  likely  to  develop
these signs of prem ature aging.

60.3  Term inology
The  term  rhyt id  refers  to  any skin  w rinkle. Dermal a t rophy, or
thinning, usually is a  result  of repeated  skin  folding during ani-
m ation  and  w ill m anifest  as  a  fine  etched  line. Skin  folds, such
as nasolabial folds, are  due  to an  overhang of skin  and  soft  t is-
sue  above  a  fixed  point  and  m ay be  due  to skin  and  soft-t issue
descent  or  to  subderm al  atrophy  below  the  fold. Hyperkinetic
lines (see  � Fig. 60.1) occur  because  elevated  m uscle  tone  pre-
vents  full  relaxat ion  of the  overlying  skin ;  over  t im e, derm al
atrophy  m ay  result  from  th is,  even  in  the  absence  of m uscle
contraction. Facia l soft-t issue a trophy refers m ore broadly to the

di erential  loss  of soft-t issue  (m ainly  fat)  volum e  in  the  face.
This volum e loss w ill alter the shape of the face, lead  to a loss of
the  gentle  convexities  of  youth ,  skeletonize  parts  of  the  face
(m ost  notably the  infraorbital rim ), allow  the  facial skin  to sag,
and  generally age  the face. Soft-t issue fillers are  generally cate-
gorized  as  either  volum izers  (e ecting beneficial action  by oc-
cupying space), stim ulators (increasing facial volum e by stim u-
lating collagen  deposition), or both .

60.4  Applied Anatom y
Clinically relevant  m uscles in  the upper  face include the fronta-
lis, corrugator  and  depressor  supercilii, procerus, and  orbicula-
ris  oculi  m uscles;  see  Chapter  56  (Surgical  Treatm ent  of  the
Aging Face) for  a m ore complete  discussion. An  im portan t  m id-
facial  m uscle  is  the  zygom aticus  m ajor,  originating  from  the
m edial m alar  arch  and  inser t ing  on  the  m odiolus. The  levator
labii  superioris  alaeque  nasi m uscle  originates  from  the  naso-
m axillary  junct ion  and  inserts  on  the  derm is  of the  lateral ala
and  upper  lip.  The  orbicularis  oris  m uscle  runs  circum feren-
tially to serve as the sphincter of the m outh. It  in terrelates w ith
other  perioral m uscles  at  the  m odiolus  and  is  attached  to  the
derm is  of the  lips  in t im ately, although  a  potential space  exists
betw een m uscle and derm is at  the verm ilion  border. In  addition
to  the  orbicularis  m uscle  in  the  lower  face, the  m entalis  origi-
nates from  the  m entum  and  inserts (often  w ith  a m idline  cleft)
in to  the  chin  pad,  w hile  the  depressor  anguli  oris  originates
from  the  m edial m andible  and  assists in  depressing and  evert-
ing the lateral lower lip .

There are m ultiple fat  compartm ents in  the face that  are sep-
arated  by delicate septa and  m ay undergo atrophy or descent  at
di erent  t im es and  rates. Most  sign ificantly, the  deep  m idfacial
fat  compartm ent  m ay undergo  early atrophy and  produce  sig-
n ificant  facial aging.

Fig. 60.1  Crow’s-feet  are  caused  by hypertonic contraction  of the
lateral orbicularis oculi muscle  with  folding  of the  overlying  skin.
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60.5  The Disease  Process
60.5.1  Et iology
Derm al atrophy m ay be caused  by genetic disorders such  as cu-
tis  laxa  or  Ehlers-Danlos disease, but  m ost  derm al atrophy is  a
result  of chronologic  aging  and  photoaging. As  the  skin  ages,
the derm al collagen  th ins and loses its organization; the derm al
rete  pegs becom e m ore blunted. Photoaging, caused  by dam ag-
ing  ultraviolet  light, dem onstrates  elastin  breakdow n  and  can
cause  chronic helioderm atit is, m arked  by  perivascular  inflam -
m ation  and  extracellular  pigm ent  accum ulation . These  changes
are  clearly exacerbated  by excessive  sun  exposure, tobacco use,
and  weight  fluctuation. The  exact  m echanism  of fat  atrophy is
unknow n.

60.5.2  Disease Grading
The Glogau  Wrinkle Scale can  be used  to classify the severity of
facial w rinkles (see Box The Glogau Wrinkle Scale (p.476)).

The  Glogau  Wrinkle  Scale
●  I: No wrinkles
●  II: Wrinkles in motion
●  III: Wrinkles at  rest
●  IV: All wrinkles

60.6  Medical Evaluat ion
Before  treatm ent ,  the  skin  should  be  evaluated.  Treatm ents
should  not  be perform ed  in  areas of act ive infect ion. New, non-
inflam m atory skin  lesions should be exam ined, and referral to a
derm atologist  should  be  considered. A thorough  m edical  h is-
tory should  be elicited, especially any m edications taken  or h is-
tory of bruising or bleeding.

60.6.1  Present ing Com plaints
Patients  request ing  treatm ent  of  facial  rhytids  and  folds  m ay
complain  about  specific lines and  folds but  m ore com monly ask
that  “laugh  lines,” “crow ’s-feet,” or frow n lines be treated. Alter-
natively, patients  m ay  be  even  less  specific, requesting  that  a
“sad,”  “tired,”  “angry,” or  “gaunt” appearance  be  t reated. The
physician  should  help  the  patient  to  determ ine  the  specific de-
form it ies  he  or  she  finds  m ost  bothersom e  before  in itiat ing
treatm ent .

60.6.2  Clinical Findings, Physical
Exam inat ion
A complete  aesthet ic  analysis  is  appropriate  for  each  pat ient,
even  w hen  the  patient  requests specific nonsurgical treatm ent .
It  is  im portant  for  the  physician  to  appreciate  and  point  out  to
the  patient  the  lim itations  of  m inim ally  invasive  treatm ents.
Rhytids  should  be  assessed  w ith  the  patien t  in  an im ation  as
well as  at  rest;  lines  present  at  rest  represent  areas  of derm al

and  subderm al th inning, w ill not  respond completely to neuro-
toxin  t reatm ent, and  should  be  considered  for  soft-t issue  aug-
m entation.

60.7  Medical Treatm ent
60.7.1  Soft -Tissue Fillers
Most  facial soft-t issue  fillers are  approved  for  the  correction  of
facial  w rinkles  and  folds,  such  as  the  nasolabial  folds.  Other
com m on  problem s  t reated  include  forehead  w rinkles  and  gla-
bellar  lines  betw een  the  brow s;  so-called  m arionette  folds
(lines  running  from  the  m outh  corners  dow n  the  sides  of the
chin) and  the  prejow l sulcus  (relative  depression  betw een  the
chin  and jow l along the lower m andibular border) are also com -
m only  treated. Lip  volum e  augm entation  was  an  early  use  for
soft-t issue  fillers;  an  expanding area  of use  now  is  for  general
facial (especially m idfacial) volum e  restoration. Larger  volum es
can  be injected in to the cheek or temples and lateral brow s (be-
low  or  w ithin  the  norm al soft  t issue) to  restore  facial fullness.
Additionally, deeper  inject ions  can  be  placed  at  the  posterior
edge of the m andibular angle to better define the jaw line.

Each  filler  has its  ow n  particular  qualities  and  risks, and  the
specific m aterial used should  always be tailored to the in tended
site  and  application . In  general, fillers  w ith  larger  particles  re-
quire  deeper  placem ent;  a  filler  placed  m ore  superficially pro-
vides a  greater  degree  of correct ion  than  a  sim ilar  volum e  of a
m ore deeply placed filler (� Fig. 60.2).

Collagen
Zyderm  and  Zyplast, w hen  available, were based  on  bovine col-
lagen.  Individual  collagen  fibers  were  t reated  to  rem ove  the
m ost  im m unogenic peptide port ion  and  then  suspended  in  sal-
ine  w ith  (Zyplast)  or  w ithout  (Zyderm ) chem ical cross-linking
to increase persistence of the e ect . Patien ts treated  w ith  these
bovine  collagen–based  fillers  required  allergy  skin  testing  be-
forehand.  Hum an  collagen–based  products  (Cosm oderm  and
Cosm oplast)  obviated  the  need  for  skin  testing.  Zyderm  and
Cosm oderm  were  injected  in to  the  m id  derm is, w hereas  Zy-
plast  and  Cosm oplast  required  inject ion  in to  the  deep  derm is
or  subderm is. Because  the  collagen  fibers  were  suspended  in
saline, significant  overcorrect ion  was  necessary  to  achieve  the
desired result  after  resorption  of the water. The clin ical e ect  of
these  m aterials  persisted  for  2  to  4  m onths. Porcine  collagen,
cross-linked  in to  a  three-dim ensional  m atrix,  was  m ore  re-
cently in t roduced  and  provided  a volum izing e ect  for  up to 12
m onths, but  all of these m aterials were rem oved  from  the m ar-
ket by their m anufacturers.

Hyaluronic Acid Products
HAs were first  approved  in  2003 and have becom e the predom -
inant  class of soft-t issue filler. HA is a  naturally occurring poly-
saccharide  that  gives resilience  to  the  skin , but  levels  decrease
w ith  age. HA is  h ighly conserved  evolutionarily, and  com mer-
cially available  HA, produced  by streptococci, is identical to hu-
m an  HA. This  HA is  t reated  to  cross-link  the  polysaccharide
chains  and  increase  persistence  of  the  clin ical  e ect .  As  the
thickness  and  viscosity  of these  m aterials  increases, the  depth

Facial Soft-Tissue Fillers and Neuromodulators

476



of placem ent  also  increases, w ith  th icker  fillers  placed  at  the
derm al–subderm al junct ion  to  avoid  vascular  comprom ise  and
palpability.  HAs  can  m aintain  a  clin ical  e ect  for  up  to  12
m onths  (� Fig. 60.3). These  fillers  are  predom inantly  “volum i-
zers,” but  there is som e experim ental evidence of the induction
of neocollagen  form ation  around  the  im plants, w hich  m ay ex-
plain  subtle  increases in  persistence  of the  e ect  after  m ultiple
treatm ents.

Calcium  Hydroxylapat ite
Originally  in troduced  as  a  bulking  agent  for  the  bladder  neck,
CaHA was  later  used  for  augm entation  of the  paralyzed  vocal
fold. CaHA was approved  in  2006 by the  FDA for  the  t reatm ent
of facial w rinkles and  folds. CaHA m icrobeads are  suspended  in
a  gel  carr ier.  After  a  subderm al  inject ion,  the  gel  carrier  is
resorbed  and  replaced  over  t im e  by a  sm all am ount  of fibrous
tissue  around  the  individual m icrobeads. Over  tim e, the  m icro-
spheres dissolve and  are resorbed, but  CaHA produces a clin ical
e ect  for 12 to 15 m onths.

Poly-L-Lact ic Acid
PLLA was approved  by the  FDA in  2004  for  patients w ith  facial
lipoatrophy  as  a  result  of  h ighly  act ive  antiretroviral  therapy
(HAART) for  HIV infect ion  and  was  approved  in  2009  for  cos-
m etic  facial  uses. PLLA is  provided  as  a  sterile  pow der, w hich
m ust  be  suspended  and  thoroughly  m ixed  to  avoid  clumping.
This  is  then  injected  subderm ally,  stim ulat ing  a  fibrous  res-
ponse  and  th ickening the  derm is. Generally, three  to  six  treat-
m ents, separated  by in tervals of 4  to 6  weeks, are  necessary to
produce  clin ically  significant  e ects. Clin ical  benefit  has  been
show n  to persist  for  at  least  24 m onths, at  w hich  t im e the PLLA
beads are substan tially resorbed and m etabolized.

Silicone Oil
Silicone  oil  inject ions  were  popularized,  and  in  som e  cases
abused, from  the  1940s  to  the  1960s. Currently, no  silicone  oil

is  FDA-approved  for  cosm etic  indicat ions, and  any  treatm ents
perform ed  are  so-called  o label (see  below ). A large-scale  re-
view  of silicone t reatm ents by Webster et  al showed that  an  ap-
propriate  m icrodroplet  technique (inject ing m inute am ounts in
m ultiple  sites  and  avoiding  large  deposits  of  m aterial)  could
provide  perm anent  correction  of facial w rinkles  safely and  ef-
fect ively. However, as  a  perm anent  filler, silicone  oil inject ions
are  m ore  prone to delayed  complications, even  several years or
decades after treatm ent .

Inject ion Techniques
Soft-t issue fillers should  be injected  safely, w ith  the compliance
of the  t reated  skin  always  taken  in to  consideration  and  exces-
sive  inject ion  as  well  as  in travascular  injury  (especially  in  the
glabella)  avoided.  In traderm al  inject ions  m eet  greater  resist-
ance  and  cause  m ore  im m ediate  and  visible  skin  change  than
do  subderm al  inject ions. In  general, blanching  of  the  skin  or
visibility  of the  needle  through  the  skin  indicates  an  inject ion
that  is too superficial. Inject ions can  be  done  either  w ith  a  ser-
ies  of  individual  skin  punctures  or  by  linearly  threading  the
needle  in  the correct  plane and  inject ing upon  w ithdrawal. The
edges  of  injected  m aterial  should  be  “feathered” to  blend  in
w ith  the  surrounding tissues and  generally can  be  m assaged  to
produce a sm ooth e ect .

60.7.2  Neurom odulators
Currently,  th ree  com m ercially  available  botulinum  toxin  A
(BTxA)  products  are  approved  for  cosm etic  facial  indications:
onabotulinum  toxin  (Botox Cosm etic; Allergan, Irvine, CA); abo-
botulinum  toxin  (Dysport; Medicis Pharm aceutical Corporation,
Scottsdale, AZ);  and  incobotulinum  toxin  (Xeom in;  Merz Phar-
m aceuticals,  Greensboro,  NC).  All  are  BTxA preparations,  but
they di er  sligh tly in  associated  propert ies and  in  how  they are
dosed. Botox, Dysport, and  Xeom in  units  are  di erent  and  not
in terchangeable. However, once  injected, all associated  proteins
are  released  and  the  “naked” BTxA protein  is liberated  (Xeom in
has  no  associated  hem agglutin ins).  BTxA is  composed  of  a

Fig. 60.2  Larger-particle  soft-tissue  fillers require
placement  in  the  deep  dermis or subdermis.
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heavy and  a  ligh t  chain  joined  by a  disulfide  bond. The  heavy
chain  facilitates entry in to the nerve ending; once it  is in ternal-
ized, a conform ational change occurs, and  the ligh t  chain  of the
m olecule  cleaves  a  portion  of and  inact ivates  soluble  NSF at-
tachm ent  protein  (SNAP)-25,  a  m olecule  essential  for  vesicle
binding and  acetylcholine release, as well as synaptobrevin  and
syntaxin .  The  process  inact ivates  th is  particular  synapse
(� Fig. 60.4). Over  t im e, additional neural sprouting  w ill allow
the  resumption  of neurom uscular  t ransm ission. A num ber  of
points  along  the  target  m uscle  are  treated, elim inating  or  de-
creasing  m uscle  tone  and  elim inating  m uscle  contraction.
Weakening of the  t reated  m uscle  generally  becom es  apparent

in  2  to  7  days,  and  the  full  e ect  m ay  take  up  to  14  days
(� Fig. 60.5). Clinical e ects typically last  3 to 4 m onths.

In  the face, it  is especially im portant  to consider  the  e ect  of
both  target  m uscle  tone  and  voluntary  act ion, as  well  as  the
now -unopposed  act ion  of the  target  m uscle’s  an tagonist .  The
treatm ent  of glabellar  furrows (the only FDA-approved  cosm et-
ic use of BTxA) by inject ing the depressor and corrugator super-
cilii and  procerus  m uscles, or  the  e acem ent  of crow ’s-feet  by
treating  the  lateral  orbicularis  oculi,  w ill  reduce  or  elim inate
w rinkles  in  these  areas  but  w ill  allow  frontalis  contraction  to
alter  the  shape  and  position  of the  eyebrow s;  th is  can  be  done
select ively  to  raise  the  brow s  and  im prove  brow  shape.  The
frontalis  itself can  be  treated  to  elim inate  t ransverse  forehead
rhytids; however, the frontalis m uscle w ithin  2 cm  of the brow s
should not  be treated  to avoid  a brow  ptosis. Other m uscles and
areas t reated  include the levator labii superioris alaeque nasi to
reduce  an  overly  “gum my” sm ile, the  depressor  anguli oris  to
reduce the depth  of m arionette folds, the m entalis m uscle to re-
duce  w rinkles  on  the  chin ,  and  the  param edian  platysm a
m uscle to relax and e ace platysm al bands.

60.8  FDA Considerat ions
It  is im portant  to rem em ber  that  all soft-t issue  fillers and  neu-
rotoxins  approved  by  the  U.S. Food  and  Drug  Adm inist ration
are  indicated  for  specific  purposes  and  locations.  Properly
trained  physicians m ay use  these  m aterials in  ways not  specifi-
cally addressed  by the  FDA, but  these  uses  are  considered  “o 
label.” It  is the physician’s responsibility to be well t rained, take
proper  precautions, use  the  m aterials  in  a  way consistent  w ith
general m edical practice  and  based  on  sound  scientific reason-
ing, and  discuss  w ith  the  patien t  that  the  treatm ent  is  “o la-
bel.” Com m on  pract ice does not  replace the need  to discuss po-
tential risks w ith  each patient.

60.9  Postoperat ive Care
The soft-t issue fillers and  neurotoxins described  in  th is chapter
are  all considered  m inim ally invasive  t reatm ents. These  proce-
dures are  easily perform ed  in  the  o ce  w ith  (at  m ost) local or
regional anesthesia. They are  generally associated  w ith  lit t le  to
no discom fort  afterward. Typically, cold  compresses are  applied
to  the  t reated  area  for  30 m inutes  to  a  few  hours  after  treat-
m ent. Generally, patien ts are  advised to avoid  m anipulating the
treatm ent  area for  3 to 4 hours afterward. Pat ien ts t reated w ith
a  neurotoxin  are  additionally advised  to avoid  head  hanging or
lying dow n  for  the  sam e  tim e  period  to avoid  excessive  spread
of the  toxin . Pat ients  t reated  w ith  PLLA are  asked  to  m assage
the  treated  area  several t im es a  day for  several weeks to  m ini-
m ize lum piness.

60.10  Com plicat ions
60.10.1  Soft -Tissue Fillers
The  inject ion  of any m aterial across the  skin  barrier  m ay cause
infect ion . Materials  w ith  a  longer  persistence  of e ect  present

Fig. 60.3  (a) Deep nasolabial folds, marionette  folds, and thin lips age
the  perioral area. (b) After treatment  with  a  hyaluronic acid  product,
the  lines have  been  smoothed and  the  mouth  area rejuvenated.
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greater  problem s w hen  colonized  by bacteria because  a foreign
body is present for a longer tim e; in  these cases, t reatm ent  w ith
antibiotics, often  for  several m onths, m ay be  required. Allergic
react ions to com m only used  fillers (except  bovine collagen) are
rare. Migration  of m aterial is uncom m on, but  part iculate  fillers
like  CaHA and  PLLA m ay  form  localized  accum ulations  secon-
dary  to  muscle  contract ion  (especially  in  the  lips)  and  should
not  be  used  in  these  areas. Intravascular  inject ion  or  inject ions
causing the  constrict ion  of arterial or  venous flow  in  a  localized
area  can  lead  to  skin  necrosis, most  commonly seen  in  the  gla-
bella. Arterial occlusion  causes im mediate  blanching of the  skin.
The injection  should  be stopped  im mediately if this is noted. Hy-
aluronidase  should  be  injected  to  dissolve  the  injected  material
(if  HA is  being  used).  Warm  com presses,  topical  nitroglycerin,
and  hyperbaric oxygen  may be  used  to  lim it  the  degree  of skin
and soft-tissue necrosis if vascular occlusion  is noted. Venous ob-
struct ion  m ay also  occur  if the  injected  m aterial com presses the
venous outflow  from  a  particular  area. Venous occlusion  is typi-
cally  characterized  by  prolonged  edem a  and  ecchymosis  with
later  (2  to  5  days) wound  breakdow n. Conservative  wound  care
and patient  support  are essential to m inimize tissue dam age and
patient  anxiety if vascular  occlusion  occurs. Good  technique  and

aesthetic  judgm ent  are  needed  to  ensure  proper  placement  of
the  filler.  Other  potential  com plications  include  localized  acne
eruptions, cold  sores, nodule formation, and  asymm etry.

60.10.2  Neurotoxins
BTxA treatm ent  is contraindicated in  pat ients w ho are pregnant
or  breastfeeding and  in  those  w ith  preexisting neurom uscular
disorders,  such  as  myasthenia  gravis.  Inadverten t  act ion  on
nontarget  m uscles  can  lead  to  facial distort ion, asym m etry, or
disability. Most  com m only seen  is eyelid  ptosis (1 to 2%) as tox-
in  injected  in to the glabella di uses through  the orbital septum
to a ect  the levator  palpebrae superioris. Eyelid  ptosis typically
lasts for  only 2  to  3  weeks, even  w ithout  treatm ent , but  (if not
contraindicated) the application  of α -adrenergic eyedrops, such
as  0.5% apraclonidine  or  2.5% phenylephrine,  w ill  st im ulate
contraction  of the  Müller  m uscle  to  compensate  for  the  loss of
levator  funct ion .  Excessive  t reatm ent  of  the  m edial  frontalis
w ith  inadequate paralysis of the lateral frontalis can  lead  to the
laterally  overly  arched  “Mephisto”  brow  (� Fig.  60.6).  This  is
easily m anaged w ith  supplem ental BTxA treatm ent  to the later-
al  frontalis,  w hich  w ill  allow  the  lateral  brow  to  drop  in to  a

Fig. 60.4  Botulinum  toxin  A works at  the  motor end  plate, inhibiting  the  release  of acetylcholine  by cleaving  SNARE proteins.  BN, botulinum
neurotoxin; SNAP, soluble  NSF at tachment  protein; SNARE, SNAP receptor.
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m ore  appropriate  position.  The  t reatm ent  of  inferom edial
crow ’s-feet  m ay  also  paralyze  the  zygom aticus  m ajor  m uscle
and  alter  the  patient’s sm ile. Dysphagia  m ay occur  if platysm al
inject ions a ect  deeper  m uscles. Anti-BTxA antibodies m ay de-
velop (generally associated w ith  the m uch larger doses required
to  t reat  cervical dystonia) but  do  not  seem  to  alter  the  clin ical
e ect . Allergic react ions are uncom m on.

60.11  Roundsm anship
●  Soft-t issue fillers can sm ooth  lines and change relat ive vol-

um es in  di erent  facial units.
●  Sm aller-par ticle, less viscous fillers are appropriate for in tra-

derm al inject ions, w hereas larger, m ore viscous fillers (typi-
cally longer-last ing) should  be injected just  below  the derm is.

Fig. 60.5  (a) The facial muscles run in predictable, discernible areas in close  proximity. Specifically targeting certain muscles can reduce hyperkinetic
lines without altering resting facial expression. (b) Botulinum toxin A injections sites for horizontal frown lines (green dots), glabellar furrows (blue dots),
and crow’s-feet  (red dots). (c) Hyperkinetic lines in the  glabella and crow’s-feet  are  created by contraction of the  depressor and corrugator supercilii
and  procerus muscles and  the  orbicularis oculi muscle, respectively. (d) After treatment  with  botulinum  toxin  A in  the  glabella and  the  areas with
crow’s-feet, despite  maximal effort  the patient  is unable  to create  rhytids. The patient  declined treatment  for “bunny lines” at  the sides of the  nose.
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●  Soft-t issue fillers can  achieve volum e augm entation  by
volum izing directly, by stim ulating a fibrous response that
augm ents derm al th ickness, or both .

●  Botulinum  A toxin  acts by inhibiting presynapt ic acetylcho-
line release and produces a localized flaccid paralysis.

●  Recovery after botulinum  toxin  A treatm ent occurs by the
sprouting of additional neuronal tw igs.
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Fig. 60.6  (a) Before  treatment  with  botulinum  toxin  A to the  glabella
at indicated sites. (b) Good result  at rest after treatment of the glabella
and  forehead. (c) “Mephistopheles” brow due  to  an  imbalance  of
medial and  lateral frontalis muscle  activity, which  allows the  lateral
brow to be  elevated  disproportionately; correction is by treatment  of
the  lateral frontalis muscle.
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61  The Evolut ion of Pediat ric Otolaryngology–Head and
Neck Surgery
Robin A. Dyleski

The  specialty  of otolaryngology  encompasses  the  m edical  and
surgical m anagem ent  of diseases  and  conditions  involving  the
head  and  neck. In  recent  years, the  specialty has branched  out
in to  various  areas  of in terest, such  as  facial plastic and  recon-
struct ive  surgery, otology and  neurotology, otolaryngic allergy,
voice and laryngology, rh inology, head and neck cancer, and pe-
diatr ic  otolaryngology. Each  of these  subspecialties  evolved  to
fill  a  n iche  created  by various  advances  in  technology and  the
need  for dedicated  specialists w ith  distinct  areas of expert ise to
care for certain  subsets of pat ien ts.

Pediatric otolaryngology is a  relat ively new  subspecialty, for-
m ally  recognized  for  the  last  25  to  30  years. It  is  a  field  dedi-
cated  to  providing care  m ainly to  infants and  children  younger
than  18 years of age. Fellow ship t raining in  pediatric otolaryng-
ology has been  available  in  a  form al m anner  for  the last  two to
three decades; previously, th is training was available  only as an
apprenticesh ip or as a focused in terest . Although there has been
interest  in  the  care  of otolaryngologic problem s in  ch ildren  for
decades (w ith  pediatric patien ts comprising a large component
of the typical general otolaryngologist’s practice), pediatric oto-
laryngology took hold  as a  recognized  subspecialty as a  conse-
quence of technologic advances in  the survival of preterm  new-
borns. These paralleled the developm ent of dedicated ch ildren’s
hospitals providing subspecialized pediatric care in  anesthesiol-
ogy, cardiothoracic  surgery, pulm onary  m edicine, crit ical  care
m edicine,  neonatology,  and  genetics  to  address  the  unique
problem s of sick ch ildren. Advances in  neonatal m edicine  have
saved the lives of m any children  w ho would not otherw ise have
survived but have left  them  w ith  secondary problem s.

Pharm acologic and  technical advances have been  instrum en-
tal in  the  developm ent  of pediatric otolaryngology as a subspe-
cialty. The in troduct ion  of m echanical vent ilators and  advanced
m onitoring  equipm ent  for  use  in  children  in  the  early  1960s
was an  im portant  step  leading to the  developm ent  of pediatric

intensive  care  units. This  progress  in  pediatric crit ical care  led
to the  use  of prolonged  oral and  nasotracheal in tubat ion  in  in-
fants  and  children  instead  of  the  then-standard  tracheotomy
w ith  m echanical ventilation. As a  result , otolaryngologists spe-
cializing  in  pediatric  care  becam e  indispensable  to  physicians
specializing  in  pediatric  crit ical  care  for  m anaging  their  pa-
tients’ airways. The  rising use  of prolonged  endotracheal in tu-
bation  in  the  1960s  and  1970s  was  associated  w ith  increased
rates of subglott ic stenosis in  these sick children.

The  m anagem ent  of  children  w ith  subglott ic  stenosis  was
radicalized  w ith  advances in  endoscopic evaluation  technology.
In  the  m id  1960s, Harold  H. Hopkins in  England  and  Karl Storz
in  Germ any  collaborated  to  devise  a  unique  rod–lens  optical
system  in  w hich  fiber optics were used to transport  light . A ser-
ies of glass rods im proved resolution  and provided a brighter  il-
lum ination  system , resulting in  a  sm aller-diam eter  instrum ent
w ith  a  w ider  view ing angle. Hopkins  and  Storz in troduced  the
new  illum ination  system  in to pediatric bronchoscopy in  1968.

One of the pioneers in  endoscopy in  the United States, Dr. Syl-
van  Stool, was given  a set  of these new  endoscopic instrum ents
by Dr. C. Everett  Koop  (later  to becom e the  U.S. Surgeon  Gener-
al)  in  Philadelphia. Soon  afterward, airway endoscopy  in  chil-
dren was revolutionized by these instrum ents, and the develop-
m ent  of accessories such  as specialized  endoscopic scissors and
forceps  (including optical forceps  in  w hich  a  telescope  was  in-
corporated)  m ade  possible  procedures  and  in terventions  that
could  not  have  been  perform ed  previously.  Advanced  light
sources, endoscopic  cam eras  (allow ing  video  and  digital  cap-
ture  of  the  procedure  and  digital  photo  docum entation), and
m icroinstrum ents  have  perm itted  im provem ents  in  care  and
are  routinely used  today. Today’s m odern  laryngoscopes, bron-
choscopes, forceps, and  cam eras have  brought  pediatric otolar-
yngology to its current  level.
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62  The Otolaryngologic Exam inat ion of Children
Robin A. Dyleski

62.1  Int roduct ion
As in  all areas of otolaryngology, an  appropriately detailed  and
focused h istory and  exam ination  are the basis of an  accurate di-
agnosis and  the subsequent  treatm ent  of pediatric illnesses and
diseases.  Because  of  the  inability  of  m any  young  children  to
readily  and  accurately  com m unicate  their  sym ptom s  and  reli-
ance upon their caregivers for th is in form ation , th is inform ation
m ay be  di cult  to  acquire. In  addition , although  the  pediatric
pat ien t’s  exam inat ion  is  basically  sim ilar  to  the  head  and
neck  exam inat ion  in  older  ch ildren  and  adults,  there  are  a
num ber  of w ays  in  w hich  the  exam inat ion  of young children
can  be  facilitated  to  m ake  the  process  easier  for  the  ch ild ,
caregiver, and  exam iner.

62.2  Approaching the Young
Pat ient
Many children  are  frigh tened  by a  visit  to  a  doctor’s o ce, and
an  otolaryngologist’s  o ce  is  no  di erent, especially given  the
am ount of unfam iliar equipm ent and instrum ents that are often
visible  in  the  otolaryngologist’s  exam ining room . Engaging the
young child  and gentle reassurance at  the outset  of the encoun-
ter  is  often  calm ing and  leads  to  great  rewards  during  the  ex-
am ination  phase.

With  som e  children ,  no  special  approach  w ill  be  needed,
w hereas others w ill favorably respond  to  explanat ions of w hat
each  of our diagnost ic tools is and how  they work. When  a non-
threaten ing approach  is  used, the  ch ild  can  be  fully exam ined
w ithout  the exam ination  becom ing a t raum atic event  for all.

62.3  The Exam inat ion
Many  physicians  w ill  proceed  w ith  the  exam inat ion  after  ob-
tain ing  the  history, review  of system s, and  related  fam ily  and
social h istories. The exam ination  of the pediatric patient  begins
during  the  verbal  par ts  of  the  encounter. Im portant  facets  of
the child’s condition  should  be observed, such  as the follow ing:
presence  and  quality  of the  child’s  speech, the  child’s  in terac-
tions  w ith  others, h is  or  her  breath ing pattern  w hile  awake  or
asleep, the presence of str idor and other airway noises, possible
swallow ing funct ions for liquids and/or solids (snacks), and gait .
These  components  som etim es  can  be  observed  only in  a  clan-
destine  m anner  because  children  are  highly likely not  to  speak
w hen  you  need  to  hear  their  voice  or  speech, dim inishing the
inform ation  obtained in  the exam ination.

62.3.1  Conduct ing the Exam inat ion
Although  m any  children  w ill  readily  sit  in  the  exam ination
chair  them selves, others w ill require assistance from  their care-
giver. Many children  w ill have to be held  on  the parent’s lap  for
reassurance, and  the  parent’s assistance  m ay be  needed  for  re-
straining  them , so  that  the  exam inat ion  can  proceed  and  the

children  w ill  be  prevented  from  becom ing  injured  if they  are
unable to rem ain  still. There are a num ber of ways that children
can  be held  to facilitate their exam ination.

The  basic  position  for  a  ch ild  during  exam ination  is  seated
across one parent’s th igh. If necessary, the child’s legs can  be re-
strained  by the parent’s th ighs by having the parent  cross h is or
her ankles; at  the sam e tim e, the ch ild’s torso and arm s are held
w ith  one  hand  and  the  head  is  steadied  against  the  parent’s
chest  by the parent’s other hand. This technique can  be used for
infants and  relat ively calm  children  until the age of 4 or  5 years
during  m any  therapeutic  m aneuvers  (cerum en  rem oval)  and
diagnostic evaluations (fiber-optic laryngoscopy). When  a ch ild
w ho is completely uncooperat ive w ith  the exam inat ion  is m uch
older  than  4  or  5  years,  it  becom es  increasingly  di cult  to
“hold” him  or her in  th is way.

Other, m ore  constrain ing  apparatus  is  available  for  children
w ho cannot  be suitably held  w ith  the  “parent  lap  hold” techni-
que. In  one m ethod used  for sm aller ch ildren, a sheet  is used  to
w rap  their  arm s and  legs close  to  the  body in  “papoose” style.
This  device  consists  of a  board  on  w hich  the  pat ient  is  placed
w ith  the  arm s  by  the  sides;  strong  Velcro  straps  are  w rapped
over  and  im m obilize  the  patient. The  papoose  m aneuver  gives
ready access  to  the  head, w hich  is  carefully stabilized  by a  pa-
rent  or  nurse  to  allow  the  uncooperative  child  to  be  treated  or
exam ined. Wrapping the child snuggly in  a sheet often  can  pro-
vide  sim ilar  results. With  the  child  stabilized, the  exam ination
or even  m inor  procedures m ay proceed  safely w ithout  inadver-
tent injury to the m oving child.

62.3.2  Otologic Exam inat ion
Most  pediatric  otolaryngologic  exam inations  include  a  thor-
ough  exam inat ion  of  the  outer  ear,  ear  canal,  and  tym panic
m em brane w ith  a hand-held otoscope—either an  operating oto-
scope  or  a  pneum atic  otoscope  w ith  an  insu ation  bulb. Re-
gardless of w hich  is  chosen , the  otoscope  is  held  w ith  the  first
th ree  fingers,  w hile  the  fourth  and  fifth  finger  are  braced
against  the  child’s  tem ple  (� Fig. 62.1). Should  the  ch ild  m ove
suddenly, the  instrum ent  cannot  penetrate  m ore  deeply  in to
the canal.

The insu ating otoscope is the preferred instrum ent  because
it  allow s evaluation  of the  m obility of the  tym panic m em brane
and  enhances  the  detect ion  of m iddle  ear  e usions. A tuning
fork  evaluation  of hearing  and  the  Weber  and  Rinne  tests  are
perform ed  in  older  children  w ith  suspected  hearing  im pair-
m ent,  as  indicated.  Microscopic  exam inat ion  is  perform ed
w hen indicated.

62.3.3  Nasal Exam inat ion
The nasal exam inat ion  is usually perform ed  via  anterior  rh ino-
scopy; often , the  otoscope w ith  either  the  nasal t ip  or  the large
ear  speculum  is  used. Attention  to  the  size, color, and  contour
of the  turbinates, septum , secretions, and  nasal airway patency
are  im portant  facets  of the  nasal exam ination  in  children. The

62.3  The Examination

483



exam ination  m ay  include  a  comparison  of nasal exam inations
in  the  decongested  and  nondecongested  states. Observation  for
intranasal secretions, prom inent  blood  vessels, polyps, m asses,
and foreign  bodies is m ade. In  som e children , flexible nasophar-
yngoscopy m ay be needed  to visualize completely the nasal and
nasopharygeal structures.

62.3.4  Oral Exam inat ion
The  oral  exam ination  includes  inspection  of the  lips, m ucosal
surfaces, tongue, floor  of the  m outh, and  oropharynx. This m ay
be perform ed  w ith  a flashlight  or  headlight . Generally, children
are  cooperative  w ith  th is  part  of the  exam inat ion  and  readily
open  the  m outh  in  an ticipation  of the  “tongue  stick.” Tongue
shape  and  m ovem ent, the  floor  of the  m outh , palatine  tonsil
size,  uvula  shape,  and  soft  palate  contour  and  m obility  are
noted. The superior aspect  of the epiglottis is often  seen  during
the norm al oral exam ination  in  children.

62.3.5  Neck Exam inat ion
The  neck  exam inat ion  in  ch ildren  focuses  on  the  presence  of
any swellings, m asses, or  asym m etries. The  location, firm ness,
m obility, and  size of any m ass are noted. Lym ph node size, con-
sistency, and  position  are  compared  w ith  those  in  the  opposite
side  of the  neck. The thyroid  gland  is palpated  for  enlargem ent
and  m asses. The  neck  skin  is  inspected  for  any  congenital  le-
sions, pits, or sinus tracts.

62.3.6  Airway Exam inat ion
The  laryngeal  and  hypopharyngeal  airway  is  exam ined  w hen
indicated  w ith  flexible  fiber-optic  laryngoscopy. This  is  safely
accom plished  in  children  in  the o ce setting through  either  an
anesthetized nostr il or the oral cavity (in  infants w ithout  teeth).
The  flexible  fiber-optic  laryngoscope  m ay  also  be  used  to  in-
spect  the  nose  and  nasopharynx  for  m asses, polyps, and  ad-
enoid size. The procedure usually w ill require the ch ild to be re-
strained  by  the  parent ,  papoose  board,  or  a  sheet  w rapped
around  the  child. This is  the  m ost  invasive  portion  of the  head
and  neck  exam inat ion  and  w ill  require  that  older  children  be
able  to  rem ain  still during the  exam inat ion. An  explanation  of
the  process  and  the  adequate  use  of topical  nasal  anesthetics
are  usually all that  is necessary for  older ch ildren  to perm it  the
exam ination  to proceed.

The  en t ire  airw ay  from  the  nostr ils  to  the  subglot t ic  area
can  be  visualized  w ith  the  fiber-opt ic laryngoscope. The  color
and  condit ion  of  the  m ucosal  m em branes,  the  presence  of
any m asses, and  the  configurat ion  and  appearance  of the  na-
sal  st ructures,  adenoids,  eustach ian  tube  or ifices,  orophar-
ynx, hypopharynx, and  larynx  should  all  be  assessed  in  th is
exam ination .

62.4  Roundsm anship
●  The pediatr ic ear, nose, and throat (ENT) exam ination  should

include observation  of the child w hile the h istory is being
elicited, w hen details of the pat ien t’s speech , apparent  hear-
ing, gait  and coordination, swallow ing, and breath ing can  be
assessed.

●  The pediatr ic ENT exam ination  should be perform ed in  a
calm , nonthreaten ing m anner.

●  An  uncooperat ive patient can  be restrained by the caregiver
or a papoose to prevent  inadvertent  injury to the patient  and
allow  the exam ination  to proceed.

●  Parts of the exam ination  requiring restrain t should be re-
served for the end of the evaluation.

62.5  Recom m ended Reading
[1]  Cook SP. Exam ination  room  design  for  the  pediatric otolaryngology practice.

Laryngoscope 1996; 106: 1049–1050

Fig. 62.1  The hand holding the otoscope is braced against  the temple,
maintaining  the  distance  between the  instrument  and  the  ear.
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63  Special Considerat ions in Pediat ric Anesthesiology
Rebecca L. Bagdonas

63.1  Int roduct ion
Pediatric anesthesiology encom passes the pre-, in tra-, and post-
operative care of neonates through adolescence. Although m any
anesthetic  techniques  and  pharm acologic agents  are  the  sam e
in  both  pediatric and  adult  populations, there  are  m any di er-
ences  w ith  regard  to  their  use  and  application . Children  di er
from  adults  in  m any  respects, including  anatomy, physiology,
and  m ost  com m only seen  diseases. In  the  care  of a  child, con-
sideration  of the concerns of the parent  plays an  im portant  role
because  the  in teract ion  w ith  the  child’s  paren t  can  be  even
m ore complex than  the in teract ion  w ith  an  adult  patient.

63.2  Preoperat ive Concerns
The  im m une  system  of the  young child  is  not  fully developed,
m aking  children  m ore  susceptible  to  com m unicable  diseases
such as upper respiratory infect ions, strep throat, conjunct ivitis,
and  otit is  m edia. Often, these  diseases  are  the  very  reason  for
the operat ive procedure (e.g., tonsillectomy or  the placem ent of
tym panostomy tubes).

Upper  and  lower  respiratory  t ract  in fect ions,  even  2  to  4
weeks before surgery, often  lead  to an  increase in  airway secre-
tions, hypoxem ia, and  airway  hyperreact ivity, raising  the  risk
for  in t raoperative  laryngospasm  and  bronchospasm . The  dura-
tion  and  sym ptom s of these  com m on  viral infect ions  m ust  al-
ways be evaluated because the severity of the upper respiratory
sym ptom s m ay m ean  the  di erence  betw een  proceeding  w ith
and  postponing the  surgery. Additionally, an  assessm ent  of the
child’s  bir th  history, including  m ethod  of delivery  (vaginal  vs
cesarean  delivery, w ith  reasons for  the latter), prem aturity ver-
sus  full-term  gestat ion , birth  weight , perinatal  hospitalization
(including neonatal in tensive  care), and  any genet ic, cardiac, or
pulm onary conditions, is of the  utm ost  im portance in  planning
safe  anesthesia. It  is  im portant  to  determ ine  if the  patient  has
had  any problem s w ith  prior  anesthetics or  if there  are fam ilial
problem s  w ith  anesthesia,  especially  sym ptom s  compat ible
w ith  m alignant hypertherm ia.

63.3  Pediat ric Airway Anatom y,
Metabolism , and Anesthet ic
Agents
The general shape  of the  pediatric airway is di eren t  from  that
of the  adult  airway. The  pediatric  airway is  m ore  conical than
the adult  airway, w hich  is m ore cylindrical. In  children, the air-
way is  positioned  m ore  anteriorly and  cephalad. The  pediatric
larynx and  epiglot tic car tilage are th inner and  m ore collapsible.
The narrowest  poin t  in  the larynx of a child is at  the cricoid car-
tilage (until the age of 5 years), as opposed  to the vocal cords in
an  adult . In fants  have  a  relatively  large  tongue  for  the  size  of
their  m outh  and a relatively larger occiput, w hich  can  m ake po-
sit ion ing  for  airway  support  m ore  di cult .  In  addition ,  neo-
nates  have  fewer  lung alveoli, decreased  lung compliance, and

increased  chest  wall compliance, w hich  lead  to  decreased  lung
functional residual capacity (FRC) and  resultant  decreased  oxy-
gen  reserves, culm inating in  hypoxem ia  and  atelectasis  during
periods of apnea.

Alveolar  ventilation  in  neonates,  in fants,  and  toddlers  is
greater  than  in  adults.  This,  com bined  w ith  increased  blood
flow  to vessel-rich  organs such  as the  brain  and  heart, leads to
faster  induction  w ith  inhaled  anesthetics  and  a  m ore  rapid
em ergence  from  anesthesia. The  m inim um  alveolar  concentra-
tion  (MAC) of inhaled anesthetics is at  a peak in  the infant  peri-
od. The MAC decreases from  infancy onward.

Cardiac  output  in  neonates  and  infants  relies  on  the  heart
rate, as opposed  to the stroke volum e. The pediatric patient  has
a  relatively  im m ature  and  noncompliant  left  ventricle  that  is
unable  to  increase  the  cardiac  output. The  heart  rate  is  m ore
significant  than  the m ean ar terial blood pressure. The heart  rate
peaks in  the neonatal period;  rates of 120 to 160 beats/m in  are
norm al. The norm al heart  rate  decreases as the child  ages, w ith
heart  rates of 100  to  120  beats/m in  observed  in  infants  and  of
80 to 100 beats/m in  in  3- to 5-year-olds.

Tem perature  regulation  is  extrem ely  im portant  in  children.
The  ratio  of body  surface  area  to  weight  is  increased  in  neo-
nates,  and  they  have  few  fat  stores;  these  characteristics,
com bined  w ith  the  cold  environm ent  of  the  operat ing  room
and  unheated  anesthetic  gases, render  them  m ore  suscept ible
to  hypotherm ia. It  is  im portant  to  m onitor  the  body core  tem -
perature w ith  a temperature m onitor, to use body-warm ing de-
vices  like  the  Bair  hugger  blanket  (Arizant , Eden  Prairie, MN),
and to warm  the am bient operat ing room  temperature for these
patients.  Hypotherm ia  results  in  respiratory  depression,  de-
layed  em ergence/awakening  from  anesthesia,  and  increased
pulm onary  vascular  resistance. The  anesthesiologist  m ust  also
m onitor  the  patient  for  hypertherm ia, or  unexpected  increase
in  body core  temperature. Hypertherm ia  is  an  im portant  indi-
cator  of m alignant  hyper therm ia  (although  it  is  usually  a  late
sign  in  the developm ent of the disease).

Separation  anxiety  and  generalized  fear  of  the  operat ing
room  are com m on in  the pediatric population. Thus, m any hos-
pitals and  am bulatory surgery centers perm it  the ch ild’s parent
to  be  present  during  the  induction  of general anesthesia  (“pa-
rent-present  induct ion”).  The  parent’s  role  is  to  reassure  the
child  in  the  unfam iliar  operating  room  environm ent,  w hich
perm its  a  calm er  and  sm oother  anesthet ic  experience  for  the
child. In  som e cases, a  preoperative sedative  m ay be  used, such
as  m idazolam  (0.5 m g/kg  orally  30 m inutes  before  the  proce-
dure),  to  calm  the  child. This  is  com m only  done  for  children
w ith  a  h igh  level of anxiety  or  for  those  w ith  certain  m edical
conditions, such  as  congenital heart  disease. Another  option  is
in tram uscular ketam ine for h ighly anxious children .

63.4  Int raoperat ive Managem ent
Standard  anesthesia  m onitoring  is  applied  for  all  pediatric
patients  and  includes  three-  or  five-lead  electrocardiography,
pulse  oxim etry,  noninvasive  blood  pressure  m onitoring,
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capnography, and  temperature  m onitoring. Inhalational induc-
tion  is  adm inistered  by  face  m ask  w ith  a  com binat ion  of oxy-
gen, n itrous oxide, and  anesthetic gas. Sevofluorane is the m ost
com m only used  volatile  anesthet ic;  it  provides a  sm oother  in-
duct ion  because  it  is  less  likely to  cause  airway irr itability and
cough  than  the  other  volatile  anesthetics.  After  the  child  is
asleep, the in travenous (IV) line is placed (especially in  am bula-
tory pat ients), and  other  m edications, such  as atropine, analge-
sics/narcotics, and  propofol, are  adm inistered  before  endotra-
cheal in tubat ion.

It  is im portant  to use  the  proper  size  of endotracheal tube  in
children  because  airway irr itation  and  swelling from  the  use  of
an  oversized  tube leads to increased  airway resistance after  ex-
tubation . Uncu ed  endotracheal tubes are  often  used  in  pedia-
tr ic patien ts  for  th is  reason. The  leak  around  the  endotracheal
tube is confirm ed  and  optim ally is betw een  18  and  24 cm  H2O.
General form ulas for  endotracheal tube  size  include  (4 + age)/4
or  a  size  sim ilar  to  the  size  of the  distal  phalanx  of the  pinky
finger. After  the endotracheal tube is secured, the patient’s eyes
are  taped  closed, the  stom ach  is decompressed  w ith  a  catheter,
and all pressure points are padded.

A com m only  used  neurom uscular  relaxant , succinylcholine,
is m uch  less frequently used  in  pediatric than  in  adult  patients.
Although  it  is  a  reliable  depolarizing  m uscle  relaxant  and  can
quickly term inate  laryngospasm , it  is  m uch  m ore  likely in  chil-
dren  to  cause  hyperkalem ia, rhabdomyolysis, m uscle/m asseter
spasm , and  cardiac arrhythm ias  (including bradycardia  leading
to  cardiac  arrest). It  is  also  know n  to  be  a  tr iggering  agent  in
m alignant hypertherm ia.

The  m aintenance  of  anesthesia  involves  IV fluid  m anage-
m ent, the  adm inistration  of inhalational gases, and  the  IV ad-
m inistration  of m edications such  as an tibiotics, steroids, an tie-
m etics, and  narcotics. Fluid  m anagem ent  is  crucial in  pediatric
cases because  there  is  a  slim  m argin  of error  in  pediatric fluid
balance.  The  calculation  of  m ain tenance  fluids  in  children  is
based  upon  the  patient’s weight . The  4–2-1  rule  is followed  for
all cases of standard  pediatric fluid  m aintenance  and  for  deter-
m ining the fluid  deficit  incurred  w hile  the  child’s status is NPO
(nil  per  os):  4  m L/kg/h  for  the  first  10 kg + 2  m L/kg/h  for  the
next 10 kg + 1 m L/kg/h  for weight over 20 kg.

In  neonates,  hypovolem ia  m anifests  as  hypotension,  but
w ithout  concurrent  tachycardia. Neonates also require  dextrose
in  their IV fluids, w hereas older infants and ch ildren  can  receive
isotonic fluids, such  as  lactated  Ringer  solution  or  norm al sal-
ine.  Excess  free  water,  associated  w ith  hypotonic  fluids,  can
easily led to hyponatrem ia, seizures, com a, and death  if liberally
adm inistered, especially w hen  there is a protracted  loss of elec-
trolyte-rich  fluids (e.g., prolonged em esis).

As the surgical procedure nears completion, preparations are
m ade for  em ergence and  extubation. Narcotics m ay be tit rated;
the  patien t  is  weaned  o  the  ventilator, spontaneous  ventila-
tion  resum es, and  reversal agents for  m uscle  relaxation  agents
are  given  (if appropriate). It  is extrem ely important  to extubate
the  patien t  w hile  either  deeply  anesthetized  or  in  the  fully
awakened  state  to  decrease  the  risk for  laryngospasm  (spasm  of
the  laryngeal m usculature  that  can  lead  to total airway obstruc-
tion).  The  in-between  stage  of anesthesia, often  referred  to  as
“stage II,” is a dangerous tim e for extubating the patient  because
the  airway is  the  m ost  reactive  at  this  tim e. IV lidocaine  (1 mg/
kg) is also beneficial to decrease the likelihood  of laryngospasm.

If laryngospasm  occurs, positive-pressure ventilation  via m ask is
applied  and  w ill frequently cause the episode to cease. If the lar-
yngospasm  is  refractory  to  positive  pressure,  succinylcholine
m ay be  given  as a  rescue drug. Once the  airway patency is rees-
tablished  and  ventilation  restored,  the  patient  is  observed  as
oxygen  saturation  is  m aintained  w ithout  support  and  taken  to
the  postanesthesia  care  unit  (PACU). In  the  PACU, the  m onitors
are  replaced, supplem ental oxygen  is  given, and  the  vital signs
are closely m onitored.

Children  undergo  am bulatory surgery m ore  com m only than
in  the  past, w hen  inpatient  stays were  frequent. Postoperative
discharge  criteria  include  adequate  pain  control,  absence  of
nausea  and  vom iting,  ability  to  void  and  am bulate,  and  ad-
equate  oral  in take  of  fluids.  Special  consideration  is  given  to
prem ature and  very young infants. Prem ature children  w ho are
less than  46 weeks past  conception  age are at  increased  risk for
central apnea after  general anesthesia because of the im m ature
neurologic developm ent  of prem ature  children . These  patien ts
require airway m onitoring for at  least  12 hours after anesthesia.
When  the  child  is  betw een  46  and  60  weeks  past  conception
age, the  required  m onitoring  period  is  at  least  6  hours  unless
there  are  coexist ing  significant  neurologic, cardiac, or  pulm o-
nary conditions, w hich  require at  least  12 hours of observation .

63.5  Pain Managem ent
Many drugs in  the  pain  m anagem ent  arsenal for  adults m ay be
used  in  the  pediatric  population.  These  m edications  include
fentanyl, m orphine, codeine, and  oxycodone. Oxycodone  is  an
excellen t  oral m edication  for  children  w ho require  postoperat i-
ve  pain  m anagem ent. Acetam inophen  is  frequently  given  as  a
rectal suppository (30 to 40 m g/kg) at  the t im e of induct ion  and
is  noted  to  reduce  narcotic  requirem ents  postoperat ively. Co-
deine  m ay be  adm inistered  either  orally (w ith  or  w ithout  acet-
am inophen)  or  rectally  at  a  dose  of 1 m g/kg  every  6  hours  as
needed. Up  to  10% of people  lack the  enzym e  required  to  con-
vert  codeine in to m orphine, so that  the e ect iveness of codeine
is  not  uniform , and  th is  m ust  be  considered  in  patients  w hose
pain  is inadequately controlled  w ith  codeine. Conversely, an  es-
tim ated  1  to  7% of patien ts  are  “ultra-h igh  m etabolizers,” w ith
DNA m utations in  cytochrom e P-450 2D6 that enhance the con-
version  of codeine  to m orphine  and  lead  to elevated  blood  lev-
els of m orphine; the m inim um  doses of codeine should be used,
especially  in  patients  undergoing  adenotonsillectomy  for  ob-
struct ive sym ptom s.

63.6  Fast ing and NPO Guidelines
The  preoperative  fasting status  (nil per  os, or  NPO) is  very dif-
feren t  in  children  than  in  adults. In  general, patien ts  are  kept
NPO to decrease  the  risk for  aspiration  and  pulm onary compli-
cations  during  anesthesia. Neonates  and  infants  up  to  3  years
old  are physiologically m ore prone to dehydration  and  hypovo-
lem ia than  older  ch ildren  are, and  therefore  their  NPO require-
m ents are shorter  to reduce the  risk for  significant  dehydration
during  the  fasting  period.  Babies  m ay  be  given  clear  liquids
such  as  water, Pedialyte  (Abbott  Laboratories, Colum bus, OH),
or  clear  apple  juice  up  to  2  hours  before  the  onset  of general
anesthesia;  th is  has  been  dem onst rated  to  increase  gastr ic
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em ptying, leading to a lower gastric residual volum e and  lower
risk  for  aspirat ion . Hum an  breast  m ilk  is  also  quickly absorbed
and  m oved  from  the  stom ach  in to  the  sm all  in testine;  it  re-
quires  a  4-hour  fast ing  period. Infan t  form ula  and  nonhum an
m ilk  require  a  6-hour  NPO period  in  children  up  to  36  m onths
old. At  36  m onths and  older, ch ildren  are  expected  to fast  for  a
m inim um  of 8  hours  for  all  full  liquids  (such  as  m ilk)  and  all
solids; however, clear liquids (in  lim ited quantit ies) m ay be giv-
en  up to 2 hours before the anesthetic (� Table 63.1).

63.7  Com plicat ions of Anesthesia
The  m ost  com m only seen  complications in  the  pediatric popu-
lation  are respiratory in  origin, w ith  laryngospasm  encountered
m ost  often. Other  poten t ial perioperat ive  problem s in  children
undergoing  anesthesia  include  bronchospasm , “post in tubation
croup,”  and  negative-pressure  pulm onary  edem a  (also  called
postoperat ive pulm onary edem a, or  POPE). Bronchospasm  is an
abnorm al spasm  or constrict ion  of the bronchi and  bronchioles.
Bronchospasm  is often  seen  in  persons w ho have hyperreact ive
irr itable  airways,  w ith  patients  w ho  have  asthm a  and  those
w ho  have  had  a  recent  viral respiratory illness  at  greatest  risk.
It  m anifests  w ith  w heezing, hypoxem ia, and  poor  vent ilation
despite  an  adequate  airway  because  it  is  due  to  spasm  in  the
bronchi and  larger  bronchioles. Bronchospasm  is  treated  w ith
inhaled  bronchodilators and  the  subcutaneous inject ion  of ter-
butaline, a β2-agonist . In  refractory cases, an  isoproterenol infu-
sion  can  be  used  to  break the  airway spasm , in  addition  to the
continued  adm inistration  of  inhaled  anesthetic  agents, w hich
have potent  bronchodilator properties.

“Postin tubation  croup” predom inantly a ects ch ildren  ages 1
to  4  years  and  m anifests  as  inspiratory  str idor  and  a  harsh
cough  follow ing in tubation  for a surgical procedure. It  is caused
by localized  edem a or m ucosal swelling in  the airway, prim arily
subglottic,  resulting  from  the  presence  of  the  endotracheal
tube. In  m ost  cases it  is  self-lim ited  and  m ay respond  to  nebu-
lized  racem ic epinephrine  or  IV steroids. The  risk  for  post in tu-
bation  croup  increases  w ith  the  use  of  inappropriately  large
endotracheal tubes, repeated  attempts  at  in tubat ion  w ith  sub-
sequent  airway t raum a, repeated  m anipulation  of the  endotra-
cheal tube, relatively long surgical procedures, and  certain  head
and neck procedures.

Negative-pressure  pulm onary  edem a  (POPE)  is  an  uncom -
m on, potent ially life-threatening condition  caused by upper air-
way obstruct ion. POPE occurs  m ost  often  during the  induction
of  or  em ergence  from  anesthesia  and  a ects  m ostly  healthy
patien ts  w ithout  underlying  cardiopulm onary  pathology. It  is
estim ated  to  occur  in  up  to  10  to  15% of pat ients  w ho  have  an
episode  of  upper  airway  obstruct ion  requiring  in tervention.

Risk  factors  for  upper  airway  obstruction  include  a  h istory  of
obstruct ive  sleep  apnea, the  presence  of know n  airway lesions,
and anatom ically di cult  in tubat ions, as well as nasal, oral, and
laryngeal surgical procedures. POPE results from  the generation
of a  h ighly  negative  in trathoracic  pressure  by  forceful inspira-
tion  against  an  obstructed  airway or  closed  glottis  (som etim es
from  laryngospasm ).  The  result  of  the  negative  in trathoracic
pressure  is  a  transudation  of pulm onary  in terstit ial  fluid  in to
the  alveolar  space. Signs  and  sym ptom s of respiratory  distress
include  oxygen  desaturation, hypoxem ia, and  chest  retract ions.
Copious pink, frothy secretions and  sputum  are the hallm ark of
POPE and  are  seen  in  the  endotracheal tube. Rales and  w heez-
ing are  heard  on  auscultation, secondary to the  fluid-filled  air-
ways. Tachycardia, bradycardia, hypertension, and  diaphoresis
are also often  present. A chest X-ray dem onstrates di use, bilat-
eral in terstit ial and  alveolar  infiltrates  and  areas  of “w hiteout”
in  the  lung  fields. POPE is  treated  w ith  supplem ental  oxygen,
positive-pressure  vent ilation  using  positive  end-expiratory
pressure  (PEEP)  in  in tubated  pat ients,  or  cont inuous  positive
airway pressure  (CPAP) in  extubated  pat ients. The  routine  ad-
m inistration  of diuretics  has  not  been  proved  to  correct  POPE,
but  it  m ay aid  in  the  m anagem ent  of system ic  fluid  overload.
The m ain  goals are to reverse hypoxem ia and  decrease the fluid
in  the  lungs. Resolution  is usually rapid  after  diagnosis and  the
start  of treatm ent , and  m ost  cases  resolve  w ith in  24  hours  or
sooner. Prom pt  diagnosis  and  treatm ent  are  essential to  avoid
long-term  sequelae.

63.8  Surgery-Specific Anesthesia
Concerns
Tonsillectomy and  adenoidectomy:  Although  it  is  such  a  com -
m on  operat ion, children  undergoing tonsillectomy and  adenoi-
dectomy (T+ A) are  at  h igh  risk  for  perioperative  airway prob-
lem s. The  T+ A procedure  is  best  perform ed  w hen  the  child  is
as  free  from  respiratory  sym ptom s  as  possible, and  postpone-
m ent  is  recom m ended  if the  patient  has  an  acute  infect ion  or
upper  respiratory infect ion. Major complication  of T+ A include
postoperat ive bleeding, laryngospasm , and  POPE. Postoperative
bleeding from  the  tonsillar  fossa  is a  true  em ergency, and  con-
trol  of the  hem orrhage  is  m andatory, w ith  general  anesthesia
usually required. Patients  w ith  oropharyngeal hem orrhage  are
treated  as though  they have  a  full stom ach  and  undergo rapid-
sequence  induction  to  m inim ize  the  risk  for  aspiration .  After
the airway is secured and the hem orrhage controlled, the stom -
ach  is suct ioned to reduce the risk for aspiration  at extubation.

Tym panostomy tubes: The induction  of anesthesia via inhala-
tion  and  the  m aintenance  of  anesthesia  w ith  a  face  m ask
comprise the technique usually used  for  the  placem ent  of tym -
panostomy tubes in  children . Depending upon  the  presence  of
com orbid conditions and the ease or di culty of face m ask ven-
tilation  in  the  child, the  placem ent  of an  IV line  m ay be  needed
for the adm inistration  of m edication.

Em ergence  delirium :  Em ergence  delirium  is  seem  in  the
pediatric populat ion  and  is a side e ect  of sevofluorane adm in-
istration.  Studies  have  show n  that  the  adm inistration  of  IV
propofol at  the  end  of the  case  after  the  term inat ion  of sevo-
fluorane w ill reduce the likelihood of em ergence delirium .

Table 63.1  NPO guidelines for children undergoing general anesthesia

Pat ient  age  Clear  liquids  Breast  milk  Formula/full
liquids

Birth–6 months  2  h  4  h  6  h

6–36 months  2  h  6  h  6  h

>36 months  2  h  6  h  6–8 h
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63.9  Roundsm anship
●  The norm al neonatal heart  rate is 120 to 160 beats/m in; in  in-

fants, the norm al rate is betw een 100 and 120 beats/m in ,
w hile the norm al heart  rate of 3- to 5-year-olds is 80 to
100 beats/m in .

●  Endotracheal tube select ion  for children  is approxim ated by
the form ula (4 + age)/4.

●  Standard pediatric fluid  m ain tenance for children w ith  NPO
status is calculated as follow s: 4 m L/kg/h  for the first  10 kg + 2
m L/kg/h  for the next 10 kg + 1 m L/kg/h  for weight over 20 kg.

●  Prem ature children  w ho are less than  46 weeks past concep-
tion  age are at  increased risk for central apnea after general
anesthesia and require airway m onitoring for at  least  12
hours after anesthesia. Children  betw een 46 and 60 weeks
past conception  age should  be m onitored postoperatively for
at least  6 hours unless they have coexist ing significant  neuro-
logic, cardiac, or pulm onary conditions, w hich require at  least
12 hours of observation.

●  Bronchospasm  is treated w ith  inhaled bronchodilators and
the subcutaneous inject ion  of terbutaline. In  refractory cases,
isoproterenol infusion  can  be used to break the airway spasm .

●  Postoperative pulm onary edem a (POPE) is treated w ith
supplem ental oxygen, positive-pressure vent ilation  using

positive end-expiratory pressure (PEEP) if the patient  is
in tubated, or cont inuous positive airway pressure (CPAP) if
patient  has been  extubated.
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64  Com m on Genet ic Syndrom es in Otolaryngology
Morgan R. Bliss, Harlan R. Muntz, and Alan F. Rope

64.1  Int roduct ion
A syndrom e  is  a  nonrandom  pattern  of anom alies  that  can  be
attr ibuted  to  an  identifiable  genetic or  environm ental etiology
or  is  heritable. A syndrom e  m ay have  m ore  than  one  etiology,
w ith  dozens  of  genes  identified  that  are  connected  to  that
syndrom e. No  single  feature  is  ever  pathognom onic for  a  syn-
drom e  because  syndrom es  are  characterized  by  variable  ex-
pression. The  hum an  genom e  consists  of  46  hum an  chrom o-
som es  containing  approxim ately  23,000  protein-encoding
genes, and  knowledge  of the  pathophysiology  of genetic  syn-
drom es  is  rapidly  im proving. Som e  syndrom es  have  yet  to  be
nam ed. The in itial definition  of a  syndrom e requires astute  ob-
servers  to  publish  case  series  or  reports  of  individuals  w ith
m ultiple  anom alies. Most  consider  an  anom aly to be associated
w ith  a syndrom e if it  occurs in  10 to 15% of individuals w ith  the
syndrom e.

One study showed that  in  119 infants w ith  m ultiple  congeni-
tal  anom alies  involving otolaryngologic  defects, 51% were  due
to  an  unknow n  cause, 25% to  a  chrom osom al anom aly, 10% to
an  identified  m endelian  condition , 3% to  a  know n  exposure  to
a  teratogen , and  10% to  a  recognized  pattern  of defects  of un-
know n  cause. In  m endelian  inheritance, m onogenic dom inant
or  recessive  traits  are  inherited  from  parents  in  a  predictable
m anner.  Recessive  traits  require  two  alleles  for  expression,
w hereas  dom inant  traits  are  expressed  if one  allele  is  inher-
ited.  X-linked  traits  m ay  be  dom inant  or  recessive,  but  they
w ill  be  expressed  in  m ales  regardless  of  w hether  they  are
dom inant  because  m ales  have  a  single  X chrom osom e.  The
trait  w ill be  expressed  in  fem ales  w ith  two  recessive  X-linked
alleles.

Most  genetic d isorders  are  polygen ic and  m ult ifactorial and
do  not  dem onstrate  m endelian  inheritance  patterns. Another
reason  for  alterat ions  in  expected  m endelian  inheritance  is
incom plete  penetrance. Penetrance  is  the  proport ion  of indi-
viduals  carrying  a  specific  genotype  w ho  dem onstrate  the
expected  phenotype.  Incom plete  penetrance  m ay  be  due  to
environm ental factors  or  to  other  genes  that  regulate  the  ex-
pression  of one  gene. Variable  expression  of genes  also  com -
plicates the  picture  of genetic heritability. Variable  expression
can  cause  di ering  phenotypes  in  individuals  w ith  the  sam e
genotype.

The  otolaryngologist  is  an  in tegral part  of the  m ultidiscipli-
nary  team  required  to  optim ally  treat  patien ts  w ith  genetic
syndrom es. Up  to 3% of infants are  born  w ith  a  m ajor  anom aly
that  is  diagnosed  in  the  first  year  of life. Of infants w ith  a  syn-
drom e, 84% w ill have  an  otolaryngologic anom aly. Som e  of the
genet ic syndrom es associated w ith  the m ost  prom inent anom a-
lies of the  head  and  neck include  the  follow ing:  Dow n  syndro-
m e  (trisomy  21),  22q11  deletion  syndrom e  (velocardiofacial
syndrom e), Treacher  Collins  syndrom e, Beckw ith-Wiedem ann
syndrom e, and  ocular–auricular–vertebral spectrum  (OAV). An
understanding  of  the  pathophysiology,  associated  anom alies,
and  new  developm ents in  treatm ent  avoids delays in  diagnosis
and leads to optim al outcom es.

64.2  Down Syndrome (Trisomy 21)
Dow n  syndrom e  (tr isomy 21) is  the  m ost  com m on  chrom oso-
m al syndrom e  (� Fig. 64.1). The  incidence  is  considered  to  be
about  1  in  700  to  1  in  1,000  live  bir ths, although  Resta  reports
that  it  would  a ect  1  in  629  bir ths w ithout  any prenatal in ter-
vention . Of the  cases, 94% are  due  to  tr isomy of chrom osom e
21, w hich  occurs during m eiosis I, but  occasional cases are  due
to  translocation  or  m osaicism . The  m ajor  risk  factor  for  Dow n
syndrom e is advanced  m aternal age;  w hereas the  risk is only 1
in  1,500  for  m others younger  than  25  years of age, the  risk  in-
creases to 1 in  10 for  m others older  than  45 years of age. Other
risk  factors  include  a  previous  pregnancy complicated  by  t ris-
omy and  chrom osom al t ranslocations, inversion, or  aneuploidy
in  either parent.

Typical features  of Dow n  syndrom e  (see  � Fig. 64.1) include
characteristic cran iofacial features:  flat  occiput, brachycephaly,
upward-slan ting  palpebral  fissures,  hypertelorism ,  flat  nasal
bridge, stenotic external auditory canals, m acroglossia, narrow
palate, hypotonia, developm ental  delay,  in tellectual  disability,
excessive skin  at  the  nape of the neck, hypertrophic tonsils, xe-
roderm ia,  and  single  palm ar  creases  w ith  short  m etacarpals

Fig. 64.1  Down syndrome.
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and  phalanges. Up  to  60% of patients  have  associated  cardiac
anom alies. A ected  individuals  have  an  increased  incidence  of
duodenal atresia, Hirschsprung disease, and  im perforate  anus,
and 5% of patients have som e type of gastrointestinal anom aly.

Hearing loss in  individuals w ith  Dow n  syndrom e is com m on;
it  m ay  be  conductive  or  sensorineural. A recent  study  of 432
children  w ith  Dow n  syndrom e  in  Utah  found  that  46.1% of the
children  had  a conductive hearing loss. Past  reports have found
up  to  a  60% rate  of  conduct ive  hearing  loss  in  patients  w ith
Dow n  syndrom e.  This  is  often  due  to  serous  otitis  m edia,
although  up to 40% of children w ill have a persistent conductive
hearing  loss  after  the  placem ent  of pressure  equalization  (PE)
tubes. The  treatm ent  and  diagnosis  of serous  otit is  m edia  are
complicated  by  stenotic  external  auditory  canals,  w hich  are
present  in  40  to  50% of cases. A study from  2001  conducted  at
Cincinnati Children’s  Hospital found  that  83% of children  w ith
Dow n  syndrom e younger  than  2  years of age  required  PE tubes
for  chronic ear  disease  and  persistent  m iddle  ear  e usions. A
study  from  2003  showed  that  children  w ith  Dow n  syndrom e
had  a  3.6  t im es greater  chance  of having norm al hearing w hen
PE tubes  were  in  place  than  w hen  they  were  not. Eustachian
tube  dysfunct ion  is  com m on  and  m ay  lead  to  the  need  for
several t ym panostom y procedures. Dysfunct ion  of the  eusta-
ch ian  tube  is  due  to  the  poor  qualit y of its  car t ilage  and  nar-
row  diam eter,  and  to  hypoton ia  of  the  tensor  veli  palat in i.
Congen ital  sensorineural  hearing  loss  also  occurs  in  3.6% of
a ected  individuals.

Children  w ith  Dow n  syndrom e should  have a new born  hear-
ing  screen  w ith  auditory  brainstem  response  (ABR)  and  otoa-
coustic  em ission  (OAE)  testing  and  follow -up  testing  every  6
m onths  up  to  the  age  of 3  years. Frequent  exam ination  under
the m icroscope unt il 2 to 3 years of age is recom m ended in  chil-
dren  w ith  stenot ic  external  auditory  canals.  Individuals  w ith
Dow n  syndrom e  and  any  degree  of hearing  loss  benefit  from
early in tervention  w ith  hearing aids in  order to im prove the de-
velopm ent of speech  and cognit ion .

There  are  m any anatom ical sites that  can  lead  to obstruct ion
and  airway di culties in  individuals w ith  Dow n  syndrom e. In-
fants  and  young ch ildren  w ith  Dow n  syndrom e  have  di culty
controlling the tongue, result ing in  tongue thrust ing. This leads
to  problem s w ith  latching on  during feeding and  to  glossopto-
sis;  m acroglossia  is  occasionally  seen. Mandibular  and  m axil-
lary hypoplasia, hypertroph ic tonsils and  adenoids, and  general
hypotonia m ay contribute to obstruct ive sleep  apnea. Sleep  ap-
nea  a ects  the  m ajority  of  individuals  w ith  Dow n  syndrom e
and  increases the  risk for  pulm onary hypertension , even  in  the
absence of cardiac anom alies. Parental observation  is not  a sen-
sit ive test  for  sleep  apnea in  th is pat ient  populat ion . Adenoton-
sillectomy is the first-line treatm ent  for ch ildren  w ith  sleep  ap-
nea, but  50% of children  w ith  Dow n  syndrom e w ill continue  to
have  an  abnorm al sleep  study after  th is surgery. Children  w ith
persistent  apnea should  begin  continuous positive airway pres-
sure  (CPAP) therapy or  should  undergo fur ther  studies, such  as
cine  sleep  m agnetic resonance  (MR) im aging and  sleep  endos-
copy, to evaluate  the  precise  airway level of persistent  obstruc-
tion. Further  surgeries  can  then  be  tailored  to  the  problem atic
anatom ical location .

Subglottic  and  t racheal  stenosis  is  com m on  in  children
w ith  Dow n  syndrom e,  and  an  endotracheal  tube  two  sizes
sm aller  than  expected  should  in itially  be  used  to  size  the

airway. In traoperatively, pulm onary hypoplasia  can  lead  to dif-
ficulties w ith  ventilation . Atlan toaxial instability is another  fac-
tor  complicating  m anagem ent  of  the  airway  in  children  w ith
Dow n  syndrom e. Cervical flexion  and  extension  spine film s are
helpful but  are  not  en t irely  reliable  predictors  of th is  anom aly
in  young children  because  of incomplete  calcificat ion  of bone.
For  th is  reason,  hyperextension  of  the  neck  should  never  be
perform ed, and  overall m ovem ent  of the  head  during  surgical
procedures should be m inim ized. Furtherm ore, a complete neu-
rologic  exam inat ion  should  be  conducted  in  the  preoperative
period to obtain  a baseline.

Ideally, the  approach  to  caring for  a  patient  w ith  Dow n  syn-
drom e  begins  prenatally. Screening m ay take  place  in  the  first
or  second tr im ester  of pregnancy w ith  serum  testing and  ultra-
sound. Prenatal diagnosis allow s the m edical sta to prepare for
possible  complications  at  delivery,  and  the  fam ily  and  care-
givers to  prepare  for  early aggressive  in tervent ions to optim ize
outcom e. Echocardiography at  bir th  is  essential to  detect  con-
genital cardiac anom alies and  plan  possible  cardiac procedures
that  m ay  preven t  long-term  sequelae  of  undetected  cardiac
anom alies. Other  screen ings  at  bir th  should  include  a  new -
born  hearing screen  and  screen ing for  hypothyroid ism . Up  to
30% of ch ildren  w ith  Dow n  syndrom e  w ill u lt im ately develop
thyroid  dysfunct ion ;  hypothyroidism  is  m ore  com m on  than
hyper thyroidism . The  thyroid-st im ulat ing  horm one  and  free
T4 levels should  be  checked  at  bir th  and  6  m onths of age, and
then  annually.

Patien ts w ith  Dow n syndrom e m ay require a psychological or
psychiatric evaluation  for  the  diagnosis and  t reatm ent  of coex-
isting depression , anxiety, aut ism , or  attention  deficit . Develop-
m ental delay and  in tellectual disability are  typical of the  diag-
nosis,  and  children  require  regular  evaluation  to  determ ine
placem ent  in  appropriate  educational  classroom s  and  act ivity
groups. Diet  should  be  m anaged  w ith  consideration  for  the  in-
creased incidence of constipation  and obesity.

Aggressive in tervention  is required not  on ly at  the t im e of in-
itial  diagnosis  but  also  throughout  the  life  of  a  person  w ith
Dow n  syndrom e.  Even  in  the  absence  of  other  congenital
anom alies, m any individuals w ith  Dow n syndrom e w ill develop
problem s  later  in  life:  cardiac  valve  anom alies;  autoim m une
disorders;  neoplastic  processes  such  as  leukem ia,  lym phom a,
and  testicular  tum ors; cataracts; and  an  increased  rate  of in fec-
tions. The  close  surveillance  required  to  detect  m ultiple  possi-
ble  disease  processes  h ighlights  the  im portance  of a  prim ary
care  provider  w ho  is  able  to  coordinate  care  throughout  the
child’s  life  and  ensure  that  all  appropriate  tests  and  specialist
consultations  are  carried  out. Epidem iologic and  outcom es  re-
search  is  rapidly  expanding  in  th is  area, and  dedicated  physi-
cians  w ill  ensure  that  individuals  w ith  Dow n  syndrom e  are
m onitored  and  treated  according to the m ost  curren t  evidence-
based practices.

64.3  Chrom osom e 22q11.2
Delet ion Syndrom e (Velocardiofa-
cial Syndrom e)
Chrom osom e  22q11.2  m icrodeletions  are  responsible  for
w hat  is  com m only called  DiGeorge  syndrom e, velocardiofacial
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syndrom e, and  a  num ber  of other  well-characterized  pheno-
types (� Fig. 64.2). This is due  to the highly variable  expression
of the sam e genotype. DiGeorge syndrom e classically m anifests
w ith  conotruncal  cardiac  anom alies,  varying  degrees  of  im -
m une dysfunct ion/im m unodeficiency, and  distinct ive facial fea-
tures. Im m unodeficiency m ay be  seen  w ith  either  a  norm al or
an  absent  thym us, but  som e  children  w ithout  a  thym us  m ay
have  a  norm al  im m une  system . Velocardiofacial  syndrom e  is
characterized  by velopharyngeal insu ciency and/or  incompe-
tence, conotruncal cardiac anom alies, learning disabilit ies, and
characteristic facial features. The  incidence  of the  22q11.2  m i-
crodeletion  is  1  in  4,000  to  5,000  live  bir ths, and  85  to  90% of
cases are due to a spontaneous deletion . This results in  aberrant
developm ent  of  the  th ird  and  fourth  pharyngeal  arches  and
pouches. The diagnosis is confirm ed  by fluorescence in  situ  hy-
bridization  (FISH)  testing  of  targets  in  the  crit ical  region  of
chrom osom e 22q11.2.

In  general, DiGeorge  syndrom e  and  velocardiofacial syndro-
m e  are  actually  the  sam e  ent ity, although  som e  consider  Di-
George syndrom e to be a worse phenotype. The 22q11.2 m icro-
deletion  causes a w ide range of phenotypes, but  approxim ately
50% of  patien ts  w ill  have  som e  m ajor  cardiac  anom aly.
Although  th is  is  easily  diagnosed  in  infancy, other  phenotypic
traits are  m ore  di cult  to  detect  until later  in  life. Velopharyg-
neal  insu ciency  and  incompetence,  as  well  as  speech  and
language delay, m ay not  be  recognized  until the  ch ild  begins to
attend  school or  day care. Chronic m iddle  ear  disease  m ay also
be  present. A retrospective  review  from  Children ’s  Hospital of

Philadelphia  found  that  76% of cases  w ith  22q11.2  m icrodele-
tion  had  velopharyngeal insu ciency. In  the absence of cardio-
vascular  m alform ations or  the  Robin  anom aly, th is condition  is
very  challenging  to  ascertain  in  the  neonatal  period. A ected
individuals m ay dem onstrate  only abnorm al palpebral fissures,
hypertelorism , unusual ears, and  a  sm all m outh, but  these  are
not  specific for  22q11.2  deletion  syndrom e, and  a h igh  index of
suspicion  is required  for  early and  accurate  diagnosis. Hypocal-
cem ia  secondary  to  hypoparathyroidism  in  infancy  can  be  a
particularly im portan t  t rait  that allow s a clin ician  to fit  the clin-
ical picture together.

Other  otolaryngologic m anifestations  are  variably expressed.
Typical nasal anom alies include a bulbous nasal t ip, a th ickened
nasal  bridge,  narrow  nares, and  a  prom inent  nasal  root.  The
m ost  com m on auricular abnorm ality is an  overfolded helix. The
ears  m ay  also  be  sm all,  posteriorly  rotated, and  protuberant ,
w ith  a  th ickened  helix or  cupped  shape. Com m on  eye  abnor-
m alit ies  include  hooded  eyelids, epican thal folds, hyper telor-
ism , and  short , upw ard-slan t ing  palpebral fissures. There  are
over  180  repor ted  sym ptom s of 22q11  m icrodelet ion , so  th is
list  is  not  exhaust ive. Curren tly, there  is  no  proven  explana-
t ion  for  the  large  degree  of  variability  in  the  expression  of
th is genotype.

Sensorineural  hearing  loss  is  not  a  typical  m anifestation  of
22q11.2 deletion  syndrom e, but conduct ive hearing loss is com -
m on. This is often  due to chronic otit is m edia resulting from  the
palatal abnorm ality. Chronic otit is m edia is present  in  40 to 75%
of pat ients w ith  22q11.2 deletion  syndrom e.

Delayed speech  and language developm ent  is one of the m ost
pervasive features of 22  q11.2  deletion  syndrom e and  is due to
a  com bination  of overall  developm ental delay, velopharyngeal
insu ciency/incompetence, and  conductive  hearing loss. Velo-
pharyngeal insu ciency/incompetence is detected  by hyperna-
sality on  perceptual analysis and  by constan t  nasal air  loss dur-
ing phonation. In  individuals  w ith  22q11.2  deletion  syndrom e,
velopharyngeal  insu ciency/incompetence  is  m ost  often  due
to a  short  velum , atonic velum , and/or  a  deep  cavum , resulting
in  the  inabilit y  of the  soft  palate  to  touch  the  posterior  pha-
ryngeal  w all  during  speech . Other  speech-related  sym ptom s
include  poor  ar t iculat ion  and  overall  un in telligibilit y.  Over t
cleft  palate  is presen t  in  a  m inority of cases, bu t  a  subm ucous
or  occult  cleft  m ay  also  con t ribute  to  d i cu lt ies  in  speech
and  swallow ing.

Behavioral  problem s  range  from  isolation  to  im pulsiveness,
hyperact ivity,  anxiety,  and  em otional  lability. It  is  postulated
that  the  inability to  com m unicate  e ect ively exacerbates these
behavioral  characteristics.  Patients  benefit  from  intervention
w ith  tym panostomy tubes and speech  therapy.

Surgical procedures  of the  palate  should  be  tailored  to  indi-
vidual needs. Medially displaced  carotid  arteries are m ore com -
m on  in  22q11.2 deletion  syndrom e than  in  the general popula-
tion, and  MR im aging  of the  neck  has  been  suggested  before
pharyngoplasty, although  this  is  controversial. Pulsation  of the
posterolateral pharyngeal wall is not sensitive or specific for ab-
norm al orien tation  of the  vasculature. Surgical options  for  the
correct ion  of velopharyngeal  insu ciency  include  pharyngeal
flap, sphincter  pharyngoplasty, augm entation  pharyngoplasty,
and  palatoplasty. Sym ptom  im provem ent  can  be  achieved  non-
surgically w ith  a palatal obturator or lift .

Fig. 64.2  Velocardiofacial syndrome  in  a  patient  with  a  bulbous nasal
tip; narrow nares; small, cupped  ears; and  short, upward-slanting
palpebral fissures.
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The outcom es of pharyngeal flap  in  a sm all group  of ch ildren
w ho had  22q11.2  deletion  were  compared  w ith  outcom es in  a
sm all group  of children  w ho had  nonsyndrom ic, noncleft  velo-
pharyngeal insu ciency, and  both  groups  were  found  to  have
excellent  results 2 years after surgery, w ith  no significant di er-
ence in  quality of outcom e. The pat ien ts w ith  22q11.2 m icrode-
letion  took  longer  to  achieve  excellent  postoperat ive  results
than  the  nonsyndrom ic pat ients. Other  studies have found  that
children  w ith  22q11.2  deletion  syndrom e tend  to require  m ore
revision procedures than  nonsyndrom ic cases.

Velopharyngeal  insu ciency  m ay  also  a ect  the  ability  to
swallow, and failure to thrive is com m on in  infancy. A poor suck
reflex  and  nasopharyngeal  regurgitation  m ay  be  due  to  the
shortened  or  hypotonic palate. Airway anom alies are  not  a m a-
jor  m anifestation  of 22q11  m icrodeletion , although  the  degree
of  retrognathia  should  be  considered  in  planning  in tubation
and  sedation/anesthet ic  procedures.  Other  laryngotracheal
anom alies  are  m ore  com m on  in  th is  populat ion  than  in  the
general population, and  any signs of airway obstruct ion  or  res-
piratory distress m erit  endoscopy for fur ther evaluation.

Deaths  in  early  ch ildhood  are  alm ost  always  due  to  severe
congenital heart  disease or associated  complications. This h igh-
lights the im portance of lifelong aggressive m edical m onitoring
and in terventions to optim ize overall health .

64.4  Treacher Collins Syndrom e
Treacher  Collins syndrom e  occurs in  1  in  25,000  to 1  in  50,000
live  bir ths  and  is  inherited  in  an  autosom al-dom inant  pat tern
w ith  variable  penetrance. Spontaneous gene  m utations are  the
cause in  57% of cases. Deform it ies are  due to the dysfunct ion  of
neural  crest  cells,  resulting  in  the  abnorm al  developm ent  of
bone, cart ilage, and  connective  t issue. Classic  features  include
m alar  and  m andibular  hypoplasia  w ith  retrognath ia, colobom a
of the lateral one-third of the lower eyelid, sparse or absent eye-
lashes  of  the  lower  eyelid,  and  dow nward-slanting  palpebral
fissures. Auricular  deform ities are  present  in  85% of pat ients, as
are  m iddle  ear  deform it ies  (� Fig. 64.3). Mild  phenotypes  m ay
be  detectable  only  by  m ild  depression  of the  zygom a  and  by
subtle  dow nward  slanting of the  palpebral fissures. Som e cases
are  detected  only  w hen  computed  tom ography  dem onstrates
the m alar anom aly (� Fig. 64.4).

The  airway  requires  special  attention  in  individuals  w ith
Treacher  Collins  syndrom e. Airway  comprom ise  is  present  at
bir th  in  47% of cases. In  m ost  m ild  cases, the  airway  can  be
m anaged  conservatively in  infancy w ithout  tracheostomy. Posi-
tive-pressure  m ask  vent ilation, placem ent  of a  nasopharyngeal
airway,  and  prone  positioning  m ay  be  su cient  to  relieve
sym ptom s of m ild  airway obstruct ion  due  to  retrognathia  and
m andibular hypoplasia. Choanal atresia is also present  in  11% of
patients  w ith  Treacher  Collins  syndrom e  and  complicates  the
already-di cult  airway. A retrospect ive  review  of 30  individu-
als  w ith  Treacher  Collins  syndrom e  found  that  on ly  13% re-
quired  tracheostomy in  infancy and  only 7% required  em ergent
tracheostomy later  in  childhood. A sm aller, earlier study from  a

Fig. 64.3  Some  classic features of Treacher Collins syndrome  are
mandibular hypoplasia with retrognathia, downward-slanting palpebral
fissures, and  auricular deformities.

Fig. 64.4  Mild  cases of Treacher Collins syndrome  may manifest  only
mild  depression  of the  zygoma and  downward-slanted  palpebral
fissures.
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di erent  institut ion  reported  a  41% rate  of t racheotomy in  pa-
tients  w ith  m andibulofacial  dysostosis,  including  individuals
w ith  Treacher Collins syndrom e or Nager syndrom e.

Obstruct ive  sleep  apnea  is  com m on  in  individuals  w ith
Treacher  Collins syndrom e, and  polysom nography is  suggested
to  obtain  a  baseline  and  evaluate  severity. Adenotonsillectomy
is an  e ect ive  in tervent ion  for  m any individuals  w ith  Treacher
Collins syndrom e a ected by obstruct ive sleep apnea, but  m any
w ill cont inue  to  require  the  use  of CPAP, and  severe  cases m ay
require  t racheostomy. Mandibular  advancem ent  w ith  distrac-
tion  osteogenesis m ay be perform ed  before  10 years of age  and
enables  decannulation  in  som e  children  w ith  airway  obstruc-
tion  and  t racheostomy. Choanal atresia or stenosis also requires
early  repair. Genioplasty  and  hyoid  advancem ent  are  reserved
for  refractory  airway  obstruction  in  ch ildren  older  than  12
years.

Conduct ive  hearing  loss  is  com m on,  and  one  study  of  46
cases found  that  the severity of hearing loss correlates w ith  the
degree  of auricular  deform ity. Individuals w ith  Treacher Collins
syndrom e should  be counseled  regarding the risks and  benefits
of auricular  reconstruction  versus  an  auricular  prosthesis  such
as  a  bone-anchored  hearing aid  or  a  convent ional hearing aid.
Reconstruct ive  surgery has typically achieved  poorer  outcom es
for  hearing in  patients w ith  Treacher  Collins syndrom e  than  in
those  w ith  nonsyndrom ic cases  of m icrotia. Prom pt  in terven-
tion  for hearing loss w ithin  the first  year of life enables children
to  begin  to  develop  language.  Speech  and  art iculation  are  a
challenge  in  alm ost  75% of children  w ith  Treacher  Collins  syn-
drom e. Hyponasality occurs in  m ost children w ith  Treacher Col-
lins syndrom e because of the sm all size of the nasopharynx and
oropharynx.  However,  alm ost  one-third  of  a ected  children
also have a cleft  palate  or  velopharyngeal insu ciency and  w ill
instead  dem onstrate  hypernasal speech. The  tim ely repair  of a
cleft  palate  is  m ore  complicated  in  th is  populat ion  because  of
the  coexisting  di cult  airway.  The  average  age  of  children
undergoing  cleft  palate  repair  is  2.1  years. Art iculation  prob-
lem s also  occur  and  are  due  to  m alocclusion  and  the  posterior
position  of the tongue.

Individuals  w ith  Treacher  Collins  syndrom e  require  m ulti-
stage surgical t reatm ent. Correcting the m alar hypoplasia is one
of  the  m ost  challenging  aspects  of  reconstruction  because  of
the  part ial or  complete  resorption  of grafts. Eyelid  colobom a is
corrected  w ith  a t ransposition  flap  from  the upper  to the lower
eyelid, and  dow nward-slan ting palpebral fissures are  corrected
w ith  bone  graft ing  and  lateral  canthopexy  at  the  t im e  of the
m alar  reconstruction. Rhinoplasty is  perform ed  in  the  teenage
years  to  correct  the  prom inent  dorsal  hum p.  Counseling  af-
fected  individuals  about  realistic expectations for  surgical out-
com es  is  im portant . Many  w ill  require  revision  procedures  to
obtain  an  acceptable result , and som e individuals have som e re-
sidual  dysm orphic  features  despite  a  full  course  of aggressive
surgical treatm ent .

A ected  individuals  w ho  are  t reated  by  a  m ultidisciplinary
team  do well and  are able to part icipate in  all aspects of society
into  adulthood. In tellectual  im pairm ent  is  not  expected  w ith
this  disease  process. Individuals  w ith  Treacher  Collins  syndro-
m e  m ay benefit  from  early diagnosis and  airway m anagem ent,
foresight  in  overall  surgical  planning, and  therapy  to  im prove
speech  and  m anage  the  psychosocial aspects  of coping  w ith  a
rigorous treatm ent  process.

64.5  Beckwith-Wiedem ann
Syndrom e
Beckw ith-Wiedem ann  syndrom e (� Fig. 64.5) occurs in  approx-
im ately 1 in  13,700 live bir ths. The  diagnosis is suggested  clin i-
cally  by  the  presence  of three  m ajor  features  or  of two  m ajor
features and one m inor feature of the syndrom e. Major features
include  abdom inal wall defects, m acroglossia, m acrosom ia, an-
terior ear lobe creases or  postauricular  pits, viscerom egaly, om -
phalocele, Wilm s tum or, hepatoblastom a, hem ihyperplasia, and
specific  renal  abnorm alit ies.  Children  are  at  risk  for  tum ors,
w ith  an  estim ated  7.5% risk of tum or  developm ent  w ithin  the
first  8  to  10  years  of life. Minor  features  include  polyhydram -
nios,  preterm  delivery,  neonatal  hypoglycem ia,  nevus  flam -
m eus, cardiac anom alies, m idface hypoplasia, suborbital creases
or  prom inent  m andible, diastasis rect i, and  advanced  bone age.
Other  notable  m anifestat ions  in  the  head  and  neck  include
prom inent  occiput,  flattened  nasal  dorsum ,  and  dow nward-
slanting palpebral fissures.

Many features of the  syndrom e  are  attr ibuted  to  the  altered
expression  of genes  located  at  chrom osom e  11p15.5, and  85%
of cases are  due  to a  spontaneous m utation . The  diagnosis m ay
be  suspected  during pregnancy by an  increased  rate  of grow th
in  the second half of pregnancy. Infants are typically in  the 97th
percentile  for  height  and  weight  and  the  50th  percentile  for
head  size. The  presentat ion  of som e  a ected  infants  is  sim ilar

Fig. 64.5  Macroglossia  and  macrosomia are  major features of Beck-
with-Wiedemann syndrome.

64.5  Beckwith-Wiedemann Syndrome

493



to  the  presentation  of  infants  a ected  by  m aternal  diabetes
(large  for  gestational age, hypoglycem ia). Dysm orphic features
are  m ore  prom inen t  during  in fancy and  ch ildhood  and  grad-
ually  norm alize  in  m ost  cases  th roughout  adulthood.  The
m ost  com m on  associated  tum ors  are  Wilm s  tum or,  hepato-
blastom a, rhabdomyosarcom a, adrenocort ical carcinom a, and
neuroblastom a.

There  is a great  degree  of variability in  expression , and  som e
cases m ay not  be  diagnosed  until adulthood. A ected  individu-
als  w ithout  obvious m ajor  features of the  syndrom e  are  still at
increased  risk for  tum or  developm ent, and  a  h igh  index of sus-
picion  is  needed  to  reach  a  diagnosis  in  ch ildren  w ith  atypical
phenotypes  so  that  e ect ive  tum or  surveillance  can  be  in it i-
ated. Tum or  surveillance  consists of detailed  physical exam ina-
tions  coupled  w ith  serial  abdom inal  ultrasound  exam inations
(every 6 to 12 weeks until the age of 8 years) and  the m easure-
m ent  of alpha fetoprotein  levels (every 6  to  12  weeks until the
age of 5 years). Rhabdomyosarcom a is the m ost  com m on m alig-
nant  tum or of the head  and  neck in  individuals w ith  Beckw ith-
Wiedem ann  syndrom e, but  fortunately  these  are  rare, even  in
this population.

Acute  m anagem ent  is often  needed  in  infancy for  several as-
sociated  features. Abdom inal wall defects  are  present  in  60  to
75% of cases, and  severe  defects  are  repaired  soon  after  birth .
Severe  hypoglycem ia  is  present  in  30% and  m ust  be  controlled
tightly to  avoid  complications. Macroglossia  is present  in  m ore
than  80% of a ected  individuals,  and  infants  w ith  significant
m acroglossia  occasionally  require  tracheostomy. Macroglossia
is  due  to  hypertrophy/hyperplasia  of both  the  an terior  tongue
and  the  base  of tongue. Because  of the  di use  tongue  involve-
m ent, anterior  tongue reduct ion  m ay not  be adequate to relieve
sym ptom s. A ected  individuals w ho are less sym ptom atic from
m acroglossia  m ay benefit  from  a  period  of observation  before
surgical m anagem ent  because spontaneous resolution  has been
reported  as the facial skeleton  grow s to accom m odate  the large
tongue. In  som e  pat ients  w ith  m acroglossia  and  upper  airway
obstruct ion, the  upper  airway sym ptom s m ay be  relieved  w ith
adenotonsillectomy  alone.  The  surgical  correction  of  severe
upper  airway  obstruct ion  in  Beckw ith-Wiedem ann  syndrom e
is essential to prevent  the long-term  sequelae of cor pulm onale,
failure to thrive, and prem ature death .

Macroglossia causes additional speech  and  articulation  prob-
lem s. Children  w ith  Beckw ith-Wiedem ann  syndrom e  typically
have  a  norm al  IQ, but  speech  therapy  m ay  not  be  enough  to
help  them  to  com m unicate  e ect ively  unless  a  tongue  reduc-
tion  is  perform ed. Macroglossia  resulting  in  constant  anterior
protrusion  of the tongue can  tr igger  teasing, and  tongue reduc-
tion  is  indicated  to achieve  a  better  cosm etic outcom e. Feeding
di culties due to m acroglossia m ay be m anaged conservatively
w ith  changes in  dietary consistency or  the  use  of a  n ipple  w ith
a larger aperture.

Hearing  loss  is  not  a  com m on  feature  of  Beckw ith-Wiede-
m ann  syndrom e, but  several  cases  of conductive  hearing  loss
have  been  reported. These  cases have been  associated  w ith  the
intraoperative finding of stapedial foot  plate  fixat ion, but  m ore
research  is needed  to determ ine w hether th is disease process is
a ected  by  11p15.5  dysregulation . Hem ihypertrophy/hem ihy-
perplasia  occurs  in  som e  patients  w ith  Beckw ith-Wiedem ann
and is due to m osaicism  of the dysregulated genes. Facial asym -
m etry m ay require  surgical reconstruction  in  severe  cases, but

m ost  cases  are  m ild  and  w ill  gradually  im prove  throughout
childhood.

64.6  Ocular–Auricular–Vertebral
Spect rum
Hem ifacial m icrosom ia is part  of the  ocular–auricular–vertebral
(OAV) spectrum . Goldenhar  syndrom e is the  m ost  specific phe-
notypic  varian t  of  th is  association .  Cardinal  features  include
auricular  anom alies, typically located  on  the  side  of the face af-
fected  by  m icrosom ia;  epibulbar  derm oids;  vertebral  anom a-
lies;  colobom a of the  upper  eyelid;  preauricu lar  skin  tags;  uni-
lateral  parotid  agenesis;  and  congenital  facial  nerve  palsy
(� Fig. 64.6). The severity of the  m andibular  m icrosom ia corre-
lates w ith  overall disease  severity. The  estim ated  incidence is 1
in  5,600 live births, and  the  etiology is unknow n. Males and  fe-
m ales  are  equally  a ected. One-third  of pat ients  dem onstrate
dysm orphic  features  on  both  sides  of the  face, and  the  other

Fig. 64.6  (a) Epibulbar dermoids are  seen  in  patients with  Goldenhar
syndrome. (b) Microtia, often  with  an  anomalous course  of the  facial
nerve, is common in  Goldenhar syndrome, as is hemifacial and
hemimandibular microsomia.
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two-thirds are a ected  on  only the right  or left  side, w ith  equal
rates noted  for  the two sides. The OAV spectrum  is a genetically
heterogeneous  disorder.  Although  several  cases  of  Goldenhar
syndrom e  have  been  associated  w ith  chrom osom es  5p15  and
14q32 deletions, other cases w ith  sim ilar phenotypes have been
identified  in  patien ts w ith  t risom y 18, t risomy 7, t risomy 9, and
term inal deletion  of 22q, but  there  is no localization  to any re-
gion.  Although  m ost  cases  are  spontaneous,  fam ily  pedigrees
have  supported  autosom al-dom inant  and  autosom al-recessive
patterns  of  inheritance. Maternal  factors, including  a  diabetic
state  and  the  use  of retinoic acid, thalidom ide, or  cocaine, are
associated w ith  the phenotype, as well. Because m ost anom alies
involve first  and  second  branchial arch  derivatives, hem orrhage
from  the stapedial ar tery during the  course of developm ent  re-
sults  in  the  typical  features.  The  overlapping  features  of  the
OAV spectrum  and CHARGE (colobom a of the eye, heart  defects,
a tresia  of  the  nasal  choanae,  retarded  grow th,  genital  and/or
urinary abnorm alities, ear  abnorm alities and  deafness) syndro-
m e  have  led  to  speculation  that  the  aberran t  developm ent  of
neural crest  cells plays a role in  pathophysiology.

Extracran iofacial  anom alies  occur  in  m ore  than  half of  pa-
tients  w ith  hem ifacial  m icrosom ia,  and  a ected  individuals
w ith  m ore  severe  craniofacial m anifestations are  m ore likely to
have  anom alies  of  the  skeleton, heart ,  lungs, central  nervous
system , or  gastrointestinal  t ract . Extracranial  skeletal  findings
are  com m on  in  patients w ith  hem ifacial m icrosom ia, and  40  to
60% of pat ien ts w ill have a skeletal anom aly. The m ost  com m on
skeletal  deform it ies  are  of  the  vertebrae  and  ribs.  The  m ost
com m on  extraskeletal association  is  cardiac, and  25  to  50% of
patients  w ith  hem ifacial  m icrosom ia  have  a  cardiac  anom aly.
The  m ost  com m on  reported  cardiac anom alies  are  vent ricular
septal defects.

Conduct ive  or  m ixed  hearing loss  is  the  m ost  com m on  type
of hearing loss associated  w ith  OAV spect rum  and  occurs in  70
to  75% of patients. A ected  individuals  m ay  present  w ith  m i-
crotia, atretic auditory canals, m alform ed  or  fused  ossicles, and
absence  of the  round  w indow. There  is  an  increased  incidence
of chronic  otit is  m edia, and  individuals  m ay  benefit  from  the
placem ent  of longer-last ing ventilation  tubes. Occasionally, af-
fected  individuals  have  profound  sensorineural  hearing  loss
due to m alform ations of the  inner  ear, and  they m ay have find-
ings of dysplastic cochleas and  sem icircular  canals. Ear  surgery
should  never  be perform ed  on  pat ien ts w ith  OAV spectrum  be-
fore a radiologic evaluation  of the course of the facial nerve has
been  obtained  because  the  location  of the  facial nerve  is  often
atypical. Individuals w ith  OAV spectrum  have  poorer  outcom es
overall  than  do  patients  w ith  nonsyndrom ic cases  of m icrotia
or  atresia  after  surgical reconstruct ion  of the  ear. The  complex
abnorm al anatomy and  grow th  of the  surrounding facial skele-
ton are importan t factors.

Speech  developm ent  is typically not  a ected  by the auricular
anom alies  because  hearing  is  usually  preserved  on  one  side.
Rare  pat ients  w ho  have  bilateral  hearing  loss  benefit  from  a
convent ional hearing aid  or  a  bone-anchored  hearing aid, and
patients w ith  profound bilateral sensorineural hearing loss ben-
efit  from  a  cochlear  im plant.  Asym m etric  weakness  of  the
tongue  m usculature  often  causes  art iculation  problem s,  and
speech  therapy is an  im portant  component  of t reatm ent. Coor-
dination  problem s  w ith  the  tongue  also  can  a ect  feeding. Af-
fected  neonates  w ho  cough  or  choke  during  feeds  should  be

evaluated  for  tracheoesophageal  fistula  because  th is  is  m ore
com m on in  individuals w ith  OAV spectrum .

Craniofacial  reconstruct ion  is  indicated  only  in  severe  cases
and  m ay be  lim ited  to  m andibular  distract ion  osteogenesis. Le
Fort  I reposition ing of the  m axilla  and  free  flap  reconstruction
of the  m andible  have  also  been  described. Reported  outcom es
of all of these  procedures  are  variable, and  som e  cases  require
m ultiple  revision  surgeries  to  obtain  a  cosm etically  and  func-
tionally acceptable result .

64.7  Conclusion
The com m on  them e am ong all of these described  syndrom es is
phenotypic  variability,  and  a  thorough  physical  exam ination
and  history are required  to m ake an  accurate  diagnosis and  in i-
tiate  appropriate  treatm ent  and  screening.  Patients  require
m ore  frequent  visits  to  prim ary care  providers  and  specialists,
and  coordination  w ith  a m ultid isciplinary team  ensures that  all
appropriate  tests  are  done  w h ile  redundan t  and  excessive
tests  and  procedures are  avoided . Early in terven t ion  for  hear-
ing, speech , and  airw ay m anagem en t  m ay opt im ize  individu-
al ou tcom es.

A ected  individuals m ay benefit  from  psychosocial counseling
to  m anage  the  stresses  of dealing  w ith  a  disfigurem ent, as  well
as  neurocognitive  testing  to  diagnose  behavioral  disorders  or
developm ental delay that  requires special attention. Prenatal di-
agnosis helps fam ilies to  begin  learning about  the  disease  proc-
ess  and  necessary interventions, and  it  helps  caregivers  to  plan
for  potentially life-saving interventions at  the tim e of delivery.

This  overview  only  touches  on  some  of  the  m ost  comm on
syndrom es  of  interest  to  the  otolaryngologist.  In  practice,  the
otolaryngologist  m ust  be  well versed  in  the  full spectrum  of ge-
netic  syndrom es  because  patients  w ith  myriad  syndrom es  will
require evaluation  and treatm ent  by this specialist. Consultations
are com monly needed  for  individuals w ith  genetic syndromes to
m anageme  the  di cult  airway, chronic upper  airway infections,
and  hearing loss  and  to  treat  speech  and  swallowing problem s.
A thorough  knowledge  of the  anatom ical anom alies  and  associ-
ated  features of a variety of syndromes will help  the otolaryngol-
ogist  to avoid  the pitfalls of inappropriate managem ent.

Hum an genom e m apping and the field  of proteom ics are rap-
idly changing w hat is know n about  the pathophysiology of syn-
drom es. Advances in  radiology and  surgical technology are  also
constantly  evolving  and  leading  to  im proved  outcom es. Clin i-
cians  should  be  up  to  date  on  the  recent  literature  in  order  to
provide the  best  outcom es, w hich  a  m ultidisciplinary approach
helps to ensure.

64.8  Roundsm anship
●  No single feature is ever pathognom onic for a syndrom e be-

cause syndrom es are characterized by variable expression .
●  An otolaryngologic anom aly w ill be found in  84% of syndrom -

ic infants.
●  An endotracheal tube two sizes sm aller  than  expected should

initially be used to size the airway of a patien t  w ith  Dow n
syndrom e.

●  Hem ifacial m icrosom ia is part  of the ocular–auricular–verte-
bral (OAV) spectrum .

64.8  Roundsmanship
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65  Congenital Malform at ions of the External and Middle
Ear
David J. Crockett and Jeremy D. Meier

65.1  Int roduct ion
Throughout  the evolut ionary process, the ear has developed  in-
to  a  complex  organ  w ith  m any  structures  necessary  for  the
transm ission  of sound. This  chapter  discusses  the  em bryology
and  the  m ost  com m on  congenital m alform ations  of the  exter-
nal and  m iddle  ear. The  prim ary  responsibility  of these  struc-
tures is  to  assist  w ith  the  transm ission  of auditory inform ation
from  the  environm ent  to  the  inner  ear. Malform ations  or  de-
form it ies can  lead  to funct ional and  aesthet ic complications for
the patients a ected.

65.2  Em bryology
The  em bryology  of the  external  and  m iddle  ear  is  a  complex
process. Malform ations  of these  structures  usually  occur  from
genet ic or  environm ental influences during em bryologic devel-
opm ent. For  th is  reason, appreciating the  em bryologic process
w ill  aid  in  understanding  the  m alform ations  discussed  in  th is
chapter.

All structures  of the  ear  develop  concurrently  w ith  one  an-
other and w ith  other head and  neck structures. Developm ent of
the  inner  begins  first , at  around  the  end  of the  th ird  week  of
gestation , and the inner ear develops independently of the m id-
dle  and  external ear. Som etim e in  the fourth  week of gestation,
the  external and  m iddle  ear  start  to  form . The first  pharyngeal
pouch (endoderm al) principally form s the tubotym panic recess.
Throughout  the  rem ainder  of  the  developm ental  process, the
tym panic  cavity  cont inues  to  expand, eventually  surrounding
the  ossicles and  their  support  structures. The  ossicles generally
lie  completely w ithin  the  tym panic cavity by the  eighth  m onth
of developm ent.

Neural crest  m esenchym e  of the  first  (Meckel cartilage) and
second  (Reichert  cart ilage)  branchial  arches  is  principally  re-
sponsible  for  the  developm ent  of the  ossicles. The  head  of the
m alleus  and  the  short  and  long  processes  of  the  incus  are
form ed  from  Meckel  cartilage. The  long  process  of  the  incus,
handle  of  the  m alleus, and  stapes  superstructure  are  form ed
from  Reichert  cartilage. The vestibular  surface of the stapes foot
plate  and  the  annular  ligam ent  are  form ed  from  m esoderm  of
the otic capsule.

The  first  branchial  cleft  (ectoderm al), betw een  the  first  and
second branchial arches, form s the external auditory canal. This
epithelium  invaginates, and  by approxim ately the  28th  week of
gestat ion  the  core  has  canalized , creat ing  the  external  audi-
tory  canal  and  allow ing  access  to  the  tym panic  m em brane.
The  tym panic  m em brane  is  com posed  of ectoderm  from  the
first  branch ial cleft  laterally, endoderm  from  the first  pharyn-
geal  pouch  m edially, and  a  cent ral  layer  com posed  of neural
crest  m esenchym e.

The  auricle  begins  developm ent  at  around  the  fifth  week
of  gestat ion.  Three  hillocks  are  noted  to  arise  from  the  first

branchial  arch  and  three  from  the  second  branchial  arch. The
six h illocks are associated w ith  the form ation  of distinct  auricu-
lar  structures  in  the  adult:  h illock  1, tragus;  h illock  2, helical
crus;  h illock 3, ascending helix;  h illock 4, horizontal helix  and
portions of the scapha and an tihelix; h illock 5, descending helix
and  port ions  of the  scapha  and  antihelix;  h illock  6, antit ragus
and portion  of the helix (� Fig. 65.1).

65.3  Com m on Malform at ions of
the External Ear
As previously discussed, the  external ear  and  m iddle  ear devel-
op  separately from  the inner ear because their em bryologic ori-
gins  are  di erent.  Alterations  in  the  norm al  em bryogenesis,
th rough  genetic and  environm ental agents, w ill lead  to various
m alform ations  of  the  external  and  m iddle  ear.  A few  of  the
com m on m alform ations are discussed.

Fig. 65.1  Illustration  of the  auricle, depicting  the  classic concept  of
particular development  from  specific hillocks of His: hillock 1, tragus;
hillock 2, helical crus; hillock 3, ascending  helix; hillock 4, horizontal
helix and  portions of the  scapha and  antihelix; hillock 5, descending
helix and portions of the scapha and antihelix; hillock 6, antitragus and
portion of the  helix.

65.3  Common Malformations of the External Ear
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65.3.1  Anom alies of the  Auricle :
Prom inent  Auricle  and Lop Ear
Varying  degrees  of  severity  of  auricular  m alform ation  have
been  discussed  in  the  literature.  Anotia,  m icrotia  (auricular
hypoplasia),  and  prom inent  ear  (� Fig.  65.2)  are  com m on
anom alies of the  auricle. The funct ional and  aesthet ic concerns
resulting  from  these  m alform ations  can  cause  significant  dis-
tress to a patient.

A prom inent  or  protruding ear  is  a  fairly com m on  defect . If
the  antihelix  fails  to  unfold  during  the  em bryologic  develop-

m ental process, the helix w ill continue to overhang and  protru-
sion  w ill persist , resulting in  a  lop  ear. Various m inor  auricular
anom alies can  also  occur. The  m ost  com m on  abnorm alit ies  in-
clude  increased  angle  betw een  the  auricle  and  the  scalp  (the
norm al angle betw een  the  ear  and  the  head  is between  15  and
25 to 30 degrees), underdevelopm ent of the antihelix, excessive
conchal car t ilage, and earlobe deform ity (m ain ly protrusion).

Otoplasty is  defined  as  the  surgical repair, restoration , or  al-
terat ion  of the  auricle. The  auricle  nears  completion  of grow th
in  childhood, and  it  is safe to correct  deform it ies of the external
ear  during  th is  stage  of life. Mult iple  surgical techniques  have

Fig. 65.2  (a) Oblique, (b) lateral, and (c) posterior views of a prominent  ear. An overly large conchal bowl and poorly defined antihelix produce lateral
prominence  and  pseudoptosis of the  auricle. (d) Lop ear with  abnormal folding  of the  superior helix.
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been  described  to  correct  such  deform it ies  (� Fig.  65.3).  The
Mustardé  suturing  technique  is  used  to  create  an  antihelical
fold  and  involves  placing  several  horizontal  m att ress  sutures
along the scapha. The Furnas technique involves placem ent of a
conchom astoid  suture  that  reduces  the  conchal  bow l  and  al-
low s retract ion  of the  auricle. More  aggressive  techniques that
include  cartilaginous  incisions  have  been  developed  by  Pitan-
guy and Farr ior. Com m on complications of otoplasty include in-
adequate  correction,  chondritis,  hem atom a,  and  “telephone
ear” deform ity (caused  by too  m uch  flexion  of the  m idportion
of the an tihelix and inadequate flexion  of the superior and infe-
rior  poles). Otoplasty is  discussed  in  m ore  detail in  Chapter  52
(Correction  of Congenital Auricular Deform it ies).

65.3.2  Preauricular Pit s and Skin Tags
Preauricular cysts, fistulas, and  sinuses (also called  “pits”) com -
m only occur in  the pediatric populat ion . It  is thought  that  these

arise from  developm ental defects of the first  branchial cleft  and
first  branchial arch. The location  of these defects is usually ante-
rior  to the  auricle  close  to the  anterior  border  of the  ascending
lim b of the helix. Sinuses are  usually in tim ately associated  w ith
the  adjacent  helical cartilage, and  inadequate  excision  m ay re-
sult  in  recurrence. The standard  technique involves an  elliptical
cutaneous incision  around  the  pit  followed  by dissect ion  of the
tract  near  the root  of the helix. The elliptical incision  can  be ex-
tended to allow  a supra-auricular approach, w hich im proves ac-
cess and so allow s a m ore adequate excision.

Preauricular  skin  appendages  are  also  com m on.  These  are
sm all  tags  that  occasionally  contain  cart ilage.  They  are  often
found  anterior  to the auricle  at  the level of the supratragal inci-
sura  (� Fig. 65.4). Presum ably, these  preauricular  appendages
arise  as a consequence of excessive grow th  during the  develop-
m ental  process.  Sim ple  excision,  if  desired  by  the  patien t  or
fam ily, m ay be perform ed.

Fig. 65.3  (a, c) Before  and  (b, d) after otoplasty.

65.3  Common Malformations of the External Ear
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65.3.3  First  Branchial Cleft  Anom alies
As  previously  discussed, the  first  branchial  cleft  develops  in to
the  external auditory canal and  the  outer layer  of the tym panic
m em brane. Maldevelopm ent  m ay  lead  to  cystic  lesions, sinus
anom alies, and  fistulas. Sinuses arising from  the  first  branchial
cleft  are  of two m ajor  types. Type  I lesions (� Fig. 65.5) are  du-
plications of the  external auditory canal;  they exist  as fistu lous
tracts and  usually lie  in  close association  w ith  the lower pole  of
the parotid  gland. Type II lesions are superficial sinuses or cysts
in  the  anterior  neck below  the  angle  of the  m andible. They are
usually not iced  earlier  in  ch ildhood  than  type  I lesions. Recur-
ren t  in fect ion  can  be  associated  w ith  both  lesions. If aural dis-
charge persists in  the absence of m iddle ear disease, th is anom -
aly should  be suspected, especially if there is a h istory of a neck
lum p  or  abscess.  If  surgery  is  indicated,  complete  excision  is
recom m ended  because  of h igh  recurrence  rates. There  is  often

an  in t im ate  relationship  of the  cyst  or  sinus  w ith  branches  of
the facial nerve, requiring tedious dissection  w ith  possible  par-
tial parotidectomy.

65.3.4  Aural Atresia
Congenital aural atresia  has a  reported  incidence of 1 in  10,000
to 1 in  20,000 bir ths. Approxim ately one-third of these children
w ill  have  bilateral aural atresia  to  som e  degree. Atresia  of the
ear  canal w ith  m iddle  ear  anom alies  can  occur  in  isolation  or
m ay  be  associated  w ith  other  anom alies,  such  as  m icrotia
(� Fig. 65.6). As  m entioned  previously, the  ear  canal is  form ed
from  the first  branchial groove. If canalization  is arrested during
the  developm ental  process, a  stenotic  or  m em branous  atretic
canal m ay result . Atresia of the bony canal is secondary to m al-
form ation  of the tym panic bone during developm ent .

The  evaluation  and  t reatm ent  of aural  atresia  include  a  de-
tailed  hearing assessm ent  to determ ine the need  for im m ediate
am plificat ion. Com puted tom ography (CT) of the temporal bone
is indicated to evaluate the m iddle ear and facial nerve anatomy
w hen  surgical  reconstruct ive  options  are  being  discussed
and  to  identify poten tial cholesteatom a. In  unilateral atresia, a
m axim al  conduct ive  hearing  loss  is  present ,  but  im m ediate
intervention  is  unnecessary  if  there  is  norm al  hearing  in  the

Fig. 65.5  (a) Pre- and (b) intraoperative views of a type I first  branchial
cleft  cyst.

Fig. 65.6  Aural atresia  is frequently associated  with  microtia. What
appear to be a small conchal bowl and external auditory meatus end in
a blind  pouch.

Fig. 65.4  Multiple  preauricular skin  tags.
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contralateral ear. A hearing aid  m ay be  used  in  canal stenosis.
Com plete  canal  at resia  requires  a  bone  conduct ion  hearing
aid .  Early  am plificat ion  is  necessary  in  bilateral  at resia.  A
bone  conduct ion  hearing  aid  can  be  fit ted  after  the  first  few
m onths of life.

Should  surgery  be  desired, it  can  be  done  as  early as  6  to  7
years  of age, generally  after  m icrotia  repair  so  that  the  recon-
struct ive  procedure  can  be  perform ed  in  unscarred  tissues.
Although  it  is  di cult , the  object ive  of the  atresia  surgery is to
create  a  pathway  that  allow s  sound  to  reach  the  cochlea  in  a
functional  m anner.  Not  all  children  are  candidates  for  canal
atresia repair. Jahrsdoerfer proposed  a 10-point  grading scale to
predict  the  likelihood  of a  good  hearing  outcom e  after  canal-
plasty.  This  scale  assesses  for  the  follow ing:  stapes  present ,
m iddle  ear  space  adequate, facial nerve  position  norm al, m al-
leus–incus complex present, m astoid  well pneum atized, incus–
stapes connect ion  present, round  w indow  norm al, external ear
appearance norm al, and oval w indow  patent . Each  param eter is
awarded  1  point, except  for  stapes present, w hich  is awarded  2
points. Children  w ith  a score of 8 points or  m ore are considered
to have the best chance of a good outcom e.

65.3.5  Microt ia
Microtia is graded  based  on  the severity of the m alform ation  of
the  external ear  (� Fig. 65.7a–d). Anotia  (� Fig. 65.7e, f) is com -
plete  absence  of the  pinna. Meurm an  classified  the  severity of

m icrotia  on  a  three-grade  scale. Grade  I indicates a  sm all, m al-
form ed  auricle  w ith  m ost  of  the  characteristic  components
present. Grade II indicates an  auricle  w ith  a vertical rem nant  of
cartilage and skin  and a sm aller an terior hook. Grade III denotes
an  auricle  that  is  alm ost  entirely absent  except  for  a  m isplaced
lobule  and  a  sm aller  skin  and  cartilage  rem nant;  a  grade  III
auricle is often  described as a  “peanut ear.”

Repair  of the m icrotia and  concom itant  atresia requires coor-
dination  betw een  an  otologist  and a facial plastic surgeon. Most
physicians generally agree  that  6  years is an  appropriate  age  at
w hich  to  proceed  w ith  m icrotia  reconstruction  because  the
norm al contralateral pinna  has reached  about  85% of full adult
size and  can  be used  as a m odel. At  th is age, the pat ient  has ad-
equate  donor  cart ilage for  the  surgery and  is usually m ore  pre-
pared  from  a psychological standpoint . If the m icrotia is un ilat-
eral, waiting for  additional grow th  is  som etim es  preferred  be-
cause  the  harvested  car tilage  is  th icker  and  m ore  am enable  to
sculpting. Construct ion  of an  ear  w ith  autologous  rib  cartilage
is discussed in  m ore detail in  Chapter 52 (Correction  of Congen-
ital Auricular Deform ities).

In  addition  to  reconstruction  w ith  autogenous cartilage, cer-
tain  im plants, such  as porous high-density polyethylene  (Med-
por;  Porex  Surgical, New nan, GA) implants, have  been  used  to
create  the  fram ework structure  for  the  auricle. These  im plants
are  placed  under  a  temporoparietal  fascial  flap  and  covered
w ith  a  skin  graft . The  choice  of reconstruct ive  m aterial is  dis-
cussed preoperatively w ith  the pat ient and fam ily.

Fig. 65.7  Various degrees of microtia  and  anotia. (a) Grade  I. (b,c) Grade  II. (d) Grade  III. (e) Anotia. (f) Nearly complete  anotia.
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Surgery  is  not  the  only  reconstructive  option  for  these  pa-
tien ts. Auricular  prosthetics have been  found  to be  an  adequate
reconstruct ive option. Hearing can  be improved  w ith  the use of
a bone-anchored hearing aid  in  patien ts w ith  canal atresia.

65.4  Com m on Malform at ions of
the  Middle  Ear
65.4.1  Ossicular Chain Anom alies
The  ossicles  are  derived  from  the  first  and  second  branchial
arches. Deviation  from  norm al em bryologic  processes  w ill  re-
sult  in  aberran t  developm ent  of  the  ossicles.  Anom alies  vary
w idely, from  m inor  m orphological  defects  to  rudim entary  os-
sicular  m asses. Although  ossicular  deform ities  often  occur  si-
m ultaneously w ith  deform it ies of the external auditory canal or
tym panic m em brane, they m ay occur alone because the ossicles
develop through a di eren t em bryologic process.

Children  w ho  have  ossicular  chain  anom alies  often  present
w ith  a  unilateral conductive  hearing loss  in  the  range  of 40  to
60 dB. These  children  frequently  are  identified  during  routine
school audiom etry. In  a child  w ithout  a h istory of t raum a, m id-
dle ear e usion, or  infect ion , the clin ician  should  suspect  a con-
genital ossicular  m alform ation . Many surgical techniques  have
been  developed  to  im prove  the  hearing of these  patien ts, and
the overall prognosis is good. Because it  is di cult  to determ ine
the  exact  deform ity  before  surgery, the  surgeon  m ust  be  pre-
pared  to  perform  various  ossicular  reconstruct ive  techniques
depending on  the  findings  during m iddle  ear  explorat ion. The
m ost  com m on  abnorm alities  include  fixat ion  of  the  stapes,
abnorm alities of the  stapes superstructure, ankylosis of the  in-
cudostapedial  join t,  and  fixat ion  of  the  m alleus  head  to  the
tym panic ring.

65.4.2  Vascular Anom alies
Multiple  vascular  anom alies  m ay occur  w ithin  the  m iddle  ear.
These  anom alies are  especially im portant  to  any surgeon  oper-
ating  on  the  ear  in  order  to  avoid  inadvertent  injury  to  the
vessel. The  in ternal  carotid  artery  m ay  assum e  an  anom alous
course  and  enter  the  m iddle  ear  in  the  hypotym panum .

Patien ts  m ay  present  w ith  pulsatile  t inn itus, conductive  hear-
ing loss, and  otalgia. The  vessel m ay appear  as  a  reddish  m ass
m edial to  the  inferior  portion  of the  tym panic m em brane. In  a
sim ilar  m anner,  the  sigm oid  sinus  and  the  jugular  bulb  can
present  in  abnorm al locations. A high-riding or enlarged jugular
bulb m ay present as a bluish  m ass m edial to the inferior port ion
of the  tym panic m em brane  (� Fig. 65.8). Failure  to  identify an
anom alous  carotid  artery  or  h igh-riding  jugular  bulb  during
m iddle ear surgery or even  a myringotomy can lead to devastat-
ing consequences.

Another  rare  congenital vascular  anom aly is a  persisten t  sta-
pedial artery. The  stapedial artery is  the  em bryologic rem nant
of the  second  branch ial  arch  ar tery. The  ar tery  norm ally  re-
gresses  at  approxim ately  the  10th  w eek  of gestat ion . A per-
sisten t  stapedial ar tery arises from  the  in ternal carotid  ar tery
in  the  hypotym panum  and  courses  th rough  the  crura  of the
stapes  to  the  fallopian  canal,  gen icu late  ganglion , and  dura.
Like  other  vascular  anom alies,  a  persisten t  stapedial  ar tery
can  cause  di cu lt ies  w ith  surgery  involving  the  m iddle  ear,
especially the  stapes.

65.4.3  Congenital Cholesteatom a
Cholesteatom as  are  expansile  lesions  composed  of  stratified
squam ous epithelium  and desquam ated keratin  that  m ay devel-
op  w ithin  the temporal bone. They m ay be acquired  or congen-
ital. Mult iple complications m ay arise as a result of the presence
of  a  cholesteatom a.  Infect ion,  facial  nerve  paralysis,  hearing
loss,  bone  destruct ion,  and  in tracranial  complications  can  all
occur.

Congenital cholesteatom a has been  defined  as an  em bryonic
rest  of epithelial t issue  in  the  m iddle  ear  in  a  pat ient  w ithout
tym panic m em brane perforation  and  w ithout  a h istory of otor-
rhea or  prior  ear  procedures. On  physical exam inat ion , congen-
ital cholesteatom as often  appear  as a w hite  m ass in  the  anteri-
or–superior  quadrant  of the tym panic m em brane. CT is used  to
characterize  the  size, location , and  extent  of the  cholesteatom a
for  surgical planning (� Fig. 65.9). The  m ean  age  of pat ients  at
presentation  is 4.5  years, and  a  3:1  m ale-to-fem ale  preponder-
ance has  been  noted . The  pathogenesis  of these  lesions is  not
fully  understood.  Treatm en t  is  sim ilar  to  that  for  acquired
cholesteatom as.

Fig. 65.8  High-riding  jugular bulb  of the  right
temporal bone.
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65.5  Conclusion
When  the clinician  is evaluating pat ien ts w ith  m alform ations of
the  external  or  m iddle  ear,  a  thorough  understanding  of  the
em bryology  and  developm ental  processes  is  necessary. These
m alform ations  can  lead  to  funct ional  and  aesthet ic  complica-
tions  and  concerns  for  the  patients  a ected.  Mult iple  proce-
dures and therapies have been  developed to address these com -
plications. An  improved  understanding of congenital anom alies
w ill assist  in  the diagnosis and t reatm ent of those a ected.

65.6  Roundsm anship
●  The head of the malleus and  the body and  short  processes of

the incus are formed from  Meckel cartilage, w hereas the long
process and lenticular  process of the incus, handle of the m al-
leus, and stapes superstructure are form ed from  Reichert  carti-
lage. The vestibular surface of the stapes foot  plate and  the an-
nular ligament  are form ed  from  m esoderm  of the otic capsule.

●  Type I first  branchial cleft  cysts are duplications of the exter-
nal auditory canal and run  lateral to the facial nerve. Type II
cysts run  inferiorly toward the angle of the m andible and m ay
be lateral or m edial to the facial nerve.

●  Meurm an classified m icrotia in to three grades based on  the
presence or absence of norm al external auricular landm arks.
Know  these!

●  The m ost  com m on congenital ossicular abnorm alit ies include
fixation  of the stapes, abnorm alit ies of the stapes superstruc-

ture, ankylosis of the incudostapedial joint, and fixation  of
the m alleus head to the tym panic ring.
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Fig. 65.9  Congenital cholesteatoma of the  right
temporal bone.
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66  Evaluat ion, Managem ent , and Special Techniques in
Pediat ric Otology
Robin A. Dyleski, Nancy King, and Christopher J. Linstrom

66.1  Eustachian Tube
Developm ent
The  eustachian  tube  (ET)  is  an  organ  that  runs  betw een  the
m iddle  ear  and  the  nasopharynx. It  regulates  pressure  in  the
m iddle  ear  w hile  protect ing the  m iddle  ear  from  nasopharyn-
geal sounds  and  secretions  and  clearing m iddle  ear  secretions
into the nasopharynx.

The ET lum en w idens at  both  ends and narrows in  its m idsec-
tion  (isthm us). The  distal cart ilaginous port ion  ends in  the  na-
sopharynx  at  a  prom inence  know n  as  the  torus  tubarius. The
proxim al osseous  portion  opens  onto  the  anterior  wall  of the
superior  portion  of the  m iddle  ear  about  4 m m  above the floor.
The  osseous port ion  is open  at  all t im es. The  fibrocartilaginous
portion  is closed  at  rest  but  opens during swallow ing or  Valsal-
va m aneuver. Muscles associated  w ith  the ET include the tensor
veli palatin i, levator  veli palatin i, salpingopharyngeus, and  ten-
sor  tym pani;  these aid  in  opening and  closing the  cartilaginous
portion  of the ET.

The  ET in  children  is  im m ature  and  therefore  less funct ional
than it  is in  adults. The length  of the pediatric ET averages about
18 m m , about  half the length  of the adult  ET. Perhaps m ore im -
portantly, the direct ion  of the tube  varies from  horizontal to 10
degrees  from  horizontal  in  the  child. Additionally, the  tensor
veli palatin i is less e cient. This com bination  of anatom ical dif-
ferences leads to  a  decreased  ability to  clear  m iddle  ear  secre-
tions,  appropriately  ventilate  the  m iddle  ear,  and  protect  the
m iddle  ear  from  the  bacterial  flora  m igrating  from  the  naso-
pharynx. This  has  been  theorized  to  account  for  the  increased
incidence  of pediatr ic otit is  m edia. The  ET reaches  full  size  by
the  age  of 7  years, and  the  incidence  of otit is  m edia  generally
decreases after th is age.

66.2  Acute  Ot it is Media and Ot it is
Media w ith E usion
Otit is  m edia  (inflam m ation  of  the  m iddle  ear  and  m astoid
space) is the  m ost  com m on  reason  for  sick visits in  pre-school-
age  children. Otit is m edia  can  be  described, based  on  duration,
as follow s:

Acute: 0 to 3 weeks
Subacute: 3 to 12 weeks
Chronic: longer than  12 weeks
Acute  otit is  m edia  (AOM) is  defined  as  the  presence  of fluid

in  the m iddle ear accom panied by acute sym ptom s such as otal-
gia, fever, and  irr itability. Recurrent  AOM is defined  as three  or
m ore  episodes  w ithin  6  m onths,  or  four  episodes  w ithin  12
m onths.

Otit is  m edia  w ith  e usion  (OME) is  the  presence  of fluid  in
the m iddle ear space w ithout signs or sym ptom s of an  acute ear
infect ion. OME is  considered  a  separate  ent ity  from  AOM;  it  is

characterized  by  an  acute  onset  of  signs  and  sym ptom s,  the
presence  of m iddle  ear  e usions, and  signs  and  sym ptom s  of
m iddle ear inflam m ation.

OME can  occur as a postinflam m atory response to AOM, viral
infect ion , or  ET dysfunct ion . The  persistent  fluid  collection  can
result  in  m ultip le  sequelae, m ost  com m only a  conduct ive hear-
ing loss  due  to  decreased  m obility of the  tym panic m em brane
(TM).

Chron ic suppurat ive  ot it is m edia is the  persistence  of puru-
len t  flu id  beh ind  the  TM  that  is  unresponsive  to  m edical
therapy.

66.2.1  Epidem iology
Children  in  the  7-  to 36-m onth  age range are  m ost  likely to de-
velop  AOM. Children  w ith  m ultiple  episodes  of AOM  tend  to
have  their  first  episode  w ith in  the  first  year  of  life. Children
w ho have not  had  AOM by the age of 3 years are unlikely to de-
velop severe or recurrent  otit is m edia.

OME w ill occur  in  50% of children  in  the first  year  of life  and
persist  in  30  to  40%, usually  in  an  asym ptom atic  m anner. The
incidence  of OME peaks  in  the  second  year  of  life  during  the
w inter  m onths, in  association  w ith  an  upper  respiratory infec-
tion;  full  resolution  occurs  w ithin  a  few  m onths  w ithout  any
m edical or surgical in tervention.

Children  w ith  craniofacial abnorm alities  a ect ing the  ET are
at  greater  risk for  developing otit is m edia, including those w ith
cleft  palate, m idface deform it ies, skull base deform it ies, or  nose
and  paranasal  sinus  abnorm alit ies.  Other  cran iofacial  abnor-
m alities  associated  w ith  otit is  m edia  include  Dow n  syndrom e,
Apert  syndrom e, and m ucopolysaccharidoses.

Other  children  w ho  m ay  be  m ore  prone  to  otit is  m edia  in-
clude those w ith  im m unodeficiencies or  nasal obstruct ion  (e.g.,
chronic allergies, adenoid hypertrophy, sinonasal tum ors).

66.2.2  Pathophysiology
Otit is m edia in  the child  is related  to dysfunct ion  of the  ET. The
im m ature  ET is  m ore  horizontally  aligned  than  the  adult  ET,
leading to  less  e ect ive  drainage  of the  m iddle  ear  space. Ede-
m a  of the  ET due  to  an  upper  respiratory infect ion  or  allergies
only compounds  the  problem . Congenital abnorm alit ies  of the
palate m usculature m ay also a ect  ET funct ion.

66.2.3  Microbiology
The  m ost  com m on  pathogens  responsible  for  pediatric  otit is
m edia in  descending order are  Streptococcus pneumoniae (30 to
50%), Haemophilus influenzae (20 to 30%), Mora xella  ca tar rhalis
(10 to 20%), and  group  A streptococci (1  to 5%). One-third  of H.
influenzae and  100% of M. ca ta r rhalis bacteria are  β-lactam ase–
positive.
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66.2.4  History
Com m on  signs  of  AOM  include  otalgia,  fever,  irr itability,  and
otorrhea  (indicating  a  ruptured  TM).  Additional  sym ptom s,
such  as  facial  paralysis,  vert igo, and  swelling  behind  the  ear,
m ay be indicative of a complicated  AOM, and  computed  tom og-
raphy (CT) m ay be required to determ ine if fur ther in tervention
is  required  (see  later  section  on  complications of otit is  m edia).
Most  children  also  have  hearing  loss. A child  w ith  OME m ay
sim ply have hearing loss. A child w ith  a ruptured TM secondary
to AOM m ay have lit tle  to no pain , som e hearing loss, and  low -
grade fevers.

66.2.5  Physical Exam inat ion
External Ear Exam inat ion
If the auricle is rotated forward and is erythem atous and edem -
atous w ith  obliteration  of the posterior auricular sulcus, there is
concern  for  coalescent  m astoiditis  (see  later  section  on  acute
coalescent  m astoiditis)

Pneum at ic Otoscopy
A norm al TM (� Fig. 66.1) should  be  translucent, w ith  the  m id-
dle ear landm arks clearly visible. The TM can  be in  norm al posi-
tion, retracted, or  bulging. AOM and OME can  be present  w ith  a
retracted  or  bulging  TM. The  color  of  the  TM  m ay  be  yellow,
opaque, or bluish , indicating fluid  in  the m iddle ear. Hyperem ia
is not  specific for  infect ion  and  m ay sim ply be  a sequela of cry-
ing or coughing. An  air–fluid  level can  often  be seen , or air  bub-
bles that  indicate  the  presence  of fluid  in  the  m iddle  ear. E u-
sions  can  be  categorized  as  serous  (th in  and  watery), m ucoid
(thick  and  viscous), or  purulent  (presence  of pus). Pneum atic
otoscopy should  show  the  TM to be  m obile. Decreased  m otility

of the  TM w ith  positive  or  negative  pressure  can  be  an  indica-
tion  of fluid sit t ing behind the TM, lim iting its m otion .

A TM perforation  can  be a result  of increased pressure caused
by persistent  fluid  in  the  m iddle  ear. In  th is  case, fluid  is  often
seen  com ing from  the  perforation  (otorrhea). Clin ically, the  pa-
tient  generally describes som e relief of sym ptom s after  the per-
foration  occurs because  the  pressure  behind  the  TM is released
and the e usion  is allowed to drain .

66.2.6  Managem ent  of Acute  Ot it is
Media
AOM has a  spontaneous resolution  rate  of 60% w ithin  24 hours
and  of 80% w ith in  48 to 72 hours. Once a diagnosis of AOM has
been  confirm ed, an  appropriate  course  of act ion  is determ ined.
The  Am erican  Academy of Pediatrics and  the  Am erican  Acade-
my of Fam ily Physicians, together  w ith  experts  in  otolaryngol-
ogy, have  created  guidelines  for  the  evidence-based  m anage-
m ent of AOM.

Observat ion
In  selected  children  w ith  dependable  follow -up, watchful wait-
ing for 48 to 72 hours w ith  only pain  m anagem ent  is an  option.
Children  betw een  the  ages of 6  m onths  and  2  years  w ith  m ild
to  m oderate  sym ptom s, uncom plicated  AOM, or  an  uncertain
diagnosis would be appropriate candidates for th is strategy.

Medical Treatm ent
If m edical t reatm ent  is  appropriate, am oxicillin  is  the  first-line
m edication  for  m ost  ch ildren, dosed  at  80 to 90 m g/kg/d. Other
options  include  cefdin ir  and  clindamycin.  Sym ptom atic  relief
should  occur  w ithin  48 to 72 hours of the in itiation  of an tibiot-

Fig. 66.1  Normal right  tympanic membrane.
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ics. If no im provem ent  is seen, the  diagnosis of AOM should  be
reconfirm ed. For  AOM refractory  to  am oxicillin , the  guidelines
recom m end am oxicillin /clavulanate for additional coverage. For
patients w ho are allergic to penicillin , a cephalosporin  (penicil-
lin-allergic  pat ients  show  10  to  15% cross  react ivity  w hen
treated  w ith  cephalosporins), tr im ethoprim /sulfam ethoxazole,
or  a  m acrolide  is recom m ended. Levofloxacin , azithromycin, or
clarithromycin  can  also be tr ied  in  penicillin-allergic patients.

66.2.7  Managem ent  of Ot it is Media
with E usion
In May of 2004, the Am erican  Academy of Otolaryngology-Head
and  Neck Surgery, the  Am erican  Academy of Fam ily Physicians,
and  the  Am erican  Academy of Pediatrics revised  the  guidelines
for the m anagem ent of OME. The h ighlights are reviewed here.
●  OME should be di erentiated from  AOM. OME is defined as

the presence of fluid in  the m iddle ear w ithout signs or sym p-
tom s of AOM.

●  Pneum atic otoscopy should be the prim ary diagnostic m eth-
od, w ith  confirm ation  by tym panom etry. The laterality of
OME, duration  of the e usion, and any associated sym ptom s
should be docum ented.

●  Watchful waiting for 3 m onths after the onset of the e usion
or the diagnosis is appropriate in  m ost children  because 75 to
90% of cases of residual OME after AOM resolve spontane-
ously w ithin  3 m onths.

●  If OME persists for 3 m onths or longer, sign ificant hearing loss
w ith  associated speech  or language delay is noted, or learn ing
problem s are suspected, a hearing test  should be perform ed.

●  If no hearing loss is found, children w ith  OME should be reex-
am ined every 3 to 6 m onths until the e usion disappears.

●  If hearing loss is present, placem ent of a pressure equalization
tube should  be the initial procedure. Repeated tube insertion
should  be accompanied  by adenoidectomy. Surgical candidates
include children  who have OME lasting 4 months or  m ore
with  persistent  hearing loss, children  with  persistent  OME
who are at  risk regardless of hearing status, and  children  w ho
have OME and  structural dam age to the TM or  m iddle ear.

●  In  children  at  risk, such as developm entally delayed children
w ith  Dow n syndrom e or ch ildren w ith  cerebral palsy, w ho
are m ore likely to have baseline speech  or language delay,
OME should be addressed earlier.

●  Antibiotics, antih istam ine decongestants, and steroid m edica-
tions have not been  show n to aid  in  the resolution  of OME.

Tym panostom y Tube Select ion
Tubes can  be  separated  in to  three  categories:  short-term , m id-
term , and long-term . For m ost  norm al children  w ith  chronic se-
rous otit is m edia, a short-term  tube is su cient  to ventilate the
m iddle  ear  until ET funct ion  im proves w ith  age. Mid-term  and
long-term  tubes are  reserved  for  ch ildren  w ho are  expected  to
be  tube-dependent  for  a  long period  of t im e. Children  w ho fall
in to th is category include those w ho have Dow n  syndrom e, are
receiving their  second  or  th ird  set  of tubes, or  have long-stand-
ing ET dysfunct ion.

Short-term  tubes  generally  reside  in  the  TM  for  6  to  24
m onths. Som e popular  types are show n in � Fig. 66.2.

Mid-term  tubes typically rem ain  in  place and  funct ion  for  18
to 20 m onths and are show n in � Fig. 66.3.

Long-term  tubes are placed w hen  there is a greater likelihood
of recurren t  disease and generally provide e ect ive funct ion  for
2 to 3 years (� Fig. 66.4).

The  incidence  of complications, such  as  chronic TM perfora-
tion  and granulom as, increases the longer a tube is left  in  place.

Myringtom y and Tube Placem ent  Technique
1. Position  the m icroscope and patien t  appropriately.
2. Place the largest ear speculum  that  w ill fit  atraum atically in-

to the external auditory canal.
3. Cerum en in  the external auditory canal is rem oved, and visu-

alization  of the TM is m axim ized.

Fig. 66.2  Types of tympanotomy tubes. (a) Armstrong  grommet. (b)
Mini-grommet. (c) Feuerstein  split.

Fig. 66.3  Triune  tube  (Grace  Medical, Memphis, TN).
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4. Exam ine the eardrum  and note the norm al landm arks and
any abnorm alities in  the drum .

5. If the pat ient  is not  under general anesthesia:
a) Ear canal inject ion:

A solution  of 1% lidocaine  w ith  1:100,000  epinephrine  can  be
injected  at  the  cartilaginous–bony  junct ion  at  12  o’clock,  3
o’clock, 6  o’clock, and  9  o’clock through  a  25-gauge  needle. In-
ject  slow ly  to  prevent  infiltration  in to  the  m iddle  ear.  Anes-
thetic in  the m iddle ear can cause delayed vert igo if the solution
crosses  the  round  w indow  or  temporary  facial paralysis  if the
patien t  has a dehiscent facial nerve canal.
a) Topical phenol:

A w isp  of  cotton  saturated  w ith  100% phenol  and  applied
discretely  to  the  TM  at  the  proposed  myringotomy  location
produces excellen t  anesthesia  w ith  no postoperative  complica-
tions. Alternatively, phenol can  be  adm inistered  w ith  a  phenol
applicator  (straight-handled  otologic  instrum ent  w ith  a
“forked”  tip  that,  w hen  dipped,  holds  a  sm all  am ount  of
phenol betw een  the  tines  and  allow s discrete  and  focused  ap-
plication). The  myringotomy  is  then  m ade  through  the  w hite
coagulum  created.
1. The myringotomy knife is inserted through the TM, and the

incision  is created in  the location  of choice. The length  of the
myringotomy incision  should be about the diam eter of a
No.  5 suct ion vent  to ensure easy tube insertion.

2.  a) Myringotomy location:
1. Epithelial m igration  of the squam ous portion  of the

drum  is believed to be responsible for tube extrusion.
Migration  begins at  the um bo and radiates outward.

2. Migration  is fastest  in  the anteroinferior and posteroin-
ferior quadrants.

3. As the posterosuperior quadrant contains the ossicles,
the an terosuperior quadrant  is the ideal place for myr-
ingtomy and tube placem ent.

4. The inferior quadrants are m ore easily accessible and
are often  used.

b) Myringotomy direct ion:
1. Radially oriented incisions parallel epithelial m igration.
2. Circum ferential incisions run  perpendicular  to epithe-

lial m igration, leading to a faster extrusion  rate.
c)  Hem ostasis can  be achieved w ith  oxym etazoline-soaked

pledgets, if necessary.
d)

3. Suct ion  the m iddle ear contents w ith  a No.  5 suct ion vent
through the myringotomy.

a) Mucoid secretions are som etim es di cult  to evacuate; sal-
ine irr igation  m ay be of value. Alternatively, a second
counter-incision  can  be m ade through the TM to allow  air
to enter the m iddle ear space.

b) The tym panostomy tube is grasped w ith  an  alligator for-
ceps, and the anterior edge of the inner flange is inserted
into the myringotomy incision. The tube is then  released.
With  either an  alligator forceps or a Rosen  pick, the lag-
ging edge is gently pushed until it  “pops” through  the
myringotomy incision  (� Fig. 66.5).

4. Ensure patency of the tube by gently suct ioning it  w ith  the
thum b o the suct ion vent.

5. Adm inister otic antibiotic drops.

Tube Managem ent
An  audiogram  should  be  obtained  after  tym panoplasty  and
compared  w ith  the  pretreatm ent  test  to  ensure  im provem ent
in  hearing. The pat ient  should  be seen  every 3 to 6 m onths and
then  yearly  in  order  to  visually  exam ine  the  tubes  and  deter-
m ine their  location  (in  place, extruded, in  the external auditory
canal), their  patency, and  the  status of the  m iddle  ear. Audiog-
raphy is repeated as clin ically necessary.

If the tubes persist  longer  than  they are clin ically needed  and
have show n no signs of spontaneous m igration  from  the TM, re-
m oval of the tubes can  be considered.

Factors to consider before tube rem oval:
●  Recurrent/chronic drainage: Drainage from  the ears is an  indi-

cation  that the tubes are clin ically necessary. In  th is case, the
tubes should be left  in  place.

●  ET funct ion: In  the case of unilateral tube persistence, the
contralateral ear can  be exam ined to determ ine the m aturity
of the ET. If the contralateral TM is retracted, indicating con-
tinued poor ET funct ion , the tubes are still clin ically needed.

Com plicat ions of Tubes
Persistent  Tympanic Membrane Perforat ion
After  tube  rem oval, the  patien t  should  observe  water  precau-
tions and  return  for an  exam ination  in  3 m onths. In  m ost  cases,
the  perforat ion  w ill  be  sm aller  or  healed.  If  the  perforation
persists, repair of the TM is necessary.

Paper Patch Technique (� Fig. 66.6)
For  dry  perforat ions  sm aller  than  3 m m ,  a  paper  patch  is
su  cien t .
1. Position the patien t  reclin ing in  the chair.
2. Exam ine the external auditory canal and TM, docum enting

the size and location  of the perforat ion.
3. The edges of the perforat ion are de-epithelialized w ith  a

myringotomy knife or otologic needle. Make sure to rem ove
only a m inim al am ount  to avoid  enlarging the perforation.

4. Use a righ t angle hook to sweep circum ferentially around the
m edial portion  of the perforation  m argin .

5. Rice (cigarette) paper or paper tape (Micropore strip tape;
3 M, St. Paul, MN) is used. The paper patch  is tr im m ed to ap-
proxim ately tw ice the size of the perforation . The underside
of the paper patch is m oistened w ith  sterile water or a non-
steroidal antibiotic drop.

Fig. 66.4  T-tube.
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6. Place the paper patch  over the perforat ion w ith  an  alligator
forceps.

7. Sm ooth it  against the TM w ith  a cerum en curet.

For larger perforations, a form al tym panoplasty is needed.

66.2.8  Com plicat ions of Ot it is Media
Facial Paralysis
The  facial nerve, as  it  t ravels  through  the  m iddle  ear  and  m as-
toid bone, m ay be a ected by adjacent  in fect ion. Facial paralysis
can  occur  as  a  complication  of AOM and  should  be  addressed

im m ediately to  prevent  perm anent  facial paralysis. It  often  re-
solves  after  myringotomy and  tube  placem ent, along  w ith  in-
travenous  (IV)  an tibiotics. Should  facial  paralysis  occur  in  the
setting of acute coalescent m astoiditis (see below ), a m astoidec-
tomy should  be perform ed urgently.

Acute Mastoidit is
Technically, all cases of AOM are accom panied by an  acute m as-
toiditis  because  the  m astoid  cells  are  sim ultaneously inflam ed.
This  process  does  not  carry  any  additional  sym ptom s  beyond
those  of an  AOM. The condition  im proves w ith  im provem ent  of
the otit is m edia.

Fig. 66.5  Myringotomy with  placement  of a  tympanotomy tube. (a) A radial incision is made  in  the  tympanic membrane. (b) The anterior flange  is
placed through the myringotomy and then released. (c) A forceps or a pick is used to “pop” the posterior flange of the tube through the myringotomy
until (d) the  tube  is in  an  appropriate  position.
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Acute Mastoidit is w ith Periosteit is
Acute  m astoid it is  w ith  periosteit is  involves  in flam m ation
and  in fect ion  of the  m astoid  air  cells extending to the  perios-
teum , but  w ithout  involvem en t  of bone. Findings  include  in -
flam m ation  and  erythem a  of  the  postaur icu lar  area,  d is-
p lacem en t  of the  p inna  in fer iorly and  an teriorly, and  flu id  in
the  m iddle  ear  (� Fig. 66.7). The  postaur icu lar  crease  m ay or
m ay  not  be  absent .  Treatm en t  w ith  IV an t ibiot ics  and  tube
placem en t  to  facilitate  drainage  of  the  m iddle  ear  leads  to
resolu t ion .

Acute  Coalescent  Mastoidit is
Also  know n  as acute  m astoid  osteitis, acute  coalescent  m astoi-
ditis  is  an  infect ion  that  causes  bony destruction. This  usually
presents  in  children  4  years  of age  or  younger  (m ostly  boys)
w ho have had  unrelieved  sym ptom s of AOM and/or  m astoiditis
for 2 to 4 weeks. Coalescent  m astoiditis tends to develop in  chil-
dren  w ith  well-developed  m astoid  air  cells  and  children  w ith
no prior  otologic disease. Pain  m ay be localized  to the posterior
auricular  area. The  m astoid  m ay be  tender  to percussion, there
m ay  be  overlying  erythem a, and  the  posterosuperior  external

Fig. 66.6  (a) Small, dry tympanic membrane  perforations may be  closed  effectively with  a  paper patch  technique. (b) The  perforation edge  is de-
epithelialized with a myringotomy knife or otologic pick, with minimal tissue removed. (c) The undersurface of the perforation edge is abraded with a
right  angle  hook. (d) The  moistened  paper patch is applied  directly over the  perforation.
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auditory canal m ay be  sagging. These signs are  usually present ,
but  not  always. The  children  look toxic w ith  persistent  h igh  fe-
vers. CT of the  temporal bone  should  be  obtained  to  clarify the
extent of the disease (� Fig. 66.8).

Early  acute  coalescen t  m astoidit is  m ay  respond  to  tube
placem ent  and  IV an t ibiot ics.  However, a  sim ple  m astoidec-
tomy  m ay  be  required .  If  acu te  coalescen t  m astoidit is  is
found  in  the  set t ing  of facial  nerve  paralysis, m astoidectom y
should  be  perform ed  urgen t ly  and  3  to  6  w eeks  of IV an t ibi-
ot ics in it iated .

Acute  coalescent  m astoiditis  m ay  be  accom panied  by  acute
petrositis,  indicating  that  in fect ion  has  spread  to  the  petrous
portion  of the  temporal bone. Gradenigo syndrome is  a  triad  of
suppurative otit is m edia, ipsilateral ocular pain , and sixth  crani-
al nerve paralysis.

Simple Mastoidectomy Technique
A safe  technique  for  m astoidectomy  in  children  is  in form ed
by an  understanding of the  di erences  betw een  the  adult  and
pediatric temporal bone. In  children  2  years of age  or  younger,
pneum atization  has not  progressed to the m astoid t ip , resulting
in  a  m ore  superficially  located  stylom astoid  foram en
(� Fig. 66.9  and  � Fig. 66.10). This  puts  the  facial  nerve  at  in-
creased  risk for  surgical injury in  the pediatric patient. Unless it
is  im possible  to  obtain  in  a  gravely  ill  patien t,  preoperative
audiography should  be perform ed  to docum ent  conductive and
sensorineural hearing.
1. The patient  is placed in  a supine position  w ith  the head

turned away from  the a ected ear. The postauricular crease
is infiltrated w ith  local anesthetic (� Fig. 66.11).

2. Because  of the  m ore  superficial locat ion  of the  st ylom as-
toid  foram en  in  ch ildren , the  postauricu lar  incision  is not
carr ied  dow n  as far  in feriorly as in  adults. The  incision  is
also m ade  6  to 8 m m  poster ior  to the  postauricular  sulcus
(� Fig. 66.12).

3. The incision  is carr ied dow n to the loose areolar t issue over
the temporalis fascia and m astoid periosteum  (� Fig. 66.13a).

4. The superior boundary is the linea temporalis. A T incision  is
m ade along the linea temporalis from  the zygom atic root  to
the occiptom astoid suture and from  the linea temporalis to
the m astoid t ip w ith  a m onopolar cautery. An elevator is
used to elevate the soft  t issue o the bone (� Fig. 66.13b).

5. Self-retaining Weitlander retractors are placed to improve
exposure, and key landm arks are identified: spine of Henle,
cribriform  area, and linea temporalis.

6. The MacEwen t riangle is identified, w hich serves as a land-
m ark for locating the m astoid antrum . The MacEwen t riangle
is bounded by the posterior border of the external auditory
canal, the an terior line of the zygom atic arch, and a line that
connects the two (� Fig. 66.14). The antrum  is 15 m m  m edial
to th is. Under a 200- to 250-m m  m icroscope, a cutt ing bur is
used to rem ove the outer cortex of the m astoid  beginning at
a line along the linea temporalis. Copious irr igation  is used to
prevent excessive heat  t ransfer to underlying structures. The
tegm en is identified  by a pinkish  color seen  through a th in
bony covering and carefully respected. Posteriorly, as the cor-
tex is rem oved, the bluish  tin t  of the sigm oid sinus can  be

Fig. 66.7  (a) Posterior and  (b) oblique  views of
the  postauricular sulcus in  a  patient  who has
acute  mastoiditis with  periosteitis show protru-
sion and  inferior displacement  of the  auricle,
along  with  erythema of the  postauricular sulcus.

Fig. 66.8  Temporal bone computed tomographic scan showing loss of
septa between the mastoid air cells, suggesting coalescent  mastoiditis.
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Fig. 66.9  Differences between the adult  and pediatric mastoid bone. In children, the  mastoid  is far less pneumatized and the tympanic ring is much
less developed.

Fig. 66.10  Normal mastoid  structures.
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seen  as the bow l is progressively developed from  the m astoid
tip  to the posterior aspect of the linea temporalis dissection .
Anteriorly, bone is rem oved up to a few  m illim eters posterior
to the spine of Henle. More air cells are opened as the bow l is
progressively saucerized (� Fig. 66.15).

7. The Körner septum , a th in  plate of bone of bone representing
the petrosquam ous lam ina, is penetrated to fully open  the
m astoid antrum . Once th is is done, the aditus ad an trum  is
inspected, identifying the lateral sem icircular canal, fallopian
canal, chorda tym pani, and short  process of the incus
(� Fig. 66.16).

8. A tym panostomy tube should  be placed in  a pat ient  w ith
acute coalescent m astoiditis.

66.3  Evaluat ion and Managem ent
of Speech Delay in Children
The  developm ent  of norm al speech  and  language  is  evaluated
as a component of the developm ental m ilestones that are m oni-
tored  by pediatricians during routine  well-child  visits. Early in-
tervention  to  determ ine  the  nature  and  cause  of speech  delays
is im portant  in  children w ho have either  norm al hearing or im -
paired  hearing  to  help  them  reach  their  full  potent ial. When
hearing impairm ent  is  identified  and  treated  before  6  m onths
of age, there  is  a  greater  likelihood  of norm al speech  and  lan-
guage developm ent .

In  the United States, nearly all states have legislated  new born
hearing  screening  program s  that  test  the  hearing  of new born
ch ildren  before  discharge  from  their  bir th  hospital.  The  few
states  w ithout  legislated  program s  have  volun tary  program s
to  screen  for  hearing  loss  in  in fants. The  Year  2007  Posit ion

Statem en t  of the  Join t  Com m it tee  on  In fan t  Hearing  st resses
the  follow ing poin ts:
1.  The defin ition  of hearing loss has been  expanded to include

neural hearing loss (e.g., “auditory neuropathy/dyssyn-
chrony”).

2.  Separate protocols are recom m ended for neonatal in tensive
care units (NICUs) and well-infan t  nurseries. NICU infants
adm itted  for m ore than  5 days are to undergo auditory
brainstem  response (ABR) testing as part  of their screening,
so that  neural hearing loss w ill not be m issed.

3.  Referrals from  the NICU should be m ade directly to an
audiologist  for rescreening and comprehensive evaluation,
including ABR testing.

4.  For rescreening, a complete screening of both  ears is recom -
m ended, even  if only one ear failed  the in itial screening.

5.  For all infants (NICU infants and well infants) readm itted
during the first  m onth  of life w ith  a condition  associated
w ith  poten t ial hearing loss (e.g., severe hyperbilirubinem ia
or culture-positive sepsis), a repeat hearing screening is rec-
om m ended before discharge.

6.  Only audiologists w ith  expert ise in  evaluating new borns
should provide audiology diagnost ic and auditory habilita-
tion  services (selection  and fit t ing of am plification  device).

7.  For infan ts in  w hom  hearing loss is diagnosed, am plification
should be fit ted w ithin  1 m onth  of the diagnosis.

8.  For infan ts w ith  confirm ed hearing loss, a genetics consulta-
tion  should  be o ered to their fam ilies.

9.  Every infant  w ith  confirm ed hearing loss should be eval-
uated by an  otolaryngologist  w ith  know ledge of pediatric
hearing loss and should  have at least one exam ination  to as-
sess visual acuity perform ed by a pediatric ophthalm ologist .

10. All infants w ith  any degree of bilateral or un ilateral perm a-
nent hearing loss should be eligible for early in tervent ion
services.

Fig. 66.11  Mastoidectomy. The  postauricular
sulcus is infiltrated  with  1% lidocaine  with
1:100,000  epinephrine.

Fig. 66.12  Mastoidectomy. The  postauricular
sulcus incision is moved  6  to 8 mm  posteriorly,
and  the  incision does not  extend  as far inferiorly
as in  the  adult  to  avoid  facial nerve  injury.
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11. Early in terven t ion  services for  in fan ts w ith  confirm ed
hearing loss should  be  provided  in  hom e and  cen ter-
based  environm ents by professionals w ho have  expert ise
in  hearing loss.

12. For all infants, regular surveillance of developm ental m ile-
stones, auditory skills, and m iddle ear status, as well as pa-
rental concerns, should be perform ed, consistent  w ith  the
Am erican  Academy of Pediatrics (AAP) Periodicity Schedule
(well-child care visits).

13. Fam ilies should be m ade aware of all com m unicat ion  op-
tions and available hearing technologies (presented in  an
unbiased m anner).

Universal  new born  hearing  screening  has  allowed  the  early
identificat ion  and  treatm ent  of ch ildren  w ith  im paired  hearing.
Early in tervent ion  program s vary from  state  to state but  are  in-
strum ental in  providing ongoing audiologic and  speech  therapy
services for part icipating ch ildren and their fam ilies.

66.3.1  Speech Delay
Children w ho pass the new born  hearing screening (NBHS) eval-
uation  at  birth  and  in  w hom  the  onset  of speech  developm ent
is  delayed  are  considered  to  be  “speech-delayed.” Regular  and
routine  well-child  visits  should  determ ine  w hether  babies  and
children  are reaching the recognized  developm ental m ilestones
for  their  age  (� Table  66.1). Norm al hearing is  essential for  the
norm al developm ent of speech  and language.

Children  w ith  significant  delays  in  speech  acquisit ion  and
language  developm ent  require  careful  evaluation  of their  ears
and  hearing. When  a  child  presents  w ith  delayed  speech  ac-
quisit ion , a careful h istory should  assess for  possible risk factors
for  speech  delay. The  h istory should  include  inform ation  about
the  pregnancy, w ith  attention  to  prenatal infect ions associated
w ith  hearing loss. Other  im portan t  considerations are  the bir th
h istory and  perinatal course, including hyperbilirubinem ia, the
use  of  m echanical  ventilation  and  NCPAP  (nasal  cont inuous

Fig. 66.13  Mastoidectomy. (a) The  dissection
proceeds down to temporalis fascia, which  is (b)
split  and  elevated  until the  bone  is exposed.
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Fig. 66.14  The  MacEwen triangle  serves as a  landmark for identifying  the  mastoid  antrum, which  lies approximately 15 mm  medial to  it.

Fig. 66.15  The mastoid bowl is progressively opened. The pink gleam of the tegmen through a thin layer of bone forms the superior boundary of the
dissection. Posteriorly, the  bluish  tone  of the  sigmoid  sinus forms another boundary of dissection. Identification  of the  antrum  aids in  gauging  the
depth of dissection.
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positive  airway  pressure),  ototoxic  drug  exposure,  and  bir th
weight. Questions should  evaluate  for  the  presence  of frequent
ear infect ions and any other otologic history. A fam ily h istory of
hearing loss should be included.

The  evaluation  includes a  complete  head  and  neck exam ina-
tion, w ith  particular  attention  to the  ears and  a search  for  m id-
dle  ear  e usions, and  a  complete  audiologic  exam ation , w ith
audiography,  OAE (otoacoustic  em issions)  or  ABR tests,  and
tym panom etry.

When  hearing  loss  is  identified  by audiom etric  testing  or  a
positive  clin ical finding is  noted  during  the  physical exam ina-
tion, such  as a m iddle ear e usion, t reatm ent is directed toward
correct ion  of  the  abnorm ality.  For  example,  m iddle  ear  e u-
sions  would  be  treated  w ith  the  placem ent  of tym panostomy
tubes  and  the  hearing retested  follow ing the  procedure  to  de-
term ine if it  has been  satisfactorily im proved to norm al.

In  the  case  of a  child  w ith  norm al  hearing  test  results  and
physical  exam ination  findings, a  referral  to  speech  therapy  is
m ade. The  speech  therapist  w ill  provide  a  variety  of exercises
for  the  patien t  to im prove speech  production  and  language de-
velopm ent .  Parents  can  part icipate  in  the  ch ild’s  therapy  by
continuing specific exercises  w ith  the  ch ild  betw een  the  ther-
apy  sessions  to  reinforce  the  therapy  goals.  In  m ost  cases,
speech  therapy  is  able  to  help  the  child  to  “catch  up”  w ith
speech  developm ent and product ion .

Fig. 66.16  At  the  completion of the  mastoidectomy, the  aditus ad  antrum  is inspected, and  the  lateral semicircular canal, fallopian canal, chorda
tympani, and  short  process of the  incus are  all visualized.

Table 66.1  Milestones for speech and language development

Age  Milestones

Birth–3 mo  Reacts to  loud  sounds
Recognizes caregiver’s voice
Coos in  response  to pleasure

4–6 mo  Looks toward  sounds and  follows
Babbles and  makes different  sounds
Laughs, listens to  music
Knows when toys make  sounds

7–12 mo  Turns head  to  listen  to sounds
Knows simple  words like  “milk,” “juice”
Makes long  strings of sounds while  babbling
Has a  few words by 12  mo (“mama,” “dada”)

12–24 mo  Acquires 50 or more  words
Puts two words together (“want  milk”)
Points to  body parts, pictures in  books
Uses a variety of consonants at  the  beginning  of words

2–3 y  Makes short  sentences
Has a  large  variety of words
Can be  understood  by caregivers and  friends

3–4 y  Is able  to tell a  short  story and  relate  act ivities
Uses sentences with  four or more  words
Hears and  responds when called  from  another room
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66.4  Roundsm anship
●  The increased incidence of otit is m edia in  ch ildren m ay be at-

tr ibuted to anatom ical di erences in  the eustachian  tube that
resolve as the ch ild develops. The eustachian  tube generally
reaches m aturity by age 7, and th is is the age at  w hich otit is
m edia decreases.

●  Acute ot it is media  is defined as the presence of fluid  in  the
m iddle ear accom panied by acute sym ptom s of otalgia, fever,
and irr itability of 0 to 3 weeks’ duration. Recur rent acute ot it is
media  is defined as three or m ore episodes w ithin  6 m onths,
or four episodes w ithin  12 m onths. Otit is media  with e usion
is the presence of fluid in  the m iddle ear space w ithout signs
or sym ptom s of an  acute ear in fect ion. Chronic suppura t ive
otit is media  is the persistence of purulent  fluid behind the
tym panic m em brane that is unresponsive to m edical therapy.

●  The m ost com m on pathogens responsible for pediatric otit is
m edia are Streptococcus pneumoniae, Haemophilus influenzae,
Mora xella  ca ta r rhalis, and group A streptococci. One-th ird of
H. influenzae and 100% of M. ca ta r rha lis bacteria are β-lacta-
m ase–positive.

●  Com m on signs of acute otit is m edia include otalgia, fever, irr i-
tability, and otorrhea. More concern ing sym ptom s, such as fa-
cial paralysis, vert igo, and swelling behind the ear, m ay be in-
dicative of a complicated acute otit is m edia and m ay require
additional im aging.

●  Managem ent options for acute otit is m edia include observa-
tion  for children betw een the ages of 2 m onths and 2 years
w ith  m ild or m oderate sym ptom s, an  uncomplicated acute
otit is m edia, and dependable follow -up. Medical t reatm ent
can  be adm inistered w ith  am oxicillin  as the first-line m edica-
tion. For patients w ho are allergic to penicillin , a cephalospor-
in , t rim ethoprim /sulfam ethoxazole, or a m acrolide is recom -
m ended. Penicillin -allergic pat ients show  10 to 15% cross re-
activity w hen t reated w ith  cephalosporins. Azithromycin  or
clarithromycin  m ay also be used.

●  Candidates for tym panostomy tube placem ent include chil-
dren w ho have persistent otit is m edia w ith  e usion  for longer
than  4 m onths w ith  hearing loss, children  w ho have otit is
m edia w ith  e usion  and structural dam age to the tym panic
m em brane or m iddle ear, and children w ho are at  risk, de-

fined as developm entally delayed children m ore likely to have
a baseline speech  or language delay.

●  Com plicat ions of tym panostomy tube placem ent include per-
sisten t tym panic m em brane perforat ion  and tube reten t ion.

●  Com plicat ions of otit is m edia include facial paralysis, acute
m astoiditis, acute m astoiditis w ith  periosteitis, and acute coa-
lescent  m astoiditis.

●  Acute coalescent  m astoiditis can  be identified on  a CT scan  by
bony destruct ion  and loss of septa betw een the m astoid cells.
An  early coalescent  m astoiditis m ay be addressed w ith  tym -
panostomy tube placem ent and IV antibiotics, but a sim ple
m astoidectomy m ay be required. In  the setting of a coalescent
m astoiditis w ith  facial nerve paralysis, an  urgent  m astoidec-
tomy is required in  addition  to 3 to 6 weeks of IV antibiotics.
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67  Pediat ric Nasal Disorders
Robin A. Dyleski

67.1  Int roduct ion
Nasal and  sinus  complain ts  are  am ong the  m ost  com m on  rea-
sons  w hy  children  are  brought  to  the  prim ary  care  physician
and  to  the  otolaryngologist  for  m edical attention. Because  the
etiology  of the  present ing  problem  m ay  range  from  a  sim ple
upper  respiratory infect ion  to a life-threatening illness, it  is im -
portant  to  be  able  to  distinguish  these  illnesses  by  using  the
history,  physical  exam inat ion,  and  confirm atory  testing  to
m ake an  accurate diagnosis.

67.2  Em bryology of the  Midface
67.2.1  Nasal Developm ent
Developm ent  of the  nose and  paranasal sinuses is a m ultifacto-
rial  process  that  begins  early  in  em bryonic  developm ent  and
continues  until  the  face  has  reached  m aturity  in  the  teenage
years. The  nose  and  sinuses  originate  in  the  fetus  around  the
third  to  fourth  week of life. A swelling on  the  lateral aspect  of
the  head, the  nasal placode, develops from  a  th ickening of the
ectoderm . Just  above  the  oral stom a  in  the  anterior  port ion  of
the  developing  head  is  a  m idline  structure,  the  nasofrontal
process. Sim ultaneous  developm ent  of the  nasofrontal process
and  the  nasal placodes shape  and  form  the  m idface, nose, and
sinus  portions  of the  face  and  head  w ithin  the  first  m onths  of
life.

At  the fifth  week, the nasal placode extends in to the underly-
ing m esenchym e, transform ing in to the m edial and lateral nasal
processes, w hich  results in  the developm ent  of the nasal pit . As
this  occurs,  the  m axillary  process  of  the  first  branchial  arch
enlarges  and  the  nasal pit  and  orbit  m ove  an teriorly, w ith  the
nasal processes betw een and below  the future orbits. As the na-
sal  processes  m igrate  m edially  and  anteriorly, they  ultim ately
fuse  in  the  m idline, creating the  precursor  of the  nose. At  th is
early  period  of nasal developm ent , the  nasal pit  in trudes  in to
the future nasal cavity m inim ally; the deep  end  of the nasal pit,
called  the  nasobuccal m em brane, separates  the  nasal  opening
from  the  oral cavity. The  nasobuccal m em brane  usually canal-

izes betw een  the fifth  and  sixth  weeks of life, creating an  open-
ing at  the  depth  of the  nasal pit. Choanal atresia  is  seen  w hen
the nasobuccal m em brane fails to perforate.

The m edial nasal processes ultim ately form  the nasal septum ,
the philtrum  of the upper lip, and  the prem axilla (upper m axil-
lary ridge containing the four central incisors). The lateral nasal
processes form  the nasal alae, m ost of the nostr ils, and the nasal
floor (� Fig. 67.1).

With in  the  seventh  week of em bryogenesis, the  m edial nasal
process, lateral nasal processes, and  m axillary processes m odu-
late  and  transform , w ith  the  developm ent  of the  upper  lip  and
upper alveolar  ridge. The two lateral m axillary processes devel-
op  in to  the  lateral  palatal  shelves  (becom ing  the  fu ture  hard
and  soft  palates).  These  lateral  palatal  shelves  fuse  w ith  the
septum  and  prem axilla  at  the  alveolar  ridge  bilaterally  by  the
seventh  week  of developm ent . Aberrations  at  th is  t im e  in  the
developm ent of the lip  and palate result  in  the form ation  of cleft
lip  and cleft  palate.

The  two  lateral  palatal  shelves  then  fuse  in  the  m idline
betw een  weeks  7  and  10, beginning  an teriorly  and  extending
posteriorly toward  the  future  uvula. This  process results  in  the
separation  of the oral cavity from  the nasal cavity.

Sim ultaneously, the in tranasal t issues are developing in to the
future  lateral  nasal  structures  and  sinuses. Around  day  40  of
em bryogenesis, a swelling develops in  the anterolateral por tion
of the  nasal wall, called  the  m axilloturbinate, and  soon  after-
ward  another swelling, the ethm oturbinate, develops just  supe-
rior  to it ;  these w ill becom e the  inferior  and  m iddle turbinates,
respect ively, w ith  the  m iddle  m eatus  form ing  betw een  them .
The  superior  and  suprem e  turbinates  develop  from  ridges  on
the  superior  aspect  of  the  ethm oturbinate  around  the  fourth
m onth  of fetal developm ent.

67.2.2  Sinus Developm ent
At  approxim ately  60  days  of  life, the  in itial  di eren tiat ion  of
the  sinuses begins w ith  th ickening and  in trusion  in to the  m es-
enchym e laterally from  the  lateral nasal wall. The  m axillary si-
nus  begins  to  be  identifiable  around  70  days  as  a  dilatation  in

Fig. 67.1  Nasal embryology.
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the  infundibular  groove  of  the  m iddle  m eatus  region.  This
dilatation  deepens and  enlarges in to the rudim entary m axillary
sinus.

Around the m iddle of the fourth  m onth , the frontal recess de-
velops  just  posterior  to  the  anterior  attachm ent  of the  m iddle
turbinate, and  the  process  of developm ent  of the  frontal sinus
begins. The ethm oidal bulla begins to develop  around  th is t im e
and  is  recognizable  by  the  day  120, w ith  continued  develop-
m ent  of  the  ethm oidal  air  cell  latt ice  proceeding  from  that
point.

The  sphenoid  sinus  develops  w ith in  the  sphenoid  bone, in
con trast  to  the  other  paranasal sinuses. It  is  d irect ly  invaded
by  an  outpouch ing  from  the  posterior  nasal  cavity  in to  the
bone. Th is  is  noted  to  have  occurred  in  m ost  fetuses  by  the
fourth  m on th . The  developm en t  of the  sphenoid  sinus is vari-
able, and  in  som e  individuals, a  sphenoid  sinus  does  not  de-
velop  at  all.

The m axillary, ethm oid, and frontal recess buds and sphenoid
paranasal sinuses  are  present  at  bir th  but  cont inue  to  develop
and  m ature  well in to the  teenage  years. It  is  im portant  to  con-
sider  the  relat ive size  and  position  of the sinuses of the  ch ild  at
various ages (� Fig. 67.2 and � Table 67.1).

67.3  Congenital Nasal Anom alies
Derangem ents  of  em bryologic  developm ent  result  in  various
congenital nasal anom alies. These congenital anom alies include
choanal atresia, nasal derm oids and gliom as, proboscis lateralis,
and  various  types  of cleft  lip  and  palate. The  m ajority of these
conditions are noted at bir th , either by direct  observation or be-
cause of sym ptom s directly related to the anom aly.

67.3.1  Choanal Atresia
Present ing Sym ptom s
Choanal atresia is a congenital m alform ation  of the nasal region
that can  present  as either a un ilateral or bilateral condition . It  is
caused  by failure  of the  nasobuccal m em brane  to  perforate  on
one or both  sides, preventing norm al form ation  of the choanae.
Choanal atresia  occurs in  approxim ately 1  in  35,000 live bir ths.
Children  w ith  bilateral  choanal  atresia  usually  present  at  or
soon  after  bir th  w ith  cyanosis  relieved  by  crying. The  atretic
plate  causes total nasal obstruction  and  prevents nasal respira-
tion  in  new borns,  w ho  are  obligate  nasal  breathers  and  in
w hom  apnea and cyanosis develop  if they are unable to breathe
via  the  nose. (Oral breathing  is  a  learned  behavior  that  occurs
w ithin  the  first  year  of life.) The  degree  of respiratory dist ress
varies  am ong babies;  however, bilateral choanal atresia  is  con-
sidered  an  urgent  situation  because of the repeated  episodes of
apnea and cyanosis in  a ected individuals.

Unilateral  choanal  atresia  is  m ore  di cult  to  diagnose  and
m ay be  m issed  in  the  infant  because  a ected  children  are  able
to breathe through  the una ected  side. These pat ients typically

Fig. 67.2  Growth of the  sinuses during  child-
hood. (Adapted  from  Maresh MM. Paranasal
sinuses from  birth  to  late  adolescence: I. Size  of
the  paranasal sinuses as observed  in  routing
posteroanterior roentgenograms. Am  J Dis Child
1940;60(1):55–78.)

Table 67.1  Sinus size at  various ages

Age  Maxillary  Frontal  Sphenoid

Birth  5 mm  4 mm  3 mm

4 y  11 mm  5 mm  5 mm

10 y  18 mm  9 mm  10 mm

Adult  30 mm  25 mm  20 mm
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present  as toddlers w ith  chronic unilateral nasal discharge that
does  not  respond  to  m edical therapy;  they  rarely  complain  of
nasal obstruction.

Examinat ion and Diagnosis
The  diagnosis  is  usually  suspected  by  the  neonatologist  in  a
new born  child  w ith  repeated  episodes  of cyanosis  and  apnea.
Physical exam inat ion  and  anterior  rh inoscopic exam inat ion  of
the new born  w ill often  reveal norm al external nasal features. A
fiber-optic in tranasal exam inat ion  w ill often  reveal a  sm all in-
tranasal  cavity, and  the  exam iner  w ill  encounter  di culty  in
passing the endoscope in to the nasopharynx. Inability to pass a
5F feeding  tube  through  the  nasal cavity  in to  the  oropharynx
strongly suggests the diagnosis of choanal atresia. Nasal airflow
can  be  evaluated  by  sim ply  holding  a  str ip  of t issue  paper  in
front  of the nares and  observing m ovem ent  of the paper during
breathing.

Patients suspected  of having choanal atresia  should  undergo
axial computed  tom ography (CT) of the  m idface  so that  the  di-
agnosis can  be m ade definitively. In  a pat ien t  w ith  choanal atre-
sia, the CT scan w ill distinguish  between  complete atresia of the
choanal opening (� Fig. 67.3) and  stenosis (narrow ing) and  de-
term ine  the  exten t  of the  bony  plate  causing  the  obstruction.

The  m ajority of patients  w ith  choanal atresia  have  a  complete
bony plate or  a com binat ion  of bony and  m em branous obstruc-
tion. CT is  instrum ental in  treatm ent  planning and  should  not
be supplanted w ith  other studies.

Evaluat ion and Test ing
Choanal atresia, w hen bilateral, is associated w ith  other anom a-
lies in  about  50% of cases. The  m ost  com m on  associated  condi-
tion  is the CHARGE syndrom e (colobom a, congenital heart  m al-
form ations,  choanal  a tresia,  retardat ion  of  grow th,  genitouri-
nary  tract  m alform ations, and  ear  m alform ations  and  hearing
loss). Before  they undergo general anesthesia  and  correct ion  of
the  choanal atresia, babies w ith  bilateral choanal atresia should
undergo genet ic, cardiac, and  renal evaluat ions to assess for  the
CHARGE association  because  of the  significant  possibility  that
they w ill have a congenital heart  m alform ation .

Treatm ent
Bilateral  choanal  atresia  is  a  life-threatening  condition  in  the
new born  until recognized  because of the  risk for  apnea leading
to  cyanosis. An  a ected  infant  m ay initially be  treated  w ith  an
oral  airway  (bypassing  the  nasal  obstruction)  or  in tubation

Fig. 67.3  Computed  tomographic scan  of bilateral choanal atresia.
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w hen  an  oral airway is  not  tolerated. Choanal atresia  is  defin i-
tively corrected  by the  creation  of choanae. The  procedure  can
be  carried  out  via  a  t ransnasal endoscopic approach  w ith  drill-
ing out of the bony atretic plate and posterior bony vom er plate,
or  via  a  t ranspalatal approach  w ith  drilling out  of the  posterior
hard palate and atretic plate.

Stenting w ith  transnasal tubes m ay be  necessary. The  proce-
dure is carried out  in  infants as soon  as they are stable and have
been  evaluated for cardiac m alform ations.

In  the  case  of unilateral  choanal  atresia  (� Fig. 67.4), treat-
m ent  is deferred  until the child  is at  least  2  years of age, even  if
the  condition  has  been  diagnosed  in  infancy. Correction  at  an
older  age  is  associated  w ith  improved  success  rates  and  a
decreased  need  for  revision  surgery. Most  cases  of  unilateral
choanal atresia  are  corrected  via  the  t ransnasal endoscopic ap-
proach . This approach  incorporates drilling out  of both  the  lat-
eral wall bone  and  a  port ion  of the  posterior  septum /vom er. In
this  procedure, stenting  is  not  usually  necessary. Transpalatal
correct ion  is reserved for patients w ith  restenosis.

Com plicat ions
Bilateral choanal atresia, if unrecognized, can  be a life-threaten-
ing  condition  in  the  new born  because  of the  developm ent  of
hypoxem ia  and  apnea  in  a  baby w ho  is  unable  to  breathe  na-
sally. After  the  diagnosis, the  child  should  be  assessed  for  the
presence  of associated  m edical  syndrom es. Unilateral  choanal
atresia  is  not  typically  a  serious  problem  and  rarely  presents
w ith  complications before correct ion. Surgical complications in-
clude  risk  for  injury  to  the  brain  and  brainstem  during  in itial
perforation  of the  atret ic  plate. This  rare  complication  can  be
reduced  by  using  a  120-degree  nasopharyngeal  endoscope  to
observe the posterior aspect  of the choanae during in itial punc-
ture  of  the  atretic  plate.  The  m ost  com m on  complication  of
choanal atresia correction  is stenosis at  the repair site. This m ay
be  caused  by the  inadequate  rem oval of bone  from  the  choana
or  septal  edge,  or  the  developm ent  of  excess  scar  t issue  in
the  posterior  nasal  cavit y.  Revision  surgery  m ay  be  per-

form ed  either  transn asally or  t ranspalatally. Transnasal endo-
scopic  surgery  has  h igher  rates  of stenosis  and  the  need  for
revision  surgery.

Prognosis
Children  w ith  choanal  atresia  have  an  excellent  prognosis  for
satisfactory nasal breathing w ith  adequate repair, particularly if
they  have  unilateral  choanal  atresia  and  do  not  have  the
CHARGE association. Most  ch ildren, even  those w ho require  re-
vision  surgery, are  able  to  breathe  well through  the  nose  once
they have healed from  reconstruct ion  of the choana.

When  the  CHARGE association  is  present,  there  is  an  in-
creased  risk  for  restenosis  and  the  need  for  secondary  proce-
dures, yet  these  ch ildren  usually  fare  well  after  correct ion  of
their choanal atresia.

67.3.2  Piriform  Aperture Stenosis
Et iology, Pathophysiology, and Pathogenesis
Piriform  aperture  stenosis  is  a  rare  bony congenital m alform a-
tion  characterized  by  narrow ing  at  the  entry  of  the  piriform
aperture  of the  nose. It  develops during em bryologic form ation
of the  nose  and  nasal cavity and  often  is  associated  w ith  other
craniofacial  conditions, such  as  holoprosencephaly, congenital
central  m axillary  incisor,  and  m alform ations  of  the  sinuses.
There  is  no  know n  etiologic  agent  that  causes  nasal  piriform
aperture stenosis.

Present ing Sym ptom s
The m ost com m on sym ptom  of piriform  aperture stenosis is na-
sal obstruct ion  in  the  neonatal period. Children  w ith  piriform
stenosis m ay experience significant  respiratory distress because
they are  obligate  nasal breathers, and  they usually dem onst rate
loud, stertorous breathing w ith  snort ing, chest  retract ions, and
poor nasal airflow.

Medical Evaluat ion and Test ing
Piriform  aperture  stenosis  w ill have  a  congested  nasal appear-
ance  on  anterior  rh inoscopy. In  m any cases, the  nose  w ill be  so
narrow  that  even  a flexible fiber-optic nasopharyngoscope can-
not  be passed  in to the  nasal cavity through  the nostr il. Choanal
atresia  can  be  excluded  by  visualizing  air  bubbling  from  the
nostr il at  t im es;  however, choanal stenosis is not  excluded. The
exterior of the nose usually appears norm al.

The  diagnosis  is  m ade  w hen  typical  piriform  aperture  nar-
row ing is  seen  on  axial CT (� Fig. 67.5). An  aperture  w idth  of
less than  8 m m  confirm s the  diagnosis. When  piriform  stenosis
is present, other  neurologic m alform ations should  be  excluded
w ith  im aging of the brain .

Treatm ent
Mild  cases  of  piriform  aperture  stenosis  can  be  successfully
m anaged  w ith  careful observation, nasal steroids, and  the  suc-
tioning of secretions  w ith  a  bulb  syringe. Babies w ho  have  the
m ildest  cases  of  stenosis  should  be  followed  expectantly  for
grow th  of the piriform  aperture.

Fig. 67.4  Nasopharyngeal view of unilateral choanal atresia.
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Children  w ho have considerable respiratory distress w ill usu-
ally benefit  from  surgical enlargem ent  of the  piriform  aperture
w ith  rem oval of the  obstructing bone. This is  accom plished  via
a  sublabial degloving approach  w ith  elevat ion  of the  piriform

aper ture  per iosteum  and  carefu l drilling of the  bone. The  na-
sal open ing  is  then  sten ted  to  reapproxim ate  the  periosteum
to the  bone.

Prognosis
The  prognosis  is  favorable  for  ch ildren  w ho  have  m ild  piri-
form  stenosis  t reated  w ith  conservat ive  m easures  of  saline
lavage  and  frequen t  suct ion ing.  In  those  babies  undergoing
surgical  en largem ent  of  the  piriform  aper ture  for  severe
sym ptom s, the  prognosis  depends  upon  the  degree  to  w hich
the  stenosis  can  be  en larged. Ch ildren  should  be  follow ed  for
grow th  and  the  m ain tained  relief of nasal  obst ruction  for  at
least  1  to 2  years.

67.3.3  Rare Congenital Nasal Anom alies
Derangem en ts  in  em bryologic form at ion  of th e  n ose  can  re-
su lt  in  various  abnorm alit ies  of  th e  nasal  st ructu re.  These
condit ion s  are  rare  an d  in frequen t ly repor ted  in  the  m edical
literature,  bu t  th ey  can  be  h igh ly  alarm ing  to  the  baby’s
paren ts.

Proboscis lateralis is a  rare  condition  in  w hich  a tubelike for-
m ation  either  replaces the en tire  nasal structure (often  in  asso-
ciation  w ith  cyclopia, or  single  m idline  eye) or  is located  to the
side  of the  nose. If the  proboscis  is  on  the  side, the  ipsilateral
nostr il  is  often  absent  or  m arkedly  sm aller  than  the  contrala-
teral  norm al  nostr il  (� Fig.  67.6).  The  ipsilateral  nasal  cavity
m ay  be  sm aller  than  norm al,  and  the  attachm ent  point  of

Fig. 67.5  Computed  tomographic scan  demonstrating  piriform  aper-
ture  stenosis (arrows).

Fig. 67.6  (a) Proboscis lateralis with  ipsilateral stenotic nostril. (b) After removal of the  proboscis and  left-sided  reconstruction of the  nostril with  a
portion of the  proboscis.
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the  proboscis  m ay  indicate  derangem ent  of  the  tear  duct
system . Surgical m anagem ent  includes  excision  of the  probos-
cis, evaluation  of  the  continuity  of  the  tear  duct  system , and
reconstruct ion  of the  hypoplastic or  absent  nostr il. These  ch il-
dren  have  an  excellen t  prognosis for  appearance  and  nasal and
tear duct  function  w hen  the nostril and  nasal cavity are less se-
verely a ected.

Supernum erary  nostrils  are  duplication  anom alies  of  the
nose. Although  rare, they are  easily  identified  by their  charac-
teristic appearance  at  birth . The  extra  nostril is  often  superior
to the  t rue  nostr il and  m ay, but  not  always, exist  in  continuity
w ith  the  t rue  nasal cavity. The t reatm ent  is surgical excision  of
the  duplicate  nostril;  local flaps m ay be  needed  to restore  nor-
m al contour to the perinasal crease.

Arrhinia  is  an  extrem ely  rare  congenital  condition  in  w hich
the nose is absent. In  th is case, there is no nostr il or nasal open-
ing, and  the  nasal cavity  is  not  presen t  or  paten t . Th is  condi-
t ion  results  w hen  the  nasal  p lacode  fails  to  canalize  during
em bryologic developm ent . Treatm ent  is aim ed  at  m ain tain ing
an  adequate  airw ay, and  early m outh  breath ing is m andatory.
Surgical  construct ion  of  an  exter ior  nose  is  perform ed  in
m ult ip le  stages, and  nasal  passages  are  d i cu lt  to  construct
(� Fig. 67.7).

67.3.4  Congenital Midline Nasal
Masses: Derm oids, Gliom as, and
Encephaloceles
Et iology, Pathophysiology, and Pathogenesis
Congenital m idline  nasal m asses  are  uncom m on  and  comprise
a spectrum  ranging from  derm oid  cysts through  gliom as to en-
cephaloceles;  nasal  derm oids  are  the  m ost  com m on.  These
m asses  are  caused  by  errors  in  the  developm ent  of the  nasal
space  and  are  found  in  1  per  20,000  to 1  per  40,000 live bir ths.
A child  w ith  a  derm oid, gliom a, or  encephalocele  m ay present
w ith  an  external or  in ternal nasal m ass. Before  nasal develop-
m ent, the  foram en  caecum  of the  developing  neuropore  nor-
m ally  closes  by  the  th ird  week  of em bryologic  developm ent ,
w ith  ultim ate  separation  of  the  in tracranial  and  extracranial
structures. When  the foram en  caecum  fails to close, a tongue of
prolapsing dura  m ay extend  in to  th is  space  and  extracranially
into  the  developing  nose  and  septum . If  brain  tissue  is  con-
tained  w ithin  the  protruding dura and  rem ains attached  to the
fully  developed  brain  by  a  tubelike  stalk, an  encephalocele  is
present. When  the  dura  or  brain  tissue  inside  the  m ass  is  iso-
lated  from  the  brain  (85  to  90%) or  attached  only  by a  fibrous
stalk (10  to 15%) in  the  region  of the  foram en  cecum , the  m ass
is defined as a gliom a (� Fig. 67.8). Gliom as are m ost com m only
extranasal  (up  to  60%)  and  a ect  m ales  three  t im es  as  fre-
quently as fem ales. Nasal derm oid  cysts are  considered  to form
sim ilarly  to  gliom as  and  encephaloceles  because  the  dura  is
closely approxim ated  to the  nasal skin  around  the  tim e  of neu-
ropore  closure  and  foram en  caecum  closure. It  is  felt  that  the
proxim ity  of the  nasal  skin  to  the  dura  at  th is  t im e  (approxi-
m ately  the  th ird  or  fourth  week  of  developm ent)  results  in
som e of the skin  cells being draw n  up in to the developing nasal
cavity, w ith  resultan t  form ation  of the  derm oid  cyst. Derm oid
cysts  consist  of ectoderm al  and  m esoderm al em bryonal germ
layers, in  contrast  to teratom as, w hich  also have an  endoderm al
layer  and  are  lined  by skin  w ith  hair  and  sebaceous glands. En-
cephaloceles are  often  associated  w ith  other  congenital abnor-
m alit ies and are seen  evenly in  m ales and fem ales.

Nasal Derm oid Cyst
Present ing Symptoms
Derm oid  cysts are slow ly grow ing, sm ooth  m asses that  are firm
and  do not  t ransillum inate  in  or  around  the nasal area. Often, a
pore  (w ith  or  w ithout  a  tuft  of hair) is  present  on  the  external
skin , w hich  is  characteristic  of derm oid  cysts  only. Derm oids
are not  compressible, nor do they enlarge w ith  crying or Valsal-
va  m aneuvers. They  are  found  anyw here  from  the  glabella  to
the  nasal  tip, as  well  as  intranasally  or  w ithin  the  septum. Be-
cause  of the  unique  embryologic developm ent  of dermoid  cysts,
there can  be a fibrous connect ion  intracranially through  a patent
foram en  caecum . There  m ay be deform ation  and  lateral splaying
of  the  nasal  bones, depending  upon  the  location  of  the  cystic
portion  of  the  derm oid  (� Fig.  67.9a  and  � Table  67.2).  Intra-
nasal derm oids m ay present  w ith  nasal congestion  and/or  nasal
obstruction. There  m ay be  w idening of the  nasal septum  if the
cyst  is  w ithin  the  septal  cartilage. When  the  m ass  is  relatively
small, the lesion  may not  be identified  until the patient  is older.

Fig. 67.7  Arrhinia with anophthalmia. Note the lack of a nasal opening.
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Medical Evaluat ion and Test ing
After  the  m ass  is  identified, radiographic im aging  is  obtained.
CT in  the axial and sagittal planes w ill not only dem onstrate the
m ass  but  also  delineate  the  bony  confines  and  surrounding
structures. There  m ay be  a  bifid  crista  galli or  w idening of the
foram en  caecum  in  the  anterior  cranial fossa  w ith  the  sugges-
tion  of a  possible  in tracranial com m unication. Magnet ic  reso-
nance  (MR)  im aging  is  very  helpful  in  determ ining  if  a  sus-
pected  in tracranial com m unication  is  present  and  is  felt  to  be
m ore sensitive and specific for  th is component of the diagnosis;
the T1-weighted MR im age is hyperin tense in  derm oid cysts.

Treatment
The  treatm ent  for  derm oid  cysts  is  complete  surgical excision
w hen  the  lesion  is  diagnosed. There  is  a  risk  for  infect ion  in

derm oid  cysts, and  if infect ion  occurs w ith  rupture  of the  cyst,
complete  excision  is  di cult .  Incompletely  excised  derm oid
cysts generally recur, w ith  revision  surgery even  m ore complex
than  prim ary  excision . Usually, an  external  approach  (e.g., di-
rect  incision , external rh inoplasty, lateral rh inotomy) is used for
lesions  external  to  the  nasal  bones  (� Fig.  67.9b).  In tranasal
cysts  m ay  require  m idfacial  degloving  or  endoscopic  ap-
proaches. Neurosurgical  consultat ion  is  required  for  derm oids
w ith  in t racranial extension , and  cran iotomy m ay be  necessary
for safe, complete rem oval.

Complicat ions and Prognosis
Derm oid  cysts m ay becom e infected, m aking defin itive excision
m ore  di cult . Spread  of infect ion  to the  paranasal t issues m ay
occur. A cerebrospinal fluid  (CSF) leak m ay occur in  lesions w ith

Fig. 67.8  (a) Normal anterior skull base. (b)
Anterior skull base and foramen caecum  location
with encephalocele.
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in tracranial  com m unicat ion.  Late  complications  include  scars
from  external approaches, loss of septal car tilage in tegrity w ith
saddle  nose  deform ity, and  cosm etic  complications  w hen  the
nasal  bones  are  a ected. The  prognosis  is  excellent  w hen  the
derm oid is completely excised.

Gliom a
Present ing Symptoms
Gliom as  present  as  external  m asses  in  the  glabella  region
(about  60% of all gliom as)  but  m ay occur  anyw here  w ithin  or
around  the nasal region. When  they are  external, they are firm ,
nontender, and  noncompressible  m asses. They do not  transillu-
m inate, and  if close  to  the  skin  surface, they  m ay  have  a  pur-
plish  discoloration .  Gliom as  are  usually  diagnosed  at  bir th
w hen  external, but  the  diagnosis of in tranasal gliom as m ay be
delayed. Sym ptom s of in tranasal gliom as include  nasal conges-
tion, nasal  obstruct ion, and  stertorous  snoring. Hypertelorism
and splaying of the nasal bones occur w ith  larger lesions.

Intranasal exam inat ion  m ay reveal a  m ass  high  in  the  nasal
cavity by the  septum  or  em anating from  the  lateral nasal wall.
The  m ucosa-covered  m ass  usually  w ill be  sm ooth  and  firm  to
palpation .

Diagnost ic Test ing
The  presence  of an  in t ranasal m ass requires  radiologic evalua-
tion. MR im aging  is  the  m ost  specific and  sensitive  study. MR
im aging  can  determ ine  w hether  there  is  an  in tracranial  stalk
com m unicat ion  and  helps  to  di erentiate  gliom a  from  ence-
phalocele.  Gliom as  are  hyperin tense  on  T2-weighted  im ages;
on  T1-weighted  im ages,  they  are  variable  in  in tensity.  CT is
complem entary to MR im aging. Gliom as are  isodense on  CT. CT
reveals  im portan t  relationships  to  the  in tranasal anatomy and
is usefu l for surgical planning (� Fig. 67.10).

Treatment
Once  a  gliom a  is  diagnosed, consultation  w ith  a  pediatric neu-
rosurgeon  is  recom m ended  because  of the  risk  for  in tracranial

Fig. 67.9  (a) Nasal dermoid  with  hair protruding at  midline. (b)
Excision of a  nasal dermal sinus cyst  with  the  sinus tract  passing
through the  nasal bones.

Table 67.2  Comparison of findings in congenital midline nasal masses

Dermoid  Glioma  Encephalocele

Age  at  diagnosis  Infants and  children  Infants and  children  Infants and  children

Location of mass  Intranasal+ extranasal  Intranasal+ extranasal  Intranasal+ extranasal

Cranial defect  Rare  Up to 15%  All

Pulsation  No  No  Yes

Transillumination  No  No  Yes

Appearance  Firm  ± pore  or hair  Purplish, firm, smooth  Purplish, soft

Compressibility  No  No  Yes

Cerebrospinal fluid  connection  Rare  Rarely  Yes

Possible  infection  Local infection  Possible  meningitis  Meningitis
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com m unicat ion . Biopsy for  diagnosis  is  not  advised  because  of
the risk for infect ion  and  the creation  of a CSF leak if there is an
intracranial  com m unicat ion .  Surgical  treatm ent  is  recom -
m ended  w ith  complete  excision .  External  lesions  m ay  be
rem oved  in  a  m anner  sim ilar  to  that  used  for  nasal derm oids.
In tranasal  gliom as  w ithout  in tracranial  extension  m ay  be  re-
m oved  endoscopically w ith  or  w ithout  a com bined  neurosurgi-
cal cran iotomy for  total resection. This m ay be  accom plished  in
a single stage or in  two procedures. Endoscopic techniques have
evolved  recently,  and  the  use  of  in traoperative  stereotact ic
im age  guidance  system s  increases  the  likelihood  of complete
excision  (including  gliom as  w ith  in tracranial  com m unicat ion)
and repair of the anterior cranial fossa defect .

Complicat ions and Prognosis
Excision  of a gliom a carries a  specific risk for  CSF leak, par t icu-
larly  w hen  an  in t racran ial  com m unicat ion  has  not  been  an-
t icipated. Endoscopic rem oval of the  gliom a increases the  r isk
for  CSF leak  and  fistu la, w hich  m ust  be  repaired  as  soon  as  it
is d iscovered.

The prognosis is excellent  w ith  complete  rem oval of the glio-
m a, regardless of the  resection  technique. Recurrence  rates are
very low  (< 10%), even  if the lesion  is incompletely rem oved.

Encephaloceles
Presenting Symptoms
Most  encephaloceles,  like  gliom as,  are  diagnosed  at  or  soon
after bir th , particularly w hen they are extranasal. Because ence-
phaloceles  contain  brain  tissue  and  CSF, they are  compressible
m asses  that  readily  transillum inate. They  are  sm ooth, slightly
firm  m asses w ithin  or  around  the  region  of the  nose. When  in-
tranasal, they tend  to cause  sym ptom s of nasal congestion , na-
sal obstruction , or  ster tor. Other  physical findings m ay include
hypertelorism  and  splaying of the  nasal  bones, sim ilar  to  that
seen  in  gliom as.

Diagnost ic Test ing
MR im aging  and  CT are  recom m ended  for  reasons  sim ilar  to
those  for  gliom as. The  foram en  caecum  is  paten t  w ith  a  vari-
ably  sized  defect  in  the  an terior  skull  base  on  CT scans. The
MR im age  m ay  show  brain ,  m en inges,  or  dura  w ith in  the
m ass  and  in t racran ial  com m unicat ion .  The  MR  im age  w ill
dem onstrate  CSF  w ith in  the  m ass  and  connect ing  stalk,
w hich  can  help  to d ist inguish  an  encephalocele  from  a gliom a
(� Fig. 67.11).

Fig. 67.10  Intranasal glioma on T2-weighted
magnetic resonance  image.
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Treatment
The treatm ent  options are  sim ilar  to those for  glioma. Biopsy for
diagnosis  is  not  performed  on  encephaloceles, for  reasons sim i-
lar  to  those  for  glioma. The  need  for  neurosurgical consultation
and  collaboration  is  increased  in  cases  of larger  encephaloceles.
Endoscopic m anagement  is possible for  sm aller  masses, w ith  the
expectation  of performing CSF and  anterior cranial floor  repairs.

Complicat ions and Prognosis
The  prognosis  is  excellent  w hen  a  carefu l resection  is  planned
and  perform ed. The  correct ion  of associated  deform it ies, such

as hypertelorism , is often  planned  concurren tly w ith  the  resec-
tion  or as a later, staged procedure.

67.4  Epistaxis
67.4.1  Anatomy
The nose  and  nasal area  have  a  rich  blood  supply from  both  the
external  and  internal  carotid  arteries. The  main  arterial  supply
to  the  nose  and  septum  com es  from  branches  of  the  anterior
and  posterior  ethm oidal  arteries  (superior), sphenopalatine  ar-
tery (posterior), and  greater  palatine  and  superior  labial arteries

Fig. 67.11  Magnetic resonance  image  demonstrating  brain  tissue  in  a  nasal encephalocele.
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(inferior).  The  anterior  and  posterior  ethm oidal  arteries  are
branches of the  ophthalmic artery, an  intracranial branch  of the
internal carotid  artery. The sphenopalatine  artery and  the  great-
er  palatine  artery are  end  branches of the  internal maxillary ar-
tery, one of the main  branches of the external carotid  artery. The
internal m axillary artery and  its branches also supply the sinuses
and lateral nasal wall. The greater palatine artery is a sub-branch
of the  internal maxillary artery and  supplies the  inferior  septum
and  nasal floor. The  superior  labial artery is  a  sub-branch  of the
facial  artery  and  supplies  the  anterior  nasal  floor  and  anterior
septum. A rich  vascular  plexus, the Kiesselbach  plexus, is formed
from  contributions  of these  arteries, particularly  in  the  anterior
septum  (� Fig. 67.12). The  Kiesselbach  plexus  is  the  most  com-
mon  location  for  epistaxis in  young children  because  of its loca-
tion  in  the anterior septal region  and  highly vascular  nature.

67.4.2  Et iology and Pathogenesis
There  are  myriad  causes  of  epistaxis  in  ch ildren.  Com m on
causes  of epistaxis  include  traum a, abnorm al  airflow  through
the  nose, dry air, and  inflam m ation. Traum a to the  delicate  an-
terior  nasal septal m ucosa, especially if it  is already inflam ed, is

the  m ost  com m on  cause. Traum a  to  the  nasal  m ucosa  can  be
digital traum a (“nose picking”), direct  blunt  t raum a (nasal frac-
ture), or  innocent  rubbing of the nose. Injury to the m ucosal in-
tegrity leads to excoriation  and  th inning of the m ucosal surface
over the blood vessels.

Inflam m ation  plays a  significant  role  in  epistaxis in  children.
Children  are  predisposed  to  viral  upper  respiratory  infect ions
w ith  associated  nasal secretions. They are  m ore likely to devel-
op  secondary  bacterial in fect ions  of the  nostril  skin  and  nasal
m ucosa, w hich  m ay increase the vascularity of the nasal t issues.
The  risk  for  epistaxis  increases  w hen  infect ion  is  accom panied
by drying of the m ucus and crust ing at  the anterior septum  and
nares, compounded by digital t raum a.

Abnorm alit ies of airflow  through  the  nose, often  due to vari-
ous  types  of  nasal  obstruct ion ,  m ay  cause  inflam m atory
changes  to  the  m ucosa  of the  nasal cavity, w ith  increased  vas-
cularity. In  addition, the  nose  serves  to  hum idify  the  am bient
air  during  respirat ion. When  the  hum idity  of the  air  is  exces-
sively low  (in  certain  geographic regions, during the  w in ter, or
in  heated  environm ents), the m ucosa w ill dry (especially in  the
anterior  septal area), increasing  the  risk  for  m icrofissures  and
cracks, w hich result  in  epistaxis.

Fig. 67.12  Nasal septal vessels forming  the  Kiesselbach plexus.
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Children  w ith  tum ors  or  system ic  conditions  m ay  be  at  in-
creased  risk  for  epistaxis. Any m edical condition  resulting in  a
coagulation  abnorm ality  (e.g.,  hem ophilia,  von  Willebrand
disease) or  throm bocytopenia  (e.g., idiopathic throm bocytope-
nia, complications of chem otherapy, in itial presentation  of cer-
tain  leukem ias),  as  well  as  certain  m edications  (e.g.,  aspirin ,
nonsteroidal  anti-inflam m atory  drugs), can  result  in  epistaxis
that  m ay be di cult  to control.

67.4.3  Present ing Sym ptom s and
Exam inat ion
Although  epistaxis  can  be  a  life-threaten ing  condition  in  ch il-
dren, m ost cases are m ild episodes of bleeding from  one or both
nostr ils. Most ch ildren seen  in  a m edical o ce w ill present  w ith
a  history of repetit ive  episodes  of nose  bleeding. The  duration
and  frequency  of the  episodes  should  be  determ ined. In  girls
and  prepubescent  boys, the  m ost  com m on  finding on  anterior
rhinoscopy is m ultiple visible blood vessels on  the anterior  sep-
tum  and  nasal  floor  or  shallow  excoriations  in  th is  area. Care
m ust  be  taken  to evaluate  the  ent ire  nasal cavity to exclude in-
tranasal  m asses, especially  in  postpubescent  boys, because  ju-
venile angiofibrom a m ay be a cause in  th is group.

67.4.4  Treatm ent
The  treatm ent  of epistaxis  in  ch ildren  depends  upon  w hether
the  ch ild  is  actively  bleeding  at  the  t im e  of evaluation . When
the  child  is  act ively bleeding, the  situation  is m ore  urgent, and
the  severity  of  bleeding  and  degree  of  blood  loss  m ust  be
rapidly  determ ined  and  m easures  taken  to  halt  the  epistaxis.
Maintaining  a  calm  composure  w hile  dealing  w ith  the  ch ild
and  parents is  essential to  cont rol a  nosebleed, and  if a  ch ild  is
unable to cooperate, restraints m ay be required.

If the nose contains blood  and  clots on  first  inspection, either
having  the  child  blow  the  nose  or  applying  gentle  suct ion  is
necessary. The  nose  is  then  inspected, either  w ith  an  otoscope
or  w ith  a  nasal  speculum  and  headlight.  The  nasal  cavity  is
sprayed  w ith  a  decongestant  (either  oxym etazoline  or  phenyl-
ephrine) and  a  topical anesthetic (usually 4% lidocaine). Often,
the  decongestant  w ill stop  the  nosebleed. The  nasal and  septal
m ucosa is inspected  for  the  bleeding site, and  if it  is identified,
it  m ay be cauterized  (w ith  silver  n itrate  or  electrocautery), or  a
gelat in  hem ostatic sponge m ay be  placed  at  the  in tranasal site.
Antibiotic  ointm ent  should  be  placed  on  the  site  and  m ay  be
used  as the only t reatm ent  in  m ild  epistaxis w ith  e cacy sim i-
lar to that of cautery.

More  severe  nosebleeds  m ay  require  in tranasal  packing.
Com m on  m aterials include hem ostatic balloons (although  they
are often  too large for m ost  young children), nasal packing w ith
hem ostatic  agents  (such  as  gelatin  collagen  sponges  or  other,
sim ilar  dissolvable  m aterials), or  standard  str ip  gauze  packing.
In  som e  cases, general anesthesia  m ay be  required  to  evaluate
and  control severe  epistaxis  in  children. The  use  of dissolvable
agents is  preferred  in  children  w henever  possible. A search  for
the  cause  of  the  epistaxis  m ust  be  m ade,  w ith  correction  of
those  underlying factors to  reduce future  episodes of epistaxis.
Any clot ting  disorder  (hem ophilia, von  Willebrand  disease)  or
throm bocytopenia m ust  be corrected in  severe epistaxis for  the
m ain tenance of hem ostasis.

67.4.5  Com plicat ions of Treatm ent
Com plicat ions  from  the  m anagem ent  of epistaxis  are  uncom -
m on w hen  certain  precautions are taken. Nasal packing, part ic-
ularly w ith  strip  gauze, is  a  know n  risk  factor  for  the  develop-
m ent  of  toxic  shock  syndrom e.  Toxic  shock  syndrom e  is  a
severe, life-threatening condition  resulting from  toxin  produced
by Staphylococcus aureus or  Streptococcus pyogenes suprainfec-
tion  in  the  nasal  packing  m aterial.  Toxic  shock  syndrom e
consists of h igh  fever  (over  39°C), hypotension, a  di use  eryth-
em atous  rash  w ith  desquam ation,  and  severe  organ  system
involvem ent.  Although  the  risk  for  toxic  shock  syndrom e
cannot  be  elim inated, it  is  substan tially  reduced  by  the  use  of
system ic antibiotics w hile nasal packing is in  place.

Nasal septal perforation  is  a  complication  of extensive  bilat-
eral septal m ucosal cauterization . This  complication  is  reduced
by lim iting cauterization  to one side of the septum  w ith  in terval
treatm ent  of the opposite side. In  m any cases of bilateral bleed-
ing from  nasal septal vessels, treatm ent  of the  worse  side  m ay
result  in  im provem ent  in  the opposite side, decreasing the need
for treatm ent of the second side.

67.4.6  Prognosis
Children  w ith  epistaxis  have  an  excellen t  prognosis, especially
those  w ith  m ild  cases. Recurren t  epistaxis  can  usually  be  sub-
stan tially decreased w ith  a reduct ion  of the conditions resulting
in  digital traum a, an  increase  in  hum idification , and  the  use  of
daily topical an t ibiot ic ointm ents. Patien ts w hose epistaxis does
not  improve  should  undergo  hem atologic  evaluat ion  for  a
bleeding or  clott ing disorder. The  control of underlying condi-
tions is essential to reduce the  im pact  of epistaxis in  th is group
of pat ients.

67.5  Foreign Bodies in the Nose
67.5.1  Et iology and Pathogenesis
Children  are  prone  to  explore  their  bodies  and  w ill  often
place  foreign  objects  in to  their  nose  or  ears. The  m ost  com -
m on  pathway  children  use  to  in t roduce  foreign  objects  in to
their  nose  is  via  the  nares, although  foreign  bodies m ay en ter
the  nasal  cavit y  via  the  nasopharynx  and  choanae. After  the
foreign  body is p laced  in to the  nasal passage, it  is  unusual for
ch ildren  to  com plain  about  the  d iscom for t  the  foreign  body
causes.  Most  foreign  body  inser t ions  are  not  w itnessed  by
caregivers.

67.5.2  Present ing Sym ptom s and
Exam inat ion
Unless som eone has seen  the ch ild  place a foreign  body in to the
nose  or  the  child  adm its  the  act  to  a  caregiver, the  child  w ill
present  w ith  sym ptom s  or  complications  caused  by  the  pres-
ence  of a  foreign  body  in  the  nose. The  nasal  complaint  w ill
usually  be  unilateral  (m ore  rarely  bilateral)  chronic  nasal  dis-
charge  lasting days to weeks or  longer. The  nasal discharge  is a
direct  e ect  of the foreign  body on  the nasal m ucosa and  possi-
ble obstruct ion  of the nasal cavity by the foreign  body.
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The  nasal exam ination  w ill usually show  thick mucus or  m u-
copurulent  discharge in  the a ected  side of the nose, which  m ay
prevent  the foreign  body from  being initially visualized. The  un-
a ected  side  is  usually  norm al in  appearance. After  the  m ucus
has  been  suct ioned, the  foreign  body is  usually seen  lodged  be-
tween  the  septum  and  turbinates  in  the  anterior  or  m iddle  re-
gion  of  the  nasal  cavity.  The  mucous  m embrane  m ay  exhibit
marked  inflamm ation  and  irritation, w ith  easy  bleeding  in  the
area of the  object. Disc batteries are  readily available  in  toys and
common  household  objects  that  are  accessible  to  children, and
special attention  and  intervention  are  required  if these  are  sus-
pected  as foreign  bodies. When  moistened  with  nasal secretions
(electrolyte-containing fluids), the  disc battery will begin  to leak
and  cause a severe chem ical burn  to the nasal mucosa. The child
will  complain  of  severe  pain,  and  nasal  discharge  will  begin
much  sooner  than  with  other  foreign  bodies.  Disc  batteries
placed  in  the nose should  be treated  as an  urgent  matter.

67.5.3  Diagnost ic Test ing
Clinical exam ination  is  usually all that  is  needed  to  detect  the
vast  m ajority  of foreign  bodies  found  in  children’s  noses. If a
foreign  body is seen  on  a  radiograph, it  is  usually an  incidental
finding on  sinus series film s or lateral neck film s, such  as those
obtained for the evaluation  of sinusitis or adenoid size.

67.5.4  Treatm ent
Most foreign  bodies found in  a child’s nose can  be removed safely
in  the  o ce  with  the  proper  equipment  and  restraint  of  the
child. Although  older  children  may tolerate  removal of a  foreign
body  from  the  nose  under  topical  anesthesia, younger  children
rarely are  willing to cooperate. Proper  restraint  of the child  is es-
sential to safe  removal. Often, a  papoose board  is needed  to con-
trol the child  during the treatment. The first  attempt  to remove a
nasal foreign  body is the one most  likely to succeed, and  the oto-
laryngologist  is the health  provider most  likely to succeed.

After  topical anesthesia  and  decongestion  of the  nasal cavity,
a headlight  or  the m icroscope can  be used  to illum inate the na-
sal cavity. Using a nasal speculum  and  an  appropriate tool, such
as a  Hartm ann  or  bayonet  forceps, righ t  angle  hook, or  curved
w ire  loop, the  physician  grasps the  object  or  places the  instru-
m ent  behind  the  object . The  object  is  then  pulled  forward  and
out of the nostr il. The nasal m ucosa is reinspected follow ing the
extract ion.  Care  is  taken  to  note  any  injuries  to  the  m ucosa
caused  by the  foreign  body or  the  rem oval, and  care  should  be
taken  to ensure that  only one foreign  body was in  the nose. Mi-
nor injuries to the m ucosa can  be expected to heal completely.

If the  foreign  body is  a  disc battery, it  is  m ost  likely to  have
already  leaked, causing  a  chem ical  burn  of the  nasal  m ucosa.
Disc batteries can  cause a direct  septal perforat ion. If septal per-
foration  has occurred, it  is recom m ended to flush  the area w ith
saline  to  dilute  the  bat tery  alkaline  conten ts  and  cleanse  the
m ucosa. Follow ing  foreign  body  rem oval, care  of the  nose  in-
cludes the use of saline sprays and rinses.

67.5.5  Com plicat ions and Prognosis
Foreign  body  rem oval is  usually  successful as  an  o ce  proce-
dure;  however,  som e  children  have  been  so  t raum atized  by

prior  attempts  that  it  is  im possible  to  rem ove  the  foreign  body
w ithout  general  anesthesia. Arrangem ents  should  be  m ade  to
rem ove the  foreign  body as soon  as possible, w ith  NPO (nil per
os)  status  and  type  of  foreign  body  in  m ind. The  rem oval  of
chronic foreign  bodies, except  for  disc bat teries, can  wait  until
appropriate NPO status is possible.

Children,  after  successful  rem oval  of  an  in t ranasal  foreign
body,  have  an  excellent  prognosis.  Although  m ost  foreign
bodies  do  not  cause  sequelae, som e  foreign  bodies  can  result
in  stenosis,  synech iae,  or  perforat ion  of  the  nasal  septum .
Saddle  nose  deform it y  m ay  result  if  the  septal  car t ilage  has
been  dam aged.

67.6  Nasal Traum a in Children
67.6.1  Et iology
Accidental nasal t raum a frequently occurs in  active  young chil-
dren  during play and  sports. Most  com m only, there  is m inim al
to m ild  swelling of the  nasal soft  t issues w ith  possible  self-lim -
ited  epistaxis. When  there is sign ificant  im pact  to the nose, na-
sal bones, or  m idface, the  pediatric skeleton  is unable to absorb
the im pact, and fracture of the a ected area m ay occur.

67.6.2  Pathogenesis
The  pediatric facial skeleton  is  capable  of absorbing m inor  im -
pacts because  of the  flexibility and  som ew hat  elastic nature  of
the developing bones. The central facial area is prone to im pact,
especially the  nasal area. The  th in  nasal bones are  particularly
at  risk for  injury from  traum a, especially the inferior  and  lateral
aspects  of the  nasal bones. Direct  im pact  can  result  in  fracture
of the  bone  or  car tilage  of the  nasal  septum , as  in  the  adult.
However, in  the younger child, the cartilage and  bone are  m ore
pliable  and  elast ic, and  so  are  m ore  likely to  flex  than  to  frac-
ture. As  ch ildren  age  in to  their  teens, the  nasal structures  lose
these  elastic properties and  becom e m ore  prone  to fracture, as
in  the adult.

67.6.3  Present ing Sym ptom s
Children  w ith  facial traum a  present  soon  after  the  injury. The
history m ust  include the details of the incident  and  the m echa-
n ism  of injury, as well as the presence of epistaxis or  new  nasal
obstruct ion. An  exam inat ion  perform ed  im m ediately  after  the
injury m ay reveal the  presence  or  absence  of a  deform ation  of
the nasal bones; however, m ost  patients present  w ith  m oderate
to  severe  facial soft-t issue  edem a, precluding an  assessm ent  of
nasal bone displacem ent. In tranasal exam ination  is very impor-
tant, w ith  par ticular  attention  to the septum . Com plain ts of na-
sal  obstruct ion, com bined  w ith  swelling  of the  septal  m ucosa
(unilateral or  bilateral)  that  is  soft  and  compressible, are  com -
patible  w ith  a  septal  hem atom a,  a  relative  em ergency.  The
patient  m ust be evaluated for possible associated ocular or orbi-
tal  injuries, and  ophthalm ic  consultation  should  be  prom ptly
obtained if indicated.

The  exam ination  should  be  repeated  about  5  or  6  days after
the  injury  if  there  is  a  question  of  nasal  bone  fracture.  The
delayed  exam inat ion  allow s  tim e  for  a  reduct ion  of perinasal
edem a  and  an  easier  assessm ent  of displacem ent  of the  nasal
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bones. Periorbital ecchym osis m ay be seen  days after  the injury
w hen a nasal fracture has occurred.

67.6.4  Diagnost ic Test ing
Clin ical exam inat ion  is usually all that  is needed to m ake a diag-
nosis  of  nasal  bone  fracture  and/or  septal  hem atom a.  Nasal
bone  radiographs  are  unlikely  to  provide  inform ation  beyond
w hat  a  careful evaluation  of the  position, sym m etry, and  con-
tour  of the  nasal region  w ill yield. In  older  children  w ith  prior
episodes of nasal t raum a, it  m ay be di cult  to di erentiate cur-
ren t  findings  from  prior  injuries.  When  adjacent  traum a  is
present, CT is recom m ended to evaluate the orbit  or  m axilla for
associated fracture or t raum a.

67.6.5  Treatm ent
Nasal fractures  are  usually  treated  w ith  closed  nasal  bone  re-
duct ion  under  local or  general anesthesia. The optim al t im e for
reduct ion  of a  nasal  fracture  in  children  is  betw een  5  and  8
days. Children  heal m uch  m ore  quickly than  adults, and  a  fixa-
tion  of  the  m alpositioned  fracture  w ill  develop  in  just  a  few
days, so  that  the  t im ing  of t reatm ent  is  m ore  urgen t  in  ch il-
dren . Septal hem atom a requires urgen t  t reatm ent  w ith  either
aspirat ion  or  incision  and  drainage  w ith  packing  as  soon  as
the  d iagnosis is m ade  to preven t  the  form ation  of a  septal ab-
scess  or  the  late  com plicat ions  of  septal  car t ilage  loss  and
saddle  nose  deform it y.

Closed  nasal  bone  reduction  in  children  is  com m only  per-
form ed  w ith  general anesthesia  because  of pat ient  anxiety. The
nasal cavity is prepared  w ith  the application  of a topical decon-
gestant  (oxym etazoline)  on  cot tonoid  pledgets.  The  Goldm an
elevator is typically used  to disim pact , elevate, and m obilize the
displaced  nasal bone. First , pressure  is  applied  in  the  direct ion
of the  displaced  bone, and  the  elevator  is  then  used  to  elevate
and  replace  the  bone  in to  the  proper  position . Finger  pressure
is  applied  to  assist  in  the  use  of the  elevator. When  the  proce-
dure  is  successfully  perform ed, the  surgeon  can  often  feel the
displaced  bone  “pop” in to its norm al position. The sym m etry of
the  nose  should  be  evaluated  from  the  frontal  and  bird’s-eye
position. A splin t  is  applied  for  5  to  7  days;  in  children , in tra-
nasal packing is rarely needed.

67.6.6  Com plicat ions
The m ain  risk of nasal fracture and its treatm ent  is unsuccessful
reduct ion . If the  displaced  bone  cannot  be  reduced, too  m uch
tim e  m ay have  elapsed  betw een  the  injury and  fracture  reduc-
tion. Often, th is is due to patient  delay in  seeking t reatm ent. In-
adequate  fracture  reduction  m ay  be  the  result  of a  greenstick
type  of fracture, w ith  slow  relapse  of the  bone to its pretreat-
m ent  posit ion . In  addit ion  to  the  nasal bone, the  septum  m ay
sustain  a  fracture  or  becom e  deviated,  w ith  resultan t  nasal
obstruct ion .

When  closed  nasal  reduct ion  is  unsuccessful, form al  rhino-
plasty can  be  considered  once the  child  has achieved  facial m a-
tur ity. This is generally around the age of 15 to 16 years in  girls,
and  16  to  17  years  in  boys. Extensive  nasal surgery, especially
septal  surgery, in  younger  ch ildren  r isks  in jury  to  the  naso-
septal  grow th  cen ter,  and  m idfacial  and  nasal  grow th

deficiencies  m ay  resu lt .  As  previously  m entioned, un treated
septal hem atom a  m ay  progress  to  septal abscess. The  organ-
ism s m ost  com m only encoun tered  are  Staphylococcus species.
Septal hem atom a or  abscess m ay result  in  septal car t ilage  de-
struct ion  and  u lt im ate  saddle  nose  deform it y.

67.6.7  Prognosis
Most  ch ildren  w ho sustain  a  nasal fracture  w ill have an  excel-
len t  prognosis  after  prom pt  m edical  t reatm ent .  Successfu l
closed  nasal  reduct ion  is  expected  to  restore  the  pat ien t’s
preinjury  cosm etic  appearance.  How ever,  unrecogn ized  and
un treated  septal  t raum a, w hen  presen t , m ay  becom e  notice-
able  on ly  as  the  ch ild  m atures  and  a  deviated  car t ilaginous
dorsum  becom es  apparen t .  When  t reatm ent  is  delayed  or
unsuccessful,  later  rh inoplasty  in  the  late  teen  years  has  an
excellen t  outcom e.

67.7  Nasal Obst ruct ion
Nasal obstruction  can  be  di cult  to  diagnose  in  children. Chil-
dren  do not  usually reliably complain  of an  inability to breathe
through  the nose, and therefore other associated sym ptom s and
signs  m ust  be  considered  to  m ake  the  diagnosis  of nasal  ob-
struct ion . Nasal obstruct ion  itself is  a  sym ptom  of other  condi-
tions that  m ay originate w ithin  the nose or in  the nasopharynx.
Sym ptom s  of  chron ic  m outh  breath ing,  snoring,  chron ic
runny nose, and  a  decreased  sense  of sm ell all ind icate  possi-
ble  nasal  obst ruct ion  and  are  im portan t  com ponen ts  of  the
m edical h istory.

67.8  Rhinorrhea
67.8.1  Et iology
Rhinorrhea  is  frequent  in  childhood. It  is  a  nonspecific  state
caused  by m any conditions a ect ing the nose, including foreign
bodies  and  allergic, infect ious, inflam m atory, and  obstruct ing
conditions. The  nose  responds  to  various  insults  by  increasing
its  output  of nasal  secretions. When  the  volum e  of the  nasal
secretions is increased  over  basal rates, rh inorrhea is seen . Rhi-
norrhea  m ay occur  as  a  unilateral or  bilateral problem , be  epi-
sodic or constant, and have an  acute or a gradual onset .

67.8.2  Infect ious Rhinit is
Viral Infect ion
Viral upper  respiratory  infect ions  occur  frequently  in  children
and  are  the  m ost  com m on  reason  for  health  care  visits in  ch il-
dren . Until the age of 6 years, children  have betw een  six and  10
viral  upper  respiratory  infect ions  per  year  on  average,  w ith
each  lasting betw een 10 and 14 days. Although  the upper respi-
ratory  infect ion  m ay  have  resolved,  som e  of  the  sym ptom s,
such  as cough, m ay persist  for  several m ore  weeks. The  viruses
frequently  im plicated  include  rhinovirus, adenovirus, coxsack-
ieviruses  A and  B,  respiratory  syncyt ial  virus,  and  influenza
viruses. Respiratory syncyt ial virus is an  im portant  cause  of se-
vere  respiratory illness in  children, especially children  younger
than  12 m onths of age, and prem ature children . Children  in  day
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care environm ents are know n to be at  increased  risk for acquir-
ing viral infect ions and  have m ore  upper  respiratory infect ions.
Rhinorrhea  is  seen  in  the  prodrom al stage  in  m any viral infec-
tions, including m easles, m um ps, rubella, and roseola.

67.9  Treatm ent  of Viral Infect ions
The  t reatm ent  of  viral  nasal  in fect ions  is  sym ptom atic  and
aim ed  at  reducing the  impact  of congestion  and  nasal obstruc-
tion. Nasal decongestants m ay be carefully used  in  the m ost  se-
vere  cases.  Nasal  saline  sprays  and  irr igations  w ith  frequent
suct ioning (w ith  bulb  syringe) are  helpful in  the  youngest  chil-
dren and m ay reduce the possibility of bacterial superinfect ion .

67.9.1  Bacterial Infect ion
Bacterial infect ions  of the  nose  are  frequently seen  in  children
and  m ay result  as a  secondary infect ion  after  an  upper  respira-
tory infect ion. They are  noted  w hen  discolored  nasal discharge
persists longer  than  10 to 14 days or  is associated  w ith  h igh  fe-
ver  or  worsening sym ptom s of the  upper  respiratory infect ion.
Purulent  nasal discharge  frequently m ay be  caused  by Haemo-
philus influenzae, Mora xella  ca ta r rha lis, Streptococcus pneumo-
niae,  and  other  species  of  Streptococcus  and  Staphylococcus.
Bacterial infect ion  in  the  nose  causes m ucosal edem a (particu-
larly  in  the  turbinates), a  foul  sm ell, halitosis, postnasal  drip,
and nasal obstruction .

Persistent  nasal discharge  lingering  past  the  t im e  w hen  the
sym ptom s  of  an  upper  respiratory  infect ion  should  have  re-
solved  should  be considered a bacterial suprainfect ion. It  is rec-
om m ended  that  cultures  be  obtained  for  long-standing  nasal
discharge  and  antibiotic  therapy  selected  based  upon  the  or-
ganism  or proven  sensitivities. Pending the culture results, anti-
biotic  t reatm ent  w ith  a  β-lactam ase–resistan t  or  augm ented
penicillin ,  m acrolide, or  (usually  second-generation)  cephalo-
sporin  m ay be in itiated; th is can  be adjusted, if necessary, based
on the culture reports.

Rhinitis  neonatorum  is  a  bacterial nasal infect ion  of infants.
This condition  deserves special m ent ion  because infants are still
usually  w ithin  the  phase  of obligate  nasal  breathing, and  th is
nasal infect ion  m ay cause considerable respiratory distress. The
child  usually presents w ith  chronic watery or  purulen t  rh inor-
rhea of som e weeks’ durat ion, nasal congestion, partial or  com -
plete  nasal  obstruct ion, and  snort ing  or  snoring. Som e  babies
w ill dem onstrate  retract ions, indicat ing m ore  severe  nasal ob-
struct ion . Infan ts are  par ticularly susceptible  to  bacterial infec-
tions of the nose. Although they receive t ransplacental m aternal
antiviral  an tibodies  during  fetal  life,  their  natural  resistance
against  bacterial pathogens is weaker. Bacteria usually found on
culture  include  H. influenzae, Staphylococcus species, and  Strep-
tococcus species, am ong others. Because  of increased  antibiotic
resistance  pat terns,  the  adm in ist rat ion  of  a  cu lture-dr iven
an t ibiot ic  for  7  to  14  days  is  recom m ended.  Sym ptom atic
care, including  saline  and  suct ion ing, is  recom m ended  adju-
van t  t reatm en t .

67.9.2  Com plicat ions and Prognosis
Although  rhinitis  and  rh inorrhea  are  com m on  conditions  in
childhood, m ost  children  are  only  m ildly a ected  and  recover

well from  these illnesses. Com plicat ions of rh initis are  rare, but
untreated  and  persisten t  rh initis m ay develop  in to rhinosinusi-
tis w ith  its potent ial complications.

Allergic Rhinit is
Etiology
Allergic rhinitis is the response of the nasal organ  to an tigen  ex-
posure in  a sensitized individual. As in  adults, allergic rhinitis in
children  is  usually  due  to  sensitization  to  an  environm ental
agent  or  allergen  that  is present  either  seasonally (e.g., pollens
and  grasses)  or  year-round  (e.g.,  hum an  dust  m ites,  m olds,
cockroaches, dander).

The  allergic individual is  not  born  w ith  an  allergic response
to  an  allergen;  rather, an  allergic  react ion  develops  follow ing
one  or  m ultip le  exposures  to  the  allergen.  The  nose  is  fre-
quently a ected  because of the airborne nature of m any poten-
tial allergens.

The  developm ent  of  an  allergy  requires  an  individual  ten-
dency  (often  fam ilial)  to  develop  the  allergy  and  exposure  to
the  actual allergen. Allergen-sensitized  individuals w ill exhibit
allergic sym ptom s after  exposure to that  specific allergen. Indi-
viduals  m ay be  sensitized  to  a  single  or  m ultiple  unrelated  al-
lergens.  The  m ost  com m on  allergens  are  pollen  from  trees,
grasses,  and  other  flowering  plants;  house  dust;  dander  (cat
and  dog);  m old  spores;  and  peanut  dust. Children  w ho  exhibit
atopy, w ith  eczem a and  asthm a, are at  the highest  risk for aller-
gic rhinitis.

Pathophysiology and Pathogenesis
Allergic rhinitis is a type of im m ediate hypersensitivity react ion
to  an  allergen  and  is  typically m ediated  by im m unoglobulin  E
(IgE) antibodies  to  the  allergen. Upon  previous  exposure  to  an
allergen, the  allergic individual produces IgE antibodies to that
specific  allergen . When  the  sensitized  individual  is  again  ex-
posed  to  the  specific  allergen, the  allergen  com bines  w ith  IgE
antibodies on  the cell m em branes of m ast  cells in  the subm uco-
sa  of the  nasal m ucous m em branes. A cascade  is  in it iated  that
results in  degranulation  of the m ast cells, w ith  a m ediator-regu-
lated  react ion  and  h istam ine  release.  This  im m une  react ion
results in  tissue  edem a due  to increased  vascular  perm eability,
increased  nasal secretions rich  w ith  eosinophils, and  concom i-
tant  congestion  and  nasal obst ruction . Associated  sym ptom s of
itching, sneezing, and tearing frequently occur.

Presenting Symptoms, Medical Evaluat ion, and
Test ing
The  diagnosis of allergic rh initis  is  suggested  by the  sym ptom s
of nasal  congest ion  and  obst ruct ion ;  th in , clear,  w atery  rh i-
norrhea;  itchy nose;  and  increased  sneezing after  exposure  to
specific  environm ental  agen ts. In  som e  cases  (par t icularly  in
perenn ially  occurr ing  allergies),  the  sym ptom s  have  been
presen t  so  consisten t ly and  for  so  long that  the  pat ien t  is  un -
able  to iden t ify specific environm en tal agen ts.

Exam ination  of the  nose  w ill often  reveal congestion  of the
m ucosa; clear, watery rhinorrhea; and pale, boggy, bluish  turbi-
nates  obstruct ing  the  nasal  cavity. In  long-standing  cases, the
physical  exam inat ion  findings  m ay  be  less  obvious:  general
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congestion  and  typical rh inorrhea w ithout  significant  turbinate
pathology.

Collect ion  of the  nasal discharge  m ay dem onstrate  a  m arked
increase  in  the  num ber  of  eosinophils  on  h istologic  sm ear.
Although  helpful by indicating the  presence  of allergy, eosino-
phil  counts  do  not  assist  w ith  identifying  the  allergen. More
com m only used  studies  to  determ ine  specific allergens  are  se-
rum  IgE t iters  or  skin  prick (in traderm al) testing. RAST (radio-
allergosorbent  testing)  is  frequently  used  to  identify  specific
titers, and  the  results  are  compared  w ith  norm s. RAST is often
used  because  it  m ay test  for  m any allergens in  one serum  sam -
ple, provides  quantitative  data, and  carries  no  risk  for  the  pa-
tien t . On  the  other  hand, skin  prick  testing is  also  an  excellent
test  for  allergens, albeit  w ith  an  increased  risk to the  patient  of
an  acute  react ion. Skin  tests  are  less  expensive, available  for  a
large  num ber  of potential allergens, and  allow  the  detect ion  of
allergic react ions that  are  not  IgE-m ediated. The  results of skin
prick  testing  are  nearly  im m ediately  available. Both  RAST and
intraderm al  skin  testing  should  be  perform ed  after  antih ist-
am ine drugs have been  discontinued for 72 hours.

Treatment
Successful  treatm ent  for  allergic  rh in itis  includes  (1)  elim ina-
tion  of environm ental  exposure  w hen  possible;  (2)  sym ptom
control w ith  m edications (including antih istam ines, topical ste-
roids, and  nasal  decongestants);  and  (3)  im m unotherapy. For
children  a icted  w ith  m ild  seasonal allergies, control of envi-
ronm ental  exposures  and  pharm acologic  therapy  are  m ost
likely to succeed.

Control  of environm ental  exposures  is  a  crit ical  component
of the m anagem ent of allergic rhinitis. Item s likely to in itiate al-
lergic attacks, such  as carpets, rugs, and  stu ed  toys in  the  case
of dust  m ite  allergy, m ust  be  rem oved  from  the  environm ent .
The  use  of  HEPA (high-e ciency  part iculate  air)  filters  on
forced  central  air  vents  is  helpful  to  reduce  the  circulation  of
dust  in  the hom e.

The  pharmacologic control of allergic rhinitis has been  revolu-
tionized  in  the  last  25  years  by the  development  of nonsedating
antihistamines (which  do  not  cross the  blood–brain  barrier) and
intranasal topical steroids. Diphenhydramine, a w idely used  anti-
histamine, is an  excellent  allergy medication, but  its use is limited
by its sedative  side  e ect, as is the  use  of hydroxyzine. Although
it  is  still  used  in  the  treatment  of severe  allergic  reactions, di-
phenhydramine  is  not  desirable  for  the  treatment  of allergy  in
children  because they may be adversely a ected  by drowsiness.

Newer  antih istam ines  com m only  given  to  children  include
loratadine, cet irizine, and fexofenadine. These m edications have
the  benefit  of being  adm inistered  once  daily  for  24-hour  con-
trol, and they do not  have sedat ing side e ects because they are
unable  to  cross  the  blood–brain  barr ier. They are  preferred  for
school-age children  and have excellen t e cacy.

In  addition  to  system ic  antih istam ines,  the  newer  topical
antih istam ine  sprays  are  useful w hen  pat ients  have  only nasal
or  ocular  sym ptom s. Topical antih istam ine  nasal sprays include
Astelin  (azelastine,  Meda  Pharm aceuticals),  Om naris  (cicleso-
nide,  Sunovion  Pharm aceuticals),  and  Patanase  (olopatadine,
Alcon  Laboratories). Astelin  and  Om naris  are  approved  for  use
in  children  5  to  6  years  of age  and  older, and  Patanase  is  ap-
proved for children 12 years of age and older.

Topical  in tranasal  cort icosteroid  sprays  are  highly  e ect ive
for treating and inhibiting the sym ptom s of allergic rhinitis. The
intranasal sprays typically contain  steroids that  are  inactivated
at  pH levels  typically  found  in  gast ric  secretions  and  thus  are
m inim ally  absorbed  system ically. The  sprays  stabilize  inflam -
m atory cells and cell m em brane perm eability.

Topical nasal cort icosteroid  sprays are typically well tolerated
by children  as young as 2  years of age. Grow th  inhibit ion  from
the long-term  use of in tranasal cort icosteroids is not  seen, even
after  years of use.

Patien ts  w ith  long-standing  allergies  and  incomplete  sym p-
tom  control  w ith  antih istam ines  and  topical  nasal  steroids
frequently experience  sym ptom  relief w ith  the  leukotriene  re-
ceptor  antagonist  m ontelukast  (Singulair;  Merck).  This  agent
also  e ect ively t reats  asthm a  and  perennial allergic rhinitis  by
m odulating  leukotrienes  in  the  im m une  response.  Excellent
control of allergies m ay be seen  w ith  th is once-daily agent .

Decongestan ts  m ay be  added  to  the  regim en  periodically  to
treat  exacerbations of allergies, or  at  the  onset  of therapy w ith
other agents. Oral pseudoephedrine is an  excellen t  nasal decon-
gestan t  w ithout  rebound, w hereas  topical  oxym etazoline  and
phenylephrine  both  exhibit  rebound  e ects  follow ing cont inu-
ous  use  for  3  days  or  longer. These  agents  are  recom m ended
w hen  sym ptom s  are  severe  and  in tolerable.  All  th ree  agents
have the poten t ial side e ect  of system ic hypertension.

Im m unotherapy  is  used  w hen  sym ptom s  cannot  be  con-
trolled  w ith  the  above  pharm acologic m easures. It  involves the
preparation  of  weak  m ixtures  of  the  specific  allergens  that
cause  the  patient’s m ost  significant  sym ptom s and  attempts to
induce  the  form ation  of IgG blocking  an tibodies  to  the  aller-
gens, result ing in  competit ion  betw een  IgG and  IgE for  the  all-
ergen  receptors. Im m unotherapy can  provide  excellent  results
in  carefully selected  patien ts  w ith  high  levels  of IgE antibodies
to specific allergens.

Complicat ions
The m ost com m on complication  of allergic rhinitis is the im pact
of undiagnosed  or undertreated allergic rhinitis on  the patient’s
quality of life. Allergic rh initis  can  a ect  sleep  quality and  e -
ciency. The  e ect  of sleep  disturbance  in  com bination  w ith  the
use  of sedat ing antih istam ines  can  have  a  profound  im pact  on
school perform ance  in  young  children. Rarely, allergic  rh initis
m ay progress to allergic nasal/sinus polyposis, w hich  is a gener-
alized  swelling  of the  sinus  m ucous  m em branes  w ith  protru-
sion  from  their  sinus confines in to the  nasal cavity through  the
sinus  ost ia. Allergic rh initis  is  the  underlying etiology of nasal
polyposis, and m edical m anagem ent  is m andatory.

67.10  Roundsm anship
●  New born  children have very sm all m axillary and ethm oid si-

nuses. The frontal and sphenoid sinuses begin  to develop at
about 4 to 6 years of age.

●  Choanal atresia m ay be bilateral or unilateral. When  it  is bilat-
eral, babies m ay present  w ith  cyanosis because new borns are
obligate nasal breathers. In  cases of bilateral choanal atresia,
surgery m ust  be perform ed after the baby is stabilized and
the cardiology evaluation  completed.
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●  Choanal atresia is found in  about 1 in  35,000 live bir ths. It  is
frequently seen in  children w ith  the CHARGE (colobom a, con-
genital heart  m alform ations, choanal at resia, retardation  of
grow th, genitourinary tract  m alform ations, and  ear m alfor-
m ations and hearing loss) association.

●  Choanal atresia m ay be corrected via a transnasal endoscopic
approach  or via a t ranspalatal approach. The endoscopic
transnasal approach  is less invasive but carries a h igher risk
for revision surgery for choanal stenosis.

●  An  in tranasal m ass in  a young child m ay be a derm oid cyst,
gliom a, or encephalocele. Biopsy of any m idline or superiorly
located in tranasal m ass is not  recom m ended until im aging
studies are perform ed to evaluate for these congenital lesions.

●  Epistaxis is a com m on ailm ent in  children. Most  frequently,
nosebleeds occur from  the disruption  of superficial blood ves-
sels in  the anterior septum . Treatm ent  w ith  topical silver n i-
trate helps to substantially reduce m ost  nosebleeds from  this
region.

●  Severe nosebleeds m ay be from  a juvenile nasal angiofibrom a
in  teenage boys. A complete nasal exam inat ion  is necessary to
exclude th is disease in  pubescent  m ales.

●  Unilateral purulent  nasal discharge is the m ost com m on pre-
senting sign  of in tranasal foreign  body.

●  Nasal bone fractures heal m uch faster in  children than  in
adults. Closed nasal reduction  is m ost  successful if perform ed
w ithin  10 days of the injury.

●  The m anagem ent of septal deviations in  ch ildren  is problem -
atic. Facial grow th  centers are found in  the septal/vom er re-
gion; disrupt ion from  septal surgery risks dam age w ith  possi-
ble resultant  m idface grow th disturbances. Septoplasty for

nasal obstruction  is usually postponed until children are past
the pubertal grow th  period.

●  Allergic rh in itis is a com m on problem  in  children. The
com m on t reatm ents include topical steroid nasal sprays, anti-
h istam ines, leukotriene receptor antagonists, and im m uno-
therapy. The prognosis is good w hen the specific allergen  is
identified.
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68  Pediat ric Sinus Disorders
Robin A. Dyleski

68.1  Acute  Sinusit is
68.1.1  Et iology
Inflam m atory  infections  of  the  nose  in  young  children  m ay
progress to sinusit is. It  is di cult  to distinguish  betw een  puru-
len t  rh initis and  sinusit is in  children, and  the  term  rhinosinusi-
t is is frequently used  to describe  an  inflam m atory condition  af-
fect ing both  the nose and paranasal sinuses.

Young children  have approxim ately six to 10 viral upper  res-
piratory infect ions per  year, and  up  to  5% of these  are  compli-
cated  by bacterial rh inosinusitis. The  otolaryngologist  faces the
dilem m a  of determ ining  w hich  child  requires  increased  m edi-
cal t reatm ent  for  bacterial sinusitis as opposed  to sym ptom atic
care of an  upper respiratory infect ion .

68.1.2  Pathophysiology and
Pathogenesis
In  order  to  m aintain  a  healthy  state  in  the  paranasal  sinuses,
paten t  ostia, norm al m ucociliary funct ion  and  flow, and  secre-
tions of norm al composition  are required. Derangem ents in  any
of these  basic  requirem ents  im pact  the  sinuses  and  result  in
various disease states.

The  inflam m atory e ects of viral and  bacterial pathogens on
the  nasal and  sinus  m ucosa  cause  edem a  and  congestion. The
m ucosal lin ings of the  sinus ost ia  are  sim ilarly a ected, result-
ing in  obstruction  of the  sinus outflow  tract. With  obstruction,
the  sinus  m ucous  secretions  are  prevented  from  exiting  the

sinus ostia, resulting in  fluid  buildup  in  the sinus; sim ilarly, the
flow  of fresh  air  in to the sinus is blocked, result ing in  a hypoxic
state  w ith in  the  sinus. The  presence  of stagnant  secretions in  a
hypoxic sinus establish  conditions favorable for bacterial supra-
infect ion  and the developm ent of sinusitis (� Fig. 68.1).

In  very young children, the ethm oid  sinuses are the  m ost  de-
veloped  and  the  m ost  com m only a ected. The  ethm oid  sinuses
have tiny com m unicat ing ostia  betw een  the  air  cells and  there-
fore are the m ost  prone to m ucosal inflam m atory swelling dur-
ing  viral or  bacterial infect ions. The  m axillary  sinuses  are  also
frequently  a ected  by  sinusitis, but  because  of their  location,
they are less often  sources of the complications of sinusitis.

68.1.3  Present ing Sym ptom s
Upper  respiratory  infect ion  is  the  m ost  com m on  condition  re-
sulting in  sinusitis. Acute  sinusit is  is  usually diagnosed  in  ch il-
dren  w ith  purulent  rh inorrhea  persisting longer  than  10  to  14
days  after  the  onset  of  an  upper  respiratory  infect ion  (� Ta-
ble  68.1). In  m ost  cases  of acute  sinusitis, the  sym ptom s of an
upper  respiratory  infect ion  w ill  persist  w ithout  im provem ent
past  the  usual 7  to  10  days;  these  include  postnasal drip, day-
tim e  cough,  purulent  nasal  discharge  w ith  nasal  congestion,
and  continued  (usually low -grade) fever  w ith  generalized  irr i-
tability. When  a  high  fever  (> 38.5°C), facial swelling, or  pain  is
present, the  ch ild  m ust  be  m onitored  closely  for  potent ial  de-
velopm ent  of the  complications  of sinusitis. The  sym ptom s  of
acute sinusit is resolve spontaneously in  60% of pat ients in  about
3 to 4 weeks.

Fig. 68.1  Relationship  of the  osteomeatal unit  to  the  turbinate  and  nasal structures.

Pediatric Sinus Disorders

534



Recurrent  acute  sinusit is,  defined  as  repetit ive  episodes  of
acute  sinusit is  w ith  fu ll and  complete  resolution  of sym ptoms
betw een episodes, m ay occur in  ch ildren.

68.1.4  Medical Evaluat ion and Test ing
The  exam inat ion  w ill  confirm  the  presence  of nasal discharge
or a purulent  postnasal drip. Puru lence in  the m iddle m eatus is
a  strong  indicator  of sinusitis. The  nasal  t issues  often  w ill  be
congested, and  in  compliant  patients, the in tranasal application
of decongestants w ill perm it  a m ore thorough  evaluation  of the
m iddle  m eatus. Facial or  periorbital swelling is  a  sign  of a  po-
tential complication  of sinusit is. Purulent  secretions  should  be
cultured, especially if the  pat ient  has already received  an tibiot-
ics and show s no im provem ent.

A  clin ical  d iagn osis  is  m ade  in  un com plicated  cases  of
acute  sinusit is  an d  t reatm en t  provided . In  pat ien ts  w ith  al-
tered  m en tal  status,  severe  headache  (rare  in  youn g  ch il-
dren ),  facial  or  orbital  sw elling,  or  severe  facial  pain ,  com -
pu ted  tom ography  (CT)  is  m an datory. CT (w ith  con trast  for
suspected  com plicat ion s  of  sinusit is)  is  the  p referred  study
for  evaluat ing the  bony con fines of the  sinuses, as w ell as  in -
flam m atory  processes  w hen  sinusit is  exten ds  past  the  si-
nuses  (� Fig.  68.2).  Plain  X-ray  film s,  m agn et ic  reson an ce
(MR) im aging, and  u lt rasoun d  are  rad iograph ic m odalit ies  of

lim ited  value  in  d iagn osing  and  p lann ing  th e  t reatm en t  of
sinusit is.

68.1.5  Treatm ent
The m ost  com m on  bacterial pathogens in  acute sinusitis are  the
sam e bacteria that  cause  acute  otitis m edia. Streptococcus pneu-
moniae, Haemophilus  influenzae, and  Moraxella  ca tarrhalis  are
the  m ost  com m only cultured  bacteria  in  pediatric  acute  sinus-
itis (� Table 68.2). Although  antibiotic select ion  for  these patho-
gens m ay seem  straightforward, antibiotic resistance  is increas-
ing in  these bacteria. In  m ost  cases, a 10-  to 14-day course  of an
augm ented  penicillin ,  second-generation  cephalosporin ,  or
m acrolide  is  used, but  it  is  im portant  to  consider  specific ant i-
biotic resistance patterns w ithin  the patient’s com m unity.

Adjuvant  therapy is aim ed at dim inishing sym ptom s. In  addi-
tion  to the  use of system ic or  topical nasal decongestants, nasal
saline lavage is h ighly e ective in  relieving the sym ptom s of na-
sal congestion  and im proving the clearance of nasal secretions.

68.1.6  Com plicat ions
Sinus  infection  and  inflammation  that  extend  beyond  the  boun-
daries of the sinus into adjacent  regions are serious complications
of acute sinusitis and  mandate immediate medical evaluation.

Fig. 68.2  (a) Coronal computed  tomographic
(CT) scan of normal sinuses. (b) Coronal CT scan
of acute  sinusitis with  mucosal thickening.

Table 68.1  Major and minor features of acute sinusitis

Major  features  Minor  features

Purulent  nasal discharge  or postnasal drip  Fever (chronic)

Intranasal purulent  discharge  Headache

Facial pain  or pressure  Halitosis

Fever (acute)  Dental pain

Nasal obstruction  or blockage  Cough

Hyposmia or anosmia  Ear pain  or pressure

Facial congestion or fullness  Fatigue

Table 68.2  Common bacterial pathogens in acute sinusitis

Bacteria  Incidence  (%)

Streptococcus pneumoniae  25–30

Haemophilus influenzae  15–25

Moraxella  catarrhalis  15–25

Streptococcus pyogenes  <5

Anaerobes  <5

Sterile  culture  (no  growth)  ~  20
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Orbital Com plicat ions
The m ost  com m on  complication  of acute  sinusitis is the  spread
of infect ion  and  inflam m ation  to  the  orbit  th rough  the  lam ina
papyracea  of  the  ethm oid  bone, either  directly  or  hem atoge-
nously. The lam ina papyracea is an  eggshell-th in  bone  defining
the  lateral extent  of the  ethm oid  complex. When  an  acute  eth-
m oidit is  erodes  th is  bone  or  t ravels  through  preform ed  path-
ways, or if infect ion  spreads hem otogenously, the infect ion  m ay
spread  in to  the  orbit . There  are  defined  stages  in  the  develop-
m ent  and  severity of the orbital complications of acute ethm oi-
ditis, each  carrying an  increasingly worse  prognosis:  preseptal
cellulit is,  orbital  cellulit is,  subperiosteal  abscess  (� Fig.  68.3),
orbital abscess, and cavernous sinus throm bosis (� Table 68.3).

Int racranial Com plicat ions
Intracranial  complications  of acute  sinusit is  in  young  ch ildren
m ay occur by direct  extension  of the infect ion  through  a dehis-
cence  of the  bone  of the  sinus  or  preform ed  pathways, or  by
hem atogenous spread  of the  infect ion  (particularly the  venous
system ). Spread m ay lead to the developm ent of a subperiosteal
abscess  (either  extracranial  or  in tracran ial),  m eningitis,  or  a
subdural or  parenchym al brain  abscess. The  incidence  of in tra-

cranial  complications  increases  as  pat ien ts  approach  puberty
and  the  facial skeleton  m atures, w ith  grow th  and  developm ent
of  the  frontal  sinus.  Pat ien ts  w ith  a  h istory  of  nondisplaced
frontal sinus  fracture  m anaged  conservatively are  at  increased
risk for a complication  of frontal sinusit is.

The m anagem ent  of these infect ions requires the adm inistra-
tion  of in travenous (IV) antibiotics, neurosurgical and infect ious
disease  consultations, and  appropriate  treatm ent  of the  under-
lying sinus disease after patien t  stabilization.

Pot ts Pu y Tum or
Frontal  sinus  infect ion  that  spreads  to  the  surrounding  bone
m ay  result  in  osteomyelit is  of  the  frontal  bone,  know n  as  a
Potts  pu y  tum or;  th is  infect ion  m ay  spread  in tracranially  or
externally and  result  in  abscess form ation  (� Fig. 68.4). Surgical
drainage of the sinus and associated  infection  is necessary, w ith
the  adm inistration  of appropriate  IV antibiotics to treat  the  os-
teomyelit is.

Prognosis
Most  patients  w ith  sinusit is  have  an  excellent  prognosis, and
infect ions  resolve  w ithout  the  developm ent  of complications.

Fig. 68.3  (a) Patient  with  periorbital swelling
from  subperiosteal abscess. (b) Coronal com-
puted  tomographic (CT) scan of subperiosteal
abscess, an orbital complication of acute sinusitis.
(c) Axial CTscan of subperiosteal abscess with rim
enhancement.
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Som e  children  m ay  have  frequent  episodes  of  acute  sinusitis
w ith  their  upper  respiratory  infect ions.  As  the  children  get
older, they  have  fewer  upper  respiratory  infect ions  and  fewer
episodes of acute sinusitis.

68.2  Chronic Sinusit is
68.2.1  Et iology
Chronic sinusit is is defined by the presence of low -grade sym p-
tom s and  findings of sinusit is last ing for  longer  than  3  m onths
w ithout  improvem ent , the  occurrence  of six  or  m ore  episodes
of recurrent  acute sinusit is in  a 12-m onth  period, or  the persis-
tence  of som e  sinusit is sym ptom s w ith  acute  exacerbations for
longer  than  3 m onths. Children  in  w hom  these diagnost ic crite-
ria  are  m et  often  have  abnorm al sinus anatomy—particularly a
lack of osteom eatal unit  patency, chronically inflam ed  m ucous
m em branes, polyps, abnorm alities of ciliary transport , or  alter-
ations in  im m unity. In  som e cases, children  w ith  chronic sinus-
itis  sim ply  have  such  frequent  and  severe  upper  respiratory

infect ions  that  they are  unable  to  recover  fully  betw een  infec-
tions, increasing the likelihood of rapid  progression  to sinusit is.

68.2.2  Present ing Sym ptom s
Sym ptom s w ill vary depending upon  w hich  criteria  for  the  di-
agnosisof chronic  sinusitis  the  patient  has  m et. In  pat ients  in
w hom  chronic sinusit is is diagnosed  because of the  persistence
of sinusit is  sym ptom s  for  3  m onths  or  longer, the  m ain  com -
plain ts are chronic nasal obst ruction, nasal discharge, and  nasal
congestion . Older  children  m ay also  have  facial pain , pressure,
or  headache;  these  sym ptom s  are  infrequent  in  younger  ch il-
dren, even w hen all sinuses are a ected.

Most  pediatric  patients  are  significantly  a ected  by  their
chronic sinusitis and  often  report  a poor quality of life as m eas-
ured  on  validated  scales.  They  experience  sleep  disruption
caused  by  nasal  congestion  and  obstruct ion ,  and  they  fre-
quently have  persisten t  n ightt im e cough. They often  snore  and
are  m outh  breathers. Exam ination  reveals  in t ranasal  findings
sim ilar  to  those  previously  described,  and  the  patients  m ay
have  large, congested  turbinates  and  visible  nasal or  postnasal
discharge.

68.2.3  Treatm ent  and Diagnost ic
Test ing
Children  suspected  by h istory and  exam inat ion  to have chronic
sinusit is  are  usually  treated  in  a  specific,  system atic  m anner.
Children  w ith  chronic  sinusit is  are  divided  in to  two  general
treatm ent  categories, based  on  age  younger  than  or  older  than
6 years.

Children Younger Than 6 Years of Age
The in itial m anagem ent  of children  younger  than  6 years of age
w ith  sym ptom s  of chronic sinusitis  w ho  fail  m edical m anage-
m ent  w ith  an tibiotics  and  other  sym ptom atic  care  is  adenoi-
dectomy. The  rationale  behind  adenoidectomy  is  twofold:  (1)
The adenoids m ay be enlarged in  ch ildren younger than  6 years
and  physically obst ruct  the nasopharynx and  the norm al drain-
age  pathway  of nasal  secretions, thus  increasing  stasis  w ithin
the  nasal cavity. (2) Bacterial biofilm s have been  discovered  on
the  surface  of the  adenoids. Bacterial biofilm s are  aggregations
of bacteria  and  accret ions  that  adhere  to  biological or  nonbio-

Table 68.3  Orbital complications of acute ethmoiditis

Locat ion  Cellulit is
versus abscess

Proptosis  Vision  Extraocular  muscle
status

Mental status

Preseptal cellulitis  Edema anterior to  eyelid
septum

Cellulitis  No  Normal  Normal  Normal

Orbital cellulitis  Orbital space  posterior to
septum

Cellulitis  Yes  Normal  Impaired  Normal

Subperiosteal abscess  Under periosteum  of the
lamina papyracea

Abscess  Yes  Normal
to  mildly impaired

Impaired  Normal

Orbital abscess  Orbital soft-tissue  abscess  Abscess  Yes  Severely impaired  Severely impaired  Normal

Cavernous sinus
thrombosis

Abscess in  cavernous sinus  Abscess  Yes  Severely impaired
(bilateral)

Severely impaired
(bilateral)

Impaired,
meningeal signs

Fig. 68.4  Axial computed  tomographic scan of frontal sinusitis with
dehiscence  of the  anterior table  and  soft-tissue  abscess.
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logical  surfaces  (e.g.,  indwelling  catheters  and  t racheotomy
tubes) w ithout  specifically causing an  invasive  infect ion  of the
biological surface. The  presence  of such  biofilm s  on  otherw ise
norm al  t issue  creates  a  reservoir  of bacteria;  the  bacteria  are
not  usually eradicated  w ith  standard  antibiotic treatm ent , and
their  presence  in  a  biofilm  m ay increase  the  antibiotic concen-
tration  necessary  for  eradication  by  a  factor  of 1  m illion. The
presence  of biofilm  on  the  adenoids has no  relationship  to  ad-
enoid  size  or  to  w hether  the  patien t  has recently been  treated
w ith  antibiotics.

Many  children  w ith  chronic  sinusit is  w ho  undergo  adenoi-
dectomy experience im provem ent  of their  nasal sym ptom s and
sinusit is. Com plete  cures  are  not  usually obtained  because  the
children  are  still predisposed  to  the  in itiat ing event, the  upper
respiratory  infect ion, of their  sinusit is. Generally, the  children
are  free  of sym ptom s  for  longer  periods  and  have  less  severe
sym ptom s during later upper respiratory infect ions.

Children Older Than 6 Years of Age
In  pat ients  w ho  have  chronic sinusit is  w ithout  polyps, the  in i-
t ial treatm ent  of chronic sinusit is is carr ied  out  w ith  m axim iza-
tion  of  m edical  therapy  before  im aging  studies  are  obtained.
This involves total m edical treatm ent  w ith  an  appropriate  an ti-
biotic  e ective  against  the  typical  sinus  bacteria  (for  up  to  3
weeks) w ith  topical nasal steroids, decongestan ts, and  antih ist-
am ines  (only  if the  patient  has  allergies)  for  a  total  of 4  to  6
weeks. After  t reatm ent, CT of the  sinus is  obtained, the  pat ient
is reevaluated, and  the  resolution  of any sym ptom  or  finding is
noted.  Abnorm alities  on  the  CT scan,  such  as  sinus  m ucosal
th ickening, opacificat ion, and  osteom eatal unit  obstruction, are
also  noted  (see  � Fig. 68.2b). These  abnorm alit ies  represent  si-
nus disease  resistan t  to  m axim um  m edical therapy. Depending
upon  the  degree  of persistent  sinus disease, either  surgical m a-
nagem ent or observation  m ay be considered.

68.3  Polyposis
In  pat ients  w ith  visible  nasal polyps, either  in  the  nasal cavity
or in  the m iddle m eatus (� Fig. 68.5), optim ization  of t reatm ent
of the  underlying allergies  is  im portan t . The  spon taneous  re-
gression  of  polyposis  in  ch ildren  is  unusual,  and  m ost  ch il-
dren  w ill  require  surgical  rem oval  of  the  polyps  in  addit ion
to  ongoing  m edical  m anagem ent  of  the  underlying  allergies
causing the  polyposis. CT of the  paranasal sinuses is  obtained
in  axial  and  coronal  p lanes  for  surgical  p lann ing  at  the  t im e
of d iagnosis.

68.4  Special Surgical Considera-
t ions in Pediat ric Sinus Surgery
Surgery for the m anagem ent of pediatric sinus disease is gener-
ally sim ilar  to  sinus  surgery  in  adults, albeit  w ith  som e  di er-
ences. Pediatric sinus  disease  m ay be  surgically m anaged  w ith
endoscopic in tranasal techniques or  via  tradit ional external di-
rect  approaches  w ith  t rephination  or  Lynch  incisions.  More
often  in  ch ildren, t raditional external approaches are used  after
failure  of  endoscopic  sinus  m anagem ent.  Under  endoscopic
m agnification , the  nasal structures are  accessed  sim ilarly, after

decongestion  of the m ucosa. Although cocaine is popularly used
in  adult  sinus  surgery, it  is  not  advised  for  use  in  children  be-
cause  of its  dram atic e ects  on  the  cardiovascular  system . Pe-
diatric  telescopes  and  sm all  surgical  forceps,  scissors,  and
punches  are  available  that  allow  access  in to  even  the  sm allest
noses and sinus spaces.

Technically, pediatric endoscopic sinus surgery is challenging
because  of the  m uch  sm aller  in tranasal space  and  lim ited  op -
tions for  the  use  of surgical forceps and  powered  instrum enta-
tion. In  general, it  is m ore important  to im prove and  w iden  the
a ected  sinus ostia  than  to  rem ove  all diseased  m ucosa w ithin
the  sinus. The  goal of pediatr ic sinus surgery is  to  improve  af-
fected  sinus ost ia  patency and  to rem ove tissue  obstructing the
m iddle m eatus and ostia.

In traoperative stereotactic im age guidance is m ore im portant
for sinus surgery in  ch ildren, particularly w hen  the frontal, eth-
m oid, and  sphenoid  sinuses are  accessed  (� Fig. 68.6). Although
there  is  no  substitute  for  technical  fam iliarity  w ith  the  para-
nasal sinus anatomy, in traoperative  im age  guidance  is  part icu-
larly  beneficial  in  pediatric  patients  w ith  anatom ical  bony
anom alies. In  general, im age  guidance  im proves  the  likelihood
of accessing all a ected  (especially the frontal and  sphenoid) si-
nuses and  increases safety by prevent ing in tracranial and  orbi-
tal penetration .

Absorbable  sinus  packing  m ay  be  used,  instead  of  packing
that  requires rem oval, in  children  younger  than  10  to  12  years
of age. In  addition, postoperat ive débridem ent  is often  im possi-
ble  w ithout  general  anesthesia, and  a  “second-look” débride-
m ent  m ay be  needed  1  to  2  weeks  follow ing  in itial sinus  sur-
gery in  som e children.

68.4.1  Com plicat ions of Medical or
Surgical Managem ent
Com plicat ions  of  the  disease  process,  w hen  untreated,  have
been  described  in  the  preceding  section.  Com plications  of
the surgical m anagem ent  of sinusit is involve t raversing the bo-
ny confines of the  sinuses in to the  orbit  or  cranium . Im m ediate
detect ion  of the  penetration , prom pt  consultation  w ith  neuro-

Fig. 68.5  Endoscopic image of a sinonasal polyp in the middle meatus.
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Fig. 68.6  (a) Stereotactic navigation image  guidance  system  in  use  during  pediatric endoscopic sinus surgery. (b) Image  guidance  provides three-
dimensional localization of the  surgical probe  relative  to the  preoperative  computed tomographic scans. (c) Stereotactic navigation image  guidance
localization  is viewed alongside  the  endoscopic image  during  surgery.

68.4  Special Surgical Considerat ions in Pediatric Sinus Surgery

539



surgery  and  ophthalm ology, and  repair  of the  dura  and  cere-
brospinal fluid leak are necessary.

Children  are at  greater  risk than  adults for  postoperative syn-
echiae  and  scarring in  the  m iddle  m eatus because  postoperat i-
ve care is often  di cult  in  ch ildren w ithout general anesthesia.

68.5  Special Sinus Condit ions
68.5.1  Cyst ic Fibrosis (Mucoviscidosis)
Et iology and Pathophysiology
Cystic fibrosis (CF) is a chronic m ultisystem  genetic disease that
prim arily  a ects  the  respiratory  and  gastrointestinal  system s.
CF is caused by several m utations of the gene encoding the exo-
crine  gland  chloride  channel receptor, transm em brane  conduc-
tance  regulator  glycoprotein  (CFTR gene,  located  on  the  long
arm  of chrom osom e  7). CF is  t ransm itted  in  an  autosom al-re-
cessive  pat tern  and  is  seen  in  approxim ately 1  in  3,500  Cauca-
sian  live bir ths in  the United States. Caucasians have the highest
incidence,  as  noted;  the  incidence  in  Hispanics  is  1  in  9,500
births, and  the condition  is very uncom m on  in  Asian  or  African
groups. Males and  fem ales are  a ected  evenly. CF is usually di-
agnosed  in  infancy  because  of  m anifestat ions  of  pancreatic
gland  and  pulm onary  dysfunct ion . The  diagnosis  of CF is  con-
firm ed w ith  a sweat chloride skin  test; a sweat chloride concen-
tration  above 60 m Eq/L is diagnostic.

The  target  of  the  CF DNA m utation  is  the  cyclic  adenosine
m onophosphate (cAMP)–m ediated  chloride channel on  the api-
cal surface  of the  epithelial lin ing of exocrine  glands, w hich  re-
sults  in  the  secretion  of abnorm ally viscid  m ucus. CF prim arily
a ects  the  lungs  and  pancreas,  w ith  the  production  of  th ick
m ucus and the developm ent of chronic lung disease, bronchiec-
tasis,  exocrine  pancreatic  insu ciency,  rh inorrhea,  nasal  ob-
struct ion, and sinusit is.

Nasal  secretions  are  noted  to  be  very  th ick  and  di cult  to
clear  from  the  nose, resulting in  stasis  and  secondary bacterial
colonizat ion/infect ion of the nose and sinuses w ith  Staphylococ-
cus  aureus,  Pseudomona s,  Proteus,  and  the  other  usual  nasal
bacterial pathogens. Nasal polyposis is  com m only found  in  pa-
tients  w ith  cystic fibrosis. The  frequent  sym ptom  of nasal ob-
struct ion  is  produced  in  these  children  by  the  com bination  of
chronic  nasal  m ucosal  inflam m ation,  th ick  viscid  secret ions,
and the presence of nasal polyps.

The  lifespan  of pat ients w ith  CF has increased  recently, w ith
patien ts living in to their  fort ies because  of advances in  the  m a-
nagem ent of their lung disease.

Present ing Sym ptom s
Most  ch ildren  w ith  CF have  previously received  m edical atten-
tion  w hen  they are referred for the m anagem ent of nasal sym p-
tom s of obstruction, secretions, and  polyps. The  specific aim  is
to  reduce  the  nasal sym ptom s, particularly  postnasal drip  and
obstruct ion, and im prove the pat ient’s quality of life.

Medical Evaluat ion and Test ing
Typically, pat ients  have  th ick, purulen t  (often  greenish)  nasal
secretions that  are  di cult  to  suct ion  and  clear  from  the  nasal

cavity. The  m ucosa  is  hyperplast ic, and  polyps  m ay  be  visual-
ized in  the m iddle m eatus on  rhinoscopy.

If  not  already  perform ed  by  the  pat ient’s  other  m edical
caregivers, CT should  proceed  w ithout  the  usual prior  m edical
treatm ent  of  chronic  sinusitis.  CT scans  usually  dem onstrate
complete  opacification  of the  sinuses, and  possible  hypoplasia
of the frontal sinus in  older children  (� Fig. 68.7).

Treatm ent
Treatm ent  is o ered to patien ts w ith  sym ptom s. The goal of the
m anagem ent  of  sinusit is  in  CF is  to  relieve  nasal  obstruct ive
sym ptom s, reduce and  th in  nasal secretions, and  im prove qual-
ity of life. The  in itial use  of tobramycin–saline  nasal irr igations
m ay  thin  and  clear  viscid  nasal and  sinus  secretions  and  help
control bacterial suprainfect ion. Endoscopic surgery is aim ed at
rem oving  obstruct ive  polyps  and  enlarging  the  sinus  ost ia  to
the  greatest  extent  possible. Most  pat ients  w ith  CF require  in-
creased  t reatm ent  of their  pulm onary problem s, w ith  a  “tune-
up” to  im prove  their  pulm onary status, before  a  general anes-
thetic  is  adm inistered. Postoperatively, the  tobramycin–saline
nasal irr igations  are  resum ed  as  soon  as  possible  and  are  con-
tinued  daily as m aintenance t reatm ent  for  the  nasal m anifesta-
tions of CF.

Prognosis
Because  of the  underlying genetic etiology of CF, it  not  possible
to  cure  sinusitis  in  pat ients  w ith  CF. However, it  is  possible  to

Fig. 68.7  Coronal computed  tomographic scan of sinusitis with
polyposis in  a  patient  with  cystic fibrosis.
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control  sym ptom s  in  a  substantial  num ber  of  children .  Re-
peated  hospitalizat ions  and  sinus  procedures  are  not  uncom -
m on as the patients age.

68.5.2  Prim ary Ciliary Dyskinesia
(Kartagener Syndrom e)
Et iology
Prim ary ciliary dyskinesia, also  know n  as  im m otile  ciliary syn-
drom e  or  Kartagener  syndrom e, is a  rare, inherited  autosom al-
recessive disease in  w hich  abnorm al cilia are present  in  the res-
piratory t ract  (including the  nasal cavity and  sinuses), ear, and
genital organs.

Mutations on  two genes are responsible for structural defects
in  the outer dynein  arm s, resulting in  im m otile cilia w ith  abnor-
m al funct ion. Structural defects  of the  dynein  arm s, identified
w ith  electron  m icroscopy, are diagnostic of th is disorder.

Em bryologic developm ent  is  a ected  by the  defect ive  ciliary
m ovem ent, resulting in  situs inversus (reversed  laterality of the
internal  organs)  in  children  w ith  prim ary  ciliary  dyskinesia.
Situs  inversus  occurs  random ly  and  is  seen  in  about  50% of
cases. It  can  occur  w ith  or  w ithout  dextrocardia  (righ t-sided
heart).

Pathophysiology and Pathogenesis
The  abnorm al cilia  in  the  respiratory  epithelium  result  in  the
im paired  clearance  and  stasis  of lung, nasal, and  sinus  m ucus.
The  result  is  chronic  and  recurrent  episodes  of  pneum onia,
bronchiectasis, and sinusit is.

Present ing Sym ptom s
Although  prim ary ciliary  dyskinesia  is  a  rare  condition, it  m ay
be  suspected  in  children  w ho  present  w ith  a  h istory of recur-
rent  pneum onia  in  addition  to  the  typical sym ptom s of recur-
rent  sinusitis. Chronic nasal discharge, obstruct ion , and  conges-
tion  are  typical in  these  patients. Prolonged  antibiotic therapy
m ay have previously been  unsuccessfully attempted.

Medical Evaluat ion and Test ing
A high  index of suspicion  is required  to m ake a diagnosis of pri-
m ary  ciliary  dyskinesia  because  specialized  testing  is  needed.
Chest  X-ray m ay dem onstrate  dextrocardia, w hich, although  it
raises suspicion  for  prim ary ciliary dyskinesia, is in  itself not  di-
agnostic. The diagnostic test  for  prim ary ciliary dyskinesia is bi-
opsy of ciliated  epithelium  and  the  observation  of dynein  arm
abnorm ality  on  electron  m icroscopy. The  m ost  com m on  sites
for  biopsy of the  m ucosa are  the nose, bronchial tubes, and  tra-
chea. The nose and lungs m ay have areas of m ucosa w ith  a defi-
cient  quantity of cilia  as  a  result  of chronic bacterial infect ion.
An  alternative, and  preferred, m ethod  of obtain ing an  adequate
cilia  sam ple  is to  use  a  bronchial brush  in  the  nasal cavity. This
m ethod  has a  h igher likelihood  of obtaining a  su cient  sam ple
for  elect ron  m icroscopic analysis  and  m ay be  perform ed  in  the
o ce  w ithout  the  need  for  general anesthesia. Elect ron  m icro-
scopy  dem onstrates  typical  dynein  arm  abnorm alit ies  and  es-
tablishes the  diagnosis, along w ith  a  h istory of recurrent  pneu-
m onia and chronic sinus infect ions.

Treatm ent
Treatm ent  is  aim ed  at  the  m edical  control  of  sym ptom s  and
surgical  enlargem ent  of  the  sinus  ostia  to  perm it  postural
drainage of the sinuses.

68.5.3  Tum or of the  Sinonasal Tract :
Juvenile  Nasopharyngeal Angiofibrom a
Etiology
Juvenile nasopharyngeal angiofibrom a (JNA) is a rare benign  tu-
m or  of the  posterior  nasal  cavity  and  nasopharynx. It  is  seen
only in  boys at  the  onset  of or  during puberty. It  in it ially occurs
at  the junct ion  of the m iddle turbinate w ith  the sphenopalatine
foram en. Its  exact  etiology  is  uncertain , but  grow th  of the  tu-
m or  is  in fluenced  by  androgen  and  estrogen  horm ones. JNAs
account  for  fewer  than  0.05% of all head  and  neck  tum ors and
are m ore com m on in  Middle Eastern  and Indian  boys.

Pathophysiology and Pathogenesis
JNAs originate  in  the  area  of the  posterior  nose  at  the  spheno-
palatine  foram en. The  tum ors  then  slow ly grow  to  occupy the
ipsilateral  nasal  cavity  w ith  extension  in to  the  nasopharynx.
Large  tum ors frequently extend  in to  the  pterygopalatine  fossa,
as well, and develop a  “dum bbell” shape. The tum ors enlarge by
expanding  the  surrounding  tissues, w ith  erosion  of  the  bony
constraints in to the m axilla, sphenoid, and  skull base seen  w ith
very large tum ors. In  som e cases, the JNA w ill have extended  to
the  orbit . The blood  supply to a  JNA is usually based  on  the  in-
ternal m axillary artery and its branches.

JNA is  a  benign  vascular  tum or  composed  of  th in-walled
blood  vessels  that  have  absent  or  incomplete  sm ooth  m uscle
w ithin  their  walls. This  accounts for  the  di culty encountered
in  controlling epistaxis originating from  a JNA.

Present ing Sym ptom s
Prepubescent  and  teenage  boys present  w ith  a  h istory of nasal
obstruct ion  (unilateral  or  bilateral,  depending  upon  the  size
and  location  of the  tum or)  and  epistaxis, som etim es  reported
as extrem e w ith  significant  blood  loss. Alteration  of the  speech
resonance and  bulging of the soft  palate  m ay be seen  as the tu-
m or grow s.

Medical Evaluat ion and Test ing
The  tum or  appears  on  physical  exam inat ion  as  a  reddish ,
sm ooth , m ucosa-covered  m ass in  the  nasal cavity. It  m ay cause
septal deflect ion  in to  the  opposite  nasal cavity, and  if it  is  lo-
cated  in  the  nasopharynx, it  m ay cause  obstruct ion. This in tra-
nasal m ass should  not  be biopsied  because of the risk for  sign if-
icant epistaxis.

CT w ith  contrast  is often  the in itial radiographic study, show -
ing excellent detail of the bony anatomy. MR im aging is comple-
m entary  to  CT and  provides  excellent  detail  of the  soft-t issue
extent  of the  tum or. The  diagnosis  is  usually  m ade  through  a
com bination  of the  clin ical  h istory, exam ination, and  im aging
studies (� Fig. 68.8).
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Treatm ent
JNA is staged  by its extent, particularly its orbital and  in tracra-
nial extent; th is in form ation is useful in  determ ining the techni-
ques required for tum or rem oval.

Preoperative  em bolization  allow s complete  rem oval of a  JNA
w ith  reduced  blood  loss. The  approach  to  complete  tum or  re-
sect ion  varies depending upon  the  stage  and  extent  of the  spe-
cific tum or, but  m any are  resected  endoscopically, w ith  good  a
success rate  for  complete  tum or  rem oval. Other  approaches in-
clude t ranspalatal lateral rh inotomy and  com bined  otolaryngo-
logic–neurosurgical procedures.

Radiation  therapy  is  another  option  that  is  usually  reserved
for  severe  cases in  w hich  there  is tum or  recurrence  or  a tum or
that cannot be entirely rem oved.

Com plicat ions
JNA is  a  benign  tum or  that  can  cause  pressure-related  dam age
to  adjacent  organs, such  as  the  eyes. The  vascular  nature  of a
JNA can  result  in  life-threaten ing epistaxis, and  blood  transfu-
sion  is  not  uncom m only  required.  Surgical  complications  are
specifically related to the structures in  the region.

Prognosis
The cure rate for  JNA approaches 100% w ith  complete  resection
of the tum or. This is reduced in  cases of large, lobulated  lesions,
particularly  w ith  in tracranial  extension. There  have  been  rare
reports of m alignant  transform ation  of a JNA, but  m ost  of them
had previously been  treated w ith  radiation  therapy.

68.6  Conclusion
Children  have num erous sinonasal conditions that  can  easily be
confused, but  the  pat ient’s  h istory  w ill soon  point  toward  the
diagnosis. Concern  and  a  consideration  of the  patient’s age  and
the  im pact  of the  condition  on  h is or  her  quality of life  w ill as-
sist  in  the m anagem ent of the pediatric patient.

68.7  Roundsm anship
●  Most  ch ild ren  have betw een  six and  10  upper  resp iratory

in fect ions an nually, bu t  acute  rh inosinusit is  develops in
on ly 5%.

Fig. 68.8  (a) Endoscopic appearance  of juvenile  nasopharyngeal angiofibroma (JNA) in the  nasal cavity. (b) Computed  tomographic scan of JNA. (c)
Magnetic resonance  image  of JNA.
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●  S. pneumoniae, H. influenzae, and  M. ca ta r rha lis are  the
m ost  com m only cu ltured  bacteria  in  pediatric cases of
acute  sinusit is.

●  In  m ost ch ildren, acute rhinosinusitis can  be diagnosed by the
observation  of worsening sym ptom s of an  upper respiratory
infect ion  or purulen t discharge in  the m iddle m eatus. CT m ay
be needed in  special cases.

●  Acute ethm oiditis and acute frontal sinusitis m ay present
w ith  in traorbital or in tracranial complications. Treatm ent  is a
com bination  of appropriate an tibiotic therapy and often  sur-
gical drainage.

●  Adenoidectomy is often  recom m ended as first-line surgical
treatm ent for uncomplicated recurrent  or chronic sinusit is in
young children  to reduce sym ptom s.

●  Endoscopic sinus surgery, often  w ith  in traoperative stereotac-
tic navigation guidance, is used in  refractory cases, w ith  im -
proved outflow  drainage from  the sinus ostia as the goal of
the procedure.

●  “Second-look” endoscopic exam inat ions w ith  the patient
under general anesthesia is som etim es needed follow ing en-
doscopic sinus surgery.

●  Children w ith  special m edical conditions, such as cystic fibro-
sis and prim ary ciliary dyskinesia, often  require endoscopic
sinus surgery to im prove outflow  drainage from  the sinuses.
These patien ts also require special m anagem ent for  their pul-
m onary problem s.

●  Juvenile nasopharyngeal angiofibrom a is a serious, potentially
life-threatening tum or seen  only in  peripubescent boys. The

tum or should not be biopsied in  the o ce setting because of
the risk for severe hem orrhage. Im aging studies w ith  a clinical
history are diagnost ic. Com plete excision  is recom m ended.
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69  Pharyngeal and Esophageal Disorders in Children
Joshua R. Bedwell and Robin A. Dyleski

69.1  Int roduct ion
Problem s concern ing the  oral cavity and  throat  are  am ong the
m ost  com m on  reasons  w hy children  visit  an  otolaryngologist .
These  conditions  vary  in  cause, severity, and  length  of illness,
and  they m ay have  a  large  im pact  on  the  well-being of a  child.
This  chapter  addresses  the  m ost  com m on  conditions  a ect ing
the oral cavity and throat in  ch ildren.

69.2  Mucosal Condit ions
69.2.1  History
A variety of infect ious and  inflam m atory disorders m ay lead  to
m ucosal changes  in  the  oral cavity. Im portan t  h istorical points
to elicit  include age  at  onset , h istory of t raum a to the  region  or
exposure  to  chem icals,  vaccination  h istory,  recently  started
m edications,  presence  or  absence  of  pain ,  and  any  system ic
sym ptom s, such  as  fever. An  im m une-comprom ised  state  w i-
dens  the  di erential diagnosis  to  include  opportunistic patho-
gens  not  seen  in  otherw ise  healthy  children.  Any  associated
sym ptom s should be noted in  a complete review  of system s.

69.2.2  Physical Exam inat ion
A detailed  oral and  oropharyngeal exam ination  should  be  per-
form ed, and  the  appearance  of any lesions  described  in  detail.
Palpation  w ill  dem onstrate  any  induration  and/or  tenderness.
Exudates should  be tested  for  adherence to the  underlying m u-
cosa  and  sent  for  culture. Any  regional  adenopathy  should  be
noted.

69.2.3  Infect ious Disorders
Several viral agents can  cause oral m ucosal lesions. Herpes sim -
plex  virus  (m ost  com m only  type  1)  can  cause  a  stom atit is  in
w hich  sm all, painful vesicles are  typically seen  on  the  gingivae,
palate, lips, or  tongue. The lesions rupture and leave ulcerations
in  w hich  a gray exudate covers an  erythem atous base. System ic
sym ptom s such  as fever and m alaise m ay also be present. Treat-
m ent  consists of oral acyclovir. Herpangina, caused  by coxsack-
ievirus  A, m anifests  as  an  in tensely painful pharyngitis  associ-
ated  w ith  sm all vesicles  in  the  posterior  oral cavity and  phar-
ynx. Hand-foot-and-m outh  disease, also  due  to  coxsackievirus
A, is sim ilar  to  herpangina, w ith  the  addition  of a  papular  rash
on  the  palm s  and  soles. The  t reatm ent  of  these  infect ions  is
support ive. Koplik spots are  red  lesions w ith  a light  bluish  cen-
ter  that  are  seen  on  the  buccal  m ucosa  in  m easles  (rubella);
they  typically  appear  24  to  48  hours  before  the  generalized
m aculopapular  rash , fever, and  coriza generally observed in  th is
infect ion.

There  are  a  few  rare  but  notable  bacterial causes  of oral le-
sions.  Acute  necrotizing  ulcerative  gingivitis  (also  know n  as
Vincent  gingivitis, or  t rench  m outh)  is  an  infect ion  caused  by
m ultiple  organism s, including the  spirochete  Borrelia  vincentii.

Patien ts present  w ith  w idespread  inflam m ation  and  necrosis of
the gingivae, w ith  gray exudate and hem orrhage. This condition
is  m ost  often  seen  in  m alnourished, im m unocomprom ised, or
otherw ise  debilitated  pat ien ts. Treatm ent  consists  of oral hy-
giene  and  an t ibiot ics, t ypically  a  pen icillin . Prim ary  syph ilis,
caused  by  Treponema  pa llidum, presen ts  as  a  pain less  u lcer,
or  chancre,  w ith  surroun ding  indurat ion ;  it  is  t reated  w ith
pen icillin .

The m ost  com m only encountered  fungal in fect ion  in  the  oral
cavity  is  candidiasis,  or  thrush ,  caused  by  Candida  a lbicans.
Candidiasis presents w ith  w hite  plaques that  w hen  scraped  o 
reveal  a  friable,  erythem atous  m ucosa  that  bleeds.  Although
thrush  is often  seen  as a benign  infect ion in  infan ts and patien ts
on  an tibiotics, it  should  serve as an  aler t  for a possible underly-
ing im m une-comprom ised  condition  (e.g., diabetes, HIV infec-
tion). Treatm ent  typically consists  of topical an tifungal  agents
(nystat in , clotr im azole lozenges), although system ic fluconazole
can  be used for m ore severe cases.

69.2.4  Inflam m atory and Idiopathic
Disorders
Aphthous stom atit is accounts for  the m ost  com m on  oral ulcers.
Patien ts present  w ith  a  painful, w hite  ulceration  of the  m ucosa
and  surrounding  erythem a.  Ulcers  are  categorized  as  m inor
(< 1 cm ), m ajor  (> 1 cm ), or  herpetiform  (m ult iple  sm all ulcers).
Major  and  herpetiform  ulcers  carry  a  risk  for  scar  form ation.
Treatm en t  is  suppor t ive,  although  topical  steroids  such  as
Kenalog  in  Orabase  (t riam cinolone  oroph aryn geal,  Bristol-
Myers  Squibb)  m ay  bring  som e  relief.  Recurren t  or  ch ron i-
cally  nonhealing  u lcers  sh ou ld  be  biopsied  to  ru le  out
carcinom a.  Behçet  d isease  is  an  au toim m une  d isorder  in
w h ich  pat ien ts  presen t  w ith  pain fu l  oral  and  gen ital  aph -
thous  u lcerat ion s,  ocu lar  in flam m at ion  (e.g.,  uveit is,  ir it is),
and  a  host  of oth er  sym ptom s. Im m unosuppressive  therapy
is the  standard  t reatm en t .

Oral  m ucosal  lesions  m ay  accom pany  the  classic  target-
shaped  cutaneous  lesions  of erythem a  m ultiform e. Erythem a
m ultiform e is an  acute  vasculit is that  m ay occur  spontaneously
or  as  part  of a  hypersensitivity  react ion . Pat ients  w ill  present
w ith  an  abrupt  onset  of sym ptom s, along  w ith  fever. Stevens-
Johnson  syndrom e  is  a  serious  form  of erythem a  m ultiform e.
The  treatm ent  of  both  is  w ith  cort icosteroids  and  supportive
care.

There  are  a  num ber  of autoim m une  disorders in  w hich  anti-
bodies  are  directed  against  various  aspects  of the  attachm ents
of epithelial cells to the underlying basem ent  m em brane. These
disorders  present  as  painful ulcerations  that  form  w ith  m inor
traum a.  Pem ph igus  vulgaris  is  caused  by  the  form ation  of
autoan t ibodies  to  in tracellu lar  bridges  and  is  the  bullous  d is-
ease  m ost  frequen t ly  presen t ing  w ith  oral  m ucosal  lesions.
The  d iagnosis  h inges  on  skin  biopsy  show ing  in t raepithelial
deposits  of im m unoglobulin  G. Cor t icosteroids  are  the  m ain-
stay of t reatm ent .
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69.2.5  Neoplast ic Disorders
Oral neoplasm s are rare in  children, and the m ajority are of vas-
cular  or  salivary origin . Rhabdomyosarcom a  is  a  m alignant  tu-
m or of skeletal m uscle origin  that  can  present  in  the oral cavity
(m ost  frequently on  the tongue, palate, or  cheek) as a nontend-
er, firm , en larging  in t ram uscular  m ass. The  diagnosis  is  m ade
by biopsy of the m ass w ith  complete excision  at  the biopsy pro-
cedure  if  possible.  Rhabdomyosarcom a  is  staged  follow ing
pathologic  diagnosis  on  the  basis  of the  disease  rem aining  in
the  pat ien t, and  thus a  complete  excision  m ay a ect  staging of
the  disease.  Chem otherapy  w ith  or  w ithout  radiation  is  the
m ainstay of treatm ent , w ith  surgical excision  or debulking per-
form ed w hen it  is possible to do so w ithout creating a large cos-
m etic or funct ional defect .

69.3  Salivary Disorders
Most  salivary  disorders  in  ch ildren  are  acute,  infect ious,  and
self-lim ited. There  are, however, a  num ber  of other  im portant
causes of salivary gland pathology that  m ust be considered.

69.3.1  History
Patients  will  most  often  present  w ith  enlargement  of  one  or
more  salivary  glands. One  should  delineate  the  onset  of symp-
toms (acute, insidious), the presence of pain, and any fluctuations
in  symptomatology  (e.g., exacerbation  with  eating). A history of
trauma, animal bites  or  scratches, recent  dental procedures, and
any recent  illnesses should  be  elicited. Systemic complaints such
as fever, chills, and  malaise  should  be  noted. A complete  review
of systems is important, as is an  understanding of any coexistent
medical conditions (especially immunodeficiency).

69.3.2  Physical Exam inat ion
The exam ination  should focus on  the degree and nature of glan-
dular  enlargem ent. Any overlying  skin  erythem a  or  discolora-
tion  should  be  noted. Bim anual palpation  of the  a ected  gland
can  aid  in  di eren t iating betw een  a  di usely enlarged  gland, a
discrete  in traparenchym al m ass, and  a  m ass separate  from  the
salivary gland  (e.g., en larged  lymph  node, branchial cleft  cyst).
Any  discrete  m ass  should  be  carefully  characterized  (firm  or
fluctuant, m obile  or  fixed, tender  or  nontender). An  in traoral
exam ination  should  note  the  am ount , consistency, and  appear-
ance  of saliva  expressed  from  the  duct  orifice  (scant , clear, pu-
rulen t). Any palpable stones along the course of the duct  should
be noted.

69.3.3  Diagnost ic Evaluat ion
In  cases w ith  a suspected  infect ious etiology, a leukocyte  count
and  di erential m ay be  helpful. Other  m arkers  of system ic in-
flam m ation, such  as  the  C-react ive  protein  level  and  erythro-
cyte  sedim entation  rate, m ay also be  of value. Specific bacterial
tests  (Bartonella  henselae  t iters,  purified  protein  derivative
[PPD] test)  and  viral t iters  (Epstein-Barr  virus, HIV, m um ps vi-
rus) can  be obtained w hen  appropriate. Salivary fluid  should  be
sent  for aerobic and anaerobic culture.

Im aging  tests  com monly  em ployed  to  evaluate  the  salivary
glands  include  ultrasound, plain  X-ray, computed  tom ography
(CT),  and  m agnetic  resonance  (MR)  im aging.  More  invasive
studies, such  as sialography, in  w hich  the  salivary ducts are  di-
rectly injected  w ith  contrast, are  infrequently used. Ultrasound
is useful in  di eren tiating betw een  solid  and  cystic lesions and
betw een  in t rinsic and  extrinsic salivary  m asses, and  in  direct-
ing fine-needle  aspiration  (FNA) biopsy. Advantages of ultraso-
nography include  lack of a  need  for  sedat ion  and  avoidance  of
radiation  exposure. Plain  film s are  prim arily useful for  identify-
ing radiopaque salivary calculi (up  to 80% of parotid  stones and
20% of subm andibular stones are radiolucent). CT and MR im ag-
ing are  both  useful for  providing anatom ical context  to  a  m ass.
MR  im aging  is  superior  for  providing  soft-tissue  detail,
although  the  longer  scan  tim e  often  requires using sedat ion  or
even general anesthesia in  young children  and infants.

FNA biopsy of salivary gland  lesions  is  controversial but  can
be  of help  in  di eren tiating  benign  from  m alignant  processes
up  to 93% of the t im e. Furtherm ore, FNA can  aid  in  di erentiat-
ing m asses arising in  salivary gland  tissue  from  adjacent  or  in-
traglandular  lymphoid  tissue. FNA m ay  need  to  be  perform ed
under sedat ion or general anesthesia in  young children.

69.3.4  Infect ious Sialadenit is
Acute  Bacterial Sialadenit is
The  m ajority  of cases  of infect ious  sialadenitis  are  bacterial in
nature. Patien ts present  w ith  an  acutely enlarged, painful gland
and  system ic signs of infect ion . Massage  of the  gland  often  ex-
presses  purulen t  discharge  from  the  duct  orifice. The  parotid
gland  is  m ore  com m only  involved  than  the  subm andibular
gland. It  is believed  that  the m ore m ucinous saliva produced  by
the  subm andibular  gland  has  m ore  antibacterial  activity  than
the  serous saliva of the  parotid  gland. In  either  gland, infect ion
is thought  to  arise  because  of salivary stasis due  to obstruct ion
by a  stone  or  an  extrinsic m ass  or  to  dehydration. Saliva  from
the a ected  gland  should  be  expressed  and  sent  for  Gram  stain
and  culture. The  bacteria  m ost  com m only  identified  in  acute
bacterial sialadenitis  are  Staphylococcus aureus and  Streptococ-
cus vir idans. Antibiotic t reatm ent  w ith  a  penicillinase-resistant
penicillin  (e.g., am oxicillin  w ith  clavulanate) is  com bined  w ith
glandular  m assage,  warm  compresses,  hydration,  and  siala-
gogues  (e.g., sour  candy, lem on  juice). The  persistence  or  pro-
gression  of  fever  and  pain  despite  antibiotic  therapy  should
raise  concern  for  an  in traglandular  abscess, w hich  can  be  eval-
uated  w ith  CT or  ultrasound. An  abscess  requires  incision  and
drainage under general anesthesia.

Chronic Bacterial Sialadenit is
Several  bacterial  agents  form ing  granulom as  can  a ect  the
lymph  nodes adjacent  to and  w ithin  the salivary glands. Tuber-
culous  mycobacterial infect ions  are  often  associated  w ith  h ilar
and m ediastinal lymphadenopathy and can  be diagnosed w ith  a
positive  PPD test. Treatm ent  consists  of system ic  antitubercu-
lous  drugs.  Atypical  mycobacterial  in fect ions  are  m ost  com -
m only seen  in  children  and  frequently m anifest  in  the head and
neck. Violaceous  discoloration  of  the  overlying  skin  can  be  a
clue  to  such  infect ions. Mycobacter ium  avium-int racellulare  is
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the m ost  com m on  causative agent. The PPD test  m ay be weakly
positive  and  cultures  m ay be  positive, but  a  long incubation  is
required. As a result , the diagnosis is often  based on  clin ical sus-
picion  or  pathologic analysis. Because  system ic an tibiotic ther-
apy is  rarely successful, t reatm ent  consists  of surgical excision
of the lesion .

Cat-scratch  disease, caused  by Bartonella  henselae, m ay result
in  chronic enlargem ent of the periparotid or in traparot id lym ph
nodes, m im icking a  salivary  neoplasm . A rem ote  history of an
anim al scratch  or  bite  m ay  be  elicited. FNA biopsy  m ay  show
the  non–acid-fast, gram -negative  bacillus  on  a  Warthin-Starry
stain . Treatm ent  is sym ptom atic, and  m acrolide antibiotics m ay
be required to hasten  resolution  of the m ass.

Viral Sialadenit is
Although  extrem ely uncom m on  since the  in t roduct ion  of m an-
datory  vaccinat ion, m um ps  (caused  by  a  paramyxovirus)  m ay
be  a  cause  of sialadenitis. Patients  w ho  have  m um ps  present
w ith  painful, di use  swelling of the  m ajor  salivary  glands  fol-
low ing a prodrom al period  of system ic complaints of fever, m a-
laise, and  sym ptom s of an  upper  respiratory  infect ion. Associ-
ated  findings  include  painful  inflam m ation  of  the  m eninges,
testicles or ovaries, and  pancreas. The diagnosis can  be m ade by
the  m easurem ent  of acute viral t iters. The treatm ent  is suppor-
tive in  nature. Com plicat ions include sensorineural hearing loss
and infert ility due to orchit is/oophorit is.

HIV infect ion  m ay cause  chronic enlargem ent  of the  salivary
glands, m ost  often  present ing as lym phoepithelial cysts w ith in
the  parotid  parenchym a. Di use  enlargem ent  due  to lymphoid
hyperplasia  is also seen  frequently, often  as an  in itial presenta-
tion  of  the  disease.  Cysts  should  be  m anaged  conservatively,
w ith  needle aspiration  em ployed  for cosm etic deform ity or dis-
com fort . Parotidectomy is not advised because of the risk for in-
jury to the facial nerve.

Sialadenitis  m ay be  seen  as part  of infect ious m ononucleosis
(caused  by the  Epstein-Barr  virus). Additional findings w ill in-
clude sore throat, posterior cervical lym phadenopathy, and pos-
sibly hepatosplenom egaly.

69.3.5  Obst ruct ive Salivary Condit ions
Salivary stones, or  sialoliths, form  from  the  deposition  of calci-
um  salts around an  organic m atrix. The subm andibular  gland  is
involved  in  90% of cases and  the  parotid  in  10%. The  increased
incidence in  the  subm andibular  gland  is att ributed  to the  m ore
alkaline  and  viscous  saliva  produced, as  well  as  the  course  of
the  Whar ton  duct , through  w hich  saliva travels against  gravity.
The calculi obstruct salivary flow, causing pain  and in term itten t
salivary gland  en largem ent  that  is exacerbated  w ith  eating. Sia-
ladenitis  often  results  from  salivary  stasis. Palpation  often  re-
veals calculi near the Whar ton  duct  orifice or along its in traoral
course. Parotid  calculi m ay be m ore di cult  to palpate. Plain  ra-
diographs or noncontrast CTscans w ill show  radiopaque calculi.
Eighty percent  of subm andibular  stones are  radiopaque, as op-
posed  to only 20% of those arising in  the parotid. If the calculus
is  found  near  the  ductal orifice, it  m ay be  either  m ilked  out  or
rem oved  w ith  a  sm all  incision  in traorally. Patients  w ho  have
stones  w ithin  the  glandular  parenchym a  require  either  sub-
m andibular gland excision  or superficial parotidectomy.

Recurrent  bouts of acute sialadenitis can  lead to chronic glan-
dular  inflam m ation  and  distort ion  of  the  ductal  architecture.
Strictures can  form , obstructing salivary outflow. Over t im e, the
proxim al duct  can  dilate  (sialectasis), causing  persistent  glan-
dular enlargem ent.

Obstruct ion  of m inor  salivary glands can  lead  to two related
but  dist inct  ent it ies. Mucous  reten tion  cysts  are  true, epithe-
lium -lined  cysts. A ranula is a m ucous retent ion  cyst  that  form s
in  the floor of the m outh  as a consequence of obstruction  of the
sublingual  gland. Ranulas  can  becom e  quite  large  and  extend
into the neck deep to the mylohyoid m uscle, a condition  know n
as a “plunging” ranula. Mucoceles, in  contrast, are not  true cysts
in  that  they  represent  the  extravasation  of  m ucus  in to  sur-
rounding  t issue  and  lack  an  epithelial lin ing. Both  m ucous  re-
tention  cysts  and  m ucoceles  are  m anaged  by m arsupialization
or  complete  excision . This can  typically be  accom plished  via  an
intraoral approach, although  a  plunging ranula  m ay require  an
external excision.

69.3.6  Congenital Masses of the Sali-
vary Glands
A variety of congenital cysts m ay present  in  the salivary glands.
Derm oid cysts m ost often  present  w ith in  the parotid gland, and
complete  excision  is required  to prevent  recurrence. First  bran-
chial cleft  anom alies  can  be  found  in  the  parotid  region. Work
type  I anom alies  are  sim ple  duplications  of  the  m em branous
external auditory canal. Work  type  II anom alies  involve  dupli-
cation  of  the  m em branous  and  cartilaginous  external  canal.
These  are  typically  found  posteroinferior  to  the  angle  of  the
m andible and  can  be closely related to the facial nerve. Congen-
ital retent ion  cysts m ay be  seen  in  infants. These  w ill typically
regress spontaneously, and observation  is appropriate.

69.3.7  Salivary Neoplasm s
Salivary  neoplasm s  are  rare  in  children ;  however, a  neoplasm
in  a  child  is m ore likely to be  m alignant  than  a  neoplasm  in  an
adult . In  fact, if the  vascular  tum ors are  set  aside, up  to  50% of
salivary  gland  m asses  in  children  w ill  prove  m alignant. As  in
the  adult  population,  the  parotid  is  the  m ost  frequently  in-
volved gland.

Vascular Tum ors
Unlike  in  adults, the  m ost  com m on  neoplasm s  in  ch ildren  are
vascular  tum ors; of these, hem angiom as are the m ost  com m on.
Hem angiom as  appear  shortly  after  bir th ,  and  their  course  is
one  of proliferation  and  grow th  over  several m onths  to  a  year,
followed  by a period  of involut ion  of variable  duration. Because
the m ajority of lesions w ill involute, observation  is appropriate,
barring  complications.  Com plications  include  ulcerat ion  and
hem orrhage, functional  im pairm ent,  infect ion, incomplete  in-
volution  w ith  cosm etic deform ity, and  rapid  grow th  w ith  Kasa-
bach-Merrit t  syndrom e  (platelet  trapping  w ith in  the  tum or
leading to a consumptive coagulopathy). Treatm ents range from
m edical therapy w ith  propranolol or cort icosteroids to m ore in-
vasive techniques such as laser ablat ion  and surgical excision.

Lym phatic  m alform ations,  also  called  lymphangiom as,
present  as  compressible  m asses  that  consist  of  dilated,  m al-

Pharyngeal and Esophageal Disorders in Children

546



form ed  lymphatic channels. They are  classified  as  m icrocystic,
m acrocystic,  or  m ixed  based  on  the  size  of  the  cystic  areas.
These  m alform ations can  becom e quite large  and  m ay compro-
m ise the airway. Treatm ent  is by complete  resection  w hen  pos-
sible, although  the  use  of sclerosing agents such  as OK-432 has
been gaining in  popularity, especially for m acrocystic lesions.

Finally, vascular  m alform ations  m ay  present  in  the  salivary
glands. In  contrast  to  hem angiom as, these  m alform ations  are
present  at  bir th  and  grow  as  the  ch ild  grow s, w ith  no  involu-
tion.

Benign Tum ors
Pleom orphic  adenom a  is  the  m ost  com m on  benign  epithelial
neoplasm  found  in  the  salivary glands of children. As in  adults,
a  pleom orphic  adenom a  presents  as  a  slow ly  grow ing,  firm
nodule. FNA is often  su cient  for diagnosis, and excision w ith  a
superficial parotidectomy is the treatm ent of choice.

Malignant  Tum ors
Mucoepiderm oid  carcinom a  is  the  m ost  com m on  m alignant
salivary  gland  neoplasm  in  ch ildren. These  tum ors  are  desig-
nated as low - or h igh-grade based  on  their h istologic character-
istics, and  staging is sim ilar  to that  in  adults. Low -grade lesions
are t reated  very successfully by surgical excision  w ith  adequate
m argins of norm al parotid. High-grade lesions require  total pa-
rotidectomy, neck  dissect ion, and  possibly adjuvant  radiother-
apy. In  either  case, as long as it  is not  involved  w ith  tum or, the
facial nerve should  be preserved.

Acinic  cell  carcinom a  is  the  next  m ost  com m on  m alignant
salivary tum or. These tum ors are m ost  often  low -grade, and the
treatm ent  is sim ilar  to that  for low -grade m ucoepiderm oid  car-
cinom a, w ith  complete  surgical excision  and  attempted  preser-
vation  of the facial nerve.

69.3.8  Sialorrhea
Sialorrhea,  or  excessive  saliva  production,  should  be  distin -
guished  from  ptyalism , or  drooling. Ptyalism  is  often  m ultifac-
torial, w ith  components  of excessive  product ion  and  im paired
clearance of secretions due to dysphagia. Conservative m anage-
m ent  w ith  speech  and  swallow ing therapy should  be the  in itial
step. Medical therapy includes an  antih istam ine such  as scopol-
am ine  or  glycopyrrolate. Surgical m anagem ent  should  be  used
only  in  cases  of m edical failure. Various  options  include  injec-
tion  of botulinum  A toxin  in to  the  salivary  gland  parenchym a
under  ultrasound  guidance,  subm andibular  gland  excision ,
Whar ton  duct  rerouting,  in traoral  duct  ligation,  and  chorda
tym pani/tym panic neurectomy.

69.4  Tonsils and Adenoids
69.4.1  Anatomy and Physiology
The  palatine  tonsils, adenoids  (pharyngeal tonsils), and  lingual
tonsils  m ake  up  a  ring of lym phoid  tissue  know n  as  the  Wal-
deyer  ring.  The  lymphoid  component  consists  prim arily  of  B
cells  and  T cells, w ith  a  sm all  percentage  of plasm a  cells. The
tonsils  are  involved  in  secretory  im m unity  (im m unoglobulin

product ion  and  regulation) and  are situated  in  a prim e location
for sam pling inhaled  and  ingested  an tigens. The tonsils and  ad-
enoids increase  in  size and  im m unologic activity in  early child-
hood and involute after puberty.

The palatine tonsils are situated in  fossae along the lateral or-
opharyngeal wall betw een  anterior  and  posterior  m uscular  pil-
lars. The palatoglossus form s the anterior  pillar, and  the palato-
pharyngeus is present  w ithin  the posterior  pillar. The lymphoid
tissue  of the  tonsil is  t ightly adherent  to  a  fibrous capsule  that
lies adjacent  to  the  pillars  and  the  underlying pharyngeal con-
str ictor m uscle. The surface of the tonsil is m arked by num erous
invaginations  or  crypts  lined  w ith  stratified  squam ous  epithe-
lium . The  m ain  arterial supply enters at  the  inferior  pole, w ith
contribut ions from  the  facial (tonsillar  branch  of the  ascending
palatine) and  lingual (tonsillar  branch  of the  dorsal lingual) ar-
teries.  The  ascending  pharyngeal  and  lesser  palatine  arteries
enter  at  the  superior  pole. The  venous  drainage  feeds  in to  lin-
gual and  pharyngeal veins, w hich  drain  eventually in to  the  in-
ternal jugular  vein . Lym phatic drainage is to the jugulodigastr ic
and superior deep cervical nodes.

The  adenoids  lie  on  the  superior  and  posterior  nasopharyn-
geal walls and  project  in to the nasopharynx. This lymphoid  tis-
sue  is  covered  by a  pseudostratified  ciliated  colum nar  epithe-
lium .  The  ascending  pharyngeal  branches  from  the  in ternal
m axillary  and  facial arteries  supply  the  adenoids. As  w ith  the
tonsils, pharyngeal veins drain  in to the in ternal jugular  vein .

69.4.2  Infect ious Disorders
History
Patients  w ho  have  a  tonsillar/pharyngeal  in fect ion  m ost  com -
m only present  w ith  a  sore  throat  and  odynophagia. Dysphagia
can  result  from  hypertrophy of the  lymphoid  t issue  of the  ton-
sils  during  acute  infect ion. Otalgia  m ay  be  present, caused  by
concom itant  otit is  as  part  of an  upper  respiratory  tract  infec-
tion; alternatively, the otalgia m ay be  “referred  pain ,” due to in-
nervation  of both  the  pharynx and  the  m iddle  ear  by the  glos-
sopharyngeal nerve. Fever and  other system ic signs of infect ion
are often part  of the clin ical picture.

One  should  evaluate  the  patien t’s  ability  to  tolerate  oral in-
take, and  in travenous hydration  and  adm ission  should  be  con-
sidered  for  patients  w ho  have  signs  of dehydration  or  are  un-
able to m aintain  adequate  oral in take. Any h istory of sim ilar  in -
fect ions  and  the  frequency of episodes of tonsillit is  are  impor-
tant  to  know  in  counseling  pat ien ts  on  the  need  for  eventual
surgical m anagem ent. Finally, any h istory of im m une  suppres-
sion  is importan t  to know  because opportunist ic pathogens not
seen  in  norm al hosts m ay be encountered.

Physical Examinat ion
The pat ient’s general appearance, w ith  special attention  paid  to
signs  of airway comprom ise, sepsis, and  dehydration , m ust  be
noted. Exam ination  of the  pharynx w ill dem onstrate  enlarged,
erythem atous tonsils that  m ay be  covered  in  purulent  exudate.
The  tonsil size  should  be  rated  on  a  scale  of 0  to  4 + based  on
the degree of project ion in to the oropharyngeal airway. A desig-
nation  of  0  is  used  to  describe  prior  tonsillectomy.  Grade
1 + tonsils  are  w ithin  the  fossa  and  project  in to  the  airway,
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reaching less than  25% of the distance to m idline; grade 2 + ton-
sils  extend  25  to  50%, grade  3 + tonsils  up  to  75%, and  grade
4 + tonsils m ore than  75% and  often  m eet  in  the m idline, nearly
completely  obstructing  the  oropharynx. The  tonsils  should  be
sym m etric. Asym m etry should  prom pt  concern  for  m alignancy.
Cervical lymphadenopathy is typically present. Unilateral bulg-
ing of the  soft  palate  and/or  m edial displacem ent  of a  tonsil is
seen  in  peritonsillar abscess. Severe  odynophagia (as evidenced
by refusal of oral in take and drooling), h igh  spiking fevers, and a
sti neck raise suspicion of a retropharyngeal abscess.

Patients  w ith  acute  adenoiditis  w ill  dem onstrate  purulent
rhinorrhea and  postnasal drip. Fiber-optic exam inat ion  w ill re-
veal en larged, erythem atous adenoids covered  in  purulent  exu-
date. Like the size of the tonsils, the size of the adenoids is rated
based on  the degree of obstruct ion  of the choanae. Grade 1 + in-
dicates 25% obstruction, grade  2 + indicates 50%, grade  3 + indi-
cates 75%, and grade 4 + indicates complete obstruction .

Diagnost ic Evaluat ion
Typically, the  diagnosis  can  be  m ade  on  clin ical  exam ination,
often  paired  w ith  a  rapid  strep  test  and  throat  culture  to direct
antim icrobial therapy. A m onospot  test  m ay be  useful in  di er-
ent iating between  infect ious m ononucleosis and bacterial phar-
yngitis. CT is helpful if a ret ropharyngeal or  parapharyngeal ab-
scess is suspected.

Viral Infect ions
Viral tonsillit is  is  often  present  along  w ith  other  sym ptom s of
an  upper  respiratory tract  infect ion  (cough, rh inorrhea, sneez-
ing). Viruses  responsible  include  rhinovirus, adenovirus  (often
w ith  associated  conjunct ivitis), respiratory  syncytial  virus, in -
fluenza  viruses, and  parainfluenza  viruses. Herpes  sim plex  vi-
rus infect ion  m ay dem onstrate  painful vesicular  lesions, as w ill
herpangina (coxsackievirus).

Pharyngitis  caused  by  Epstein-Barr  virus  can  be  par t  of  a
complex of sym ptom s know n  as infect ious m ononucleosis. The
tonsils m ay be greatly enlarged  and  are  often  covered  w ith  a fi-
brinous  gray  exudate.  In  addition,  palatal  petechiae  m ay  be
noted.  Associated  findings  include  posterior  t riangle  cervical
lymphadenopathy,  hepatosplenom egaly,  fever,  m alaise,  and
rash. The  diagnosis can  be  m ade based  on  a  positive  m onospot
test , the presence of heterophil an tibodies, and  a lym phocytosis
w ith  m ore  than  10% atypical lym phocytes on  a  complete  blood
cell count, or EBV antibody t iters.

Viral  pharyngit is  is  m ost  often  self-lim ited, and  supportive
m anagem ent  is all that  is required. Failure to im prove or a wor-
sening of sym ptom s should  raise suspicion  of a bacterial super-
infect ion. The  m arked  tonsillar  en largem ent  seen  in  m ononu-
cleosis m ay lead  to  airway comprom ise  requiring system ic ste-
roids, a nasal airway t rum pet, or  in  extrem e cases endotracheal
in tubation.

Bacterial Infect ions
The  m ost  com m on  culprits  in  acute  bacterial  tonsillit is  are
group  A β-hem olytic streptococci. In  comparison  w ith  viral in -
fect ions, streptococcal pharyngitis tends to present  w ith  a m ore
abrupt  onset  and  higher  fevers. Aside  from  erythem atous  ton-

sils and  pharyngeal walls, one m ay find  purulent  exudates, ten-
der  lymphadenopathy,  and  palatal  petechiae. Infect ion  of  the
adenoids presents w ith  sim ilar  sym ptom s and  signs, as well as
purulent  rh inorrhea  and  postnasal  drip. Group  A β-hem olytic
streptococci produce an  endotoxin  that  m ay cause a complex of
secondary e ects known  as scarlet  fever, including rash , straw-
berry  tongue  (� Fig. 69.1), and  perioral erythem a  and  desqua-
m ation . The diagnosis is aided  by rapid  an tigen  tests and  throat
culture.

Treatm ent  is  aim ed  at  prevent ing  potent ial  sequelae. Acute
post-streptococcal  glom erulonephrit is  presents  1  to  3  weeks
after  the  pharyngitis  w ith  gross  hem aturia, fever, generalized
edem a, and hypertension . The nephritis is thought  to arise from
the  deposit ion  of an tigen–antibody complexes  and  is  typically
self-lim ited. Rheum atic fever  is  a  potent ially m ore  severe  com -
plication  of  group  A β-hem olytic  streptococcal  in fect ion  that
m ay have lasting consequences. Rheum atic fever  arises because
of the  form ation  of antibodies  against  bacterial M-protein  that
cross-react  w ith  an tigens  in  connect ive  t issue  of  the  heart ,
joints, and  central  nervous  system . The  diagnosis  is  based  on
the presence of two m ajor or of one m ajor and two m inor Jones
criteria follow ing a group  A β-hem olytic streptococcal infect ion
(� Table 69.1).

Penicillin  and  am oxicillin  are  appropriate  antibiotics  for  un-
complicated  cases and  should  be  cont inued  for  10 days. Clinda-
mycin  is a good alternative in  penicillin -allergic pat ien ts. Failure

Fig. 69.1  Strawberry tongue.

Table 69.1  Jones criteria for the diagnosis of rheumatic fever

Major  criteria  Minor criteria

Carditis  Fever

Aschoff bodies (subcutaneous
nodules)

Elevated erythrocyte sedimentation
rate  or C-reactive  protein  level

Migratory polyarthritis  Elevated  streptococcal titer

Chorea  Prolonger PR interval on electro-
cardiogram

Erythema marginatum

Pharyngeal and Esophageal Disorders in Children

548



to  respond  w ithin  48  to  72  hours  should  prom pt  escalation  to
am oxicillin  w ith  clavulanate.

A variety of other bacteria can  cause pharyngeal and  tonsillar
infect ion ,  including  Mora xella ,  Haemophilus  influenzae,  S.  au-
reus, and  Escherichia  coli. Cases of diphtheria caused  by Coryne-
bacter ium diphther iae are  rare  and  present  w ith  gray, adherent
pharyngeal exudate. Laryngeal involvem ent  can  lead  to  airway
comprom ise  and  exotoxin-induced  shock. Treatm ent  includes
antitoxin  and  penicillin .  The  sexually  t ransm itted  infect ions
syphilis  and  gonorrhea  can  cause  pharyngit is. Syphilis, caused
by the spirochete T. pa llidum, can  cause oral chancres in  the pri-
m ary  phase  or  exudative  pharyngitis  in  the  secondary  phase.
As w ith  the  other  m anifestations of syphilis, treatm ent  is  w ith
penicillin , tet racycline, or  erythromycin. Infect ion  w ith  Neisse-
r ia  gonor rhoeae  m ay  present  as  exudative  pharyngitis  and  is
treated  w ith  doxycycline  or ceft riaxone, or  a quinolone in  older
patien ts.

Fungal Infect ions
Candida  a lbicans is  the  m ost  frequent  fungal pathogen  in  pha-
ryngeal  infect ions.  Oropharyngeal  candidiasis,  or  “thrush ,”  is
often  seen  in  patients w ho are im m unocomprom ised  or  under-
going antibiotic therapy. Physical exam inat ion  w ill show  w hite,
cottage cheese–like plaques adherent  to the underlying m ucosa,
w hich  bleeds  upon  rem oval of the  exudate. Depending on  the
severity, treatm ent  can  be topical (clotrim azole lozenges, nysta-
tin  sw ish  and swallow ) or system ic (fluconazole).

Chronic Infect ion
In  contrast  to  acute  bacterial  tonsillit is,  chronic  infect ion  is
often  polym icrobial, including both  aerobic and  anaerobic bac-
teria.  Chronic  adenoiditis  and  tonsillit is  are  treated  w ith  ex-
tended  antibiotic  therapy  w ith  β-lactam ase–stable  an tibiotics
and/or  adenotonsillectomy.  Chronic  tonsillitis  or  adenoiditis
m ay be a cause of halitosis, an  otherw ise rare complaint  in  chil-
dren. Tonsiliths, or  beige-colored  granules, m ay be  seen  in  the
tonsil crypts. Tonsiliths are  foul-sm elling concretions of Act ino-
myces  bacteria  and  are  di cult  to  treat  m edically. Prolonged
penicillin  therapy or  tonsillectomy is  advised  for  th is  cause  of
chronic tonsillit is.

Com plicat ions
A peritonsillar  abscess  occurs  w hen  infect ion  extends  beyond
the  tonsillar  capsule, w ith  pus collecting in  the  potential space
betw een  the capsule  and  the surrounding pharyngeal m uscula-
ture. Patients  present  w ith  fever, severe  odynophagia, trism us,
and  a  m u ed  “hot  potato” voice. They  are  often  dehydrated
and  unable  to  tolerate  oral  in take  because  of pain . Exam ina-
t ion  w ill  reveal  a  bulging  soft  palate  and  m edially  d isplaced
tonsil  on  the  a ected  side. Trism us  m ay  m ake  the  exam ina-
t ion  d i cu lt . The  d iagnosis  is  con firm ed  w ith  needle  asp ira-
t ion , and  the  abscess  is  t reated  defin it ively  w ith  incision  and
drainage  and  10  to  14  days of an t ibiot ics. In  som e  cases, ton -
sillectom y is  perform ed  to  drain  the  abscess  and  preven t  re-
currence.  In terval  tonsillectomy  is  recom m ended  by  m any
otolaryngologists  and  also  preven ts  recurrence  of per itonsil-
lar  abscess.

In  severe  cases, the  abscess m ay extend  beyond  the  im m edi-
ate  peritonsillar  space  or  in to the  parapharyngeal space. Fiber-
optic  exam ination  reveals  lateral  pharyngeal  swelling  extend-
ing inferiorly to the hypopharynx and potent ially causing signif-
icant  airway obstruct ion. Contrast  CT should  be obtained  to de-
term ine  the  extent  of the  abscess. Managem ent  should  begin
w ith  airway control and  continue  w ith  drainage  of the  abscess
in  the  operat ing room  and  a  course  of in travenous  antibiotics.
Spread  in to  the  ret ropharyngeal  space  is  also  possible  and  is
m anaged like a parapharyngeal abscess, w ith  localizing im aging
and surgical drainage. Parapharyngeal or retropharyngeal space
abscesses  m ay be  drained  either  transorally or  through  an  ex-
ternal neck incision, depending upon the location  of the abscess
in  relation  to the  carotid  ar tery and  jugular  vein  and  the  prox-
im ity of the abscess to the pharynx.

69.4.3  Tonsil and Adenoid Hypert rophy
The  adenoids  and  tonsils  are  lymphoid  tissue  and  can  enlarge
in  response  both  to  bacterial  colonization  w ith  norm al  flora
and  to  chronic or  recurren t  infect ions. Significant  hyper trophy
can  cause  pharyngeal airway obstruction, presenting as  hypo-
nasal  speech,  nasal  obstruct ion,  rh inorrhea,  snoring,  chronic
m outh  breathing,  poor  feeding,  and  obstruct ive  sleep  apnea
(OSA).  Enlarged, chronically  inflam ed  adenoids  m ay  in terfere
w ith  the norm al funct ion  of the eustachian  tubes, leading to re-
current  otit is  m edia. Patients  m ay exhibit  a  characteristic  “ad-
enoid  facies,” consisting of an  elongated face, flattened  m idface,
h igh  arched  palate, short  upper lip , and  open-m outh  breath ing.
Adenoid  hypertrophy can  be  identified  w ith  either  fiber-optic
exam ination  or  lateral  neck  X-ray. Medical  m anagem ent  w ith
nasal steroid  sprays  m ay  be  attempted. Adenotonsillectomy is
the  definitive  t reatm ent  for  refractory  or  severe  obstructive
sym ptom s.

69.4.4  Neoplast ic Disorders
Lym phom a and squam ous cell carcinom a are the m ost com m on
m alignancies encountered  in  the  tonsil. Unilateral tonsillar  en-
largem ent  should  raise  suspicion  for  a  neoplastic  process, and
tonsillectomy is  perform ed  for  biopsy. The  likelihood  of m alig-
nancy increases  w ith  the  presence  of constitutional sym ptom s
(weight  loss, n ight  sweats),  cervical  lymphadenopathy,  and  a
rapidly progressive  course. Nasopharyngeal carcinom a is a  rare
m alignancy that  m ay present  in  the nasopharynx in  children . It
often  presents as a painless neck m ass or  enlarging neck lymph
node in  the posterior  tr iangle (level V). The staging of these m a-
lignancies is  sim ilar  to  that  in  the  adult  and  should  prom pt  an
oncologic consultation  for t reatm ent.

69.4.5  Indicat ions for Tonsillectomy and
Adenoidectomy
Indications  for  tonsillectomy  include  OSA;  suspected  m alig-
nancy;  recurrent  tonsillitis  (m ore  than  five  to  six episodes  in  1
year, four  episodes  per  year  for  2  years, or  three  episodes  per
year  for  3  years);  tonsillitis w ith  febrile  seizures;  chronic tonsil-
litis unresponsive to antibiotic therapy; and  peritonsillar abscess
w ith  a  history of frequent  tonsillar  infection. Tonsillectomy m ay
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also  be  considered  if significant  hypertrophy is  seen  in  associa-
tion  w ith  significant  dysphagia that  has no other apparent  cause
or  w ith  speech  abnorm alit ies.

Ind icat ions  for  adenoidectom y include  OSA, suspected  m a-
lignancy (as  a  biopsy procedure), recurren t  in fect ion , ch ron ic
or  recurren t  sinusit is, and  recurren t  acute  ot it is  m edia  (� Ta-
ble  69.2).

The  risks  of adenotonsillectomy  should  be  well  understood
by the patient and fam ily. They include bleeding (1 to 2% of chil-
dren, typically  5  to  7  days  postoperatively), odynophagia  w ith
poor  oral  in take  and  dehydration,  and  infect ion .  Adenoidec-
tomy m ay lead  to velopharyngeal insu ciency (m anifesting as
hypernasal speech  and  nasal regurgitation  of food  and  liquid),
especially in  the setting of a subm ucous cleft  palate. Such  situa-
tions  are  avoided  by  routinely  exam ining  the  palate  for  evi-
dence  of a  bifid  uvula  or  diastasis  of the  palatal m usculature.
Patients  w ith  Dow n  syndrom e  present  a  special  case.  These
children  are  prone  to  atlantoaxial  subluxation  and  should  be
evaluated  w ith  flexion–extension  neck radiographs before  sur-
gery. Children  w ho  have  velocardiofacial  syndrom e  m ay  have
aberran t  carotid  arteries  w ith  an  abnorm ally  m edial  location ,
placing  them  at  risk  during  routine  tonsillectomy and  adenoi-
dectomy. Preoperative  CT angiography  w ill  dem onstrate  such
vascular anom alies.

69.5  Sleep-Disordered Breathing
and Obst ruct ive Sleep Apnea
69.5.1  History
Pediatric  pat ients  m ay  present  w ith  nightt im e  sym ptom s that
include  snoring,  w itnessed  episodes  of  apnea,  gasping  for
breath , sweating, restless sleep, and  enuresis. The  frequency of
the  episodes  of gasping or  apnea  should  be  elicited, as  should
the  length  of  the  apnea  episodes. Unlike  adults,  w ho  exhibit
daytim e  som nolence, children  w ith  OSA are  often  hyperactive
and  inattentive, and  they m ay have  behavioral problem s and  a
learning  disability  (� Table  69.3).  Various  m edical  conditions
put  children  at  greater  risk  for  OSA, including  craniofacial ab-
norm alities  (e.g.,  Treacher  Collins  syndrom e  or  Pierre  Robin
syndrom e)  and  neurom uscular  disorders  leading  to  decreased
tone  in  the  pharyngeal  m usculature  (especially  cerebral  palsy
and Dow n syndrom e).

69.5.2  Physical Exam inat ion
The  pat ient’s  height  and  weight  should  be  plotted  and  com -
pared  w ith  established  norm s. Any  craniofacial  abnorm alities
(retrognathia or  m icrognathia, cleft  lip  and/or cleft  palate, m ac-
roglossia)  should  be  noted.  The  size  of  the  tonsils  should  be
rated, as previously described. A fiber-optic exam ination  should
be  perform ed  to evaluate  for  nasal obstruct ion, adenoid  hyper-
trophy, or  other  airway  anom alies  (e.g.,  laryngom alacia).  The
appearance and  length  of the soft  palate  are  im portant  to note,
especially in  children w hose tonsils and adenoids are som ew hat
sm all.

69.5.3  Diagnost ic Evaluat ion
A lateral neck film  m ay be helpful in  evaluating adenoid  size  in
the uncooperative child. Polysom nography is discussed below.

69.5.4  Sleep-Disordered Breathing
Sleep  disorders  in  children  encompass  a  continuum , ranging
from  relat ively  benign  prim ary  snoring  to  potent ially  life-
threaten ing  OSA. The  diagnosis  and  treatm ent  of sleep  disor-
dered-breathing  di er  significantly  betw een  children  and
adults. Although  apnea in  adults is generally defined  as the ces-
sation  of breathing  for  10  seconds, the  duration  in  children  is
shortened  to  two  or  m ore  consecut ive  breaths.  Hypopnea  is
variably described  as  a  50% reduction  in  airflow  or  respiratory
e ort , or  an  increased  end-t idal CO2  level  (norm ally  ~ 40 m m
Hg).

Up  to 10% of ch ildren  snore  during sleep. Those  w hose  snor-
ing is  not  accom panied  by obstructive  sym ptom s are  given  the
diagnosis of prim ary snoring and  require  no further  treatm ent .
Children  w ho snore  and  display evidence  of partial airway ob-
struct ion , including frequent  arousals due  to increased  respira-
tory e or t , but  w ho do not  experience true  apnea or  hypopnea
as  defined  above  are  classified  as  having  upper  airway  resist-
ance  syndrom e. Because  of  their  frequent  arousals, they  m ay
present  w ith  m any of the  daytim e  sym ptom s of children  w ith
OSA.

69.5.5  Obst ruct ive Sleep Apnea
OSA is seen  in  1  to  3% of children  and  is  defined  as airway ob-
struct ion  (apnea  and/or  hypopnea) leading to  hypoxem ia  and/
or  hypercarbia. As in  adults, severe  OSA can  lead  to pulm onary
hypertension  and  cor  pulm onale. Although  it  is t rue  that  obese
children  are  at  a greater  risk for  developing OSA, m ost  children
w ith  OSA are  not  overweight ,  and  they  m ay, in  fact,  present
w ith  poor grow th  or failure to thrive.

The diagnosis of OSA is typically m ade by obtaining an appro-
priate  h istory  of sleep  disturbance  and  obstruct ive  sym ptom s.

Table 69.2  Indications for tonsillectomy and adenoidectomy

Indicat ions for  tonsillectomy  Indicat ions for  adenoidectomy

Recurrent  acute  tonsillitis  Recurrent  adenoiditis

Tonsillitis with  febrile  seizures  Chronic sinusitis

Chronic tonsillitis  Recurrent  acute  otitis media

Peritonsillar abscess  Chronic middle  ear effusion

Suspected  malignancy  Suspected  malignancy

Obstructive  sleep  apnea  Obstructive  sleep  apnea

Sleep-disordered  breathing  Sleep-disordered  breathing

Dysphagia

Table 69.3  Di erences in the presentation of obstructive sleep apnea in
adults and children

Adults  Children

Daytime  somnolence  Hyperactivity/behavioral disturbances

Frequent  obesity  Underweight/failure  to thrive
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Polysom nography provides inform ation  on  a variety of param e-
ters  m easured  w hile  the  child  sleeps.  The  accepted  standard
polysom nography includes electroencephalography to m easure
sleep stage, electromyography to m easure lim b m ovem ents and
arousals, elect rocardiography, m easures  of chest  wall  and  ab-
dom inal m ovem ents w ith  respiration, pulse oxim etry, end-tidal
CO2, and  oronasal airflow. Polysom nography w ill give  inform a-
tion  about  the  num ber  of  apnea  and  hypopnea  episodes  per
hour  (the  respiratory disturbance  index, or  RDI);  the  degree  of
hypoxia  (defined  as  arterial  oxygen  saturation  [SaO2]  < 92%)
and hypercarbia (peak end-t idal CO2 > 50 m m  Hg); and sleep  ar-
chitecture  (non–rapid  eye  m ovem ent  [NREM]  vs  rapid  eye
m ovem ent [REM] sleep). Although  there are no w idely accepted
standards for  stratifying the severity of OSA in  children, an  RDI
above 1.5 is considered abnorm al.

Although  polysom nography is the  gold  standard  for  diagnos-
ing OSA, it  is  not  practical for  every patient. Polysom nography
should  be  used  for  h igh-risk  pat ien ts  (those  w ith  cran iofacial
abnorm alit ies, neurom uscular  disorders, or  significan t  com or-
bidities  that  could  complicate  surgical  m anagem ent)  and  for
patien ts  w hose  history  and  physical exam ination  findings  are
inconsistent .

The t reatm ent  of OSA in  children  typically consists of adeno-
tonsillectomy to relieve  pharyngeal airway obstruct ion  w hen  it
is  caused  by  large  tonsils  and  adenoids. In  patients  w ith  m ild
OSA, one can  expect  a resolution  of obstructive sym ptom s after
surgery, although  pat ien ts w ith  severe  apnea  m ay have  persis-
tent  problem s. Aside  from  the  resolution  of airway complaints,
num erous  studies  have  show n  improvem ents  in  quality  of life
and in  behavior and school perform ance.

More  complex  treatm ent  m ay  be  required  in  ch ildren  w ith
craniofacial  anom alies. In  pat ients  w ith  severe  OSA that  is  re-
fractory to standard m anagem ent, t racheotomy is indicated. Pa-
tients  w ho have  significant  nasal obstruct ion  related  to allergy
m ay benefit  from  m edical therapy w ith  nasal steroid  sprays. Fi-
nally, pat ients w ho are  poor  surgical candidates or  have persis-
tent  issues  postoperat ively  can  be  m anaged  w ith  continuous
positive  airway pressure  (CPAP) or  bilevel positive airway pres-
sure (BiPAP) as an  alternative to t racheotomy.

69.6  Dysphagia and
Gast roesophageal Reflux
Pediatric  dysphagia  encompasses  an  im m ense  range  of eating
and/or  swallow ing disorders. An  in-depth  discussion  of each  of
the possible causes of dysphagia in  ch ildren  is beyond the scope
of th is  chapter;  rather, the  aim  here  is  to  present  a  fram ework
for  evaluating a  patient, based  on  an  understanding of the  nor-
m al  swallow  m echanism ,  know ledge  of  the  salient  h istorical
clues  and  physical exam ination  findings, and  an  awareness  of
the  broad  categories in  w hich  the  m ajority of diagnoses can  be
placed.

The  norm al  swallow ing  m echanism  can  be  separated  in to
three  phases:  oral, pharyngeal, and  esophageal. The  oral phase
involves  the  ingestion  of food, m astication , and  then  posterior
propulsion  of  the  food  in to  the  oropharynx.  The  pharyngeal
phase is reflexive and requires the coordination  of m ultiple cra-
nial nerves  (including cran ial nerves  V, IX, X, and  XII)  to  close
the  nasopharynx, elevate  the  larynx  w hile  closing  the  airway,

and  propel  the  food  in to  the  hypopharynx.  The  esophageal
phase begins w ith  relaxation  of the  cricopharyngeus, w hich  al-
low s  the  food  bolus  to  enter  the  esophagus, w here  peristalt ic
contraction  propels it  to the stom ach.

69.6.1  History
In  the new born , the prenatal and  bir th  history take on  extrem e
im portance.  A history  of  polyhydram nios  m ay  point  toward
esophageal m alform ation  or  neurologic comprom ise. Perinatal
respiratory  comprom ise  requiring  in tubation  should  prom pt
concern  for  t raum atic injury to the pharynx and/or larynx, or  it
can  indicate  a  period  of significant  hypoxia  leading  to  central
nervous  system  dam age. Prior  surgical  procedures  should  be
noted, especially those that  put  cran ial nerves at  risk (ventr icu-
loperitoneal shunt, patent ductus ar teriosus ligation). A detailed
fam ily  h istory  is  important  in  ruling  out  genetic,  neurologic,
and neurom uscular disorders.

In  older  ch ildren, the  onset  of the  dysphagia  (abrupt  vs pro-
gressive) and the t im e course of the sym ptom s (constant  vs epi-
sodic) deserve special atten tion. One should determ ine w hether
the patient  has dysphagia to solids, liquids, or  both. A h istory of
the  sudden  onset  of dysphagia  in  an  otherw ise  norm al child  is
concern ing  for  foreign  body  ingestion,  w hereas  a  worsening
dysphagia progressing from  solids only to liquids points toward
esophageal obstruct ion . Odynophagia  poin ts  tow ard  an  in fec-
t ious/in flam m atory et iology, a  foreign  body, or  caust ic inges-
t ion .  Vom it ing  is  an  im portan t  associated  sym ptom  and
should  be  characterized  by  t im ing  w ith  regard  to  feeding
(during, im m ediately after)  and  by the  nature  of the  food  re-
gurgitated  (d igested  or  undigested).  Airway  sym ptom s  such
as  st ridor  and  cyanosis  w ith  feeding m ay indicate  airw ay ob-
struct ion  as  a  cause  of dysphagia;  alternat ively, they  m ay re-
su lt  from  asp irat ion .

A detailed  review  of system s  is  im portant  in  ruling out  sys-
tem ic  issues  such  as  autoim m une, endocrine,  and  neurologic
disorders, as well as im m unocomprom ised states and infect ion.

69.6.2  Physical Exam inat ion
The  patien t’s  height  and  weight  should  be  noted  and  plotted
over  t im e  to  docum ent  adequate  grow th  and  developm ent.
Weight  loss and  failure  to thrive  (as indicated  by weight  below
the  th ird  percentile)  indicate  a  serious  problem  requiring  im -
m ediate  attention. In  the  case  of  in fan ts, one  should  observe
the  infan t  feed, noting  w hether  the  child  exhibits  appropriate
rooting  and  suck  reflexes. The  absence  of these  im portant  re-
flexes m ay indicate neurologic deficiencies.

A complete head and neck exam inat ion  should  be perform ed.
Craniofacial  anom alies  (e.g., cleft  lip  and/or  cleft  palate, retro-
gnath ia, m acroglossia, and  glossoptosis)  should  be  noted, and
the  physician  should  m aintain  a  h igh  index of suspicion  for  ge-
netic disorders and syndrom es w ith  characteristic facies.

Fiber-optic exam ination  of the upper aerodigestive t ract  is an
im portant  tool in  the evaluation  of pat ients w ith  dysphagia and
is often  the  m ain  reason  for  referral to  an  otolaryngologist . Ex-
am ination  should  rule  out  nasal obstruct ion  due to rh in itis, de-
viated  nasal  septum , choanal  atresia, or  adenoid  hypertrophy.
Evaluation  of the hypopharynx m ay dem onstrate the pooling of
secretions  or  gross  aspirat ion.  Laryngeal  abnorm alit ies,  both
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anatom ical (e.g., laryngeal cleft, laryngom alacia) and  funct ional
(vocal fold  paralysis), should be noted.

Finally, a neurologic exam ination  should  be perform ed. Obvi-
ously,  special  atten tion  should  be  paid  to  the  cranial  nerves,
although  a  peripheral  exam inat ion  is  also  im portant , and  any
abnorm alities (e.g., hypotonia) docum ented.

69.6.3  Diagnost ic Test ing
Various radiologic studies are available to aid  in  the diagnosis. A
chest  X-ray can  assess  cardiac, tracheobronchial, and  m ediasti-
nal  abnorm alities. Further  evaluation  w ith  CT or  MR im aging
should  be  directed  by  the  h istory  and  physical  findings  of  a
neck m ass. Modified  barium  swallow  uses fluoroscopy to visu-
alize  swallow  funct ion  during the  oral and  pharyngeal phases.
Inform ation  regarding aspiration  can  be obtained, and  di erent
consistencies of food  used  to determ ine  the  safety of oral feed-
ing. Modified  barium  swallow  is often  com bined  w ith  a barium
esophagram  to rule out structural or m otility problem s.

Funct ional endoscopic evaluation  of swallow ing can  provide
inform ation  on  laryngopharyngeal  sensation, laryngeal  m obi-
lity, and  aspirat ion. As w ith  m odified  barium  swallow, di erent
consistencies of food can  be used.

Twenty-four-hour  pH probe studies are  the gold  standard  for
the  diagnosis  of reflux. Probes  are  positioned  at  the  proxim al
and  distal ends of the  esophagus as well as the  pharynx (in  the
case  of a  three-probe  study). Esophageal m anom etry allow s an
assessm ent  of esophageal m otility. Endoscopy allow s direct  vis-
ualization  of the  esophagus and  is  indicated  for  both  diagnosis
and  treatm ent  (e.g.,  rem oval  of  a  foreign  body,  dilation  of  a
str icture).

69.6.4  Di erent ial Diagnosis
In  the  evaluation  of a patient  w ith  dysphagia, it  is best  to break
dow n  the  myriad  etiologies in to  a  num ber  of broad  categories.
It  is im portant  to recognize that  m ultip le factors m ay be contri-
but ing to a pat ien t’s dysphagia.

69.6.5  Developm ental Issues
Prem ature  infan ts  often  require  both  ventilatory  and  feeding
support . Such  patients  m ay have  a  weak  suck  reflex  and  di -
culty coordinat ing feeding and respirat ion. They are m aintained
on  alternate  m ethods  of feeding  (gavage, gastrostomy). Fortu-
nately, in  the absence of neurologic injury, the m ajority of these
patients w ill progress to norm al oral in take.

69.6.6  Congenital Anatom ical Defects
Defects  involving  the  aerodigestive  tract  at  any  level  from  the
nasal passage to the  distal trachea and  esophagus can  in terfere
w ith  norm al swallow ing. Obstruct ion  of the  nasal airway, as in
piriform  aperture  stenosis, choanal atresia, or  even  severe  sep-
tal deflect ions (as from  bir th  traum a), can  a ect  an  infant’s abil-
ity to coordinate feeding and respiration.

Craniofacial abnorm alities  can  im pair  the  feeding  and  swal-
low ing  m echanism  in  a  num ber  of  ways. Children  w ith  cleft
lip  and  palate  are  unable to generate  an  e ect ive seal and  m ust
be  fed  w ith  a  special bottles  and  nipples. Patien ts  w ith  a  cleft

palate  w ill also  regurgitate  feeds  in to  the  nasal cavity  through
direct  com m unicat ion  via  the  cleft  and  defect ive  velopharyng-
eal  closure.  Syndrom es  that  include  abnorm alit ies  in  the
grow th, position , and proportions of the m andible and other fa-
cial bones can  lead  to feeding issues. Notable  examples include
Crouzon,  Apert ,  Goldenhar,  and  Treacher  Collins  syndrom es.
When  craniofacial disproportion  is com bined w ith  a cleft  palate
and/or  lip , the  dysfunct ion  becom es  increasingly  pronounced.
Macroglossia, as seen  in  Dow n  (trisomy 21) and  Beckw ith-Wie-
dem ann  syndrom es, can  in terfere w ith  the sucking m echanism ,
food  bolus propulsion , and  laryngeal protect ion . Finally, m alpo-
sit ion  of the  tongue, due  to m acroglossia  or  retrognathia  (as in
Pierre  Robin  sequence), can  cause  airway obstruction  and  sub-
sequent feeding problem s.

Congenital  laryngeal  m alform ations  such  as  laryngom alacia,
laryngeal webs and  clefts, and  cysts  cause  dysphagia  secondary
to airway obstruct ion, aspiration, or  both. Stridor  and/or hoarse-
ness should  raise suspicion  for a laryngeal cause of dysphagia.

Num erous t racheal and  esophageal issues lead  to  dysphagia.
Esophageal pathologies include atresia, duplication, tracheoeso-
phageal fistula, webs, and str ictures. Tracheoesophageal fistulas
are  often  accom panied  by other  congenital defects, com m only
involving  the  cardiac  and  genitourinary  system s. Tracheoeso-
phageal fistulas are seen in  four typical configurations in  associ-
ation  w ith  esophageal  atresia. Respiratory  sym ptom s  of chok-
ing, aspirat ion, and  respiratory distress m ay be  associated  w ith
the various types of t racheoesophageal fistula. The treatm ent  of
tracheoesophageal  fistula  involves  surgical  correct ion  of  the
esophageal and  tracheal abnorm alit ies, typically soon  after  the
condition  is diagnosed in  the infant.

Vascular  rings  can  involve  both  the  esophagus  and  the
trachea, leading to  str idor  that  worsens  w ith  feeding. Alterna-
tively, dysphagia arising from  such  rings m ay not  becom e appa-
rent  until the child begins eating solid  food.

69.6.7  Acquired Anatom ical Defects
Within  th is category, esophageal foreign  body ingestion  is likely
the  m ost  com mon  etiology encountered. The ingestion  of caus-
tic substances can  cause  dysphagia  in  the  acute  setting as  well
as later as a result  of str icture of the esophagus. A good m edical
and  surgical h istory should  elucidate  an  iatrogenic cause  of the
patien t’s  sym ptom s  (in tubation  traum a,  prior  aerodigestive
tract  surgery). A history  of t racheal  or  esophageal  surgery, as
w ell as  any card iac procedures, should  raise  suspicion  for  re-
curren t  laryngeal  nerve  in jury  w ith  vocal  fold  paralysis  or
superior  laryngeal nerve  injury resu lt ing in  alterat ions of lar-
yngeal sensat ion .

69.6.8  Infect ious and Inflam m atory
Disorders
Infect ions of the  upper  aerodigestive  tract  are  com m on  causes
of  odynophagia  and  dysphagia  in  children .  Bacterial  or  viral
pharyngitis  is  frequently  seen  in  children  and  should  be  ob-
vious on  physical exam inat ion. Deep  neck space infect ions (e.g.,
retropharyngeal  and  parapharyngeal  abscesses)  should  be
suspected in  children w ith  system ic signs of in fect ion  and  com -
plaints  of  odynophagia  or  refusal  to  eat.  In  im m unocompro-
m ised  patients, one  should  be  alert  to  opportunistic infect ions
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of  the  esophagus  w ith  bacteria,  Candida  and  other  fungal
agents, Mycobacter ium  tuberculosis, or  viral pathogens such  as
cytom egalovirus  and  herpesvirus.  Chagas  disease,  caused  by
the  parasite  Trypanosoma  cruzi,  is  seen  in  Central  and  South
Am erica  and  leads  to  esophageal atonia  (and  ultim ately m ega-
esophagus).

Like  adults, children  m ay  be  a ected  by  various  connective
tissue  disorders  that  lead  to  dysphagia.  Scleroderm a  a ects
sm ooth  m uscle  and  can  lim it  esophageal  m otility, as  well  as
lead  to  str ictures  due  to  severe  reflux. Sjögren  syndrom e  pro-
duces  xerostom ia. Juvenile  rheum atoid  arthrit is  (Still  disease)
can  cause  an  arthrit is  of the  cricoarytenoid  join t, w ith  pain  on
phonation  and  swallow ing, as well as respiratory distress from
fixation  of the cricoarytenoid joint.

69.6.9  Neoplast ic Condit ions
Obviously, neoplasm s w ith in  the  upper  aerodigestive  tract  can
obstruct  the  passage  of food, leading  to  the  complain t  of dys-
phagia. In  addition, m ediastinal  tum ors  m ay  extrinsically  ob-
struct  the  esophagus. A h istory of progressive  dysphagia, m ov-
ing  from  problem s  w ith  solids  only  to  problem s  w ith  both
liquids  and  solids,  is  h ighly  suggestive  of  obstruct ion  due  to
neoplasm .

69.6.10  Neurologic Disorders
A neurologic cause of dysphagia should  be  considered  w hen  no
other anatom ical or  funct ional cause can  be found. Infants w ith
central  nervous  system  dysfunct ion  m ay  not  dem onstrate  ro-
bust  rooting and suck reflexes. They m ay have di culty m anag-
ing  their  secretions,  w ith  drooling  and  aspiration.  Additional
signs of neurologic im pairm ent, including generalized  hypoto-
nia, m ay  be  presen t .  Et iologies  of  the  neurologic  insu lt  in -
clude  hypoxia,  t raum a,  in fect ion ,  congen ital  defects  (Chiari
m alform ation ),  and  genet ic  d isorders  (m yasthen ia  gravis,
m uscular  dystrophy).

69.6.11  Psychological/Behavioral Issues
Only after  all organic causes  of dysphagia  have  been  ruled  out
should psychological reasons be considered. Clues in  the history
that  m ay  lead  one  to  suspect  the  sym ptom s  are  behaviorally
based  are  norm al weight  gain  despite  complaints  and  norm al
swallow ing  at  m eals, w ith  sym ptom s  occurring  only  betw een
m eals.

69.6.12  Other Gast rointest inal Disor-
ders A ect ing the Esophagus
Prim ary  disorders  of the  gastrointestinal  t ract  are  relevant  in
the  evaluation  of dysphagia. Cricopharyngeal achalasia, or  fail-
ure of the upper esophageal sphincter to relax w ith  swallow ing,
causes the  sym ptom s of gagging, regurgitation , and  aspiration.
Di use  esophageal spasm , or  “nutcracker  esophagus,” presents
w ith  odynophagia and  chest  pain  and  can  be  diagnosed  via  ba-
rium  esophagram  and  esophageal  m anom etry.  Reflux  of  the
gastr ic contents  can  cause  sym ptom s of dysphagia  and  w ill be
discussed in  further detail in  the follow ing section.

69.6.13  Gast roesophageal Reflux
Gastroesophageal  reflux  occurs  w hen  relaxation  of  the  lower
esophageal sphincter  allow s reflux of the  gastr ic contents  in to
the  esophagus. Gastroesophageal reflux  disease  (GERD) is  the
clin ical  m anifestat ion  of  m ucosal  dam age  secondary  to  pro-
longed exposure to refluxed m aterials. Pathologic reflux is m ost
often  due to inappropriate so-called  transient  lower esophageal
relaxat ions, but  it  m ay also be related  to delayed gastric em pty-
ing and/or defective esophageal clearance.

History
Reflux in  children  m ay present  w ith  a variety of sym ptom s and
signs  but  m ay  be  generally  divided  in to  two  large  categories:
esophageal and  extra-esophageal m anifestations. Furtherm ore,
w ithin  those  groups, GERD presents  di eren tly  in  children  of
di erent  age groups.

Esophageal Manifestat ions
Sporadic  postprandial  reflux, often  accom panied  by  e ortless
regurgitation ,  is  a  norm al  occurrence  in  infants  but  typically
disappears by 1  year  of age. Infants w ith  GERD m ay have  m ore
frequent  regurgitation, choking, food  avoidance, and  back arch-
ing due  to  odynophagia  and  esophageal irr itation ;  in  the  m ost
serious cases, they m ay exhibit  failure  to  thrive. Older  ch ildren
often  complain  of hear tburn , dysphagia, and globus sensation .

Ext ra-esophageal Manifestat ions
GERD has been  im plicated in  disorders involving the upper and
lower  airway, sinonasal system , and  ears. Airway complaints in
infants  include  str idor, cyanotic spells, and  recurrent  croup. In
older  ch ildren, one  m ay see  chronic cough, asthm a, and  recur-
rent  pneum onia.  Reflux  has  been  im plicated  in  the  develop-
m ent  of subglott ic stenosis  and  m ust  be  a  prim ary concern  in
any  patient  undergoing  airway  reconstruction.  Reflux  should
be  considered  a  contribut ing factor  in  patients  w ith  recurrent ,
chronic rh inosinusitis and otit is m edia.

Physical Examinat ion
If the  child  has  reflux  beyond  the  upper  esophageal sphincter
in to  the  pharynx, fiber-optic  exam ination  w ill  reveal  charac-
terist ic  changes.  Lym phoid  hyperplasia  secondary  to  chronic
irr itation  can  give  the  posterior  pharyngeal  wall  a  knobby,
“cobblestone”  appearance.  Exam ination  of  the  larynx  m ay
show  erythem a  and  edem a  of the  postcricoid  area  and  aryte-
noids.  Other  laryngeal  findings  include  ulcerations,  granulo-
m as, and  subglottic stenosis. Esophagoscopy m ay dem onstrate
m ucosal erythem a or  ulceration .

Diagnost ic Evaluat ion
In  children  w ith  suggestive  sym ptom atology  and  findings
consisten t  w ith  reflux on  fiber-optic or rigid  endoscopic exam i-
nation,  em piric  an tireflux  therapy  m ay  be  started  w ith  no
further  work-up.  Indeed,  studies  have  dem onstrated  sim ilar
sensitivit ies and  specificit ies for  endoscopic findings and  other
testing m odalit ies. However, w hen  the  diagnosis is  in  doubt  or
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the  patien t  fails to  respond  to  em piric therapy, additional test-
ing m ay be required.

The  24-hour  dual  pH  probe  has  long  been  considered  the
gold  standard  for  the diagnosis of GERD. Two pH probes, one  at
the  distal end  of the  esophagus and  one at  the  proxim al end  of
the  esophagus  or  the  pharynx, are  used  to  record  episodes  of
acid  reflux.  The  standard  criterion  for  GERD  is  a  recorded
esophageal pH of less than  4  for  m ore  than  5% of the  recording
tim e.  This  m easure  is  inadequate  for  the  diagnosis  of  extra-
esophageal reflux disease. The pharynx and  larynx lack the  ro-
bust  m ucosal defenses  of the  esophagus  and  m ay be  dam aged
by  exposure  to  a  m uch  sm aller  am ount  of refluxate. Further-
m ore, there is strong evidence that  m uch  of the dam age associ-
ated  w ith  reflux is caused  not  by acid  but  by pepsin , w hich  has
been  show n  to m aintain  som e  proteolytic act ivity at  pH values
up to 6.5.

Barium  swallow  and  upper  gastrointestinal series  m ay show
reflux  but  are  unreliable;  they  are  m ore  usefu l  for  ruling  out
anatom ical defects such as pyloric stenosis, w hich leads to feed-
ing  di culties. Scin tigraphy  m ay  dem onstrate  delayed  gastr ic
em ptying or  the  aspirat ion  of refluxed  m aterials but  is not  sen-
sit ive for  GERD. Esophageal biopsy m ay be  indicated  in  recalci-
trant  cases  to  distinguish  betw een  GERD-related  esophagitis
and  other  ent it ies, such  as eosinophilic esophagitis. Findings at
esophagoscopy  that  favor  eosinophilic esophagit is  include  cir-
cular  rings  (“trachealization”)  of the  esophagus, vert ical linear
furrow s,  and  exudates.  These  disorders  are  di eren tiated  via
histologic exam inat ion.

Managem ent
In  less  severe  cases, m anagem ent  m ay begin  sim ply  w ith  life-
style changes, including upright  feeding for  infants, weight  loss,
avoidance  of foods and  drinks that  induce  reflux  (spicy, acidic,
or  fat ty foods;  ca eine), and  avoidance  of m eals  1  hour  before
sleep or exercise.

Medical  therapy  is  indicated  for  patients  w ith  m ore  severe
sym ptom s, including airway involvem ent, and for those w ho do
not  respond  to conservative  m anagem ent. Proton  pum p inhibi-
tors (PPIs) are  the m ainstay of therapy. PPIs have been  found  to
be m etabolized  faster  in  children  than  in  adults, and  as a result ,
h igher  doses  and  tw ice-daily  adm inistration  are  often  neces-
sary. Histam ine2 blockers m ay also  be  useful, either  alone  or  in
conjunct ion  w ith  PPIs. Prom otilit y agents (m etoclopram ide, er-
ythromycin, baclofen) m ay be of use in  selected cases, especially
if delayed gastr ic em ptying is a concern .

Finally, in  patients in  w hom  severe sym ptom s rem ain  despite
m axim al  m edical  therapy, or  in  w hom  lifetim e  problem s  are

anticipated  (e.g. neurologic disorders), surgical therapy such  as
gastr ic fundoplication  m ay be warranted.

69.7  Conclusion
The anatomy and  physiology of the oral cavity and  pharynx are
complex, leading to a w ide  variety of disorders. Tim ely diagno-
sis and  t reatm ent  are  important  because  diseases in  th is region
can  have far-ranging e ects on  the grow th  and  overall health  of
a ch ild.

69.8  Roundsm anship
●  Most disorders of the salivary glands in  children  are infec-

tious or obstructive in  nature; however, neoplasm s are m ore
likely to be m alignant  in  ch ildren than  in  adults.

●  Obstruct ive sleep apnea and recurren t  tonsillitis or adenoidi-
tis are com m on indications for adenotonsillectomy. Sym p-
tom s of obstruct ive sleep apnea in  children di er significantly
from  those in  adults.

●  Obstruct ive sleep apnea can  often  be diagnosed based on  the
patient  h istory. Polysom nography is the gold  standard diag-
nostic tool for obstructive sleep apnea and m ay be helpful in
children w ith  com orbid conditions, or  w hen the history is
unclear.

●  Gastroesophageal reflux disease has a w ide array of extraeso-
phageal m anifestations in  children. A defin itive diagnosis is
m ore di cult  to obtain  in  children, and em piric tr ials of m ed-
ication  are often  appropriate.
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70  Pediat ric Obst ruct ive Sleep Apnea
Miguel Krishnan and Robin A. Dyleski

70.1  Int roduct ion
Of the  basic hum an  needs, water, food, and  sleep  are  essential
for  well-being. Sleep  provides nourishm ent  for  both  m ind  and
body. It  is  a  t im e  of rest , recuperation, and  regeneration  from
the  day’s  dem anding  tasks.  Pediatric  obstruct ive  sleep  apnea
(OSA)  is  one  of  the  m ost  com m only  diagnosed  ailm ents  that
m ay  in terfere  w ith  a  child’s  ability  to  obtain  good-quality
sleep.

A child’s  struggle  to  breathe  during sleep  m ay m anifest  as  a
spectrum  ranging from  turbulent  airflow  that  produces snoring
to  the  extrem e  situation  of complete  airway  obstruct ion  and
apnea. As  apnea  leads  to  hypoxia, the  child  is  likely to  change
position,  w ith  a  resultan t  fragm entat ion  of  sleep  in  order  to
m ain tain  respiration . The outcom e is that  the ch ild su ers m ore
than just  a loss of sleep; there are consequences that a ect  day-
tim e developm ent, as well.

Sir  William  Osler  first  described  pediatric  OSA  in  1892.
“Chronic enlargem ent of the tonsillar  t issues is an  a ectation  of
great  importance  and  m ay  influence  in  an  extraordinary  way
the  m ental and  bodily  developm ent  of children .” At  night , the
child’s sleep  is greatly disturbed;  the  respirations are  loud  and
snorting, and  there  are  som etim es prolonged  pauses, followed
by deep, noisy respirations. The  ch ild  m ay wake  up  in  a  parox-
ysm  of shortness of breath .

Only  in  the  past  20  years  has  the  di erentiat ion  betw een
adult  and  pediatric OSA becom e  recognized  as  a  topic of great
im portance. The  prevalence, incidence, presentation, sequelae,
and  treatm ent  of pediatric OSA vary greatly from  those  for  the
adult  counterpar t . Inform ation  about  the  di erences  betw een
adult  and  pediatric  OSA and  new  knowledge  of pediatric  OSA
continue  to be  unveiled. Pediatric OSA has becom e a  subject  of
great  in terest, especially w ith  respect  to  its  e ect  on  children’s
behavior, psyche, and overall health .

70.2  Incidence
Pediatric  OSA occurs  in  children  betw een  the  neonatal period
and  adolescence. In  neonates, it  is  usually  due  to  craniofacial
abnorm alit ies, such  as  those  associated  w ith  Dow n  syndrom e,
Pierre  Robin  sequence, and  choanal stenosis  or  atresia, as  well
as any chronic condition  resulting in  nasal obstruct ion  or steno-
sis. In  older children , OSA m ay be due to a m ultitude of factors.

The  prevalence  of  pediatric  OSA is  1  to  3%,  w ith  nearly
500,000  children  a ected  in  the  United  States. The  cost  to  the
health  care  system  of ch ildren  w ith  OSA is  increased  by  226%
compared  w ith  the cost  of controls. After  adenotonsillectomy is
perform ed, th is cost  is noted to decrease by one-third.

Pediatric OSA show s no sex predilection  in  comparison  w ith
adult  OSA. However, toward  late adolescence, a slight  m ale pre-
dom inance  is  noted,  as  in  adults.  The  incidence  seem s  to  be
higher  in  African-Am ericans, w hich  is  felt  to  be  due  to  their
cran iofacial structure. Although  obesity does have som e im pact,
m ost  ch ildren  w ho  display  sym ptom s  of OSA are  found  to  be
underweight  rather  than  overweight.  However,  as  obesity

continues  to  increase  in  the  pediatric  population, so  does  the
incidence of pediatric OSA.

Snoring is  nearly universally seen  in  pediatric OSA. Although
snoring  does  not  always  suggest  OSA, it  is  considered  a  hall-
m ark of sleep-disordered breathing. Six to 27% of children snore
on  a  regular  basis, and  3% of children  m ay have  abnorm alit ies
of reduced gas exchange.

The  incidence  of pediatric OSA usually peaks in  children  be-
tween  2 and  8 years of age. This is the period  during w hich  the
lymphoid t issue is largest  in  relation  to the size of a ch ild’s pha-
ryngeal airway space  and  head. The  incidence  of pediatr ic OSA
is  h igher  in  children  w ho  have  narrow  pharyngeal airways, as
well  as  in  children  w ho  have  craniofacial  anom alies  and
syndrom es associated  w ith  m idface hypoplasia  and  pharyngeal
disturbances.

70.3  Term inology and
Classificat ion
According to the Am erican  Thoracic Society, OSA of ch ildhood is
defined as a disorder of breath ing during sleep characterized by
prolonged  partial upper airway obstruct ion  and/or in term ittent
complete  obstruct ion  that  disrupts  norm al  ventilation  during
sleep and norm al sleep patterns.

We have realized over the years that sleep disturbance can  be
attr ibuted  to  a  disturbance  in  breath ing pat terns  during sleep.
As  in  the  classification  of  other  ailm ents,  categories  of  m ild,
m oderate, and  severe only scratch  the surface of the true classi-
fication  of cases of pediatric OSA.

Pediatric OSA is better defined  as a point  along a spectrum  of
sleep-disordered  breathing.  This  spect rum  com m ences  w ith
snoring, and  as the  condition  in tensifies in  severity, it  becom es
sleep disordered breathing and finally frank pediatric OSA.

Prim ary snoring is  snoring that  is  not  associated  w ith  hypo-
xem ia, hypercarbia, or  apnea. Snoring  is  the  first  step  toward
the sleep apnea syndrom e. It  m ay occur every night or on  an  in-
term ittent  basis. It  m ay be  associated  w ith  a  tem porary condi-
tion  of decreased  nasal patency, such  as that  caused  by allergic
rh in itis, recurrent  sinusit is, or chronic rhinorrhea.

The  next  entity  along  the  spectrum  is  upper  airway  resist-
ance  syndrom e. This  is  a  com binat ion  of snoring  w ith  partial
airway collapse during sleep. It  is associated  w ith  restless sleep
patterns and  a  reduct ion  in  airflow  w ithout  hypoxem ia, hyper-
carbia, or apnea.

Finally, the  poin t  on  the  spectrum  at  w hich  the  problem  is
m ost  severe  is OSA. This is characterized  by snoring, upper  air-
way  resistance  syndrom e, hypercarbia, hypoxem ia, hypoventi-
lation, and frank apnea (� Fig. 70.1).

70.4  Et iology
The  m ost  com m on  cause  of pediatric OSA is  ch ron ic en large-
m ent  of the  lym phoid  t issues  w ith in  the  pharynx:  in  the  na-
sopharynx,  the  nasopharyngeal  tonsils  (adenoids)  and  the
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nearby  tubal  (Gerlach)  tonsils;  in  the  oropharynx,  the  pha-
ryngeal  tonsils;  and  at  the  base  of tongue  and  vallecu la, the
lingual tonsils.

Although  these four  sets of tonsils are  the  m ost  frequent  cul-
prits  in  the  origin  of pediatric  OSA, pediatric OSA can  realisti-
cally be caused by any of the structures that lim it  the size of the
nasal and oral cavities, all the way to the glottis.

Other  conditions  w ithin  the  nasal cavity that  can  cause  OSA
include nasal polyposis, nasal septal deviation, turbinate hyper-
trophy, allergic  rh initis, choanal stenosis/at resia, anterior  piri-
form  aperture, and m idnasal stenosis.

The  nasopharynx and  the  oropharynx contain  m ore  than  30
paired  m uscles, w hich  m ain tain  the  in tr icate  balance  betw een
airway patency and airway narrow ing. According to the Starling
resistor  m odel and  Bernoulli’s principle, airway resistance is in-
creased  not  only by relaxation  but  also  by the  dynam ics of air-
flow  (� Fig. 70.2).

These law s apply to the sm all airways associated w ith  cran io-
facial syndrom es and  to the  low  level of m uscle  ton icity occur-
ring in  congenital neurologic conditions, fur ther contribut ing to
obstruct ion. Still, the  m ost  com m on  areas involved  in  pediatric
upper  airway obstruction  are  the  tonsils  and  adenoids, located
in  the  nasopharynx  and  oropharynx  (� Fig.  70.3  and
� Fig. 70.4).

A  h igh  incidence  of  OSA  m ay  associated  w ith  obesity,
although  OSA is m ore  com m only noted  in  th in  children. Obese
children  are  m ore likely to present  w ith  snoring and  sleep-dis-

ordered  breathing  than  w ith  frank  OSA;  however,  it  should
be  noted  that  som e  extrem ely  obese  children  m ay  have  very
severe OSA.

70.5  Sequelae
The  consequences  of  pediatr ic  OSA are  diverse  and  can  have
lifelong, perm anen t  e ects  upon  a  child’s  grow th  and  devel-
opm ent . As a  ch ild  con t inues to  m ature  anatom ically, physio-
logically,  and  im m unologically,  h is  or  her  progress  m ust  be
m onitored  w ith  these  e ects  kept  in  m ind. The  onset , dura-
t ion , severit y, and  progression  of OSA m ay  increase  a  ch ild’s
risk for  developing long-term  sequelae.

OSA can  be  di cult  to  diagnose  in  children  (� Table  70.1).
Their  signs and  sym ptom s do  not  always accurately reflect  the
severity  of  OSA disease,  and  not  enough  norm ative  data  are
available to predict  those w ho w ill have adverse outcom es.

Children  m ay  present  w ith  a  variety  of  sequelae  a ect ing
m ultiple  body system s, such  as failure  to thrive, neurocognitive
deficits,  and  cardiopulm onary  comprom ise.  Som atic  develop-
m ent  can  be  a ected;  poor  grow th  velocity  despite  adequate
caloric in take  and  the  absence  of other  chronic illness  is  a  fre-
quent  pat tern . Not  only can  adenotonsillar  hypertrophy lead  to
decreased  olfactory  sensation  and  decreased  taste, it  also  can
cause  dysphagia  due  to the  direct  impairm ent  of oral and  oro-
pharyngeal swallow ing.

Fig. 70.1  Starling resistor model of the upper airway. RUS, upstream  resistance; RDS, downstream  resistance; PUS, upstream  intraluminal pressure; PDS,
downstream  intraluminal pressure; Pcrit, extraluminal pressure  in  collapsible  segment. Airway obstruction  occurs when  Pcrit  exceeds intraluminal
pressure  in  the  collapsible  segment.

Fig. 70.2  The  continuum  of obstructive  sleep-disordered  breathing.
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The  caloric expenditure  of children  w ho  struggle  to  breathe
during sleep  m ay be increased  by the e or t  needed  to m aintain
adequate  vent ilation;  the  resultan t  hypercarbia  can  im pair  the
physiologic release of insulin-like grow th  factor and  lead  to de-
creased  linear grow th . After  adenotonsillectomy for obst ructive
apnea, ch ildren  often  exhibit  significant  weight  gain  and  catch-
up grow th spurts.

The neurocognitive  e ects can  lead  to irr itable  behavior, lack
of atten tion, and  poor  school perform ance. Contrary to popular

belief, lack of sleep in  the pediatr ic populat ion  leads to hyperac-
tivity and  an  increase  in  aggressive  behavior. Frequent  snoring
has also been  associated w ith  poor academ ic perform ance.

The cardiovascular sequelae can  range from  structural abnor-
m alities  to  autonom ic  dysfunct ion .  The  consequences  can
include ventricular  hypertrophy, pulm onary hypertension, sys-
tem ic  hypertension, cor  pulm onale  (righ t-sided  heart  failure),

Fig. 70.3  Surgical view of tonsillar enlargement  with  limitation  of the
oropharyngeal airway.

Fig. 70.4  Surgical view of adenoids with  impairment  of the  posterior
choanae and nasopharyngeal airway patency. The red rubber catheters
at  the top of image pass through the nasal cavity and are retracting the
soft  palate. The  posterior ends of inferior turbinates are  seen
intranasally beyond  the  posterior choanae.

Table 70.1  Childhood versus adult obstructive sleep apnea syndrome

Child  Adult

Presentat ion

Underweight/failure  to thrive  Frequent  Rare

Daytime  mouth breathing  Frequent  Rare

Adenotonsillar enlargement  Frequent  Rare

Daytime  drowsiness  Rare  Frequent

Obesity  Common  Uncommon

Male-to-female  ratio  1:1  2:1

Sleep  pat tern

Obstructive  Obstructive  apnea or hypoventilation  Obstructive  apnea

Arousal with  obstruction  Uncommon  Common

Disrupted  Uncommon  Common

Management

Surgical  Definitive treatment  in  most  patients  Minority of patients

Medical  Only in  Selected  Patients  Majority of Patients

Source: Adapted from Carroll JL, Loughlin GM. Diagnostic criteria  for obstructive sleep apnea  syndrome in children. Pediatr Pulmonol 1992;14(2):71–79.
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and congestive heart  failure. It  is impossible to to predict  w hich
children  are  m ore  likely to develop  these  serious sequelae, and
all children  w ith  long-standing untreated  obstruct ive  sleep  ap-
nea are at  risk for serious m orbidity and m ortality.

The  pathophysiology  of  the  cardiopulm onary  problem s  is
m ultifactorial. OSA results in  increased levels of catecholam ines,
w hich  m ay elevate the diastolic blood pressure; th is process be-
gins during sleep  and  persists in to the awakening hours. Recur-
ren t  hypercapnia and  hypoxia can  elicit  vasom otor  recruitm ent
of the pulm onary circulation, resulting in  pulm onary hyper ten-
sion. It  is  uncertain  w hether  these  sequelae  reverse  after  the
treatm ent of OSA.

70.6  Presentat ion
OSA m ay present  in  several di erent  ways in  ch ildren. These in-
clude  loud  snoring  and  restless  sleep  patterns, behavior  prob-
lem s  in  school,  and  cardiovascular  m anifestations  leading  to
early m ortality. The  variety of possible  presentat ions  m ay lead
to  m anagem ent  by  several  independent  specialists.  Children
m ay be brought  to a developm ental pediatrician  because of fail-
ure  to  thrive;  they m ay be  referred  to  a  neurologist  for  narco-
leptic  hypersom nolence  or  hyperact ivity;  they  m ay  be  under
the care of a psychologist  for behavior issues or a pulm onologist
for  respiratory insu ciency; they m ay present  to an  otolaryng-
ologist  for  snoring, m outh  breathing, and  en larged  tonsils. The
presentation  is  complex, dem onstrating  that  OSA m ay  be  the
etiology  of  a  variety  of  other  problem s.  In  m any  cases,  the
parents  them selves  m ay  not  even  be  aware  that  their  child’s
snoring is abnorm al.

Respiratory Disturbance  Index (RDI) Form ula
RDI= (# obstructive [apnea/hypopnea] cevents + # Central
[apnea/hypopnea] events + # mixed [apnea/hypopnea]) x 60 /
(# minutes of observed sleep)

The  parental  h istory  and  physical  exam inat ion  are  ine ective
for  discerning the  t rue  severity of the  disease. Although  a  ch ild
m ay present  w ith  snoring, it  is  di cult  to  distinguish  prim ary
snoring  from  frank  OSA. Upon  additional questioning, the  pa-
ren ts m ay describe  their  ch ild  as a  restless sleeper  w ho m oves
all over  the  bed. The  ch ild  m ay sleep  in  odd  positions  and  use
the  accessory m uscles of respirat ion  (m anifested  as tracheal or
sternal ret ract ions) to relieve upper airway obstruct ion. The pa-
ren ts m ay observe choking or gagging respirations w ith  periods
of apnea, or  they m ay describe  “gasping” resuscitative  breaths
after  apneic pauses. The  parents often  state  that  their  child  has
very “frighten ing breathing.”

70.7  Test ing
During  the  h istory and  physical screen ing process, the  physi-
cian  can  determ ine  if  fur ther  test ing  is  necessary.  Fam ily
audio  and  video  recordings  can  be  review ed  for  m ore  in for-
m ation .  These  are  usefu l  w hen  obtained  during  deep  sleep,
several hours  after  the  ch ild  has gone  to  bed. The  in tensity of
the  noisy  resp irat ions  and  rest lessness  is  often  a  bet ter  indi-

cator  of OSA than  are  the  apneic  episodes  seen  during  sleep
disturbance.

The  physical  finding  of  hypertrophic  tonsils  and  adenoids
does not  always indicate  the severity of OSA. It  is the  com bina-
tion  of en larged  lymphoid  tissues  and  hypotonia  during  sleep
that  indicates the  severity. However, if the  findings on  physical
exam ination  do  not  correlate  w ith  the  history, further  testing
m ay be necessary.

A m ultitude  of tests  are  available  to  ascertain  the  severity of
sleep-disordered breathing. These vary from  basic pulse oxim e-
try  to  comprehensive  polysom nography. Basic  pulse  oxim etry
is a good screening tool to identify patients w ith  significant  de-
saturations  due  to  OSA;  however, its  negative  predictive  value
is very poor, and further testing is required for clarificat ion.

The  2-hour  nap  study, w hich  is  cost-e ective, is  perform ed
during the daytim e. Because of its brevity, it  does not  allow  rap-
id  eye  m ovem ent  (REM) sleep  to be  sustained. Therefore, a  ne-
gative study m ay not  rule out OSA.

Overn ight  polysom nography is  the  current  gold  standard  for
diagnosing and  grading  the  severity of OSA. There  are  specific
indications for  polysom nography (see  Box Indications for  Poly-
som nography  (p.559)). In  addition  to  situations  in  w hich  the
history and  physical exam inat ion  are  neither  m utually sugges-
tive  nor  exclusive, polysom nography is helpful in  children  w ho
have  cran iofacial  abnorm alities,  are  obese  or  younger  than  2
years of age, or  have conditions such  as m ucopolysaccharidosis,
neurom uscular disease, and sickle cell anem ia.

Apnea–Hypopnea  Index (AHI) Form ula
AHI= (# obstructive [apnea/hypopnea] events) x 60 /  (# minutes
of observed sleep)

Polysom nography  is  a  6-hour  overn ight  exam inat ion  w ith
m ultiple  components  for  evaluating sleep  disturbance, includ-
ing  electrocardiogram ,  elect ro-oculogram ,  elect romyogram ,
electroencephalogram , pulse  oxim eter, end-tidal  CO2  m onitor,
snoring  m icrophone,  thoracic/abdom inal  piezo  crystal,  nasal
therm istor, and videogram .

The  follow ing defin itions  are  im portant  in  m aking the  diag-
nosis of pediatric OSA.
1. Central apnea is the absence of chest  wall m otion  w ith

absence of airflow  at  the nose and m outh  for at  least  10
seconds.

2. Obstruct ive apnea is the presence of chest  wall m otion w ith
absence of airflow  at  the nose and m outh for at least  two res-
piratory cycles (a breath  cycle defined as a cycle of inhalation
and exhalation).

3. Hypopnea is a reduct ion  in  airflow  of at  least  50% or a 3 to
4% drop in  oxygen  saturation  and/or arousal.

4. Mixed apnea is the com bination  of an  obstructive compo-
nent of any duration  and a central component of at  least  4
seconds’ durat ion or tw ice the length  of the respiratory cycle
for that age group.

These  com ponen ts  are  used  in  calcu lat ing  the  ind ices  for  de-
term in ing  the  sever ity  of pediatric  OSA. The  resp iratory  dis-
turbance  index  (RDI)  is  the  sum  of  the  obst ruct ive  apneas,
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hypopneas,  cen tral  apneas,  and  m ixed  apneas  per  hour  of
sleep  (see  Box  Respiratory  Disturbance  Index  (RDI)  Form ula
(p .558)). The  apnea–hypopnea  index  (AHI)  is  the  sum  of all
obstruct ive  apneas and  hypopneas per  hour  of sleep. The  AHI
is  seen  as  a  m ore  sensit ive  ind icator  in  pediatric OSA than  in
adult  OSA (see  Box  Apnea–Hypopnea  Index  (AHI)  Form ula
(p .558)). An  AHI value  below  1.5  (even ts  per  hour) is  consid-
ered  to  be  norm al  in  pediatric  pat ien ts  (� Table  70.2).  It  is
im portan t  to  take  in to  considerat ion  the  presence  or  absence
of oxygen  desaturat ion  in  conjunct ion  w ith  the  AHI.

Indicat ions  for  Polysom nography
●  Di erentiate between OSA and primary snoring
●  Evaluate symptoms of excessive daytime sleepiness, growth

delay, or failure to thrive
●  Evaluate patients older than 6 years of age with enuresis re-

fractory to treatment
●  Evaluate patients with behavioral or at tention disorders, espe-

cially when associated with intermit tent hyperactivity
●  Evaluate patients with unexplained cor pulmonale, pulmonary

hypertension
●  Confirm the diagnosis and assess the severity of OSA
●  Assess the e cacy of adenotonsillectomy in a patient  with

documented severe OSA
●  Determine the CPAP parameters to be used in treating OSA
●  When performed with pH monitoring, provide information

on the relationship of gastroesophageal reflux disease to res-
piratory events such as nocturnal asthma, nonproductive
cough, and apnea or hypoxemia

Abbreviations: CPAP, continuous positive airway pressure; OSA,
obstructive sleep apnea.

Source:  Adapted  with  permission  from  Alkhalil  M,  Lockey
R. Pediatric obstructive sleep apnea syndrome (OSAS) for the
allergist: update on the assessment and management. Ann
Allergy Asthma Immunol 2011;107(2):104–109.

An  intermittent  decrease  in  oxygenation  below  90% or  a  sus-
tained  desaturation  below  92% is  considered  hypoxemia. End-ti-
dal  CO2  above  45 mm  Hg  for  more  than  60% of the  total  sleep
time or end-tidal CO2 above 53 mm  Hg is considered hypercarbia.

Airway  events  that  result  in  hypercarbia  cause  blood  gas
chem istry changes that  alert  the body’s hom eostatic protect ive
m echan ism s to  sustain  adequate  ven t ilat ion  and  oxygenation
in  d istan t  t issues.  Th is  protect ive  m echan ism  is  know n  as
an  arousal.  Arousals  occur  as  a  consequence  of  hypoxem ia,
hypercarbia,  and  upper  airw ay  resistance  and  are  scored  as

respiratory  even ts  resu lt ing  in  arousal  (RERAs).  Arousals
cause  sign ifican t  fragm entation  in  sleep  and  should  be  taken
in to  considerat ion  w hen  the  neurocogn it ive  behavior  of  a
ch ild  is being evaluated.

70.8  Treatm ent
Treatm ent  protocols  can  be  m edical,  nonsurgical,  or  surgical,
depending on  the  sym ptom s, their  severity, and  parental pref-
erence. The  site  of obstruction  is  a  key  factor  in  determ ining
w hich  type  of treatm ent  m ay  be  used  successfully  in  the  m a-
nagem ent of pediatric OSA.

70.8.1  Medical Treatm ent  Opt ions
If the sleep apnea is m ild  and the nasal obstruction  is caused by
turbinate hypertrophy or en larged adenoids, a tr ial of in tranasal
cort icosteroids is  a  viable  nonsurgical option . The  use  of a  leu-
kotriene  inhibitor  or  in tranasal cort icosteroid  has  been  show n
to lessen  the severity of pediatric OSA by relieving the nasal ob-
struct ive  component. The  e ects  are  known  to  last  for  as  long
as 6 m onths after the term ination  of therapy.

Leukotrienes  and  their  receptors  are  increased  in  adenoton-
sillar  tissue, suggesting  that  topical  in tranasal  cort icosteroids
m ay have additional beneficial e ects in  m ild  to m oderate OSA.

In  children  w ith  allergic rhinitis, m ontelukast  in  com bination
w ith  an  in tranasal cort icosteroid  can  result  in  adequate  reduc-
tion  of inflam m ation. This  therapy has  also  been  usefu l in  the
treatm ent  of residual sleep-disordered  breathing  after  adeno-
tonsillectomy.

Som e studies  have  show n  that  after  the  w ithdrawal of these
m edications, long-term  e ects  cont inue. It  is  im portant  to  re-
m em ber  that  a  ch ild’s  im m unologic  and  anatom ical  status
continually  m atures.  Medical  m anagem ent  can  be  used  as  a
temporary  t reatm ent  to  help  alleviate  sleep  apnea  during  the
in terim  period of grow th  and developm ent .

70.8.2  Nonsurgical Therapeut ic Opt ions
As the  anatom ical features of a  child  cont inue  to  grow, natural
resolution  is likely in  m any cases, given  enough  tim e. In  m ild  to
m oderate OSA, short-term  therapy m ay be all that  is needed. In
th is situation , nonsurgical m easures m ay be the best therapy.

A com m only  used  form  of nonsurgical  m anagem ent  is  con-
tinuous  positive  airway  pressure  (CPAP). CPAP splin ts  the  air-
way open . Pat ient compliance, however, is usually very poor be-
cause  of the  inability  to  tolerate  discom fort . The  direct  use  of
supplem ental oxygen  is not  recom m ended  for  the treatm ent  of
pediatric  OSA because  it  comprom ises  the  central  respiratory
oxygen drive m echanism  and leads to fur ther hypercarbia.

The  association  of OSA w ith  m orbid  obesity  is  still  unclear.
Besides the  direct  adverse  e ect  of obesity on  the  cardiovascu-
lar  system , there  is a direct  e ect  of excess lipid  deposits in  the
pharyngeal oral and  neck tissues. Studies  have  not  show n  that
m orbid  obesity has a direct  correlation  w ith  the  severity of pe-
diatric  OSA;  however, weight  loss  is  still  a  frequently  recom -
m ended m ethod to reduce the severity of pediatric OSA.

Other  conservative  m easures  that  m ay  resolve  in term itten t
snoring  due  to  inflam m atory  conditions  include  the  avoid-
ance  of environm ental allergens  and  irr itants, such  as  tobacco

Table 70.2  Classification of pediatric obstructive sleep apnea based on
the apnea index

Normal  AHI< 1.5

Mild  OSA  1.5 <AHI< 5

Moderate  OSA  5 < AHI< 15

Severe  OSA  AHI> 15

Abbreviations: AHI, apnea–hypopnea  index; OSA, obstructive sleep apnea.
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sm oke. Households w ith  exposure  to tobacco sm oke have been
show n to be strongly associated w ith  snoring in  children . Meas-
ures to reduce com m on allergens, such  as dust  and  anim al dan-
der, are  recom m ended. Avoidance  of any food  allergens is  also
helpful to increase nasal patency.

70.8.3  Surgical Opt ions for Pediat ric
Obst ruct ive Sleep Apnea
Adenoid,  tonsil,  and  lym phoid  hypertrophy  is  the  prim ary
source  of upper  airway obstruct ion  in  m ost  children  w ith  OSA.
Whether a child  has complex m edical problem s or  is otherw ise
norm al, adenotonsillectomy is the  in itial treatm ent  for  alleviat-
ing pediatric OSA in  the vast  m ajority of patients.

Approxim ately 80% of children w ill require only an  adenoton-
sillectomy  to  relieve  their  OSA. The  rem aining  20% w ill  show
im provem ent but  m ay still need additional treatm ent .

Other  recom m endations  m ay  include  the  m edical  m anage-
m ent  of allergic rhinitis and  allergen  avoidance. The  ch ild  w ith
obstruct ion  at other levels m ay need adjunct ive surgeries. Relief
of anatom ical nasal obstruct ion  m ay require  septoplasty or  in-
ferior  turbinate  reduct ion. Uvulopharyngopalatoplasty, tongue
base suspension , lingual tonsillectomy, or  or thognath ic surgery
m ay  be  necessary  in  selected  cases.  The  atypical  child  w ith
complex  m edical  problem s,  hypotonia,  or  uncorrectable  ob-
struct ion  m ay require t racheostomy for airway m anagem ent.

Perioperative  m anagem ent  m ust  be  individualized  to  each
child’s needs. The vast  m ajority of children  w ith  m ild  OSA m ay
successfully undergo adenotonsillectomy as an  am bulatory sur-
gery procedure. Children  w ho  have  craniofacial anom alies, are
younger  than  3  years  of age, have  neurom uscular  disorders, or
have severe OSA should be adm itted  for postoperative m onitor-
ing for airway events and oral in take follow ing surgery.

Contrary to the  theoretical belief that  edem a m ay develop  in
the  upper  airway  after  surgery,  object ive  polysom nographic
m easures have show n  that  surgical treatm ent  for  OSA in  other-
w ise  norm al ch ildren  significantly reduces obstruct ion  as early
as the  first  postoperat ive  day. Although  the  airway is nearly al-
ways im m ediately im proved, there  m ay be  residual abnorm al-
it ies  in  the  respiratory  drive  centers  in  children  w ith  severe
OSA; these m ay take 24 to 48 hours to adjust  to norm al levels of
carbon  dioxide  in  the  bloodstream .  However,  it  is  recom -
m ended  to  wait  a  m inim um  of  6  weeks  before  considering
reevaluation w ith  postoperat ive polysom nography.

70.9  Sum m ary
Pediatric OSA is one  of the  m ost  com m only diagnosed  ailm ents
and  has m ultisystem  e ects on  the developm ent of a ch ild. Pre-
viously grouped  w ith  adult  OSA, pediatric  OSA is  now  consid-
ered  a  separate  en t ity, and  its  e ects  on  behavior, cognition,
and learning in  children  are well recognized. Accurate diagnosis

and  early  in tervent ion  in  cases  of pediatric OSA are  im portant
in  prevent ing long-term  sequelae in  grow ing children. Pediatric
OSA comprises  a  broad  spectrum  ranging  from  snoring  to
sleep-disordered  breath ing to  frank OSA. Although  other  areas
m ay  be  involved, OSA is  m ost  com m only  associated  w ith  ad-
enotonsillar hypertrophy in  children, and adenotonsillectomy is
usually the recom m ended therapeut ic in tervention.

70.10  Roundsm anship
●  Snoring and disturbed sleep pat terns can  be the harbinger of

other long-term  consequences, such  as behavior problem s,
neurologic sequelae, and cardiovascular and pulm onary
e ects.

●  Early diagnosis and t reatm ent are necessary to prom ote the
healthy developm ent of a child.

●  Adenotonsillectomy is generally the in itial treatm ent  and w ill
cure or alleviate pediatric OSA in  m ost  healthy ch ildren.

●  Postoperative m onitoring should  be perform ed on  an  individ-
ual basis for children  w ho m ay have other risk factors.
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71  Cleft  Lip and Palate
Robin A. Dyleski and Kenneth M. Rosenstein

71.1  Int roduct ion
Cleft  lip  and  cleft  palate  are  the  m ost  com m on  birth  defects
seen  in  the  head  and  neck  in  ch ildren. A cleft  lip  occurs  w hen
incomplete  fusion  of the  m axillary and  m edian  nasal processes
results in  an  opening of the upper lip. A cleft  palate  is an  open-
ing in  the palate caused  by failure of fusion  of the lateral palatal
shelves (� Fig. 71.1). Cleft  lip  and  cleft  palate  occur  together  or
individually, w ith  or  w ithout  other  physical defects  in  the  face
or  organs.  Cleft  lip  and  palate  are  im m ediately  observed  at
bir th , and  in  addition  to the  obvious deform ity a ect ing the lip
and  palate,  they  m ay  cause  di culties  w ith  respiration  and
feeding im m ediately follow ing bir th . In  the em otional m om ents
follow ing a  bir th , the  discovery of a  cleft  lip  can  be  di cult  for
the parents. This chapter discusses the anatom ical abnorm ality,
genet ics, and  treatm ent  of cleft  lip  and  palate. Issues related  to
speech  are  also discussed, as well as m anagem ent  options. This
chapter  is  not  in tended  to  supplant  m ore  comprehensive  texts
on  th is  topic, but  to  provide  an  overview  of the  general  care
and m anagem ent of children w ith  cleft  lip  and palate.

71.2  Epidem iology and Genet ics
Second in  frequency only to clubfoot  (talipes equinovarus), cleft
lip  and/or  palate  is  the  m ost  com m only  observed  congenital
m alform ation  of the head  and  neck. In  general, cleft  lip  w ith  or
w ithout  cleft  palate  is  considered  to  be  a  distinct  and  separate
condition  from  cleft  palate  w ithout  a  cleft  lip.  The  com bined
risk  for  cleft  lip  w ith  or  w ithout  cleft  palate  and  cleft  palate  in
the  United  States is about  1  in  600  live  bir ths. The  risk for  cleft
lip  w ith  or  w ithout  cleft  palate  is  about  1  in  940  live  bir ths,
w hereas  the  risk  for  cleft  palate  w ithout  cleft  lip  is  1  in  1,500
live bir ths, based  upon  the latest  data (2006) from  the  National
Institutes of Health  Center  for  Dental and  Craniofacial Research
(� Table  71.1).  Additionally,  gender  a ects  the  prevalence  of
cleft  lip  w ith  or  w ithout cleft  palate, w ith  boys tw ice as likely to
be  a ected  as  girls. In  the  case  of isolated  cleft  palate  w ithout
cleft  lip , girls  are  a ected  tw ice  as  frequently  as  boys. In  the
United  States, ethnicity a ects the rates of clefts;  Native  Am eri-
cans have the highest rate of cleft ing, at  3.6 per 1,000 bir ths, fol-
lowed  by  persons  of  Asian  descent ,  Caucasians,  and  African-
Am ericans (� Table 71.2).

Both  cleft  lip w ith  or  w ithout cleft  palate and cleft  palate m ay
present  as part  of a syndrom e or  w ithout  any other  identifiable
m alform ations  (nonsyndrom ic).  Genetic  counseling  is  h ighly
recom m ended because of the high  risk that  the obvious cleft  lip
and palate are part  of a recognized syndrom e.

Specific  genetic  syndrom es  are  inherited  via  single-gene
transm ission  (autosom al-dom inant,  autosom al-recessive,  X-
linked)  and  via  various  chrom osom al  deletions, translocations,
and  addit ions,  including  trisom y.  Many  factors  (both  genetic
and  nongenetic)  influence  the  developm ent  of cleft  lip  or  pal-
ate. Well-know n  m aternal risk factors include  diabetes and  ges-
tational diabetes, folate  deficiency, drug exposures (e.g., ethanol,
phenytoin, thalidom ide), and  environm ental exposures (e.g., to-

bacco sm oke). The  gene for  transform ing grow th  factor-α  (TGF-
αhas  specifically  been  found  to  influence  nonsyndrom ic  cleft
form ation  and  is the focus of m uch  research  in  cleft  causation.

Syndrom es  that  frequently  include  cleft  lip  w ith  or  w ithout
cleft  palate  are  listed  in  � Table  71.3. Increasingly, syndrom es
have becom e m ore often  located to abnorm alities at  specific ge-
netic  loci. Know ledge  of the  presence  of a  syndrom e  benefits
the  child  by  allow ing  early  access  to  program s  that  can  assist
parents in  dealing w ith  associated  developm ental problem s the
child m ay m anifest.

71.3  Em bryology
Cleft  lip  w ith  or w ithout cleft  palate and isolated cleft  palate are
considered  separate  conditions  not  only because  they seem  to
di er  in  epidem iologic expression  but  also  because  they occur
at  di erent  t im es  during  em bryologic  developm ent.  Em bryo-
logic developm ent of the lips and palate occurs very early in  the
fetus, in  the  first  t rim ester. There  are  two  related  phases. The
first  begins in  the fourth  to fifth  week of em bryogenesis and in-
volves form ation  of the lips, nose, and  prim ary palate  (the  pre-
m axilla, w hich  is the bony palate consisting of the alveolus w ith
the  central four  incisors  anterior  to  the  incisive  foram en). The
second phase, w hich  begins around the eighth  to nin th  week, is
closure  of the  secondary palate  (the  two  lateral palatal shelves
containing all the rem aining teeth  and the soft  palate).

71.3.1  Em bryology of the Cleft  Lip
Around  the  fourth  to  fifth  week, the  ectoderm  and  m esoderm
of  the  frontonasal  and  two  lateral  labial  m axillary  processes
proliferate. The frontonasal process is destined  to becom e three
structures:  (1)  the  philtrum  (anterior  labial  segm ent), (2)  the
central  alveolus  containing  the  four  upper  incisors  (anterior
palatal segm ent), and (3) the hard palate an terior to the incisive
foram en  (posterior  palatal segm ent). This process occurs and  is
completed  by the  end  of the  sixth  week of developm ent  w hen
the  two  lateral labial m axillary processes fuse  w ith  the  central
frontonasal process (� Fig. 71.2).

The  frontonasal process form s  w ith  di erent iation  of the  ol-
factory  placode  epithelium . Di eren tial grow th  of the  placode
form s the curl of the nasal ala at  the sam e tim e that  the fronto-
nasal process  develops. Fusion  begins  at  the  nasal sill, form ing
the  ovoid  nostr il  shape, and  cont inues  dow n  the  upper  lip  to
the  free  edge  of the  verm ilion  on  the  lip , w hile  sim ultaneously
the lateral palatal shelves fuse w ith  the central prem axilla, clos-
ing the alveolus bilaterally. The current  theory of labial and  pal-
atal  form ation  involves  epithelial  contact  of  the  edges  of  the
processes  w ith  di eren tial  resorption  of the  surface  epithelial
cells, m odulation  and  fusion  of the  m esoderm al layer, and  fur-
ther  di erentiation  of the  germ  layers  in to  the  bone, m uscle,
m ucosa, and  skin . The direct ion  of the fusion  of the three  proc-
esses  explains  the  great  degree  of variation  in  the  severity  of
cleft  lip  and  prim ary  (alveolus)  palate  defects. Cleft  lip  can  be
unilateral or  bilateral, complete  (open  all the  way to  the  nose)
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or incomplete (extending partially from  the free verm ilion  edge
up  to the  nose). Also, the  alveolus m ay be  uninvolved  (norm al)
or completely or incompletely cleft  (� Fig. 71.3).

The  second, or  palatal, phase  is  complete  by the  10th  week.
The lateral palatal shelves grow  and protrude m edially. Because
the  prim ary palate  has fused  (along w ith  the  lip) by the  end  of
the  sixth  week,  the  secondary  palate  (the  palate  posterior
and  im m ediately  lateral to  the  incisive  foram en) is  in  position

Fig. 71.1  (a) Child with unilateral cleft  lip before repair. (b) Same child immediately after repair of cleft  lip. (c) Same child, age 2 years. (d) Child with
bilateral cleft  lip  before  repair. (e) Same  child  immediately after repair of bilateral cleft  lip. (f) Same  child, age  3  years. (g) Unrepaired  cleft  palate.

Table 71.1  Average prevalence of cleft  lip and palate and number of
births a ected by these defects each year in the United States, 2004 to
2006

Prevalencea Annual number of cases

Cleft  palate  only  6.35  2,651

Cleft  lip  with  or without  cleft
palate

10.63  4,437

Source: Data  from  the  U.S. Centers for Disease  Control and  Prevention
(CDC) National Birth  Defects Prevention Network (NBDPN). Cleft  lip  and
palate  data for 2004 to 2006 collected from  13 states (Arkansas, Arizona,
California [eight-county Central Valley], Colorado, Georgia [five-county
metropolitan  Atlanta], Illinois, Iowa, Kentucky, Massachusetts, North
Carolina, Oklahoma, Texas, and  Utah) and  Puerto  Rico, representing
4,038,506 live  births and  adjusted  for race-specific distribution.
aPrevalence  per 10,000  live  births.

Table 71.2  Rates of cleft  lip with or without cleft  palate within di erent
ethnic groups in the United States

Ethnic group  Rate  of cleft  lip  ± cleft  palate  (per  1,000  births)

Native  Americans  3.6

Asians  2.1

Caucasians  1

African-Americans  0.5
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Table 71.3  Common syndromes associated with cleft  lip and palate

Syndrome  Cleft  t ype  Inheritance  Mode

Velocardiofacial  Cleft  palate  Autosomal-dominant

Stickler  Cleft  palate  Autosomal-dominant

Van der Woude  Cleft  lip  ± cleft  palate  Autosomal-dominant

Orofacial digital I  Cleft  lip  ± cleft  palate  X-linked

Orofacial digital II  Cleft  lip  ± cleft  palate  Autosomal-recessive

Waardenburg  Cleft  lip  ± cleft  palate  Autosomal-dominant

Ectodermal dysplasia  Cleft  lip  ± cleft  palate  Autosomal-recessive

Fig. 71.2  (a) Embryology of the upper lip: three processes (7 weeks), partial fusion (7.5 weeks), and complete fusion (8 weeks). (b,c) Views of palatal
fusion at  8  to  10 weeks.
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to  begin  the  process  of m aking  epithelial  contact  and  under-
going epithelial resorption  and  m esoderm al m erging, w ith  fu-
sion  at  the  m idline. At  the  onset  of th is  process, the  form ing
tongue  is  located  in  the  space  betw een  the  lateral  palatal
shelves, causing a sloping cant  to the lateral shelves. As the pal-
ate fuses from  the  incisive foram en  an teriorly to the  uvula pos-
teriorly, the tongue position  drops away. The process and  direc-
tion  of fusion  explain  the variety of cleft  palates seen  in  our  pa-
tien ts, w ith  m any degrees  of incomplete  closure  ranging  from
cleft  uvula to a  complete  cleft  of the  secondary palate  (cleft  ex-
tending to the incisive foram en; � Fig. 71.4).

71.4  Classificat ion of Cleft  Lip and
Palate
Understanding the  em bryology of cleft  lip  and  palate  has m ade
it  possible  to  devise  a  classification  of cleft  lip  and  palate  for
docum entation  and  comparison .  As  m entioned  earlier,  clefts
can  be  complete  (failure  of the  entire  fusion  process) or  incom -
plete  (part ial  fusion  of the  lip  or  palate). Com plete  cleft  lip  is
m ore  com m only associated  w ith  complete  cleft  palate  because
the  failure  of closure  of the  lip  and  alveolus sets the  secondary
palate  edges  far  enough  apart  to  reduce  the  likelihood  of con-
tact  and in itiation  of the fusion  process.

In  general, the  m ost  com m only  used  classification  of clefts
follow s  the  schem e  devised  at  the  University  of Iowa  Depart-
m ent  of Otolaryngology-Head  and  Neck  Surgery  (� Fig. 71.5).
This  classification  divides  clefts  in to  four  groups:  group  I, lip;
group  II, palate  only;  group  III, alveolus  and  palate;  and  group
IV, alveolus  only. Group  I (clefts  of the  lip)  is  subdivided  in to
unilateral (right  or  left) and  bilateral and  further  in to complete
and incomplete. Com plete cleft  lip  (either unilateral or bilateral)
extends  completely  in to  the  nasal  sill. An  incomplete  cleft  lip
extends a variable distance from  the verm ilion  free edge.

In  group  II (palate-only clefts), the cleft  is classified  according
to  w hether  the  cleft  a ects  only the  uvula  or  extends  in to  the
soft  palate, and  according to  the  degree  of distance  and  shape
of the  hard  palate  component  of the  cleft . The  cleft  deform ity
seen  in  Pierre  Robin  sequence  (an  association  of retrognathia/
m icrognathia, airway obstruction, and  U-shaped  cleft  palate) is
an  example of group II-4, the U-shaped complete cleft  palate.

Group  III  comprises  the  com m only  seen  variations  of  cleft
lip  w ith  cleft  palate, unilateral and  bilateral. The  alveolar  (pri-
m ary palate) clefts included in  group IV are clefts of the alveolus
that  are  associated  w ith  cleft  lip. These  alveolar  clefts  are  not
associated w ith  a cleft  of the secondary palate. The classification
does not  include the  classic subm ucous cleft  palate  (diastasis of
the  soft  palatal  m usculature,  bifid  uvula,  and  posterior  V-
shaped  notch ing of the  posterior  m idline hard  palate), w hich  is

Fig. 71.3  Images of (a) complete  unilateral cleft  lip, (b) incomplete  unilateral cleft  lip, and  (c) bilateral cleft  lip.
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a  m icroform  cleft  palate. Subm ucous  cleft  palate  is  considered
an  incomplete cleft  of the secondary palate.

71.5  Init ial Evaluat ion and Care  of
the  Infant  w ith Cleft  Lip or Cleft  Lip
and Palate
Babies  born  w ith  cleft  lip  w ith  or  w ithout  cleft  palate  or  cleft
palate  can  have considerable  di culties in  the new born  period.
The first  challenge these children  face is respiration. The altera-
tion  in  oral anatomy and  the  relationship  of the  tongue base  to
the pharynx and palate m ay result  in  airway obstruct ion requir-
ing  in tervent ion. Most  babies  w ith  cleft  palate  soon  adapt  to
breathing  w ith  their  cleft  palate;  however, various  m aneuvers
can  assist  the  child  in  accom m odating, such  as lateral position-
ing, placem ent  of  nasogastr ic  tube  (w hich  m oves  the  tongue

away from  the  posterior  pharynx), and  cont inuous positive  air-
way pressure devices.

Feeding  the  baby  w ith  a  cleft  lip  and  palate  can  be  di cult .
After  airway stabilit y is established, m aintaining oral feeding is
essential. Children  w ith  cleft  lip  alone  or  w ith  alveolar  cleft ing
only are  usually able  to  use  a  standard  nipple  or  be  breastfed,
but  they  m ay  have  som e  di culty  creating  a  seal  around  the
nipple  because  of the  lip  defect . Babies  w ith  cleft  palate  have
m ore special feeding needs. Because a cleft  palate (except for in-
complete  alveolar  clefts)  prevents  the  infant  from  establish ing
oral suct ion, a  child  w ith  a  cleft  palate  usually  needs  a  n ipple
that does not require sucking. Special n ipples are available to fa-
cilitate  feeding babies w ith  cleft  palate, such  as the  Pigeon  and
Haberm an  cleft  palate  n ipples. These  nipples  contain  one-way
valves  that  allow  m ilk  to  flow  in  only one  direction:  from  the
bottle in to the nipple. The baby applies pressure from  the alveo-
lus to  express the  m ilk  from  the  nipple. Most  babies w ith  cleft
palate are able to feed and grow  w ith  these nipple system s.

Fig. 71.4  (a) Palatal closure  at  6.5  weeks. (b) Unrepaired  complete  cleft  palate. (c) Submucous cleft  palate.
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71.6  Surgical Managem ent  of
Cleft  Lip and Palate
Cleft  lip  and  palate  repair  is usually perform ed  in  the  first  year
of life. In  a  child  w ho is grow ing and  gain ing weight  well, cleft
lip  and  palate  repair  can  proceed  according to a  general sched-
ule used by m ost cleft  surgeons.

71.6.1  Cleft  Lip
Cleft  lip  repair  helps  the  baby feed  by  improving  its  ability  to
seal  its  lips  around  the  n ipple.  Most  healthy  children  have
gained  su cien t  weight  by 8  to  12  weeks  of age  to  undergo  a
safe  cleft  lip  repair.  In  general, the  “rule  of  tens” can  be  fol-
lowed: cleft  lip  repair  w hen  the infant  is about  10 weeks of age,
weighs 10 lbs., and  has a hem oglobin  level of 10 g/dL. There are
advantages  to  perform ing  the  cleft  lip  repair  in  the  first  few
m onths  of life  in  a  child  w ho  is  grow ing and  thriving. The  re-
paired  cleft  lip  has a  positive  or thopedic e ect  on  the  w idth  of
the  alveolar  cleft  in  the  pat ien t  w ith  a  complete  cleft  lip  and
palate, resulting in  a  significant  narrow ing of the  alveolar  and
palatal cleft .

71.6.2  Cleft  Palate
In  the  United  States, repair  of cleft  palate  is  perform ed  around
10  to  14  m onths  of age  in  healthy  children . Another  “rule  of

tens” is generally used:  age  of 10  m onths, weight  of 10 kg, and
hem oglobin  level of 10 g/dL. Other factors are considered  in  the
tim ing of cleft  palate repair, such  as the w idth  of the cleft  palate
(distance  betw een  the  palatal  shelves),  degree  of  airway  ob-
struct ion  anticipated after repair (part icular in  babies w ith  Rob-
in  sequence), and  other  m edical com orbidities. The  m ost  com -
m only  observed  postoperat ive  concern  is  airway  obstruct ion
resulting from  the  change  in  the baby’s reconstructed  orophar-
yngeal airway. This m ust  be anticipated  and  m onitored  postop-
eratively. It  is  som etim es necessary to  delay a  palate  repair  for
several m onths to  allow  the  baby to  grow  and  so  avoid  airway
obstruct ion  after repair.

71.6.3  Surgical Technique of Cleft  Lip
Repair
Many  techn iques  for  cleft  lip  repair  have  been  developed ,
but  th e  m ost  com m only  used  repair  follow s  the  general  de-
sign  described  by  Dr.  Ralph  Millard  in  the  1950s:  th e  rota-
t ion–advancem en t  repair.  Th is  tech n ique  h as  been  adap ted
over  th e  years, bu t  the  gen eral  tenets  rem ain  constan t:  re-
storat ion  of the  natural Cup id’s bow, cam ouflage  of the  scars
in  th e  ph ilt ral  r idges,  reconst ruct ion  of  the  orbicu laris  or is
m usculatu re, and  correct ion  of  the  nasal  deform it y  seen  in
cleft  lip .  Bilateral  cleft  lip  repair  follow s  sim ilar  p rin cip les,
but  the  su rgeon  m ust  p roceed  w ith out  a  “norm al” side  as  a
guide.

Fig. 71.5  Cleft  classification used  by the  University of Iowa Department  of Otolaryngology-Head and  Neck Surgery.
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Unilateral Cleft  Lip Repair
Although  there  are  m any  techniques  available  for  unilateral
cleft  lip  repair,  the  Millard  rotat ion–advancem ent  technique
w ill  be  described  here. This  technique  is  versatile  and  can  be
used  in  any unilateral cleft  lip  regardless of w hether  it  is a  m i-
croform  cleft  lip  or  a  w ide  complete  cleft . It  is  based  upon  the
identificat ion  of key surgical landm arks (� Fig. 71.6a). The non-
cleft  side  is the  rotation  flap, and  the cleft  side–lateral lip  is the
advancem ent  flap. An  advantage  of the  rotation–advancem ent
repair  is  the  ability  to  m odify the  technique  during the  proce-
dure as needed to fit  the patient.

The landm arks 1 through  9 are m arked  w ith  gentian  violet  or
m ethylene blue as follow s:
1. Nasal alar base on  the noncleft  side
2. Peak of Cupid’s bow  on  the noncleft  side
3. Midline of Cupid’s bow  (low  poin t of the bow )
4. Peak of Cupid’s bow  on  the cleft  side (m edial)
5. Peak of Cupid’s bow  on  the cleft  side (lateral, at  the attenua-

tion  of the w hite roll and verm ilion–cutaneous junction)
6. Point  at  the superior aspect of the advancem ent flap (lateral

lip), w hich  sets the  “height” of the lip  at  the philtral ridge
7. Nasal alar base on  the cleft  side
8. Superior extent of the rotation  incision, w hich should be

about at  the m idline in  the crease of the upper lip–nasal
colum ella

9. Back cut  incision  length  (if needed). This extra incision  is
used to lengthen  the rotat ion  incision  and increase the
degree of rotat ion  of the rotat ion  flap.

After  these  landm arks  have  been  m arked,  the  distances  are
m easured for sym m etry and then  the proposed incisions are in-
filtrated w ith  local anesthetic containing epinephrine. The rota-
tion  flap  incisions  are  first  incised  and  the  rotat ion  flap  is
checked  for sym m etry and  a horizontal level at  the Cupid’s bow
peaks.  If  the  two  Cupid’s  bow  peaks  are  not  in  a  horizontal
plane, then  the back cut  (incision  8–9) is incised  to m ake it  hor-
izontal (� Fig. 71.6b.)

The  lateral  lip  segm ent  (advancem ent  flap)  is  incised  along
the cleft  edge and  a short  distance from  point  6  toward point  7.
At  th is  point, the  nasal lower  lateral alar  cart ilage  is  dissected
free  from  its  overlying skin  (� Fig. 71.6c), if th is  is  desired. The
colum ella  is  reconstructed  w ith  rearrangem ent  and  closure  of
the back cut . The key tension-bearing stitch , w hich  is the  stitch
that  sets  the  upperm ost  aspect  of  the  lip  m uscle,  is  placed
(� Fig. 71.6d). If alar car tilage has been  freed  from  the overlying
nostr il skin , it  is positioned  and  held  in  place w ith  nylon  sutu re
tied  externally over  bolsters  (� Fig. 71.6e). The  cleft  incision  is
then  closed  in  layers  w ith  absorbable  suture  in  the  orbicularis
oris  m uscle, inner  lip  m ucosa  (not  seen  in  figure), and  then  fi-
nally the lip  skin  and  verm ilion. Nonabsorbable sutures m ay be
used, but  som e surgeons find that  Derm abond (Ethicon, Som er-
ville, NJ)  leaves  a  m ore  pleasing  scar  and  requires  less  wound
care on  the part  of the child’s caregivers.

Bilateral Cleft  Lip Repair
Bilateral  cleft  lip  repair  is  m ore  technically  challenging  than
unilateral cleft  lip  repair. In  bilateral cleft  lip  repair, it  is  neces-
sary for the surgeon to create sym m etry, part icularly if the lip  is

not  sym m etric  (one  side  is  complete  and  the  other  side  is  in-
complete).  The  general  technique  using  specific  anatom ical
landm arks  is  sim ilar  to  that  for  the  unilateral cleft . Millard  in-
troduced  a  technique  in  the  1950s  that  has  rem ained  popular
to  th is  t im e, w ith  various  m odifications  as  needed  to  suit  the
patient’s unique anatom ical situation.

A recent  innovation  by  Cutt ing  and  Grayson,  nasoalveolar
m olding, has gained  popularity because  it  perm its  t reat ing the
short  colum ella  along w ith  narrow ing  the  cleft  w idth . Nasoal-
veolar m olding requires the use of a prosthesis (� Fig. 71.7) that
is  constructed  based  on  an  im pression  of the  pat ient’s  nasoal-
veolar  cleft . Orthodontic taping and  weekly adjustm ents to the
prosthesis progressively elongate the colum ella. Surgical correc-
tion  of the  cleft  lip  is  then  perform ed  at  around  6  m onths  of
age. The  innovation  of nasoalveolar  m olding has  improved  the
appearance  of patients w ith  bilateral cleft  lip  nasal deform it ies
in  a nonsurgical m anner.

The  repair  begins w ith  a  determ ination  of the  surgical land-
m arks  of  the  lip.  The  central  lip  elem ent ,  the  prolabium ,  is
destined  to be the future philtrum  and  is banked  for  future col-
um ella  lengthening (if nasoalveolar  m olding is  not  perform ed).
The height  of the  prolabium  dictates the  height  of the  repaired
cleft  lip. Children  w ith  a  very sm all prolabium  are  problem atic
because there is no optim al way to lengthen  a very short  upper
lip  w ithout  creating  a  scar  in  an  unnatural  and  unfavorable
location .

The  surgical  landm arks  are  placed  w ith  gentian  violet  or
m ethylene blue as follow s (� Fig. 71.8):

1. Midpoin t  of the  prolabium , the  m idpoint  of the  future  Cu-
pid’s bow

2. and  3. Prolabium  peaks  of the  future  Cupid’s  bow, m eas-
ured 2 to 3 m m  lateral to poin t 1

4. and  5. Junct ion  of the  colum ella  and  the  prolabium , future
superior aspect of the philtrum  ridges

6. and 7. The m easured height of 2–4 m arked at the w hite roll
attenuation  on  the cleft  edge

8. and 9. Sim ilar  to 6 and 7 on  the opposite cleft  edge
* Poin t  at  verm ilion,  m easured  distance  of  1–2  plus  1  to

2 m m . This  creates  the  hem iverm ilion  flap  under  the  Cupid’s
bow.

In  bilateral  cleft  repair,  the  m easurem ents  are  m uch  m ore
crit ical than  in  unilateral repair  because sym m etry is created  in
the  design  of the  lip  repair. After  the  landm arks  and  incisions
have been  m arked  (� Fig. 71.8a), local anesthetic contain ing ep-
inephrine  is  injected.  Prolabium  incisions  are  m ade  first ,  but
the  incisions at  1–2  and  1–3  are  partial-th ickness incisions be-
cause  the  m ucosal “e” flap  is  pedicled  upon  the  inferior  aspect
of  the  future  philtrum  at  1–2  and  1–3  (� Fig.  71.8b).  Lateral
flaps  from  the  prolabium  are  raised  if  one  w ishes  to  “bank”
them  under  the  nostril  for  future  colum ella  lengthening or  to
use  them  in  closing  the  nasal  sill.  Residual  m ucosa  from  the
prolabium  is used  to line  the  an terior  prem axilla  (� Fig. 71.8c).
Lateral incisions  are  m ade, w ith  care  taken  to  m ake  sure  that
the “*” verm ilion  flaps are full-th ickness flaps and contain  su -
cient  m ucosa  to  create  the  future  labial tubercle  at  the  m iddle
of  the  lip  under  the  philtrum . The  lateral  lip  flap  m ucosa  is
closed  w ith  5–0  chrom ic suture  (� Fig. 71.8d). The  orbicularis
oris  m uscle  in  the  lateral lip  segm ents  is  approxim ated  at  the
m idline  (� Fig. 71.8e). Then, the  m idline  “*”flaps are  sutured  to
each  other  to  establish  verm ilion  continuity  w ith  both  deep
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Fig. 71.6  Millard cleft  lip repair. (a) Surgical marks for cleft  lip repair. (b) Development  of the advancement and rotation flaps. (c) Release of skin over
the lower lateral cartilage on the cleft  side. (d) Reconstruction of the columella and placement of tension-bearing sutures in the orbicularis oris muscle.
(e) Final closure  of the  advancement  and  rotation flaps, with  nasal bolsters in  place.

Fig. 71.7  (a) Nasoalveolar molding  appliance. (b) Appearance  of nasoalveolar molding  in  a  patient  with  cleft.
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and  m ucosal  sutures  (� Fig. 71.8f). The  philtrum  w ith  the  at-
tached  “e”  flap  is  then  inserted  betw een  the  lateral  lip  seg-
m ents at  the m idline, w ith  care taken  to  “tuck” the  “e” flap  in to
the  space  behind  the  “*” verm ilion  flaps, as  depicted  in  panel
8G. The purpose of the  “e” flap  is to keep  the philtrum  from  re-
tracting superiorly, thus broadening the  scar  at  the  verm ilion–
cutaneous  junct ion , and  to  provide  bolstering and  bulk  to  the
verm ilion  tubercle. The two lateral prolabium  flaps are  sutured
into position  beneath  the  nasal sill (if needed  or  if fu ture  use  is
planned). The  skin  is closed  w ith  fine  nonabsorbable  suture, or
Derm abond  m ay be  used  w hen  the  edges  are  closely approxi-
m ated (panel 8H).

71.6.4  Cleft  Palate Repair
Historically, m any techniques have  been  reported  for  cleft  pal-
ate  repair. The  m ost  com m only  used  palatoplasty  procedures
today are variat ions of the Wardill-Kilner-Peet  repair (V to Yad-
vancem ent), the Bardach  two-flap  repair, and  the Furlow  repair
(double  reverse  Z-plasty). For  m any surgeons, the  select ion  of
the palatoplasty technique is related  to the type of cleft  present
(complete  vs  incomplete)  and  the  w idth  of  the  cleft  gap.  All
three  procedures  are  good  m ethods  of repair. Palatoplasty  in-
cludes treatm ent  of the  soft  palate  m usculature  w ith  in t ravelar
veloplasty (repair  of the m uscles w ithin  the soft  palate w ith  re-
orien tation  of the  fibers), except  w hen  the  Furlow  technique  is

perform ed  on  the  soft  palate. The  Furlow  palatoplasty  techni-
que can  be used on  the soft  palate, w ith  the Wardill-Kilner-Peet
or the two-flap technique used for repair of the hard palate.

Bardach Two-Flap Palatoplast y
This  procedure  is  often  used  for  patien ts  w ho  have  complete
cleft  palate. The  procedure  relies upon  bilateral m ucoperiosteal
pedicled  flaps  based  upon  the  descending palatine  artery. It  is
perform ed  by  first  infiltrating  the  palate  w ith  local anesthetic
containing epinephrine. The  cleft  edges are  incised, and  lateral
relaxat ion  incisions  are  m ade  along  the  alveolar  ridge
(� Fig. 71.9a). Subperiosteal  flaps  are  elevated  w ith  preserva-
tion  of  the  descending  palatine  artery,  located  as  it  exits  its
foram en  at  the  lateral  posterior  hard  palate  border
(� Fig. 71.9b). The  vascular  pedicles  are  carefully  dissected  to
extend  the  range  of  rotation  of  the  flaps.  The  soft  palate
m uscles are then  released from  the posterior border of the hard
palate. A vom er  flap  is  elevated  (� Fig. 71.9c) so  that  the  nasal
m ucoperiosteal layer  can  be  closed  to  seal the  nose, w ith  clo-
sure  beginning  anteriorly  and  proceeding  posteriorly  toward
the  uvula  (� Fig. 71.9d). The  soft  palate  m uscle  fibers  are  reor-
iented to lie horizontally in  the soft  palate and sutured together
(the in travelar veloplasty). The soft  palate m ucosa and hard pal-
ate  m ucoperiosteal  flaps  are  closed  w ith  absorbable  suture
(� Fig. 71.9e). The  lateral relaxing incisions  at  the  alveolus  are

Fig. 71.8  Bilateral cleft  lip  repair technique. (a) Surgical markings. (b) Development  of the  “e” flap  and  lateral flaps pedicled  on  the  superior
prolabium. (c) Residual prolabial mucosa is used to line  the anterior premaxilla, and  full-thickness vermilion flaps are  incised. (d) The  mucosa of the
lateral lip segments is closed with chromic sutures. (e) The fibers of the orbicularis oris muscle are aligned and approximated; the  “*” vermilion flaps
are  sutured  together. (f) The  philtral flap  is then  sutured  between  the  lateral lip  segments, and  the  “e” flap  is sutured  behind  the  medial vermilion
flaps; the  lateral prolabial flaps are  inset  into the  nasal sills and  closed.
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usually left  open  to close  by secondary in tention  or  are  packed
w ith  m icrofibrillar collagen.

The benefits of th is closure  are  that  it  is robust, w ith  m odifi-
cations  easily  m ade  to  close  fairly  w ide  cleft  palate  gaps  (use
m ore  vom er  flap), and  that  the  Furlow  palatoplasty (discussed
later) m ay be  used  for closure  of the soft  palate. This procedure
is  also  used  w ith  m odification  for  bilateral  cleft  palate  repair,
w ith  the  m idline  vom er  used  to create  flaps for  closure  of each
side of the nasal floor (� Fig. 71.10).

Wardill-Kilner-Peet  Palatoplast y (V to Y
Advancem ent)
The V to Yadvancem ent  palatoplasty technique is often  used  to
repair clefts of the secondary palate (those beginning at  or  pos-
terior  to the incisive foram en). It  also can  be com bined w ith  the
Furlow  palatoplasty  (on  the  soft  palate). The  technique  relies
upon  lateral palatal m ucoperiosteal flaps, but  they are  “pushed
back” toward  the  soft  palate, providing som e  additional length
to  the  palate  (although  th is  is  som ew hat  lim ited).  The  flaps
(� Fig. 71.11a) are  designed  such  that  the  “point” of the  flap  is
aim ed toward the location  of the canine teeth . The m ucoperios-
teal palate  flaps  and  pedicles  are  raised  (� Fig. 71.11b), as  de-
scribed  for  the  Bardach  two-flap  repair. Sim ilarly, nasal m uco-
periosteal flaps are raised  and  closed  to create the nasal floor. If
the vom er is involved in  the cleft , then  the nasal floor should  be
closed  on  each  side  separately  (� Fig. 71.11c). The  procedure

Fig. 71.9  Bardach two-flap  palatoplasty. (a) Mucosal incisions. (b) Incisions are  made  along  the  cleft  edge, allowing  the  development  of nasal and
palatal mucosal flaps. (c) The  palatal flaps are  raised  and  left  pedicled  posteriorly. (d) The  soft  tissues are  released  to  allow full rotation about  the
vascular supply, the  descending palatal artery; the  vomer flap  is elevated for use  in nasal closure, and  the  nasal mucoperiosteum  is closed. The  soft
palate  muscles are  reoriented  and  sutured  together. (e) The  palatal flaps are  rotated and  sutured.

Fig. 71.10  Modification of the unilateral palate repair for bilateral cleft
repair.
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continues  w ith  the  in travelar  veloplasty  closure  of  the  soft
palate  m uscles. Finally, the  m ucoperiosteal  flaps  are  closed  at
the  m idline  and  tacked  to the  anterior  hard  palate  m ucosa. The
lateral relaxing incisions are filled w ith  compressed  m icrofibril-
lar  collagen  and  allowed  to  close  by  secondary  in ten tion
(� Fig. 71.11d).

Furlow  Palatoplast y
The  Furlow  palatoplasty  is  rad ically  d i eren t  from  the  previ-
ously  described  techn iques  for  repair  of  the  cleft  palate.  In
the  previously  described  techn iques, the  soft  palate  is  closed
w ith  a  st raigh t-line  closure. In  the  Furlow  techn ique, the  soft
palate  is closed  w ith  Z-p last ies on  each  side  of the  soft  palate,
one  on  the  oral  side  and  another  on  the  opposite, nasopha-
ryngeal  side.  The  Furlow  techn ique  (“double  opposing  Z-
plasty”)  can  visibly  lengthen  the  soft  palate  (because  of the
nature  of  the  Z-plasty),  w ith  the  en tire  soft  palate  m oved
closer  to  the  posterior  pharyngeal  wall  (m aking  it  easier  to
close  the  velopharyngeal space), and  it  also  reorien ts  the  soft
palate  m uscle  fibers  from  a  ver t ical to  a  horizon tal d irect ion .
For  these  reasons,  it  has  becom e  a  favored  choice  for  cleft
palate  repair.

After  the  palate  is  injected  w ith  local  anesthetic  containing
epinephrine, the  cleft  edges are  incised. A Z-plasty is  designed
w ith  the  oral m ucosa overlying the soft  palate  (� Fig. 71.12a,b).
If the  surgeon  is  right-handed, the  soft  palate  m uscles  are  ele-
vated  w ith  the  oral  m ucosal  flap  on  the  left  hem ipalate;  the
plane  of dissection  is  betw een  the  soft  palate  m uscles  and  the
subm ucosa  of  the  nasopharyngeal  side  of  the  soft  palate
(� Fig. 71.12c). Caution  m ust  be  taken  w hen  th is  elevation  is
perform ed  because  the  nasopharygeal  flap  is  very  th in  and
easily perforated. The right  oral hem ipalatal flap  is elevated  be-
tween  the  subm ucosa and  the  soft  palate  m uscle. The  oral m u-
cosal flap  is  m uch  thicker  than  the  corresponding subm ucosal
flap  on  the  nasopharygeal  side.  The  nasopharyngeal  m uco-
m uscular  flap  is  then  incised  on  the  right  hem ipalate  from
the  apex  of  the  cleft  tow ard  the  lateral  pharyngeal  w all
(� Fig.  71.12d).  The  corresponding  left  nasopharyngeal  m u-
cosal flap  is incised  from  the  uvu la  an terolaterally tow ard  the
pharyngeal w all (see  � Fig. 71.12d). The  nasopharyngeal flaps
are  in terd igitated  and  sutured  in to  posit ion , follow ed  by  the
oral flaps (� Fig. 71.12e,f).

When  th is technique is used  for m ore extensive clefts involv-
ing the hard  palate, one  usually raises the hard  palate flaps and
inspects the  vascular  pedicles before  com m itting to the  Furlow

Fig. 71.11  Wardill-Kilner-Peet  palatoplasty (V to  Y advancement). (a) Incisions. (b) Nasal flaps and  palatal flaps, based  on the  descending  palatal
artery, are raised. (c) The nasal flaps are repaired, and the soft  palate  muscles are reoriented and sutured together. (d) The mucosal flaps are  rotated
and  closed, with  lateral incisions allowed  to  heal by secondary intention.
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on  the  soft  palate. Follow ing  successful  dissection  around  the
pedicle, the  Furlow  incisions  and  flaps  are  raised. The  proce-
dure is completed as described for each  technique.

Com plicat ions in Palatoplast y
The  m ost  com m on  im m ediate  postoperative  complication  w ith
all  palatoplasty  techniques  is  airway obstruction. This  m ay  be

caused  by  postoperative  tongue  swelling  (due  to  prolonged
compression  of the  tongue w ith  the  m outh  gag);  thus, periodic
inspection  of the tongue w ith  release of the gag is required. The
m ost  com m on  reason  for  airway  obstruction ,  however,  is  a
direct  e ect  of closure  of the  palate  and  the  change  in  the  oro-
pharyngeal and palate shape after  the repair. Most  babies toler-
ate  the  changes  follow ing  palatoplasty, but  airway  m onitoring
(w ith  continuous  pulse  oxim etry and  a  h igher  level of nursing

Fig. 71.12  Furlow palatoplasty technique. (a) Double opposing Z-plasties drawn on incomplete cleft  palate. (b) The dotted lines represent  incisions in
the palatal mucosa. (c) The soft  palate musculature is raised with the palatal mucosa on the left  side, while the palatal flap on the right side is mucosa
only; the nasal mucosa (with the musculature on the right  side) is incised along the dotted line, and the soft  palate musculature is left  at tached to the
right  nasopharyngeal mucosal flap, while the left  side is mucosa only. (d) The nasopharyngeal mucosal flaps are transposed and (e) sutured together.
(f) The  nasal mucosal flaps are  then  transposed  in  the  opposite  direction  and  sutured  together. The  soft  palate  muscles are  reoriented  across the
palate  and  moved  posteriorly.
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m anagem ent) is m andatory after all but  the m ost  m inor palato-
plasty procedures. In traoperative  or  postoperative  hem orrhage
is in frequent.

The  m ost  com m on  complication  after  the  im m ediate  post-
operative period is fistula. Dehiscence of the suture line m ay oc-
cur  as  a  result  of tension  on  the  suture  line, insu cient  t issue,
or th in  m ucoperiosteal t issue. The m ost  likely site of fistula is at
the junct ion  of the hard  and soft  palate, w here the m ucoperios-
teal t issue  is  th innest. Fistulas  should  be  allowed  to  heal for  a
m inim um  of 4  to  6  m onths  before  a  repair  attem pt  is  m ade.
Asym ptom atic fistulas  can  be  left  until another  surgical proce-
dure is required.

71.7  Resonance and Speech
Disorders
The velopharyngeal valve is a complex m echanism  that  plays an
integral and unique role in  hum an swallow ing and speech  func-
tion. Hum an  evolut ion  has com bined  the  upper  airway and  di-
gestive tract  in to a complex neurom uscular  pathway w ith  m ul-
tiple  funct ions. The prim ary role  of the  soft  palate  m usculature
is  to  allow  positive  pressure  to build  in  the  m outh  for  the  pro-
pulsion  of  food  during  the  in itial  phase  of  swallow ing. Later,
w ith  the  developm ent  of  oral  language,  the  sam e  m uscular
valve  was recruited  to  play an  essential role  in  the  art iculation
and resonance of hum an speech.

71.7.1  Anatomy and Funct ion of the
Velopharyngeal Valve
The  velopharyngeal  valve  m echanism  consists  grossly  of  the
soft  palate  and  the  lateral and  posterior  pharyngeal walls. In  a
sim plified  view, the m obile soft  palate  (velum ) acts like  a valve,
rising  and  m oving  posteriorly  to  m eet  the  pharyngeal  walls;
th is e ect ively creates a seal and anatom ically separates the na-
sopharynx  from  the  oropharynx  at  the  level of the  soft  palate
(� Fig. 71.13).

Exam ination  of the  complex m usculature  and  t issue  proper-
ties  of th is  region  provides  m ore  detail. The  m ost  m obile  por-
tion  of the valve m echanism  is the m uscle  m ass of the soft  pal-
ate. Most of th is m ass and its m obility is provided by the levator
veli palatin i, a  broad-based  m uscle that  arises from  the petrous
areas of the tem poral bone and  cart ilaginous port ion  of the eu-
stachian  tube and fans dow n to insert  in to its analogous par tner
at  the soft  palate m idline, creating a sling. As these laterally ori-
ented  fibers contract , the  m ass of the  soft  palate  is pulled  both
posteriorly  and  superiorly. This  m uscle’s  broad  path  is  under-
scored  by  its  complicated  innervation ;  it  receives  fibers  from
the  glossopharyngeal plexus, vagus nerve, and  greater  petrosal
nerve of the facial nerve.

The tensor veli palatin i is a sm aller m uscle arranged in  a sim -
ilar  orien tation  that  alone  has  lim ited  m ass  to  facilitate  eleva-
tion  of  the  velum .  During  swallow ing,  however,  the  tensor
serves the  unique purpose  of opening the flexible  cartilaginous

Fig. 71.13  Diagram  of the  oropharynx and  soft  palate  musculature  (posterior view), demonstrating  the  sphincteric structure  of the  velopharyngeal
valve.
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portions  of the  eustachian  tube, allow ing  the  equilibration  of
m iddle  ear  pressure  w ith  atm ospheric  pressure  via  the  naso-
pharynx. In  conjunct ion  w ith  the m usculus uvulae, the two lat-
eral tensors help  to sti en  the soft  palate and  create a m ore rig-
id  surface against  w hich  food  can  be propelled  during in itiation
of the pharyngeal swallow.

During swallow ing, the  oral tongue  packages  the  food  bolus
to  be  swallowed  and  m oves  it  posteriorly.  The  tongue  rises
against  the  hard  palate  and  anterior  velum  to  propel the  bolus
posteriorly. The  passage of the bolus between  the  anterior  ton-
sillar  pillars in it iates a  reflex arc that  term inates in  stim ulation
of the  pharyngeal plexus of the  glossopharyngeal nerve. It  is at
th is junction  that the reflexive, nonvolit ional swallow  begins.

As  the  soft  palate  rises  and  separates  the  nasopharynx from
the oral cavity, the base of the tongue is elevated  by the palato-
glossus, a  slinglike  m uscle  originating  from  the  velum  to  the
sides of the tongue. Tongue elevation  also aids in  stabilizing the
soft  palate  and  constricting the pharynx. The palatopharyngeus
arises from  the velum  and  inserts at  the posterior  border of the
thyroid  cartilage. As  well  as  stabilizing  the  velum , the  palato-
glossus m uscle  is the  first  to reflexively elevate  the  larynx dur-
ing swallow ing to protect  the upper airway.

Although  the soft  palate  and  its m usculature  provide  m ost  of
the bulk and  m obility of the  velopharyngeal valve, the  superior
pharyngeal  constrictor  also  has  an  in tegral  role. During  swal-
low ing,  the  ringlike  contract ion  of  th is  m uscle  advances  the
posterior  pharyngeal wall an teriorly and  m edializes  the  lateral
pharyngeal walls. It  is  th is  m uscle  that  is  truly  responsible  for
the sphincter-like nature of the velopharynx and m akes it  m uch
m ore than  a sim ple valve.

This sphincteric act ion  increases oropharyngeal pressure and
allow s the targeted propulsion  of food inferiorly. As a result , the
sphincter  prevents  the  nasopharyngeal  regurgitation  of  food
particles.

71.7.2  Role of the Aerodigest ive Tract  in
Hum an Speech
The  upper  aerodigestive  tract  is  designed  for  use  in  respiration
and  deglutit ion. As  the  hum an  airway evolved, the  larynx  de-
scended, and  the  pharynx and  oral cavity becam e  m ore  suited
to  an  incredible  array of sound  product ion. As  the  hum an  lar-
ynx phonates, a  buzzing fundam ental frequency is created  that
has lit tle  resem blance to the tonality of speech . As the laryngeal
sound  passes  through  the  oral  cavity  and  nasopharynx, a  full
array of tones can  be m ade w ith  only slight  m odifications of the
oral  structures.  These  fully  expired  phonated  tones  comprise
the  vowels  of all hum an  language. For  example, a  h igh, anteri-
orly  placed  tongue  and  horizontal labial opening create  a  long
“e” sound, w hile  a  rounded  lip  and  posteriorly  arched  tongue
create an  extended  “oo.”

Spoken language, however, is not a series of vowels; it  is char-
acterized  by a  com bination  of resonant  vowels  and  art iculated
phonem es. Phonem es  are  created  in  two  ways, and  the  velum
plays an  important  role in  each. During the creation  of m ost  lin-
guistic phonem es, the velum  is closed, as in  a swallow. This clo-
sure  redirects  all phonated  expiration  through  the  oral cavity.
Through  fine, targeted  approxim ations  of the  tongue  w ith  the
teeth , an terior  hard  palate, and  soft  palate, the  consonants  are
articulated.

For  example, to  produce the  word  teeth, a  person  m ust  close
the  velopharynx  and  expire  through  the  m outh. The  tongue  is
tapped against  the hard palate directly behind  the m axillary in-
cisors  to  create  a  “t” sound. Instan taneously, phonation  and  an
oral posture  for  “ee” create  the  vowel, and  the  tongue  follow s
the  vowel by  inser ting  betw een  the  upper  and  lower  incisors.
Phonat ion  ceases,  yet  expirat ion  continues  to  create  the  “th”
sound.

However,  the  product ion  of a  nasalized  word  like  man  re-
quires  in it iat ion  w ith  phonation,  an  open  velopharynx,  and
closed  lips. Tightly closed  lips  allow  the  product ion  of an  “m ”
sound. The lips part  briefly to  produce the  nasalized  “a” vowel.
The tongue tip  then  m eets the  alveolar  ridge, stopping oral air-
flow  again , and phonated air is redirected through the nasal air-
way, w ith  the “n” sound produced.

It  is through  these art iculated  phonem es (nasal and  oral) and
vowels that  the full array of all hum an  speech, independently of
language, is  created. Because  of the  in tegral  role  of  the  velo-
pharynx in  both  speech  and  swallow ing, dysfunct ion  of the  ve-
lopharynx  clearly  has  implications  for  an  a ected  individual’s
health  and ability to com m unicate.

71.7.3  Velopharyngeal Dysfunct ion
Dysfunct ion  of  the  velopharyngeal  m echanism  is  often  sepa-
rated  in to two m ajor categories. Velopharyngeal insu ciency is
characterized  by an  absence of su cient  anatomy for  complete
closure. In  velopharyngeal incompetence, anatom ical bulk  and
structure  are  su cient  for  closure,  but  the  neurom uscular
m echanism  is  unable  to  provide  adequate  closure  or  correctly
tim ed closure.

The m ost  com m on  cause  of velopharyngeal insu ciency in  a
child is cleft  palate. An  unrepaired cleft  palate causes significant
nasal  regurgitation  and  feeding  problem s  in  infancy.  More
subtle  cases  of subm ucosal  cleft  palate, in  w hich  the  m uscles
are  not  joined  at  the  m idline, are  often  not  recognized  until
later  in  life,  w hen  a  child’s  developing  speech  is  a ected  by
resonance  problem s.  Inadequate  velar  funct ion  predisposes  a
child  to  recurrent  otit is  m edia  secondary  to  eustachian  tube
dysfunct ion.

After  surgical reconstruction  for  cleft  lip  and  palate, it  is  im -
portant  to  note  that  the  arrangem ent  of  the  velopharyngeal
m uscles  is  still  deranged  (even  after  in travelar  veloplasty)
because  of the  developm ental absence  of a  m idline  raphe  and
decussation  of the m uscles of the soft  palate. It  is for  th is reason
that  velopharyngeal  incompetence  often  persists  despite  ad-
equate surgical repair.

Velopharyngeal incompetence is the neurom uscular dysfunc-
tion  of an  otherw ise  anatom ically in tact  velopharyngeal m ech-
anism . It  is  m uch  less  com m on  than  insu ciency. A new  pre-
sentation  of incompetence in  an  otherw ise well child  or adult  is
om inous for a progressive neurologic condition  or skull base tu-
m or  a ect ing neurologic control. Resonance  disorders of these
types  are  characteristically  seen  in  patients  after  significant
head traum a or skull base surgery.

Two  com m on  yet  nonpathologic  form s  of  velopharyngeal
dysfunct ion  are  also  described.  The  first  is  the  hypernasal
speech  that develops in  a child after adenoidectomy. In  children
w ith  large  adenoids, the  distance  the  velum  m ust  t raverse  to
achieve adequate closure has been  physiologically decreased  by
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the  physical presence  of the  adenoids. After  surgery to  rem ove
the  adenoids, the  child’s  speech  m ay sound  hypernasal  as  the
soft  palate  is  in it ially unable  to  traverse  the  increased  distance
to the  posterior  pharyngeal wall (the  increase  due  to the  now -
absent  adenoid  pad). These  ch ildren  are  often  m onitored, and
recovery  of  norm al  speech  is  typically  gradual  and  complete
over  3  to  6  m onths. Velopharyngeal dysfunct ion  is  considered
pathologic only if it  persists after th is period.

Deaf speech  is characterized  by hypernasalit y and  disrupted
resonance  pattern s. Deaf persons learn  speech  through  visual-
izat ion  and  im personation . Because  the  function  of the  velo-
pharynx  is  visually  h idden , it  is  a  par t  of art iculat ion  that  is
nearly  im possible  for  them  to  learn . Secondarily, it  has  been
proposed  that  the  increased  vibratory  conduction  of  nasal
resonance  provides im portan t  tact ile  feedback for  speech  pro-
duct ion  in  deaf patien ts.  These  m arked  changes  that  charac-
terize  deaf speech  stand  as evidence  of the  im portan t  function
of the  velum . Because  of th is  sim ilarit y, pat ien ts  w ith  abnor-
m al  resonance  m ay  be  m istakenly  presum ed  to  have  hearing
im pairm ent.

71.7.4  Diagnost ics
Disorders  of  resonance  are  diagnosed  prim arily  clin ically.
Severe  anatom ical deficits  are  apparent  on  a  thorough  clin ical
exam ination  and  rarely  require  additional  work-up.  Form al
evaluation  m ay  include  lateral  neck  radiography,  nasom etry,
video  nasopharyngeal endoscopy (nasopharyngoscope), and  in
som e cases fluoroscopy.

Nasom etry  and  fluoroscopy  are  the  two  m odalit ies  o ering
true  funct ional inform ation  during speech. In  nasom etry, a  re-
ceptor  placed  at  the  nasal aperture  m easures  variations  in  air
pressure  during  speech .  Hypernasality  is  identified  as  rela-
tively  increased  nasal  airflow  during  the  production  of  oral
speech  sounds  in  com parison  w ith  norm ative  standards. Fluo-
roscopy is  rarely used  because  of the  risks  of prolonged  radia-
tion  exposure  in  ch ildren ;  however, m otion  of the  soft  palate
is visualized  well.

Video  nasopharyngeal endoscopy is  usually perform ed  as an
evaluation  to  determ ine  the  exact  anatom ical structure  of the
velopharynx during speech . A nasopharyngoscope is placed  in-
to the region  of the choana under topical nasal anesthesia. With
a  speech  pathologist  direct ing  the  pat ient, the  patient  speaks
test  words  and  phrases  that  stress  oral  pressure  consonants
w hile  the  reviewer  observes  the  closure  of  the  velopharynx
during  the  speech  sam ple. The  exam inat ion  is  recorded  w ith
both  video  and  audio  channels  for  the  in terpretation  of velo-
pharyngeal  funct ion.  The  pat ien t’s  nasopharyngeal  and  velar
m ovem ent  is  then  graded  for  complete  velopharyngeal closure
or  incomplete  closure.  Pat ients  w ith  complete  closure  are
usually  referred  for  speech  therapy, w hereas  patien ts  w ith  in-
complete  closure  w ho  have  exhausted  speech  therapy  m ay be
referred  for  physical  m anagem ent  of their  velopharyngeal  in-
su ciency. Physical  m anagem ent  m ay  consist  of surgical  m a-
nagem ent  or  prosthetic m anagem ent. The  nasopharyngoscope
is crit ical to planning the future  surgical t reatm ent  of anatom i-
cal deficits.

In  children  w ith  severe  craniofacial  deform it ies  and  syn-
drom ic  findings  accom panying  velopharyngeal  insu ciency,

im aging studies are chosen  accordingly. In tervent ion  is planned
based on  the nature of the deficit.

71.7.5  Surgical Managem ent  of
Velopharyngeal Insu ciency
In  general, three surgical options are  available for  patients w ith
cleft  palate  w ho  have  velopharyngeal  insu ciency  that  is  not
correctable  w ith  speech  therapy. There  is  usually  a  gap  in  the
velopharyngeal  valve  that  the  patien t  cannot  close  despite
m axim al  at tem pts.  Th is  gap  represen ts  the  physical  cross-
sect ional area  that  surgical m anagem ent  m ust  fill for  the  ve-
lopharyngeal  sph incter  to  be  able  to  close. When  the  gap  is
due  to  a  notch  or  groove  in  the  posterior  border  of the  soft
palate,  or  there  is  a  close  but  incom plete  approxim ation  of
the  soft  palate  to  the  poster ior  pharyngeal  w all,  a  revision
operat ion  on  the  soft  palate  w ith  a  Furlow  palatoplasty often
is  able  to  correct  the  velopharyngeal  insu  ciency.  The
increased  length  and  closer  approxim ation  of the  soft  palate
inheren t  in  the  Furlow  palatoplasty  m ake  it  an  opt im al
choice  in  th is  situat ion . In  addit ion , it  is  un likely to  cause  air-
w ay obstruct ion  and  sleep  apnea.

The other  surgical procedures, pharyngeal flap  and  pharyng-
oplasty, are  often  used  for  the  t reatm ent  of velopharyngeal in -
su ciency. These  procedures can  be  used  in  patients w ho have
velopharyngeal  insu ciency  w ithout  a  cleft  palate. They  m ay
be perform ed after or in  com bination w ith  any of the previously
described  cleft  palate  procedures. Both  of these  procedures use
pharyngeal t issues to create  a narrow ing of the  velopharyngeal
valve space.

The  pharyngeal flap  consists  of a  superiorly based  rectangu-
lar  flap  of t issue  harvested  from  the  posterior  pharyngeal wall
(full th ickness of m ucosa and  m uscle;  � Fig. 71.14a). The flap  of
tissue  is inset  in to the  nasopharyngeal aspect  of the  soft  palate
(� Fig. 71.14b), w ith  lateral openings (ports) rem aining for  na-
sal  breathing  and  nasal  resonance  (� Fig. 71.14c). This  proce-
dure  is  best  used  w hen  a  large  central gap  is  seen  during  the
nasal endoscopy exam ination , usually in  a patien t  w ith  an  ady-
nam ic palate. It  relies upon  lateral wall m ovem ent  to  close  the
two lateral ports during swallow ing and  speech. The  draw back
of th is procedure is the risk for  postoperative snoring and  sleep
apnea.

In  the  pharyngoplasty, the  velopharyngeal sphincter  is  ar t i-
ficially  m ade  “t igh ter” by  transposing  t issue  from  the  lateral
pharyngeal walls  up  and  behind  the  soft  palate  to  narrow  the
in let  in to  the  nasopharynx.  Superiorly  based  flaps  of  t issue
are  harvested  from  the  posterior  tonsillar  p illar  (m ucosa  and
m uscle;  � Fig. 71.15a). They are  rotated  m edially and  inset  in -
to  a  site  (previously  determ ined  during  the  nasopharyngo-
scope  exam ination)  on  the  posterior  pharyngeal  wall  beh ind
the  soft  palate  (� Fig. 71.15b). These  flaps  narrow  the  lateral
areas  of  the  velopharyngeal  sphincter  and  create  a  “speed
bum p”  on  the  posterior  pharyngeal  w all  against  w hich  the
m obile  palate  can  coapt  during speech . The  cen tral open ing is
available  for  breath ing  and  for  air  m ovem ent  during  speech .
Although  th is  procedure  m ay  induce  postoperative  snoring,
the  risk  for  chronic  sleep  apnea  is  less  than  w ith  pharyngeal
flap .
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Fig. 71.14  Pharyngeal flap. (a) Superiorly based flap developed from  the posterior pharyngeal wall, seen behind the split  uvula. (b) The donor site on
the  posterior pharyngeal wall is closed  primarily. (c) The  flap  is sutured  to the  nasopharyngeal side  of the  soft  palate. (d) Nasopharyngeal flaps are
sutured  over the  pharyngeal flap. (e) Uvular closure. Lateral ports in  which  red  rubber catheters can fit  are  left  for nasal respiration.

Fig. 71.15  Pharyngoplasty. (a) Superiorly based  musculomucosal flaps are  raised  from  behind  the  posterior pharyngeal pillars. The  posterior
pharyngeal wall between the base of these flaps is demucosalized. (b) The flaps are transposed and sutured to the denuded posterior pharyngeal wall
to  provide  additional bulk and  anterior projection and  allow more  complete  closure  of the  velopharyngeal inlet.
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71.8  Ear and Eustachian Tube
Dysfunct ion
Children  w ith  cleft  palate  are  at  h igh  risk  for  the  developm ent
of  m iddle  ear  e usion  and  conductive  hearing  loss.  As  de-
scribed above, the tensor veli palatin i m uscle is a part  of the soft
palate  m usculature  that  is  anatom ically  disrupted  in  cleft  pal-
ate. As  the  only  dilator  of the  eustachian  tube, the  tensor  veli
palatin i is  physically unable  to  dilate  the  eustachian  tube  until
som etim e after  the cleft  palate has been  repaired. The develop-
m ent  of m iddle  ear  e usion  (typically  m ucoid)  usually  results
in  a conductive hearing loss. The placem ent of vent ilating tubes
(pressure  equalization  tubes) is required  to correct  the  e usion
and conduct ive hearing loss. Children  w ith  cleft  palate often  re-
quire  several sets of pressure  equalization  tubes over  a  lifetim e
to prevent  hearing loss and protect  their ears against  the e ects
of prolonged estachian  tube dysfunct ion .

71.9  Cleft  Palate  Team  Care
Children w ho are born  w ith  cleft  lip  and palate face m any m edi-
cal  challenges.  They  usually  have  num erous  needs  and  m ay
have to see a num ber of di eren t  m edical specialists and  thera-
pists early in  life. Cleft  palate  and  craniofacial team s are  groups
of specialists w ho are  experienced  in  cleft  and  craniofacial care.
The  m inim um  team  requirem ents are  a  reconstruct ive  surgeon
(w ho  m ay be  an  otolaryngologist , plastic  surgeon, or  oral sur-
geon), a  social worker, an  orthodontist , and  a  speech  patholo-
gist , w ho m eet  face to face to discuss patient  care  coordination.
Most  team s  have  other  specialists,  including  audiologists,
nurses,  ophthalm ologists,  pediatricians,  genet icists,  and  den-
tists. The  team  approach  allow s  a  better  coordinat ion  of care.
Most  children  visit  the  specialists  of the  cleft  and  craniofacial
team  every  2  or  3  years  (or  m ore  often  if needed). Individual
specialists  see  the  pat ients  independently  as  needed  betw een
team visits.

71.10  Roundsm anship
●  Cleft  lip  and palate are the m ost com m on congenital m alfor-

m ation  of the head and neck.
●  Cleft  lip  and palate occur in  approxim ately 1 in  600 live bir ths

in  the United States. Native Am ericans and persons of Asian
descent are at  the h ighest  risk.

●  Cleft  lip  and palate m ay occur as an  isolated m alform ation  or
as part  of a syndrom e.

●  Cleft  lip  and palate are often  a funct ion  of both  genetics and
environm ent , w ith  som e gene m utations now  identified in

patients w ith  cleft  lip  and palate. Environm ental etiologies
have been  identified that increase the risk for cleft ing.

●  Lip  em bryogenesis begins at  the fourth  to fifth  week and is
complete by the end of the sixth  week of gestat ion. Palate em -
bryogenesis follow s and is complete by the 10th  week of ges-
tation.

●  Com plete cleft  lip  and palate occur in  45% of all clefts; cleft  lip
w ith  or w ithout cleft  alveolus occurs in  25%, and cleft  palate
only in  30%.

●  “Rule of tens” for surgery. For cleft  lip  repair: 10 weeks, 10 lb,
10 g of hem oglobin . For cleft  palate repair: 10 m onths, 10 kg,
10 g of hem oglobin .

●  Most children w ho have cleft  palate w ill develop a m iddle ear
e usion  w ith  conductive hearing loss. The e usion  is treated
w ith  the placem ent of pressure equalization  tubes, and m ore
than  one set of tubes m ay be required.

●  Team  m anagem ent allow s coordinated care for the m any
problem s that children w ith  cleft  lip  and palate have to face.
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72  Airway Disorders in Children
Robin A. Dyleski

72.1  Int roduct ion
The airway of a ch ild is suscept ible to various congenital and ac-
quired conditions because of in tr insic factors related to the size,
position, and  developm ent  of the  airway. The  pediatric airway
is  considered  to  begin  at  the  nasal in let  at  the  nares  and  lips,
and  it  extends to the  m ain  bronchi of the  lungs;  conditions af-
fect ing any of the areas betw een  these sites can  cause consider-
able  respiratory di culty in  children . This chapter  w ill address
those  conditions that  a ect  the  portion  of the  airway compris-
ing  the  laryngeal  and  tracheal  structures. Som etim es, several
conditions  m ay coexist  w ith in  the  sam e  patient, and  a  careful
history, exam inat ion, and  diagnosis are  necessary for  adequate
treatm ent  and m anagem ent of the breathing problem .

72.2  Developm ental Anatomy
The form ation  of the aerodigestive tract  begins early in  fetal de-
velopm ent . The fetal larynx, esophagus, trachea, and lungs have
im portant  funct ions in  the  fetus that  change  dram atically w ith
the  first  breath  at  bir th . Within  the  uterus, the  larynx and  tra-
chea  are  essential to  the  grow th  and  developm ent  of the  lungs
by m odulating the  “breathing” of am niotic fluid. Certain  condi-
tions  that  prevent  the  “breathing” of am niotic fluid  frequently
have significant  e ects upon  the  size  and  proper  grow th  of the
fetal lungs. With  the new born’s first  breath  of air, the the larynx
assum es  three  new  roles:  m odulation  of airflow  into  the  t ra-
chea  and  lungs, protect ion  of the  lower  airways  (trachea  and
lungs)  from  the  aspirat ion  of secretions  and  swallowed  food,
and  vocalizat ion.  Many  congenital  conditions  can  be  under-
stood  m ore  easily  w hen  the  em bryologic  developm ent  of the
airway is considered.

The anlagen  of the larynx, trachea, and lungs originate from  a
ventrom edial diverticulum  in  the  developing pharynx (foregut)
at  about  the  25th  day of fetal developm ent. This  divert iculum ,
also know n  as the tracheobronchial groove, extends an terior  to

the  developing esophagus as a  solid  tubelike  structure, extend-
ing toward  the  thorax and  developing chest. The  caudal end  of
this  structure  w ill develop  the  trachea  and  the  lung  buds, the
future  lungs. By  the  fourth  week,  the  esophagus  can  be  dis-
tinctly identified.

The form ation  of the laryngeal anlage is a ected  by three t is-
sue  m asses (anteriorly and  laterally) at  the  fourth  to  fifth  week
that  w ill becom e the fu ture epiglottis, false and t rue vocal folds,
arytenoids, and  subglottis. By the  sixth  week of fetal develop-
m ent, the  laryngeal  structures  and  t rachea  are  noted  to  have
recanalized  and  are  seen  to  have  a  distinct  lum en. Later, after
recanalization  is  completed, the  fetus  w ill  “breathe” am niotic
fluid  in to the  lungs buds and  subsequently in to the  developing
lungs. The em bryonic period of developm ent sees the form ation
of the structural anatomy of the airway (� Fig. 72.1).

Because  of the  complex changes  and  m odulations  occurring
in  the  em bryologic developm ent  of the  fetal larynx  during the
very early stages of gestation, there  is  a  great  potential for  ab-
norm alities  in  the  structure  and  canalization  of the  airway lu-
m en  to  arise.  Congenital  conditions  such  as  laryngotracheal
cleft , laryngeal webs, and  certain  cystic lesions are  well-know n
examples of specific problem s of developm ental anatomy.

Congenital airway disorders usually m anifest  in  the first  days
to  weeks  of  life;  however,  they  m ay  not  be  discovered  until
m uch  later, especially if m ild. The  discovery of a  congenital le-
sion  varies significantly depending upon  the  location  of the  le-
sion  and its likelihood to cause sym ptom s in  the ch ild.

The fetal period of grow th , start ing at  the th ird  m onth  of ges-
tation, is  m arked  by fur ther  grow th  of the  larynx  and  trachea
and  the  onset  of  lung  developm ent, along  w ith  the  necessary
m uscular  and  neurologic  developm ent .  The  recanalization  of
the  larynx  and  trachea  is  completed  by  the  end  of  the  th ird
m onth, and  the fetus then  begins “breathing” am niotic fluid  in-
to the developing lungs.

Swallow ing occurs  in  the  fetus  around  the  fourth  m onth  of
gestation.  Im portan t  neurom uscular  reflexes  develop  in  the

Fig. 72.1  Developmental embryology of the  (a) larynx, (b) trachea, and  (c) pulmonary tract .
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successive  m onths, w ith  both  esophageal sw allow ing  and  lar-
yngeal breath ing increased. The  cellu lar  lin ings  of the  larynx,
t rachea,  and  low er  airw ay  becom e  populated  w ith  ciliated
resp iratory  m ucosa  and  squam ous  epithelium . The  car t ilages
of the larynx and  t rachea develop  enough  strength  to support
a  paten t  airw ay  by  the  beginn ing  of the  th ird  t r im ester. The
onset  of the  th ird  t r im ester  m arks the  nearly com plete  devel-
opm ent  of  the  anatom ical  st ructures  of  the  larynx  and  t ra-
chea. The  larynx  is  fu lly capable  at  th is  poin t  to  com plete  its
funct ions  of  resp irat ion ,  protect ion ,  and  phonat ion ,  even
though  the  lungs  and  other  body  organs  are  often  insu  -
cien t ly developed .

72.2.1  Di erences between the Infant
and the Adult  Larynx
Both  the shape of the cart ilage and  the position  of the larynx in
the  infant  vary  considerably  from  those  in  the  m ature  adult .
The  thyroid  cartilage  in  the  infant  is  broader  and  shorter  than
the thyroid  cart ilage  in  the  adult . The position  of the t rue  vocal
folds  is  noted  to  be  relatively  higher  w ith in  the  infant  thyroid
cartilage, approxim ately one-half of the way rather  than  a th ird
of the  way from  the  inferior  edge, as in  the  adult  thyroid  cart i-
lage.  In  addition ,  the  upper  edge  of  the  thyroid  cart ilage  is
usually tucked  inside  the  hyoid  bone  in  the  infant, m aking the
larynx  higher  w ith in  the  infant’s  neck. The  cricoid  cartilage  is
typically  found  as  h igh  as  the  C4  vertebra  in  the  infant  neck,

compared  w ith  a  m uch  lower  position, at  the  C6  vertebra, in
the adult  (� Fig. 72.2).

72.3  Clinical Evaluat ion of the
Child w ith an Airway Problem
The  evaluation  of a  ch ild  w ith  an  airway  problem  requires  a
careful and  complete  history, a  perinatal and  delivery  h istory,
and  a  thorough  head  and  neck exam ination  (� Table  72.1). An
im m ediate  assessm ent  of  the  ch ild  is  necessary  to  determ ine
the  urgency of the  respiratory problem . The  history includes a
detailed  assessm ent  of  the  breathing  di culty,  including  the
nature  of the  problem , the  tim ing of the  onset  of the breathing
di culty,  the  presence  of  str idor  (noisy  breath ing  caused  by
laryngeal or  tracheal disorders), the  relationship  of the  respira-
tory distress to  feeding, sleep  and  body position , and  the  pres-
ence or  absence of cyanosis and  apnea. It  is im perative to learn
w hether  anything  eases  or  worsens  the  breathing  problem .
Som etim es, a video or audio tape m ade by the parents can  help
elucidate  episodic concerns. Charting the pat ient’s weight  gains
or  losses on  a  standardized  pediatric grow th  chart  w ill provide
inform ation  regarding the  e ect  of the  respiratory problem  on
the patien t’s ability to gain  and m ain tain  a norm al weight .

Sym ptom s  of  str idor,  apnea,  cyanosis,  and  tracheal  and/or
subcostal  retract ions  help  not  only  to  determ ine  the  severity
of  the  problem  but  also  to  narrow  the  di erent ial  diagnosis.
Inform ation  regarding  prem aturit y  and  in tubat ion  or  airway

Fig. 72.2  Appearance  of the  mature  larynx and  infantile  larynx, lateral view.

Table 72.1  Important components in the assessment of children in respiratory distress

History  Physical findings

History of intubation, instrumentation  Quality of stridor (inspiratory, expiratory, biphasic), constant  or intermit tent

Timing  of the  onset  of respiratory distress (acute, gradual)  Use  of accessory respiratory muscles (subcostal or sternal retraction, tracheal tug,
flare  of alae)

Qualities of the  baby’s cry  Oxygen saturation, respiratory rate

Presence  of stridor  General appearance

Feeding  problems, relationship  of feeding  to  respiratory distress  Observation  of feeding  difficulties

What  makes breathing  better or worse

72.3  Clinical Evaluat ion of the Child with an Airway Problem
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instrum entation  at  bir th  is  an  im portant  facet  of  the  child’s
history.

The  physical examination  includes a  thorough  head  and  neck
exam ination  and  a  general observation  of the  patient’s  respira-
tion  at  rest, as well as the patient’s voice or cry. For children with
respiratory  problem s, this  w ill  include  not  only  chest  ausculta-
tion  but  also  auscultation  of  the  airway, w ith  the  stethoscope
positioned  over  the patient’s neck and  in  front  of the m outh  and
nose  to  listen  for  stridor. Attention  should  be  directed  to  deter-
m ining if hoarseness or  a weak cry is present, the  nature  of any
stridor  (including w hether  it  is inspiratory, expiratory, or  bipha-
sic), and  the  presence  of  tracheal/chest  retract ions  and  apnea.
Som etimes, feeding the  child  during the  exam ination  will dem-
onstrate the symptoms of the airway problem  (� Fig. 72.3).

The o ce or bedside exam ination w ill often  require a flexible
laryngoscopic exam ination, usually via the nostril or t ransorally
for  the  sm allest  infants. Careful  atten tion  to  both  inspiratory
and  expiratory breathing is useful to determ ine vocal fold  func-
tion  and  the  e ects of obstruct ive  lesions and  funct ional disor-
ders. The flexible laryngoscope exam inat ion  is usually the m ost
im portant  part  of  the  evaluation  of a  patient  w ith  an  airway
problem  because  m ost  pediatr ic  problem s  can  be  visualized
w ith  th is  instrum ent .  The  flexible  laryngoscopy  exam ination,

however, is  lim ited  to  the  diagnosis  of conditions a ect ing the
supraglott is and glottis (� Fig. 72.4a). Typically, one is unable to
definitively  diagnose  w ith  a  flexible  laryngoscope  lesions  that
are  present  in  the  subglottis  or  t rachea  (� Fig. 72.4b). Rarely,
w ith  use  of the  sm allest-diam eter  flexible  scopes, can  a  m ore
distal lesion  be visualized.

Radiologic evaluations, including plain  X-ray film s of the neck
and chest, computed tom ography (CT), and  m agnetic resonance
(MR) im aging, are  recom m ended  for  m ore  distal lesions of the
airways. These  can  delineate  airway anatomy and  the  relation-
sh ip  of the  airway to  m ediastinal structures (aortic arch, inno-
m inate  ar tery) and  identify congenital cardiac and  m ediastinal
m alform ations.  On  occasion ,  ultrasonograpy  or  fluoroscopy
m ay assist  the diagnosis.

In  selected  cases, further  evaluation  w ith  sleep/nap  studies
m ay  determ ine  the  degree  of apnea  and  oxygen  desaturation.
Pulm onary  funct ion  assessm ent  and  pulm onary  consultation
are often  helpful.

72.4  St ridor
Stridor  is  a  symptom  that  is  of concern  to  parents  and  physi-
cians. Stridor is a respiratory noise created when  airflow  through
the  airway is turbulent . Airflow  turbulence  is most  often  caused
by a  partial airway obstruction, either  anatom ical or  functional.
Stridor  is described  according to when  in  the  respiratory cycle  it
occurs. The  quality  of  the  stridor  is  important  to  note. Stridor
may be described  as fluttery, harsh, musical, or  w histle-like. Stri-
dor is described as inspiratory (commonly associated with  supra-
glottic  and  glottic conditions), expiratory (com monly associated
with  tracheal problems), or  biphasic (present  during both  inspi-
ration  and  expiration, comm only  associated  w ith  subglottic  le-
sions).  Various  airway  conditions  are  associated  w ith  di erent
types of stridor, so that  a  description  of the  type  of stridor  helps
to determ ine the type of airway lesion  (� Table 72.2).

72.5  Airway Disorders
72.5.1  Laryngom alacia
Et iology
Laryngom alacia  is  the  m ost  com m on  congenital  airway  disor-
der  and  the  m ost  com m on  cause  of  str idor  in  infants  and

Fig. 72.3  Infant  demonstrating  severe  sternal retractions.

Fig. 72.4  (a) View of true  vocal folds in  a normal
pediatric larynx. (b) Endoscopic view of normal
subglottis.

Airway Disorders in Children

580



children . Laryngom alacia  accounts for  approxim ately 60% of all
patien ts  w ith  str idor  in  th is  age  group.  The  infant  is  usually
born  norm ally w ithout  any airway noise  or  stridor, but  str idor
begins variably betw een 1 and 4 weeks after bir th .

Pathogenesis
Laryngom alacia  is  a  specific  supraglott ic  condition  that  m ani-
fests  as  str idor  on  inspirat ion. The  str idor  is  caused  by inward
collapse of the epiglottis and  aryepiglot tic folds and  by anterior
prolapse  of  the  redundant  m ucosa  and  cuneiform  cartilages
found  over  the  arytenoids  during  inspiration.  This  collapse
causes a  variable  obst ruction  of the  glottic in let  and  creates an
interm ittent ,  fluttery,  inspiratory  str idor.  The  supraglott ic
structures  are  pushed  outward  during  expiration, allow ing  an
unobstructed exhalation. This is to be di erentiated from  poste-
rior  disposition  of the  epiglottis  due  to  an  extrem ely posterior
position  of the  tongue base, com m only seen  in  craniofacial dis-
orders and m andibular grow th  conditions.

The exact  cause of laryngom alacia is unknow n, but  a num ber
of  theories  suggest  that  it  is  a  neurom uscular  developm ental
disorder  of the  larynx. One  factor  considered  to  be  a  contribu-
tory cause  of laryngom alacia  is  laryngeal cartilage  im m aturity,
or  weakness  of the  laryngeal  structural  fram ework. Underde-
veloped neurom uscular control of the pharyngeal and laryngeal
support ing  m usculature  is  another  component  leading  to
laryngom alacia. This m ay occur  in  the  absence  of any other  di-
agnosed  neurom uscular  conditions  but  m anifest  w ith  airway
issues, such  as apnea and hypotonia.

Gastroesophageal reflux (GER) is strongly associated w ith  lar-
yngom alacia  and  is  well  described  as  a  com orbid  condition  in
children  diagnosed  w ith  laryngom alacia. GER is  often  seen  in
the infant  during diagnostic fiber-optic laryngoscopic exam ina-
tions. GER is  felt  to  worsen  the  sym ptom s  of  laryngom alacia,
and  also  to  be  exacerbated  by laryngom alacia. The  airway ob-
struct ion  caused  by  the  inward  collapse  of  the  supraglott ic
structures  in  laryngom alacia  results  in  an  increased  negative
inspiratory pressure  during breath ing. This results in  increased
reflux  of the  gast ric  contents  in to  the  esophagus  and  up  in to
the  airway  and  pharynx. The  e ect  of the  acidic  gastr ic  con-
tents  on  the  laryngeal  t issues  frequently  results  in  laryngeal
edem a,  especially  edem a  of  the  arytenoid  m ucosal  region.
GER-induced  laryngeal  edem a  worsens  airway  obstruct ion  in
children  w ith  laryngom alacia,  thus  exacerbating  the  general
e ects of laryngom alacia.

Natural History and Progression, Disease
Com plicat ions, and Prognosis
Laryngom alacia varies in  severity. It  can  be  m ild, w ith  m inim al
sym ptom s other  than  in term ittent  m ild  stridor, or can  be a life-
threatening condition  causing apnea and  failure to thrive in  the
infant due to inability to feed. The variable severity is due to the
variable degree of airway obstruction  caused by inward collapse
of the supraglott ic structures.

In  m ost  in fants,  laryngom alacia  responds  well  to  m edical
treatm ent  of  the  GER w ith  H2  blockers  or  other  anti-reflux
m edications, and im provem ent of the str idor is expected by the
first  bir thday and  resolution  of sym ptom s by the age of 2 years.
When  infants  have  significant  apnea, exhibit  failure  to  thrive
(fail to  gain  weight  or  fall o the  norm al grow th  curve), or  are
unable to tolerate GER m edical regim ens, surgical m anagem ent
is o ered.

Present ing Sym ptom s
Babies  w ho  have  laryngom alacia  usually  present  w ithin  the
first  few  weeks of life w ith  the onset of in term ittent , fluttery, or
low -pitched  stridor. The  str idor  is  usually  worsened  by an  in-
creased  respiratory rate, such  as  occurs during crying, feeding,
or  excitem ent;  however, in  som e pat ients the  str idor  is loudest
during sleep. Tracheal or  sternal ret ract ions are  usually indica-
tions  of m ore  severe  airway obstruct ion  and  are  often  associ-
ated  w ith  feeding  problem s.  It  is  important  to  evaluate  the
am ount of t im e that a baby w ith  laryngom alacia needs to take a
feeding;  norm al feedings  usually  require  less  than  30 m inutes.
Babies  w ho  need  longer  than  30 m inutes  are  often  at  risk  for
failure  to  thrive  because  they expend  m ore  calories  in  feeding
than  they m ay be gaining from  their form ula.

The  parents  should  also  be  questioned  about  the  am ount  of
“spitting  up” or  reflux  sym ptoms  they  observe  in  the  infant.
Som e  infants  have  severe  reflux  sym ptom s and  “spit  up” after
every feeding. Other sym ptom s that need to be assessed include
potential apnea, cyanosis, episodes of complete  airway obstruc-
tion, and resultant cardiac failure.

Medical Evaluat ion and Physical Exam inat ion
The  infan t  w ith  laryngom alacia  is  evaluated  w ith  a  complete
h istory (as described  earlier  in  th is sect ion) and  a general head
and  neck exam ination, w ith  particular  care  taken  to  auscultate
the  baby’s str idor  over  the  chest  and  neck areas. The  chest  and

Table 72.2  Types of stridor and airway conditions according to location of obstruction

Locat ion  Voice  Stridor  Retract ion  Feeding  Cough

Laryngeal:
supraglottic

Muffled  “hot  potato”  Snoring, inspiratory
and  flut tering  stridor

None  until late  Difficult  to  impossible  Not  noted

Laryngeal:
subglottic

Normal,
occasionally hoarse

Inspiratory and  expira-
tory stridor, snoring

Intercostal early, then
xiphoid

Normal  Barking  (no other place
in  the  airway)

Tracheal  Normal  Expiratory stridor and
wheezing

None, except  in  severe
obstruction

Normal  Brassy

Source: From  Hartnick CJ, Cot ton RT. Stridor and  airway obstruction. In: Bluestone  CD, Stool SE, Alper CM, et  al, eds. Pediatric Otolaryngology. 4th  ed.
Philadelphia, PA: W. B. Saunders; 2003.
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neck  areas  are  observed  for  retract ions, and  a  careful  assess-
m ent of feeding is m ade in  the history.

The  m ain  diagnostic exam ination  for laryngom alacia is fiber-
optic laryngoscopy. This can  be safely perform ed in  the am bula-
tory  setting under  topical nasal anesthesia, or  via  the  unanes-
thetized oral cavity (in  the youngest in fan ts). With  the fiber-op-
tic laryngoscope  in  place, the baby is observed  and  the  respira-
tory cycle is correlated w ith  the laryngeal exam ination. This ex-
am ination w ill usually reveal the follow ing findings: (1) om ega-
shaped  (tubular)  epiglottis;  (2)  short  aryepiglottic  folds  (that
pull the epiglottis posteriorly and  concom itantly pull the aryte-
noids  anteriorly);  (3)  redundant  arytenoid  m ucosa  prolapsing
anteriorly  in to  the  glottic  opening;  (4)  prom inent  cuneiform
laryngeal  cart ilages  w ith  prolapse  in to  the  glottic  opening.
These  findings are  diagnostic for  laryngom alacia. There  is  a  re-
ported  15% incidence  of  concom itant  aerodigestive  tract
anom alies w hen laryngom alacia is diagnosed (� Fig. 72.5a).

Treatm ent
Laryngom alacia  is  generally considered  a  m edical condition  of
the  airway because  about  95% of pat ients in  w hom  laryngom a-

lacia  (plus  concom itan t  GER)  is  diagnosed  can  be  stabilized,
w ith  a decrease in  sym ptom s of airway obstruction, str idor, and
GER, through  the  use  of anti-reflux  m edications until approxi-
m ately 9 to 12 m onths of age. Responders have m arked  relief of
their sym ptom s w ith  norm al grow th  and developm ent.

Patien ts  w ho  have  significant  apnea, failure  to  thrive, or  sig-
nificant  sym ptom s that  do  not  respond  to  anti-reflux  m edica-
tions  are  usually  considered  for  surgical  treatm ent;  they  ac-
count  for  fewer  than  5% of all patients in  w hom  laryngom alacia
is  diagnosed. Surgical  options  require  a  careful  assessm ent  of
the specific components of laryngom alacia that  are  causing air-
way  obstruction  in  the  pat ient. The  usual  procedure  includes
m icrolaryngoscopy  (w ith  the  patient  spontaneously  breath ing
under general anesthesia), bronchoscopy, and supraglot toplasty
(� Fig. 72.5b). The  supraglottoplasty  port ion  of the  procedure
frequently w ill include lysis  of the  aryepiglot tic folds and  exci-
sion  of the  cuneiform  cart ilage  and  redundant  m ucosa  overly-
ing  the  arytenoid  cartilage.  The  pat ient  is  then  observed  via
laryngoscopy upon  em ergence  from  anesthesia  to  confirm  that
the  obstruct ing  portions  of the  supraglottic  larynx  have  been
fully t reated at  the end of the procedure.

Com plicat ions of Medical and Surgical
Opt ions
The  failure  of m edical treatm ent  for  laryngom alacia  m ay delay
defin itive surgery. Unrecognized  apnea and  subsequent  oxygen
desaturation  m ay occur in  th is sett ing. Fortunately, the vast  m a-
jority  of pat ients  respond  well to  anti-reflux  m edications, and
few  pat ien ts  w ith  laryngom alacia  w ho  are  in itially  m edically
m anaged proceed to surgical m anagem ent.

Com plicat ions  of  surgical  m anagem ent  are  infrequent  be-
cause  of the  in traoperative  assessm ent  of the  e cacy of supra-
glottoplasty.  When  the  supraglottoplasty  is  insu cien t  to
relieve  sym ptom s  of airway  obstruct ion ,  the  patien t  m ay  re-
quire  an  additional  procedure  to  relieve  airway  obstruction,
such as revision  supraglottoplasty or t racheostomy.

72.5.2  Vocal Fold Paralysis
Et iology
Vocal fold  paralysis (VFP) is a  neurologic condition  that  m ay be
congenital or acquired and unilateral or bilateral. VFP is the sec-
ond m ost  com m on cause of str idor in  young children . There are
m any  causes  of  acquired  VFP,  and  specific  etiologies  m ay  be
m ore likely to cause unilateral or  bilateral paralysis. In  children ,
acquired  VFP is often  due to traum a, including bir th-related  in-
jury, surgical  t raum a, and  blunt  or  penetrating  traum a. Other
causes  include  infect ious  and  inflam m atory  diseases, such  as
Lym e disease, Guillain-Barré syndrom e, and  other bacterial and
viral diseases.

In  cases of congenital VFP (unilateral and  bilateral), the etiol-
ogy is m ore frequently a central nervous system  or cardiovascu-
lar  system  m alform ation  than  in  acquired  VFP. Congenital VFP
m ay be found as a part  of m any syndrom es.

Pathogenesis
True  VFP can  be  caused  by  direct  neuronal or  cen tral nervous
system  injury from  traum a  (including indirect  traum a, such  as

Fig. 72.5  (a) Laryngomalacia with  severe  inward  collapse  of the
epiglottis and  supraglott ic structures on  inspiration. (b) Laryngomala-
cia on  inspiration following  supraglottoplasty (with  left  cuneiform
cartilage resect ion, right  side present), demonstrating improvement  in
airway.
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stretch  injury), inflam m ation, or  in fect ion  or by a m alform ation
of  the  central  nervous  system  or  the  vagus  nerve.  Like  all
nerves, the  vagus and  recurrent  laryngeal nerves are  suscept i-
ble to injuries that  result  in  various form s of dysfunct ion, in  th is
case  weakness (paresis) or  complete  absence  (paralysis) of m o-
tor  and  sensory funct ion. The  recurrent  laryngeal nerve  is sus-
ceptible  to various form s of injury, especially stretch-type  inju-
ries, because of its circuitous path  (through  the chest) to its tar-
get organ , the larynx.

In  cases of congenital VFP, the pathogenesis is directly related
to the underlying etiology of the VFP. In  cases of central nervous
system  m alform ations, Arnold-Chiari m alform ation  is the  m ost
often  identified  underlying deform ity. Arnold-Chiari m alform a-
tion  is  often  associated  w ith  hydrocephalus  w ith  or  w ithout
myelom eningocele  and  w ith  inferior  displacem ent  of the  m e-
dulla  and  cerebellum  into  the  foram en  m agnum . This  inferior
hern iation  is  felt  to  cause  tract ion  and  pressure  on  the  vagus
nerves,  resulting  in  im paired  neuronal  conduction ,  recurren t
laryngeal  nerve  dysfunct ion,  and  VFP,  particularly  bilateral.
Other  central nervous system  disorders and  m alform ations can
directly  a ect  the  vagus  nerve, from  its  nucleus  to  the  m otor
end plates of the nerve itself.

Mediastinal cardiac m alform ations, w ith  abnorm alities of the
great  vessels, can  cause t ract ion  injuries to the vagus and recur-
rent  laryngeal  nerves.  Paten t  ductus  arteriosus  is  one  of  the
m ost  com m on  causes  of unilateral  VFP, part icularly  left-sided
VFP.  Patent  ductus  arteriosus,  w hich  is  treated  surgically,  is
often  seen  in  prem ature  infants, and  undiagnosed  VFP m ay ac-
tually  be  present  before  patent  ductus  arteriosus  is  surgically
m anaged.

In  the  case  of  infect ious  or  inflam m atory  conditions,  the
brainstem  itself or  the  vagus  nerve  is  directly  a ected  by  the
causative  agent . These  causes of VFP are  in  m any cases t ransi-
tory, and  the  VFP w ill resolve  w ith  t im e  after  resolution  of the
causative infect ion. In  som e cases, VFP m ay becom e perm anent .
Many cases of VFP are  seen  in  w hich  no causative  agent , in fec-
tion, or  m alform ation  is ever  identified, and  they rem ain  classi-
fied as idiopathic.

Natural History, Disease Com plicat ions, and
Prognosis
The  causes  of VFP, both  unilateral  and  bilateral, are  extensive
(� Table 72.3). The natural h istory and prognosis of VFP depend
on  the  cause. In  cases of congenital, idiopath ic VFP, either  uni-
lateral or bilateral, the severity of the sym ptom s w ill dictate the

overall prognosis. The  sym ptom s of airway obst ruction  and/or
aspiration  are  the  m ost  important  prognosticators  of  the  pa-
tient’s  clin ical course. In  cases  of bilateral VFP, the  vocal  folds
are usually close together, w ith  a m ore defined  abduct ion  para-
lysis  result ing in  m ore  sym ptom s of airway obstruct ion. If th is
is not  relieved, the pat ient  w ill develop  respiratory distress to a
variable  degree,  w ith  aspiration  less  likely.  Unilateral  VFP  is
m ore likely to result  in  aspiration  problem s unless the norm ally
functioning  vocal fold  is  able  to  compensate  and  hyperadduct
to  achieve  glottic  closure  w ith  the  paralyzed  side.  When  the
VFP does not  result  in  life-threatening airway obstruct ion  or as-
piration ,  especially  w hen  the  condition  is  idiopathic,  the  ex-
pectation  is  that  there  w ill be  partial or  full recovery of nerve
function. This m ay take  several years to occur. At  the  t im e  that
unilateral or  bilateral VFP is diagnosed, there  is no test  that  can
conclusively  predict  w hen  recovery  m ay  occur,  especially  in
very sm all children . Most  clin icians  w ill opt  for  observation  in
asym ptom atic or  m ildly sym ptom atic children  to  allow  for  the
possibility of spontaneous recovery of recurrent  nerve funct ion.

Present ing Sym ptom s
The  m ost  com m on  presenting  sym ptom s  of un ilateral VFP in-
clude  a  hoarse  voice  or  cry, str idor, and  aspirat ion  or  coughing
w ith  feedings. In  cases of un ilateral VFP, the degree of str idor  is
often  m ild  (if present  at  all), and  the  m ost  com m on  sym ptom
prom pting consultation  is a weak or  hoarse  cry. Any sym ptom s
of cough  or  choking w ith  feedings are  usually the  norm al pro-
tective  funct ion  of the  larynx  in  response  to  actual  aspiration
during the feeding. These sym ptom s are found in  both  congeni-
tal and acquired form s of unilateral VFP.

The  presenting  sym ptom s  of bilateral  VFP  contrast  sharp ly
w ith  those  of unilateral VFP;  in  bilateral VFP, there  is  usually a
strong cry and  frequently loud  str idor  w ith  cry or  agitation, in
addition  to  other  signs  of airway  obstruct ion, such  as  retrac-
tions, cyanosis, and  oxygen  desaturation. In  bilateral  VFP, the
vocal folds are  near  the  m idline  w ith  a  narrow  glottic opening,
m aintaining  their  ability  to  coapt  and  produce  a  strong  cry;
however, because  there  is  abductor  m uscle  dysfunction , they
are  unable  to  lateralize  properly,  resulting  in  an  insu cient
glottic  space  and  airway  obstruction.  The  size  of  the  glottic
space  w ill influence  the  degree  of airway obstruction ;  the  ob-
struct ion  worsens w ith  increases as respiratory rate. Aspiration
is less com m on  than  in  unilateral VFP because the  narrow  glot-
tis  in let  reduces  inadvertent  leakage  in to  the  airway  during
swallow ing (� Fig. 72.6).

Table 72.3  Etiology of true vocal fold paralysis

Organ  systems  Congenital  Acquired

Neurologic  Arnold-Chiari malformation, hydrocephalus, peripheral nerve defects
(myasthenia  gravis), idiopathic

Multiple sclerosis, kernicterus, idiopathic

Cardiovascular  Patent  ductus arteriosus, cardiomegaly  Patent  ductus arteriosus ligation, repair of coarctation  of the
aorta, acquired  cardiomegaly

Infect ious  Guillain-Barré  syndrome, botulism, polyneuritis from  viral etiol-
ogy, syphilis, diphtheria

Trauma  Birth canal trauma, postsurgical (thyroidectomy, tracheal recon-
struction surgery), direct  injury to neck or chest

Other  Tracheo-esophageal fistula, mediastinal masses
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Medical Evaluat ion and Physical Exam inat ion
The  diagnosis  of  VFP  can  be  di cult  in  very  sm all  children.
After  a  rapid  assessm ent  of the  severity  of the  child’s  respira-
tory  status, a  detailed  past  and  present  m edical h istory  is  ob-
tained. The  m edical evaluation  should  detail any other  know n
conditions  a ict ing  the  child,  such  as  congenital  cardiac  or
cerebral  m alform ations  or  known  syndrom es,  as  well  as  any
prior  surgical  in tervent ions  for  these.  Other  areas  of  review
m ust  include  significant  precedent  in fect ious  or  inflam m atory
conditions.

When  the  child  is evaluated, an  em phasis needs to be  placed
upon  the  presence  of str idor, including all facets  of its  quality,
its  t im ing, the  e ect  of positioning, and  the  degree  of respira-
tory dist ress and  airway obstruct ion . The  relat ionsh ip  of feed-
ing to the  resp iratory sym ptom s and  w eigh t  gain  is im portan t
in form at ion  that  can  aid  in  establish ing  a  correct  d iagnosis.
Th is  in form ation  m ay  be  d irect ly  observed  or  obtained  from
caregivers.

The  physical  exam ination  rem ains  sim ilar  to  that  for  any
child  presenting  w ith  an  airway  problem —nam ely, a  detailed
head  and  neck  exam ination  w ith  em phasis  on  the  oral  struc-
tures  and  neck. Auscultation  of the  chest  and  neck  is  usually
perform ed  to  detect  str idor;  if  stridor  is  heard,  it  should  be
characterized  by  its  t im ing, quality, and  frequency. Any  heart
m urm urs are noted.

The  diagnosis  of VFP depends  upon  observat ion  of the  lar-
ynx  and  vocal  folds  w ith  the  patien t  spon taneously  breath -
ing. Flexible  fiber-opt ic laryngoscopy, w ith  topical anesthesia
adm in istered  via  the  nostr il  or  m outh , is  usually  perform ed
at  the  bedside  or  in  the  o ce  w hen  VFP is suspected . The  lar-
yngeal  exam inat ion  notes  the  appearance  of  all  laryngeal
structures, w ith  note  taken  of the  shape  and  posit ion  of the
epiglot t is and  other  supraglot t ic st ructures, the  false  and  t rue
vocal  folds,  and  the  dynam ics  of  laryngeal  funct ion  during
resp irat ion  and  often  sw allow ing.  The  vocal  folds  are  ob-
served  for  their  appearance  and  surfaces, their  posit ion  rela-
t ive  to  each  other  and  the  m idline, any  sw elling  or  m ass  ef-
fect ,  and  m ovem ent  w ith  both  insp irat ion  (abduct ion)  and
expirat ion . The  t rue  cord  m ovem ents  m ay  be  enhanced  w ith
sw allow ing or  cough  (involun tary abduct ion  of the  t rue  cords
occurs  follow ing  cough). In  stable  pat ien ts, observat ion  w ith
the  flexible  laryngoscope  should  be  con t inued  un t il  the
m ovem ent  of  the  vocal  folds  is  determ ined  for  both  abduc-
t ion  and  adduction .

In  in tubated  or  unstable  pat ients  w ho  are  unable  to  tolerate
flexible fiber-optic laryngoscopy, the diagnosis is m ore di cult ,
and  m icrolaryngoscopy  and  bronchoscopy  in  the  operating
room  or  neonatal  in tensive  care  unit  (NICU)  are  advisable,
w hen  the  patient  is stable. Patien ts w ith  severe str idor  and  air-
way  obstruction  m ay  be  in tubated  to  secure  a  stable  airway
w hen  severe  airway obstruction, cyanosis, or  desaturation  oc-
curs. If in tubation  is  perform ed  in  the  NICU, it  is  necessary  to
have oxygen, appropriate  endotracheal tubes, and  resuscitation
equipm ent  at  the  bedside. Microlaryngoscopy in  the  operat ing
room  is  usually  perform ed  w ith  ligh t  sedation  that  can  be  ad-
m inistered  via  in travenous  or  inhalational  agents. Close  com -
m unication  betw een  the  surgeon  and  anesthesiologist  is  m an-
datory. Once  the  patient  is  anesthetized  just  enough  to  allow
position ing  of  the  laryngoscope,  the  larynx  m ay  be  topically
anesthetized  w ith  (2%) lidocaine  solut ion  to  perm it  lessen ing
of  the  general  anesthet ic,  thus  increasing  the  spon taneous
resp iratory  e or t  of  the  patien t .  With  a  0-degree  rigid  tele-
scope, the  larynx is observed  under  m agn ificat ion  for  spon ta-
neous  vocal  fold  m otion ,  and  the  m ovem ents  of  the  t rue
vocal  folds  are  correlated  w ith  insp irat ion  and  expirat ion .
Th is  process  is  a ected  by  the  depth  of  general  anesthesia,
and  it  m ay  take  several m inutes  before  vocal fold  m ovem en t
is  clearly  observed.  Supplem ental  oxygen  is  adm in istered
via  the  suct ion  por t  on  the  Parsons in t roducing laryngoscope
or  via  a  sm all,  t r im m ed  endotracheal  tube  placed  in  the
hypopharynx.

Follow ing the  complete  assessm ent  of true  vocal fold  m ove-
m ent, the 0-degree telescope is passed distally, and the subglot-
tis, trachea, and  prim ary bronchi are  exam ined  to complete the
airway assessm ent.

If the m ovem ent  of one or both  of the vocal folds is im paired,
then  it  is  necessary  to  palpate  the  arytenoids  w ith  a  probe  to
confirm  that  the  cricoarytenoid  joint  is  freely  m obile.  Other
conditions, such  as  fixation  of the  cricoarytenoid  joint, can  in-
frequently occur in  children.

Radiographic studies m ay be  useful in  determ ining the  etiol-
ogy of VFP in  ch ildren. Plain  X-rays of the chest  and  neck in  the
anteroposterior  and  lateral project ions  can  provide  helpful in -
form ation  regarding  associated  m alform ations  and  conditions
that  result  in  unilateral or bilateral VFP. Plain  film  chest  X-ray is

Fig. 72.6  Vocal fold  paralysis. (a) Bilateral true  vocal fold  paralysis on
inspiration (note  medial position  of the  true  vocal folds). (b) Bilateral
true  vocal fold  paralysis with  expiration (note  that  the  true  vocal folds
are  “pushed” apart  by the  airflow). (c) Unilateral true  vocal fold
paralysis (note  the  paramedian position of the  the  paralyzed  right
cord).
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especially helpful w hen  there  has  been  prior  surgical m anage-
m ent  of paten t  ductus arteriosus, w ith  the left  m ediastinal sur-
gical clip  plainly visible.

Modified  barium  swallow, perform ed  in  the  radiology  suite
by the  speech  or  occupational therapist , is  a  valuable  video  ra-
diology study to evaluate the aspiration  of liquids and  pastes of
various  consistencies. The  m odified  barium  swallow  can  also
provide  specific  inform ation  regarding  aspiration  reduct ion
techniques and  proper  feeding options for  children  w hose  VFP
results  in  aspirat ion. MR im aging  and  CT of the  larynx  do  not
provide  specific  inform ation  that  w ill  yield  a  diagnosis  of VFP
alone, but  they  can  provide  im portant  inform ation  regarding
associated m edical conditions.

Treatm ent
In  general, the  treatm ent  of VFP depends  upon  the  etiology of
the  paralysis. When  congenital VFP (either  unilateral  or  bilat-
eral) is  diagnosed, the  recom m ended  treatm ent  depends upon
the  severity of the  sym ptom s. When  the  pat ien t  does not  have
signs  and  sym ptom s  of  airw ay  obstruct ion , cyanosis, apnea,
or  aspirat ion , he  or  she  is  usually observed  for  possible  spon-
taneous recovery. When  the  sym ptom s of respiratory dist ress
are  severe, operat ive  m icrolaryngoscopy and  bronchoscopy (if
not  already  perform ed)  are  recom m ended  to  evaluate  the
airw ay  for  any  other  condit ions  for  w hich  in terven t ion  is
w arran ted  (e.g., a  pat ien t  w ith  both  laryngom alacia  and  un i-
lateral  VFP from  ductus  ar teriosus  ligat ion). Subsequen t  t ra-
cheotomy  is  often  necessary  to  m ain tain  a  sat isfactory  and
consisten t  airw ay,  especially  in  pat ien ts  w ith  bilateral  VFP.
Approxim ately 50% of pat ien ts w ith  bilateral VFP have  airw ay
obstruct ion  severe  enough  to  require  t racheotom y, w hereas
few er  than  10% of those  w ith  un ilateral VFP require  a  t rache-
otom y  for  their  airw ay  dem ands.  Approxim ately  50% of  pa-
t ien ts  w ith  Arnold-Chiari  m alform ation  have  bilateral  VFP,
and  they  are  in  a  special  t reatm ent  category. Hydrocephalus
in  pat ien ts  w ith  Arnold-Chiari  m alform ation  can  result  in
su cien t  pressure  on  the  vagus  nerve  rootlets  to  cause  bilat -
eral  VFP.  Often ,  im m ediate  reduct ion  of  the  hydrocephalus
w ith  a  ven tr icu loperitoneal shun t  is  e ect ive  in  reversing the
bilateral  VFP  and  restoring  norm al  laryngeal  funct ion .  In
these  patien ts  w ith  Arn old-Chiari m alform ation , the  new  on-
set  of  bilateral  VFP  is  concern ing  for  increased  in t racran ial
pressure, and  t reatm ent  of  that  condit ion  w ill  often  resolve
the  bilateral VFP.

Sim ilar  options  exist  for  ch ildren  w ith  perm anen t  acquired
VFP  or  congen ital  VFP  that  does  not  resolve  spon taneously.
These  options  are  used  less  frequent ly  in  pre-school-age
ch ildren  because  of concerns about  laryngeal grow th  and  pos-
sible  perm anen t  e ects  on  voice  quality.  Arytenoidectomy
(par t ial  or  com plete  rem oval  of  the  arytenoid  car t ilage  and
posterior  port ion  of the  vocal fold), arytenoid  adduct ion  (fixa-
t ion  of  the  m edialized  arytenoid  to  a  m ore  lateral  posit ion),
injection  of perm anen t  and  temporary  filler  agen ts  (to  m edi-
alize  vocal  folds  that  are  too  lateral), and  thyroplasty  proce-
dures  are  all  available  surgical  options  for  im provem ent  of
the  airway and/or  voice  quality. These  procedures  are  sim ilar
to  their  counterparts  in  the  adult  populat ion ,  w ith  som e
m odificat ions  m ade  because  they  m ust  be  carr ied  out  under
general anesthesia.

Com plicat ions of Medical and Surgical
Opt ions
Com plicat ions of the  treatm ent  of VFP are  m ost  com m only re-
lated  to  airway  obstruct ion ,  apnea,  cyanosis,  and  aspiration ,
w hich  are  found  before  the  diagnosis  in  m any  patients  w ith
VFP, regardless of its cause. Tracheostomy placem ent m ay result
in  react ions  to  general  anesthesia,  tube  dislodgem ent  before
tract  healing, and  pneum othorax. Fortunately, these  complica-
tions are  very rarely in  properly sta ed  and  equipped  pediatric
hospitals.  Late  complications  from  tracheotomy  are  also  un-
com m on  and  include  tracheotomy  tube  occlusion  (from  dried
respiratory secretions), granulation  tissue  in  the  distal trachea
(at  the  t ip  of the  tube) and  at  the  stom a, and  accidental decan-
nulation  (dislodgem ent  of the  tracheotomy tube). Nursing care
specialists  com m only  assist  in  identifying  and  avoiding  such
problem s during hom e visits.

The need for a balance betw een adequate airway patency and
vocal quality has m ade som e of the decisions regarding the best
treatm ent  for  children  w ith  VFP a  dilem m a. Discussions  about
procedures that  m ay allow  decannulation  m ust  always consider
the e ect  on vocal quality. It  is recom m ended that children  par-
ticipate  in  these  decisions  w hen  they are  old  enough  to  com -
prehend  the  risks  involved  in  balancing  vocal  quality  w ith  an
adequate airway.

72.5.3  Masses and Tum ors
Et iology
Masses and  tum ors of the  larynx, trachea, and  bronchi m ay be
congenital  or  acquired.  Although  m ost  congenital  m asses  are
diagnosed soon  after bir th , som e m ay not  becom e apparent  un-
til they en large and becom e sym ptom atic.

Recurren t  resp iratory  papillom atosis  is  the  m ost  com m on
tum or  a ect ing the  airway in  young ch ildren , but  a  myriad  of
ben ign  and  m alignan t  neoplasm s of ep ithelial and  connect ive
t issue  or igin  are  also  seen .  Som e  tum ors  m ore  com m only
seen  in  ch ildren  include  hem angiom a  (especially  in  a  sub-
glott ic  locat ion)  and  neurofibrom a.  For tunately,  tum ors  af-
fect ing the  airw ays are  rare, and  it  is even  m ore  rare  for  them
to be  m alignan t .

Recurrent  Respiratory Papillom atosis
Pathogenesis
Recurrent  respiratory  papillom atosis  (RRP)  is  know n  to  be
caused  by  infect ion  w ith  the  hum an  papillom avirus  (HPV).
More  than  100  types of HPV are  know n, but  RRP is  m ost  com -
m only associated  w ith  types 6  and  11. HPV infect ion  is  gener-
ally considered  to be vert ically acquired  from  an  a icted m oth-
er  as  a  perinatal inoculaton  during childbirth . Causative  infor-
m ation  is incomplete because the RRP infect ion  rate is less than
1  per  500, w hereas  the  m aternal  in fect ion  rate  would  predict
an  infect ion  rate  of 1  per  32  in  infants  (approxim ately  2,500
new  cases  are  diagnosed  annually).  Transoral  infect ion  from
vaginal and  cervical secret ions is  the  m ost  com m only accepted
transm ission  theory. It  is  believed  that  firstborn  babies  of sus-
ceptible  young m others have the h ighest  in fect ion  rates of RRP.
Interestingly, the  siblings of RRP-a icted  children  do  not  have
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increased  rates  of  infect ion . The  diagnosis  is  m ost  com m only
m ade around the age of 4 years.

Infect ion  w ith  HPV usually results in  the  grow th  of “papillo-
m as,” grow ths  characterized  by an  irregular, exophytic surface
and  a  nodular  or  pedunculated  appearance.  They  can  a ect
any par t  of the  airway but  tend  to  form  in  the  glott ic regions;
the  larynx  is  a ected  in  nearly  100% of cases. Under  m agnifi-
cation,  the  papillom as  appear  as  projections  of  reddish  to
tannish  tissue  w ith  som etim es  visible  vascular  cores.  On
pathologic analysis, papillom as  are  covered  by stratified  squa-
m ous epithelium  w ith  fibrovascular  cores and  frequently show
signs of dysplasia.

Natural History and Progression, Disease
Complicat ions, and Prognosis
Once  papillom as form  in  a  patient  w ith  RRP, continued  grow th
of the  lesions w ithin  the  airway lum en, m ost  often  the  larynx,
is  com m on.  The  unrelenting  grow th  of  laryngeal  papillom as
leads to  progressive  airway obstruction , hoarseness, and  even-
tual death  unless they are  treated. Patien ts often  have a signifi-
cant  papillom a load w hen they present.

RRP is  a  viral disease  for  w hich  there  is  no  know n  cure, and
interm ittent  palliative  procedures  are  required  to  m aintain  a
paten t  airway. A num ber of clin ical tr ials have attempted  to de-
velop an  adjuvant  m edical regim e to cure RRP or at  least  reduce
the  burden  of m ultiple  airway procedures required  to clear  the
obstruct ing papillom as; m um ps vaccine inject ion , in terferon, 5-
fluorouracil, acyclovir, and  m ethotrexate  have  been  tested. All
tr ials  showed  a  delay  in  disease  progression  in  som e  pat ients,
but  none  dem onstrated  the  hoped-for  cure  for  RRP. Ongoing
trials  of cidofovir  show  prom ise, but  not  all patients  appear  to
respond.

The prognosis in  RRP is m ixed; spontaneous rem ission  occurs
in  som e  patien ts, but  m any continue  to  live  w ith  disease. The
spontaneous rem issions rates seem  to  be  higher  at  the  t im e  of
school en try and  around  puberty, leading som e investigators to
consider  that  horm onal  factors  play  a  role  in  rem ission.  It  is
likely  that  HPV infect ion  in  the  laryngeal epithelium  becom es
dorm ant  because som e of the patients w ith  spontaneous rem is-
sions experience  recurrence  as adults. It  is hoped  that  the  new
vaccines  against  HPV w ill m arkedly reduce  th is  disease  by de-
creasing cervical in fect ion  in  susceptible wom en.

Presenting Symptoms
RRP typically presents  w ith  hoarseness  progressing to  a  w his-
per-like  voice,  str idor,  w heezing,  and  increasing  respiratory
e or t  and  distress. These  sym ptom s are  directly related  to  the
location  of papillom as in  the larynx. Because the vocal folds are
the  m ost  com m only a ected  regions  of the  larynx, vocal com -
plaints are  often  the earliest  sym ptom s. More  subtle  sym ptom s
of progressive  respiratory dist ress m ay be  the  presenting signs
w hen the vocal folds are free of papillom a.

Medical Evaluat ion and Physical Examinat ion
Patients  w ith  RRP present  in  either  of  two  ways,  depending
upon  the degree of airway obstruction . Patients w ith  less severe
disease often  present  to the doctor’s o ce w ith  chronic hoarse-
ness, w hereas  patients  w ith  severe  obstruction  present  to  the

em ergency  departm ent  w ith  sym ptom s  of severe, progressive
airway obstruction.

The  m edical  evaluation  of both  types  of patien ts  includes  a
determ ination  of the  degree  of respiratory  dist ress, the  dura-
tion  of sym ptom s (especially hoarseness), and  the  presence  or
absence  of str idor. Som etim es, sm all epithelial papillom as m ay
be  visualized  in  the  oropharynx, particularly on  the  tonsils  or
uvula.

Flexible  fiber-optic  laryngoscopy  is  indicated  for  all  but  the
m ost  extrem ely  sym ptom atic  patients, w hose  sym ptom s  m ay
worsen  significantly  if they  are  upset  or  crying;  they  warrant
evaluation  in  the  operating  room . The  laryngeal  exam ination
characteristically reveals one  or  m ore  visible  papillom as in  the
glottic and  supraglott ic areas. The degree  of airway obstruct ion
should  be  estim ated  from  th is  exam inat ion, to  help  determ ine
the urgency of the need for surgical rem oval (� Fig. 72.7).

Treatment
Currently, the  treatm ent  of RRP is  surgical  palliation  w ith  re-
m oval of the  airway papillom as. Pat ients w ho have RRP under-
go  suspension  m icrolaryngoscopy  w ith  bronchoscopy  on  an
interm ittent  schedule  to  m aintain  a  patent  airway.  In  severe
cases, th is  in terval m ay  be  as  short  as  2  to  3  weeks, w hich  is
typical in  the  youngest  children. Often , the  in terval can  be  ex-
tended as the pat ients m ature.

The  surgical rem oval of papillom as  in  children  m ay  be  per-
form ed  as  an  am bulatory  procedure.  In  m any  pat ients  w ith
RRP,  general  anesthesia  is  adm inistered  via  an  inhalation
technique and m aintained w ith  an  in travenous agent , w hich  al-
low s  suspension  m icrolaryngoscopy  to  be  perform ed  under
spontaneous  vent ilation . After  the  laryngoscope  is  placed  and
lidocaine  topically  applied  to  the  larynx, spontaneous  ventila-
tion  allow s  all  areas  of  the  airway  to  be  t reated  w ithout  the
need  for  an  endotracheal  tube. Papillom as  are  rem oved  m ost
com m only  w ith  carbon  dioxide  laser,  m icroforceps,  or  the
laryngeal  m icrodébrider.  Pathologic  inspect ion  is  routinely

Fig. 72.7  Recurrent  respiratory papilloma in  the  laryngeal glot tis.
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perform ed to m onitor for rare m alignant degeneration  of a pap-
illom a into squam ous cell carcinom a.

When  anesthesia  cannot  be  m aintained  w ith  spontaneous
ventilation, other  techniques, such  as  jet  ventilation  or  apneic
techniques,  are  used.  In  addition ,  children  w ith  severely  ob-
struct ive papillom as m ay in itially require  in tubat ion  because of
an  inability to vent ilate the par tially obstructed  airway. The en-
dotracheal  tube  is  gently  tw isted  and  pressed  in to  the  glottic
area  and  slipped  past  the  obstructing  papillom a  in to  the  tra-
chea. Generally, the endotracheal tube can  be rem oved once the
m ain  obstruct ion  is relieved.

Complicat ions of Medical and Surgical Options
At  th is  t im e, there  is  no  consensus  regarding  the  m edical m a-
nagem ent of RRP, so the patien ts in  each  clin ical trial are subject
to  possible  complications of the  m edical t reatm ent  o ered. All
m edical  t rials  contain  provisions  for  palliative  surgical  treat-
m ent of the airway w ith  rem oval of obstructive papillom a.

In  general, children  w ith  RRP tolerate  the  m ultiple  operative
procedures well. The  m ain  risk of repetit ive  papillom a rem oval
is  the  form ation  of scar  t issue  on  the  vocal fold, part icularly in
the  an terior  com m issure, resulting  in  poor  vocal  quality. This
risk  is  d im in ished  by  keeping  the  in tervals  betw een  proce-
dures  as  long  as  possible  yet  safe  for  m ain tain ing  airw ay
patency  and  recogn izing  that  these  procedures  are  aim ed
prim arily  at  the  m ain tenance  of a  paten t  airw ay, not  the  re-
duct ion  of hoarseness.

The  surgical  complications  of  RRP treatm ent  depend  upon
the  instrum ents  used  to  rem ove  the  papillom a. Although  the
carbon  dioxide  laser  is  com m only  used  because  it  rem oves
papillom as w ith  precision, it  m ay rarely cause flash  fires in  the
airway. Use  of the  laryngeal  m icrodébrider  “skim m er” is  now
com m on, but  like  all  techniques, it  m ay  inadverten tly  rem ove
norm al t issue.

Subglot t ic Hem angiom a
Etiology
Subglottic hem angiom a is a congenital vascular  tum or  found  in
in  the  subglott is  of infants. Subglottic  hem angiom as  are  m ost
com m only  discovered  in  ch ildren  betw een  3  and  6  weeks  of
age. Hem angiom as contain  histologic t issue  m arkers  sim ilar  to
those  in  placental  t issue.  Subglottic  hem angiom as  are  m ore
com m only  found  in  ch ildren  w ho  have  cutaneous  hem angio-
m as, part icularly  those  that  a ect  the  lower  th ird  of the  face

and  upper  neck. A subglottic location  m ay be  noted  up  to  10%
of the t im e in  th is subset of patien ts w ith  hem angiom a. Hem an-
giom as  in  the  subglott ic area  result  in  variable  degrees  of air-
way obstruction.

Natural History and Progression
Subglottic hem angiom as, w hen  located  in  the  subglott ic space,
tend  to  becom e  sym ptom atic. Hem angiom as  are  often  sessile,
flat  lesions w hen  first  discovered, but  w ithin  weeks to  m onths
they enter  a proliferative  phase  during w hich  they enlarge. The
proliferative  phase  lasts  for  several  m onths, w ith  a  change  of
texture  and  color  beginning  around  the  ninth  m onth  of  life.
This change, w ith  soften ing and  a w hitish  appearance noted  on
the  hem angiom a  surface,  m arks  the  onset  of  the  involution
phase. Involution  then  proceeds  for  up  to  5  to  7  years,  w ith
shrinkage of the hem angiom a.

The  prognosis  for  a  patien t  w ith  subglottic  hem angiom a  is
excellent  because these lesions are expected eventually to invo-
lute and  decrease in  size. In  addition  to m aturation  and  grow th
of the  ch ild’s  airway, regression  leads  to  a  decrease  in  sym p-
tom s, even w hen  som e hem angiom a rem ains.

Presenting Symptoms
An  infant  w ith  a  subglottic hem angiom as usually  w ill have  an
onset  of str idor  (usually inspiratory or  biphasic)  at  around  the
age of 3 to 6 weeks, w ith  a norm al cry. The str idor m ay be asso-
ciated  w ith  retract ions  in  the  pretracheal or  sternal areas. The
str idor  progresses from  in term ittent  to constant  as the hem an-
giom a enlarges during the proliferative phase. Som e infants w ill
develop  feeding  problem s  as  the  str idor  worsens  and  the  he-
m angiom a becom es larger.

Cutaneous  hem angiom as,  present  approxim ately  in  50% of
children  w ith  subglottic hem angiom as, w ill show  sim ilar  signs
of proliferation . About  two-thirds  of pat ients  w ith  hem angio-
m as  of the  lower  th ird  of the  face  are  at  risk  and  have  airway
hem angiom as. Subglot tic  hem angiom as  are  m ore  com m on  in
girls.

Medical Evaluat ion and Physical Examination
A child  w ith  a cutaneous hem angiom a presenting w ith  inspira-
tory str idor  should  be  suspected  of having a  subglott ic hem an-
giom a. Progressive  worsening  of  str idor  w ill  be  noted  as  the
duration  of the str idor lengthens. The evaluation  includes flexi-
ble  fiber-optic laryngoscopy (� Fig. 72.8). Hem angiom a m ay be

Fig. 72.8  (a) Image of subglott ic hemangioma in
the right  posterior lateral subglott is. (b) Close-up
view.

72.5  Airway Disorders

587



suspected  by the  observation  of a  reddish  m ass in  the  subglot-
tis, particularly the  posterolateral areas. Further  evaluation  re-
quires  m icrolaryngoscopy  and  bronchoscopy  under  general
anesthesia. Findings  include  a  sm ooth , dark  red, m ucosa-cov-
ered  m ass in  the subglottis, som etim es w ith  extension  onto the
edge  of the  true  vocal  fold. The  m ass  is  usually  compressible
and  isolated  to the subglottis. Tracheal involvem ent  usually ap-
pears  as a  flat  patch  of reddish  m ucosa  w ithout  encroachm ent
into  the  airway  lum en. Biopsy  of the  lesion  is  inadvisable  be-
cause of the likelihood of sign ificant bleeding.

Treatment
A subglottic  hem angiom a,  if  sm all,  m ay  be  m onitored  and
observed;  however, the  great  m ajority  of these  are  identified
because  of  the  significant  sym ptom s  they  cause. A variety  of
treatm ent  m odalities  are  available  for  subglott ic hem angiom a,
both  m edical and surgical.

Medical t reatm ent  is  directed  toward  decreasing  the  sym p-
tom s  of  the  hem angiom a.  Cort icosteroids  are  the  m ost
com m only  used  agent  for  rapid  airway  sym ptom  relief. Dexa-
m ethasone, in  doses of up to 1 m g/kg/d in itially, often  w ill cause
a m arked  decrease in  str idor  w ithin  24 to 48 hours. Subsequent
transit ion  to  prednisolone  is  som etim es used  for  up  to  several
weeks once  the  str idor  improves. In tralesional steroid  use  also
has a desirable e ect on  hem angiom a size and sym ptom s.

In  the past, transit ion  from  system ic steroids to in terferon  al-
pha  A was advocated  for  sym ptomatic hem angiom as. However
this has fallen  out  of favor because of reports of spastic diplegia
caused by myelination  defects in  the central nervous system .

Propranolol  (3 m g/kg/d  divided  in to  three  doses),  a  new
treatm ent  m odality, has been  observed  to have a m arked, rapid
(w ithin  24 to 48 hours) e ect  of decreasing the size  and  sym p-
tom s of airway hem angiom as  in  previously steroid-dependent
children. The low  dose  of propranolol is well tolerated, and  the
low  risk  for  system ic side  e ects  (transient  hypoglycemia  and
bronchospasm ), com bined w ith  the dram atic decrease in  sym p-
tom s, has m ade propranolol an  agent  of choice for  m any babies
w ith  subglottic and other airway hem angiom as.

Surgical  m anagem ent  is  o ered  in  m any  situations  to  chil-
dren  w ith  subglottic hem angiom a. Excision  of the hem angiom a
is  e ective  in  resolving  sym ptom s  in  m any  pat ients. Excision
m ay be  perform ed  w ith  carbon  dioxide  laser, a  m icrodébrider,
or  open  surgical excision. Tracheotomy is an  option  for  patients
w ho  cannot  be  t reated  m edically  (do  not  tolerate  m edical
m anagem ent)  or  w ho  have  a  circum feren t ial  subglot t ic  he-
m angiom a. It  is  likely  that  m edical therapy  w ith  propranolol
w ill  decrease  the  num ber  of  surgical  procedures  perform ed
for  subglot t ic hem angiom a.

Complicat ions of Medical and Surgical Options
The complications of m edical therapy vary w ith  the agent  used.
System ic  steroids  are  well-know n  to  have  severe  system ic  af-
fects  w hen  used  for  a  prolonged  period  of t im e. These  include
im m une suppression, suppression  of the  adrenal horm onal ax-
is, grow th  retardation, hyperglycem ia, hypertension, and  cush-
ingoid appearance.

At  th is  t im e,  no  severe  side  e ects  have  been  reported  to
occur  w ith  propranolol  therapy.  Patients  are  m onitored  for

hypotension ,  bronchospasm ,  and  hypoglycem ia;  the  risk  for
these  decreases  after  the  in itiation  of  therapy,  and  m ost
children  are  followed  by  a  pediatric  cardiologist  w hile  taking
propranolol.

Surgical therapies risk the developm ent of subglottic stenosis
from  scar  form ation  at  the site  of the hem angiom a. Additional-
ly, incomplete  resection  of the hem angiom a risks recurrence  of
the lesion  in  those sites w here it  rem ains.

72.5.4  Subglot t ic Stenosis
Et iology
Subglottic stenosis  is  characterized  by a  narrow ing of the  sub-
glottic  space, located  just  under  the  vocal folds  and  extending
to the t rachea. Stenosis can be congenital (absence of prior in tu-
bation  and  instrum entation  of the airway, and  abnorm al size or
shape  of the  cricoid  cartilage  lum en)  or  acquired  (m ost  com -
m only  after  in tubation). Subglott ic  stenosis  is  the  th ird  m ost
com m on  cause  of st r idor  in  young  children , although  it  can
be  found  in  all  age  groups.  In flam m atory  condit ions  m ay
also  cause  subglot t ic stenosis  in  patien ts  w ithout  a  h istory of
in tubat ion .

Pathogenesis
The subglottic space in  ch ildren  is especially prone to the devel-
opm ent  of  inflam m ation  from  traum a,  including  in tubation
injury. The  subglottis  is  the  narrowest  portion  of the  pediatric
larynx (as  opposed  to  the  glottis  in  adults)  and  is  thus predis-
posed  to  injury  from  an  endotracheal  tube. The  already  sm all
size  of the  neonatal airway, com bined  w ith  any  inflam m ation
or  scarr ing  to  the  m ucosal  lin ing  of  the  subglottis,  m akes  it
prone  to  lum inal  narrow ing.  It  is  well  established  that  the
placem ent  of an  endotracheal tube  can  cause  pressure  on  the
m ucosal  lin ing  of the  cricoid, result ing  in  decreased  capillary
refill and  subsequent  ischem ic m ucosal injury  w ith in  hours  of
endotracheal tube  placem ent. The ischem ic dam age to the  m u-
cosa  can  progress  to  edem a  and, if the  pressure  on  the  airway
m ucosa  is  unrelieved, ultim ately  to  erosion  and  ulceration  of
the m ucosa. In  the m ost  severe cases, there is the poten tial for a
full-th ickness  m ucosal injury, and  even  dam age  to  the  the  cri-
coid cartilage w ith  destabilizat ion  of the lum en in tegrity.

Frequently, granulation  t issue  w ill  be  seen  in  the  region  of
subglottic injury or  at  the  vocal fold  level, m olded  around  the
shape  of the  endotracheal tube  on  laryngoscopic exam ination .
Healing takes about  3  weeks (once the  endotracheal tube  pres-
sure  is  relieved),  w ith  ultim ate  re-epithelialization  of  the
m ucosal  surface.  The  healing  process  results  in  the  variable
deposition  of scar  t issue  w ith  th ickening of the  subm ucosa  in
the subglottic space.

Other  factors  felt  to  play  a  role  in  the  developm ent  of  ac-
quired  subglott ic  stenosis  in  neonates  include  m ucosal  injury
from  endotracheal tube  m ovem ent  (shearing e ect  of the  tube
on  the  m ucosa), injury  from  repetit ive  in tubations, in flam m a-
tion  from  bacterial contam ination  of the endotracheal tube, and
the  possibility  of an  underlying sm all airway (w here  even  the
sm allest  endotracheal tube is still too large).

The  cross-sectional  area  of  the  subglott ic  lum en  is  related
to  the  lum inal  radius:  A= πr2,  w here  A is  the  cross-sectional
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area  and  r  is  the  radius  of the  subglott ic  lum en. Thus  a  very
sm all decrease  in  the  radius, for  example  from  4  to  3 m m , w ill
decrease  the  cross-sectional  area  about  75%.  This  translates
into  a  16-fold  increase  in  airflow  resistance  w ithin  the  airway.
Because  of th is  e ect  on  the  lum inal area, ch ildren  are  subject
to significant  respiratory disturbance from  even  m inor  respira-
tory conditions (� Fig. 72.9).

When  the  m ucosal lin ing  the  airway  is  injured, it  responds
w ith  an  accum ulation  of inflam m atory cells and  m ediators. The
inflam m atory  response  results  in  the  developm ent  of  edem a
w ithin  the  m ucosa. Depending upon  the degree  and  severity of
the  inflam m atory  response  and  edem a,  t racheal  in tubation
m ay be  needed  to  m aintain  a  patent  airway despite  the  possi-
bility  of exacerbating  the  problem  w ith  the  subglottic lum inal
size. Soon  after  the  incit ing event , increased  fibroblast  act ivity
w ith  collagen  deposition  w ill  develop  in  the  subm ucosa, and
scar  tissue w ill form  in  any areas of m ucosal erosion. This proc-
ess is st im ulated  and  worsened  by associated  gastroesophageal
reflux  and  acid  contact  w ith  the  m ucosa.  Once  collagen  and

scar  t issue  are  deposited, the  lum en  rem ains  narrowed. Direct
(blunt  or  penetrating) t raum a  and  endotracheal in tubation  are
associated w ith  the worst  stenosis.

Congenital subglottic stenosis is present  in  babies at  bir th  but
m ay  not  be  evident  until  an  upper  respiratory  t ract  infect ion
develops.  The  m ost  com m on  cause  of  congenital  subglott ic
stenosis is  an  abnorm ally shaped  cricoid  cartilage  or  an  abnor-
m ally  form ed  cricoid  w ith  a  sm aller  than  norm al  lum en
(� Fig. 72.10).

Natural History, Disease  Com plicat ions, and
Prognosis
The  e ects  of subglott ic stenosis  vary greatly  depending upon
the severity. Subglott ic stenosis can  range from  very m ild, w ith
m inim al e ect  on  the  patien t, to  life-threatening. Perpetuation
of the  inciting cause  of the  stenosis  can  increase  the  degree  of
stenosis, so  it  is  im perative  to  rem ove  the  causative  agent  as
soon  as  possible. All care  should  be  taken  to  use  appropriately

Fig. 72.9  The  same  degree  of mucosal edema affects the  smaller airways of children more  severely than  those  of adults.
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sized endotracheal tubes in  children , and to ensure that  the cu 
of the  endotracheal tube  is  located  in  the  proper  m idtracheal
position  in  order to protect  the laryngeal subglottis.

In  m ost  cases, once subglottic stenosis has developed  and  the
healing phase  of subglottic injury has  occurred, the  stenosis is
considered  to  have  m atured  and  stabilized. At  th is  poin t, the
narrow ing becom es  relatively  fixed  (barring any acute  inflam -
m ation  from  upper  respiratory  infect ions, for  example), and  it
is  unlikely  to  resolve  spontaneously. Som e  cases  w ill continue
to worsen  because of continued  traum a to the m ucosa and sub-
m ucosa  from  an  unrem edied  inciting  condition.  Respiratory
sym ptom s in  these children m ay progress to severe distress and
fatigue. At  th is point, it  is necessary to secure the child’s airway
by in tubat ion  (if possible) or  by t racheotomy (if the  lum en  w ill
not  perm it  passage of an  endotracheal tube). High-potency ste-
roids, such  as  dexam ethasone, are  frequently used  in  an  e ort
to  reduce  inflam m ation , stabilize  the  m ucosa, and  prevent  fur-
ther  edem a. Death  from  airway obstruct ion  m ay  result  if th is
process is delayed.

Subglottic  stenosis  is  classified  based  upon  the  degree  of
narrow ing in  comparison  w ith  norm al airway lum inal size. The
m ost  com m only used  grading scale  is the  Myer-Cotton  system ,
w hich  divides  subglottic  stenosis  in to  four  categories  (� Ta-

ble  72.4). The  categories  are  valuable  in  predicting  the  likeli-
hood of success w ith  the treatm ent options for subglottic steno-
sis.  Grade  I  ranges  from  a  norm al  lum inal  size  to  lum inal
obstruct ion  of 50%, grade  II indicates  airway  lum inal  obstruc-
tion  of 51  to  90%, grade  III is  lum inal obstruction  of 91  to 99%,
and grade IV indicates no detectable airway lum en.

In  order  to grade  subglott ic stenosis, the  airway lum en  m ust
be  exam ined  and  m easured  during  laryngoscopy w ith  the  pa-
tient  under  general anesthesia. After  inspect ion  of the  larynx,
subglottis, and  trachea, the airway is m easured  w ith  a standard
uncu ed  endotracheal tube. The  outer  diam eter  of an  uncu ed
endotracheal tube  is  of uniform  m easured  size  and  is  used  to
assess the  airway lum inal size  (although  the  “size” of a  tube  is

Fig. 72.10  Intraoperative  images demonstrating  grade  II subglott ic stenosis (lower left  panel).

Table 72.4  Myer-Cotton grading scale for subglott ic stenosis

Grade  Percentage  laryngeal luminal obstruct ion

I  0–50%

II  51–90%

III  91–99%

IV  No detectable  lumen
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designated  by its  in ternal, not  external, diam eter). After  place-
m ent  of an  uncu ed  endotracheal tube, the  airway is  observed
under  m agnification  (typically a  telescope  is  used) for  air  bub-
ble  escape  as  the  anesthesiologist  slow ly  increases  the  airway
pressure. A norm al leak is  considered  to  be  at  a  pressure  of 18
to 24 cm  H2O. Lower  pressures indicate  excessive  space  around
the tube, w hereas higher  pressures indicate that  the tube  is too
large; the tube is exchanged  for a larger or  sm aller  one, and  the
leak  pressure  is  m easured  again .  The  endotracheal  tube  size
w ith  w hich  the  pressure  is  closest  to  the  norm al leak pressure
is  deem ed  the  airway size  (� Table  72.5). Measurem ent  of the
airway size  is  a  standard  component  of the  endoscopic airway
exam ination.

Present ing Sym ptom s
In  either  acquired  or  congenital subglott ic stenosis, inspiratory
or  biphasic  str idor  is  heard  (biphasic  str idor  is  noted  in  the
m ost  severe  cases  of  lum inal  narrow ing). The  str idor  m ay  be
constant, even  during sleep  and  w ith  quiet  respiration. Feeding
m ay be a ected, and failure to thrive is frequent because the in-
fant  is  unable  to  m anage  the  increased  respiratory  e ort
needed  to  coordinate  breathing  and  swallow ing. In  th is  situa-
tion, the  child  forgoes feeding and  w ill lose  weight  because  of
the  increased  caloric energy needed  for  the  work of breathing
and the insu cient  nutrients obtained from  feeding.

Other  sym ptom s of subglottic stenosis include  chest  and  tra-
cheal retract ions, and  a  raspy  or  rattling  sound  m ay  be  heard
during  breathing  w hen  secretions  are  located  at  the  stenosis
site.  Cyanosis  and  oxygen  desaturation  are  late  findings  seen
w hen respiratory failure is im m inent.

Medical Evaluat ion and Physical Exam inat ion
The  child  w ith  subglottic  stenosis  w ill  typically  present  w ith
str idor as the chief complain t. Because  of the variable  degree  of
lum inal obstruction, it  is  im perat ive  to  determ ine  the  severity
of airway comprom ise  at  the  in itial evaluation  and  take  action
im m ediately if there is severe respiratory dist ress.

In  less  severe  cases, the  m edical evaluation  should  focus  on
any  antecedent  h istory  of  in tubation ,  instrum entation  in  the
airway, and  conditions that  m ay have led  to airway traum a. The
birth  h istory  and  the  need  for  airway  support  at  bir th  are

im portant . The  h istory should  reflect  the  e ect  of upper  respi-
ratory  infect ions  and  any  change  in  str idor/airway  dist ress
caused  by  those  episodes. Feeding  problem s  are  im portan t  in
determ ining the cause of airway distress.

The physical exam ination  should  focus on  the airway and  in-
clude  both  auscultation  and  inspect ion  of the  airway passages.
Flexible  laryngoscopy  is  in tegral  in  the  diagnosis  and  should
be  perform ed  in  all  but  the  m ost  unstable  children  (in  w hom
the  airway  often  w ill  need  to  be  exam ined  in  the  operating
room ,  w ith  ultim ate  treatm ent  of  the  underlying  condition).
Despite  the  lim itations  of flexible  laryngoscopy  in  visualizing
the  subglottis, it  m ay reveal stenosis, and  it  is invaluable  in  ex-
cluding other  causes  of st ridor. Ult im ately, m ost  children  w ith
subglottic  stenosis  require  m icrolaryngoscopy  w ith  broncho-
scopy  under  general  anesthesia. Occasionally, im aging  studies
such  as  anteroposterior  and  lateral  plain  radiographs  of  the
neck, CT fluoroscopy, and  MR im aging are  helpful in  character-
izing  the  stenosis. An  evaluation  of any  coexistent  gastroeso-
phageal reflux is im portant  because  it  is a  know n  exacerbating
factor.

Children  w ho are in tubated  at  the t im e of evaluation  for sub-
glottic  stenosis  present  w ith  a  h istory  of  (often  repetit ively)
failed extubation. The duration  of in tubation, reason  for the in i-
t ial  in tubation , and  size  of current  and  previous  endotracheal
tubes are  im portan t  factors. The  degree  of prem aturity and  co-
existent  cardiac or  pulm onary conditions  all play a  role  in  the
evaluation .  These  children  require  evaluation  of  the  airway
under  controlled  conditions,  usually  in  the  operating  room ,
w ith  m icrolaryngoscopy and  bronchoscopy. Granulation  tissue,
edem a, and  erosion  in  the  subglottis  and  adjacent  glottis  are
usually  seen  in  pat ients  w ith  subglottic  stenosis.  The  leak
around  the  endotracheal tube  is  m easured  and  compared  w ith
norm s.

Treatm ent
The treatm ent  of subglott ic stenosis is tailored  according to the
degree  of respiratory  distress  it  induces. The  vast  m ajority  of
am bulatory children  w ith  m ild  (grade  I) subglottic stenosis can
be  observed  and  m anaged  expectantly. These  children  usually
do  not  exhibit  signs or  sym ptom s of str idor  or  respiratory dis-
tress  until  an  upper  respiratory  infect ion  develops. The  addi-
tional m ucosal edem a caused by the upper respiratory infect ion
w ill often  lead  to the  developm ent  of m ild  to m oderate  stridor,
w ith  a crouplike cough. Moderate retract ions and  distress often
lead  parents  to  bring these  ch ildren  for  em ergency  treatm ent .
In  such  cases, supportive  m anagem ent  w ith  cort icosteroids for
a  few  days  and  racem ic epinephrine  via  nebulizer  can  provide
substan tial relief of their respiratory distress.

Children  w ith  higher  grades  of subglottic  stenosis  (grades  II
through  III)  frequently  have  sym ptom s  of airway  obstruct ion
su cient  to  require  m ore  aggressive  m anagem ent.  Children
w ith  grade  IV subglottic  stenosis  w ill  always  be  tracheotomy-
dependent  because they have no discern ible airway lum en. The
airway obstruct ion  of these  ch ildren  w ill have  progressed  from
grade  III to  grade  IV during  the  healing process. Children  w ith
grade IV stenosis w ill always require airway reconstruct ive sur-
gery  after  decannulation. Children  w ith  grade  II and  grade  III
subglottic  stenosis  are  often  sym ptom atic  and  m ost  often  re-
quire in tervent ion  to im prove their airway.

Table 72.5  Appropriate endotracheal tube size by patient  age

Age  Endotracheal tube  size  (mm)

Premature  2.0–3.0

Birth–3 mo  3.0–3.5

3–12 mo  3.5–4.0

12 mo–2 y  4.0–4.5

2–4 y  4.5–5.0

4–6 y  5.0–5.5

6–8 y  6.0

8–10 y  6.5

10 y–adult  6.5  or larger
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Neonatal Managem ent
Babies with  multiple failed attempted extubations who are found
to have  subglottic stenosis are  usually managed  based  upon  the
findings  at  m icrolaryngoscopy  and  bronchoscopy.  Infants  w ith
findings of m ild  edem a, m inimal to  no  m ucosal ulceration, nor-
mal laryngeal function, and  no other cause for  the failed  extuba-
tion  attempts  are  frequently  treated  with  the  removal  of  any
granulation  tissue,  polyp,  or  cyst  found;  reintubation  with  a
smaller  endotracheal tube  (typically 0.5 mm  to  a  full size  small-
er);  the  administration  of dexamethasone;  and  observation  for
several days  in  anticipation  of the  reduction  of any edema. The
infant  is then  extubated  following 48  to 72 hours of dexametha-
sone  therapy (up  to  1 mg/kg/d  divided  into  two  doses) and  ob-
served  for the potential need  for further airway support.

Anterior Cricoid Split
Som e infants w ith  isolated  subglottic stenosis m ay benefit  from
an  anterior  cricoid  split  procedure.  For  infants  w ho  fail  the
above extubation  protocol, or  in  w hom  an  endotracheal tube of
a  sm aller  than  usual  size  has  been  placed, an  anterior  cricoid
split  m ay be  considered. Carefully selected  candidates for  ante-
rior  cricoid  split  are babies w ho weigh  m ore than  1,500 g; have
stable, controlled  cardiac and  pulm onary funct ion; and  have no
other conditions prevent ing extubation  (see Box Criteria for An-
terior Cricoid Split).

Anterior  cricoid  split  is perform ed  through  a horizontal m id-
line  neck  incision . The  cricoid  cartilage  is  incised  vertically  to
allow  the  subglottic  lum en  to  expand. In  th is  procedure, the
only complete ring of the airway, the cricoid  cart ilage, is incised
in  one  or  m ore  locations  to  allow  the  area  of the  subglottis  to

expand.  An  endotracheal  tube  one  size  larger  than  the  tube
previously used  acts  to  dist ract  the  cricoid  edges and  stent  the
airway lum en  during the  healing period. The  infant  is then  ex-
tubated  after  prem edication  w ith  dexam ethasone  (up  to  1 m g/
kg/d)  under  controlled  conditions,  w ith  a  tracheostomy  tray
and  in tubation  instrum ents  im m ediately  available, about  6  to
10 days after  the  procedure. In  the  event  of respiratory dist ress
or  obstruct ion ,  the  infan t  is  in tubated,  or  a  tracheostomy  is
placed through the prior neck incision  (� Fig. 72.11).

Criteria  for  Anterior  Cricoid  Split
1.  Weight of more than 1,500 g
2.  No assisted ventilation for >10 days
3.  Oxygen supplementation requirements <35% FiO2

4.  Stable congestive heart  failure for >1 month
5.  No hypertension medications required for >14 days
6.  Failed extubation two or more times with a laryngeal cause
7.  Absence of pulmonary or airway infection

The  an terior  cricoid  split  procedure  is  useful  in  carefully  se-
lected  patien ts  and  can  avoid  the  need  for  m ore  involved  air-
way  reconstruct ive  surgery  (laryngotracheal  reconstruction
procedures) and  for  tracheotomy. A curren t  m odification  of the
anterior  cricoid  split  is  to  add  a  sm all  piece  of car tilage  har-
vested  from  the  conchal bow l or  upper  port ion  of the  thyroid
cartilage lam ina as a stabilizing graft .

The  complications  of  anterior  cricoid  split  include  failure
of the  procedure  to  relieve  airw ay obstruct ion  at  the  subglot-
t is. Postoperat ively, spon taneous  ven t ilat ion  is  preferred  over

Fig. 72.11  Anterior cricoid  split  procedure.
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m echanical  ventilation  because  the  form er  is  associated  w ith
lower  risk  for  pneum onia. Intubation  m ust  be  secure, and  the
patient  m ust  not  be  accidentally extubated  during the  6-  to  10-
day healing period. Signs of inadvertent  dislodgem ent  of the en-
dotracheal  tube  include  subcutaneous  air  w ith  crepitus, pneu-
m om ediastinum , and  pneum othorax.  If  the  endotracheal  tube
becom es  dislodged, it  is  best  to  reinsert  it  via  the  neck  wound
under  direct  vision  in  the  em ergency setting. Conversion  to  na-
sotracheal  intubation  either  over  a  flexible  bronchoscope  or
telescope allow s the m ost  accurate reposit ioning of the ETT.

Laryngotracheal Reconst ruct ion
Laryngotracheal  reconstruct ion  involves  expansion  of  the
laryngotracheal structure  to  relieve  an  obstructed  lum en. Suc-
cessful laryngotracheal reconstruct ion  requires a careful assess-
m ent of the length  and exact  location  of the stenosis, and of the
likelihood of continued or future need for prolonged in tubat ion .
Also  required  is  optim ization  of the  laryngeal  obstruction, in-
cluding  treatm ent  of the  cause  of the  stenosis  and  the  control
of gastroesophageal reflux. Any child  for  w hom  laryngotracheal
reconstruct ion  is being considered m ust  be a suitable candidate
for the adm inistration  of general anesthesia.

Laryngotracheal reconst ruction  requires placem ent of a cart i-
lage  graft  as well as sten ting of the  airway lum en. Various graft
options are  available, including costal cart ilage  (the  m ost  com -
m only used), auricular  cart ilage, and  thyroid  alar  cart ilage. The
ribs  are  the  preferred  source  of cartilage  because  of the  large
am ount  of donor  m aterial  available  and  its  excellen t  strength
and  robust  qualities. Costal cartilage  is  usually harvested  from
the  fifth  or  sixth  an terior  rib  via  a  t ransverse  incision  placed
under  the breast. A generous graft  is harvested, w ith  care taken

to avoid  injury to the perichondrium  on  the inner surface of the
rib, w hich w ill cause pneum othorax.

Use of the thyroid  ala cartilage is less frequent  un less a sm all
graft  is necessary. The benefit  of thyroid  cartilage for  graft ing is
that  the  donor  site  is  w ith in  the  surgical field. It  is  less  useful
w hen  robust  m aterial is needed  to distract  the  cricoid  cartilage
in  higher-grade  stenoses.  Auricular  cart ilage  has  the  least
strength  as  a  graft  m aterial  because  of  its  th inness  in  very
young  children . It  often  does  not  m aintain  the  needed  shape
and has a tendency to buckle.

A stent  is  needed  to  m aintain  the  airway lum en  during  the
healing period after the procedure. Many patients w ho undergo
laryngotracheal reconstruction  require stent ing for a prolonged
period, extending  from  weeks  to  m onths  in  som e  cases. Stent
m aterials vary, but  m any airways are  stented  with  endotracheal
tubes  (when  stenting is  for  1  to  2  weeks) or  w ith  Teflon  stents
(Aboulker  stent)  for  longer-term  use. Di erent  stents  are  used
depending upon  whether  the patient  has a preexisting tracheos-
tomy at  the  t im e  of the  laryngotracheal  reconstruction  and  on
w hether  the  laryngotracheal reconstruction  is  done  as  a  single-
stage  or  a  double-stage  procedure. It  is  im portant  to  note  that
the  stent  passes though  the  larynx, so  it  w ill prevent  phonation
and may increase aspiration while in  place. The patient often will
have  a  tracheotomy in  place  when  a  long-term  stent  is  needed
to  m aintain  the  airway. Stenting tim es increase  with  stenosis of
a more  advanced grade or  the presence of significant  scar  t issue,
and  in  previously reconstructed  airways. Laryngotracheal recon-
struct ion  is perform ed after optim ization  of these factors.

The  laryngotracheal  reconstruct ion  is  perform ed  through
a  horizontal  neck  incision  (� Fig.  72.12).  After  the  car tilage
(usually costal) graft  has been  harvested, the larynx and t rachea
are  exposed, and  a  ver tical  incision  is  m ade  in  the  m idline  of

Fig. 72.12  Laryngotracheal reconstruction  with  cartilage  graft  procedure.
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the  cricoid  cartilage  w ith  entry  in to  the  subglott ic  space. This
incision  is  extended  superiorly in to  the  lower  th ird  of the  thy-
roid  car tilage,  w ith  care  taken  to  avoid  dividing  the  anterior
com m issure. The  upper  two  t racheal rings  are  incised  in  con-
tinuit y w ith  the  cricoid  incision . At  th is  poin t, either  a  stent  is
positioned  in to  the  airway  (m ult iple-stage  procedure  w ith  a
tracheostomy in  place)  or  the  endotracheal tube  is  exchanged
for  another  endotracheal tube  that  is 0.5  to  1.0 m m  larger  (sin-
gle-stage procedure) and placed nasotracheally. The incision  in-
to the  airway is then  w idened, and  the  cartilage graft  is shaped
to insert  in to the en larged cricotracheal incision . The graft  is su-
tured  in to  position  w ith  4–0  polypropylene  sutures. A passive
drain  is  placed  over  the  reconstructed  airway and  the  wound
closed. If a  stent  is  placed, it  is  secured  w ith  a  transcr icoid  su-
ture  to  avoid  entry in to  the  distal airway and  resultan t  airway
obstruct ion.

The  patient  is then  m onitored  in  a  crit ical care  unit  (patients
undergoing a  single-stage  procedure  are  m onitored  to  prevent
accidental prem ature  extubation). The  endotracheal tube  is re-
m oved,  and  sim ilar  precautions  are  taken  as  for  a  pat ient
undergoing anterior  cricoid  split  (w ith  a  tracheostomy tray, in-
tubation  instrum entation , and  laryngoscopy equipm ent  at  the
bedside) follow ing preparation  w ith  24 to 48 hours of dexam e-
thasone to reduce edem a.

Patients  w ho  undergo  double-stage  laryngotracheal  recon-
struct ion  are  treated  w ith  a stent  and  a new  or  established  tra-
cheostomy. The  stenting  period  w ill vary  depending  upon  the
patient’s  unique  stenosis pattern . These  stents  require  rem oval
in  the operating room , w ith  a sm all neck incision  to release the
suture traversing the stent  and  endoscopic rem oval of the sten t
follow ing  prem edication  w ith  dexam ethasone.  The  tracheos-
tomy  is  m aintained  until  the  reconstructed  airway  lum en  is
fully healed and adequate patency is ascertained.

In  both  types  of  laryngotracheal  reconstruct ion,  the  endo-
scopic  rem oval  of  granulation  tissue  and  subsequent  laser
rem oval of residual scar  t issue from  the airway are often  neces-
sary. A carbon  dioxide laser  w ith  a m icroscope and  m icrom ani-
pulator  hand  piece  or  fiber-optic  contact  delivery  system  is
m ost com m only used.

Grade  IV subglottic  stenosis  presents  the  m ost  complicated
situation  in  the  relief of airway obstruction . In  the  past , four-
quadran t  laryngotracheal reconstruct ion  was used, w ith  an te-
rior,  posterior,  and  lateral  cricoid  incisions  and  prolonged
sten ting.  More  recently,  cricot racheal  resection  has  gained
popularit y. In  th is  procedure, the  en tire  airway obstruction  is
excised, along w ith  the  an terior  and  lateral aspects  of the  cri-
coid . Care  is taken  to avoid  recurren t  laryngeal nerve  injury by
m ain tain ing  the  perichondrium  and  the  posterior  por tion  of
the  cricoid  car t ilage.  The  superior  t racheal  edge  is  then  se-
cured  to the  inferior  edge of the  thyroid  car t ilage w ith  perm a-
nent  suture. Sten ting is  w ith  either  an  endotracheal tube  (in  a
single-stage  procedure)  or  a  tradit ional  Teflon  sten t  and  tra-
cheostom y for  a  period  of 7  to 21  days. A h igh  rate  of eventual
decannulat ion  can  be achieved  w ith  th is procedure.

Endoscopic Managem ent  of Subglot t ic
Stenosis
In  m ild  or  lim ited  cases  of  subglottic  stenosis,  and  in  post-
operative  patients  follow ing  laryngotracheal  reconstruction,

endoscopic procedures  are  com m on. Scar  and  granulation  tis-
sue can  be rem oved endoscopically w ith  tradit ional forceps, m i-
crodébrider, or  carbon  dioxide  laser. These  techniques are  very
sim ple  and  m ay be  repeated  as  needed  to  m aintain  and  guide
healing in  the  airway. The topical application  of m itomycin  C is
a well-know n  treatm ent  that  is e ect ive  in  reducing the  devel-
opm ent  of scar  t issue  in  the  airway. Reported  complications of
m itomycin  C application  are  infrequent. Laser  is  an  acceptable
treatm ent  for  stenotic  lesions  that  are  less  than  10 m m  in
length , retain  su cient  support  of the  cartilaginous structures,
and  are  isolated  in  either  the  subglott is  or  upper  trachea. The
use  of carbon  dioxide  laser  outside  these  situations  has  an  in-
creased  failure rate. Increasingly, h igh-pressure airway balloons
are being applied  in  pat ients w ith  airway stenosis. This dilation
procedure  is  quite  successful in  breaking dense  scar  t issue  and
m ay have a long-last ing e ect .

Com plicat ions
Com plicat ions  of the  surgical  treatm ent  of subglott ic  stenosis
include  those  that  occur  during  the  procedure  or  in  the  early
postoperat ive  period  and  late  complications. During the  proce-
dure,  it  is  importan t  to  avoid  lateral  dissect ion  around  the
trachea  and  inadvertent  recurrent  laryngeal  nerve  injury. Air
leaking from  the  reconstructed  airway in to the  surgical wound
during em ergence  from  anesthesia  m ay result  in  subcutaneous
em physem a w ith  extension  in to the chest  and the developm ent
of  pneum om ediastinum  and  pneum othorax.  Proper  passive
drain  placem ent  helps  to  reduce  th is  risk, w hich  persists  in to
the  healing  phase, especially  the  first  few  days  follow ing  the
procedure, un t il the reconstructed  airway seals. It  is im perative
to avoid early drain  rem oval.

Respiratory  distress  m ay  follow  stent  m igration  or  m ucous
plugging  of  the  endotracheal  tube  or  tracheotomy  tube. This
can  be prevented by frequent suct ioning and the use of hum idi-
fied air. Problem s associated w ith  the graft  itself include resorp-
tion  and  inward  dislodgem ent . These  graft  issues m ay result  in
lum en intrusion  and laryngotracheal reconstruction  failure.

Late  complications of laryngotracheal reconstruction  include
recurrence  of stenosis  w ith  the  need  for  revision  surgery  and
endoscopic procedures. The  voice  m ay be  poor  because  of the
developm ent  of scar  at  the  glottic level or  t rue  vocal fold  pare-
sis. If the  graft  protrudes in to  the  lum en  excessively, there  can
be  continued  airway obstruct ion. Attention  to  precise  surgical
technique  and  careful postoperative  care  is  param ount  for  de-
creasing the occurrence of these problem s.

72.5.5  Infect ious Diseases of the  Airway
Epiglot t it is (Supraglot t it is)
Epiglottit is  is  an  infect ious  process  a ect ing the  epiglottis  and
supraglott ic  structures. In  children , it  is  m ost  often  caused  by
Haemophilus influenzae type  B (HIB), w hereas adult  epiglottit is
is  often  caused  by  Staphylococcus  aureus. Epiglottit is  presents
w ith  a rapid  onset of sym ptom s in  children  betw een the ages of
2 and  4 years. HIB causes a generalized  infect ion  of the epiglot-
tis sim ilar  to cellulit is. The incidence of HIB epiglottit is has dra-
m atically fallen  in  the United States in  the last  20 years w ith  the
use  of routine  im m unization  against  HIB, to the  point  that  HIB
epiglottit is has becom e rare.

Airway Disorders in Children

594



Clinical Symptoms
The  onset  of  epiglottit is  is  relatively  rapid,  w ith  progression
over  just  hours. The  child  w ill  develop  fever, airway  distress,
and  later  on  str idor  and  drooling due  to  odynophagia. Patients
often  w ill lean forward and prop them selves up w hile sit t ing in-
to  a  “t ripod” position. These  sym ptom s should  m ake  one  con-
sider  epiglottit is  as  a  diagnosis. The  inspiratory  str idor  associ-
ated  w ith  epiglot tit is  is  due  to  increasing edem a  of the  supra-
glottis and impending obstruct ion.

Pat ient  Examinat ion and Evaluat ion
Supraglot tit is  and  epiglottit is  are  serious  m edical em ergencies
w ith  the  potential to  obstruct  the  airway. A pat ient  suspected
of having epiglott it is  m ust  be  approached  calm ly and  system -
atically. In  order  to reduce the  ch ild’s anxiety, par ts of the  ex-
am inat ion  m ay even  need  to  be  om it ted  un t il epiglot t it is  has
been  excluded  as  a  d iagnosis. Although  the  gold  standard  is
laryngoscopy,  th is  m ay  be  deferred  in it ially  because  of  the
possibility  of m aking the  ch ild  cry and  subsequen t ly obst ruct
the  airw ay.  In  m ild  cases,  a  lateral  neck  X-ray  m ay  be
obtained  (as long as the  child  is accom panied  by som eone  ca-
pable  of  provid ing  em ergency  airw ay  suppor t).  The  t ypical
diagnost ic  finding on  lateral neck  X-ray  is  a  “thum b”-shaped
density represen ting the  sw ollen , edem atous ep iglot t is. Older
and  calm  ch ildren  m ay  tolerate  fiber-opt ic  flexible  laryngo-
scopy, w h ich  visualizes  the  sw ollen  epiglot t is  and  supraglot-
t is  (� Fig. 72.13).

Ch ildren  presen t ing  w ith  m oderate  to  sign ifican t  d ist ress
are  taken  im m ediately  to  the  operat ing  room  for  airw ay  ex-
am inat ion  and  m anagem ent .  The  airw ay  is  inspected  after
the  induct ion  of anesthesia w ith  inhalat ional agen ts, at  w h ich
t im e  the  airw ay  is  secured,  m ost  frequen tly  via  in tubat ion .
(Alternat ively,  the  pat ien t  can  be  ven t ilated  th rough  a  rigid
bronchoscope  and  then  changed  over  to  nasotracheal in tuba-
t ion .) The  ep iglot t is is  cultured. It  is  m andatory that  a  trache-
otom y  tray  be  open  and  ready  in  the  even t  the  airway
becom es unstable.

Treatment
Epiglottit is  is  t reated  w ith  parenteral antibiotics  active  against
HIB. The culture is used to guide antibiotic therapy in  refractory
cases. Extubation  success  can  be  predicted  by  exam ining  the
supraglott ic structures w ith  a fiber-optic laryngoscope, and  ex-
tubation  is often  possible after 48 to 72 hours of antibiotic ther-
apy. Children  w ith  epiglottit is are  expected  to m ake a complete
recovery and now  rarely require a tracheotomy.

Complicat ions
Epiglottit is  is  a  well-know n, potent ially fatal infect ious disease
that  is  rarely  seen  today. Late  diagnosis  and  m isdiagnosis  can
result  in  worsening airway obstruct ion, hypoxem ia, and  the se-
quelae of hypoxia. Because of the rare occurrence of epiglottit is,
it  is  necessary  to  m aintain  a  h igh  index of suspicion  w ith  th is
clin ical presentation.

Croup (Laryngotracheobronchit is)
Croup  (laryngotracheobronchitis)  is  an  airway  disorder  a ect-
ing  children  from  6  m onths  to  3–4  years  of age. It  is  usually
caused by a parainfluenza virus but  m ay be caused by other res-
piratory  viruses. Croup  is  m ore  com m only  seen  in  the  cooler
m onths  and  m ay a ect  babies  and  ch ildren  repetit ively, espe-
cially if there is an  underlying airway anom aly.

Clinical Symptoms
The typical presentation  of croup is a m ore gradual onset  of the
sym ptom s of an  upper respiratory infect ion. The child m ay have
rh inorrhea  and  a  cough  w ith  a  characteristic barky  quality. As
the  infect ion  progresses, a  m ild  to m oderate  fever  w ill develop.
The  child  w ill not  preferentially be  in  any position , nor  w ill he
or she appear  “toxic” (like the child  w ith  epiglottit is);  as the ill-
ness  progresses, the  voice  w ill  becom e  slightly  hoarse, and  at
th is  point  inspiratory stridor  (from  narrow ing at  the  subglottis
and  upper  t rachea) m ay  becom e  audible. The  str idor  m ay be-
com e biphasic as it  worsens. The child  m ay be sym ptom at ic for
3 to 5 days w hile rem aining infect ious for up to 10 to 14 days.

Fig. 72.13  Epiglottitis. (a) Lateral neck X-ray demonstrating  thumb sign  in  dilated  hypopharygeal air column. (b) Intraoperative  view of acute
epiglottit is; note  the  swollen  epiglottis. (c) Laryngoscopic view of swollen, cherry red  epiglottis in  epiglottit is.
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Patient  Examination and Evaluat ion
The child  w ith  croup, despite having stridor, does not  appear as
ill as the child w ith  epiglottit is. The findings of clear rh inorrhea,
barky cough, and  str idor  all lead  to the  diagnosis of croup. The
chest  exam ination  is usually norm al. Diagnostic lateral and  an-
teroposterior  X-rays w ill often  reveal the  typical  “steeple” sign
indicating  narrow ing  at  the  subglott ic–tracheal  junct ion
(� Fig. 72.14).

Treatment
The  t reatm ent  of croup  (laryngotracheobronchitis)  is  aim ed  at
decreasing airway edem a. The hom e m anagem ent of croup typ-
ically involves the  use  of hum idification  and  cool air. Adequate
hydration  is  essential. Most  cases  of croup  are  m ild  form s that
can  be m anaged at hom e.

Moderate  to  severe  croup  requires  additional  treatm ent  at
the clin ic or  em ergency departm ent . The adm inistration  of cool
m ist, along w ith  nebulized racem ic epinephrine, w ill help to re-
duce  airway m ucosal edem a. Most  children  w ith  croup  at  th is
stage w ill also benefit  from  system ic steroids. Steroids are well-
know n  to  reduce  airway  edem a  and  have  a  prolonged  e ect .
Most  children  are  discharged  hom e  after  a  short  stay  at  the
em ergency departm ent . A sm all percentage  of children  do  not
respond  well  to  th is  protocol  and  require  hospitalizat ion  and
possible in tubation.

Complicat ions
Although  m ost  ch ildren  w ith  croup  have  a  complete  resolution
of their sym ptom s, a sm all num ber do not  respond well to ther-
apy.  These  children  progress  and  often  require  endotracheal
in tubation , w hich  en tails  a  risk  for  subglottic stenosis  because
of  the  inflam m ation  already  present  in  the  subglott is  (� Ta-
ble 72.6).

72.6  Pediat ric Tracheotom y
Children  w ho  have  airway obstruction  that  is  not  readily  cor-
rect ible  m ay  require  tracheotomy  to  m ain tain  a  safe  airway.
Chronic respiratory failure, pulm onary conditions w ith  ine ec-
tive  cough, and  other  m edical conditions  require  t racheotomy.
Indications  for  pediatric  tracheotomy  are  sim ilar  to  those  in
adults, except  for  the  duration  of in tubation . In  general, ch il-
dren  can  rem ain  in tubated  for  up  to several m onths (compared
w ith  several  weeks  for  adults)  because  their  m ore  compliant
airways are  better  able  to  tolerate  the  presence  of an  endotra-
cheal tube than  are those of adults.

Pediatric  t racheotomy  in  children  is  routinely  perform ed  in
the  operating  room . An  anesthesiologist  m onitors  the  patient
and  assists  by rem oving the  tube  w hen  it  is  no  longer  needed.
Endoscopic percutaneous  tracheotomy is  not  recom m ended  in
children .

72.6.1  Technique
The patient  is placed on  a shoulder roll w ith  the neck extended.
The  laryngeal cartilages  are  palpated, and  the  skin  in  the  m id-
line  over  the  upper  cervical trachea  is  infiltrated  w ith  a  sm all

Fig. 72.14  Croup. Anteroposterior soft-tissue  neck X-ray demonstrat-
ing  the  “steeple” sign typically seen in  croup

Table 72.6  Characteristics of epiglottit is and croup

Characterist ic  Epiglot t it is  Croup

Agent  Haemophilus influenzae  type  B  Parainfluenza  virus

Age  2–5  y  6  mo–2 y

Cough  None  Barky

Drooling  Present  Absent

Stridor  Late, inspiratory  Inspiratory, then biphasic

Rate  of onset  Rapid  (hours)  Slow (days)

Position  Tripoding  (leaning  forward)  Any position

X-ray finding  Thumb sign  Steeple  sign

Location affected  Supraglottis/epiglottis  Glottis to  upper trachea
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am ount of local anesthetic (� Fig. 72.15). A vert ical skin  incision
is  m ade  over  the  second  to  fourth  tracheal cartilages. The  im -
m ediate  subcutaneous  fat  is  dissected  betw een  the  skin  and
cervical  fascia  and  rem oved. The  strap  m uscles  are  identified
and separated at  the m idline raphe. The trachea and cricoid car-
tilage  are  visualized. Tracheal rings are  palpated  w ith  a  finger-
tip . Stay sutures are placed in  the tracheal lateral to the incision
and later m arked  “RIGHT” and  “LEFT.” After identification  of the
tracheal rings, a  vertical incision  is  m ade  through  rings  2  to  4,
betw een  the two stay sutures. The endotracheal tube is directly
visualized  w ithin  the  tracheal lum en. The  skin  m ay be  sutured
to the t racheal edges, m aturing the stom a and  reducing the risk
for accidental false passage, w ith  5–0 chrom ic sutures.

At  th is  point, the  anesthesiologist  slow ly w ithdraw s the  en-
dotracheal tube  just  un til the  tip  of the  tube  is seen  at  the  tra-
cheal opening. A t racheostomy  tube  of the  appropriate  size  is
directly positioned  in to the trachea. The anesthesia circuit  is at-
tached to the t racheostomy tube, the chest  is auscultated  for bi-
lateral breath  sounds, and  the  end-t idal carbon  dioxide  values
are  observed  on  the  anesthesia  m achine. Tracheotomy t ies  are
secured around the patient’s neck, and  the tube m ay also be su-
tured  to the neck skin  if desired. A chest  X-ray is taken  to check
the  tube  tip  position  relat ive  to  the  carina  and  to  check  for
pneum othorax.

72.6.2  Com plicat ions
Pediatric t racheotomy carries a low  risk for  in traoperative com -
plications  in  t rained  individuals.  The  low  risk  is  due  to  the
superficial position  of the  trachea  in  the  child. Tracheotomy in
children  w ith  neck  m asses  or  tum ors  presents  unique  chal-
lenges, and  adaptations are  necessary in  those  cases. Im proper
tube  select ion  is  a  potent ial  complication  leading  to  an  early
need  to  change  the  t racheotomy  tube  before  an  established
tract  is form ed. This increases the  risk for  accidentally creating

a  false  passage  and  a  m alposit ioned  tube, w ith  the  poten tial
complications of pneum om ediastinum  and  pneum othorax. Po-
tentially  fatal  m ucous  plugging  occurs  from  a  com bination  of
two conditions, lack of adequate  air  hum idification  and  insu -
cient  suct ioning.

Caregivers  m ust  learn  the  proper  care  and  m anagem ent  of
tracheostomy in  children . This  includes  correct  techniques  for
suct ioning, cleaning the stom a, and changing the ties, as well as
know ing how  to  change  the  tube. Visit ing nurses can  reinforce
the  proper  techniques  w ith  caregivers  and  reduce  complica-
tions in  tracheotomy-dependent children.

72.7  Foreign Bodies in  the  Airway
and Esophagus
72.7.1  Et iology
Children  are  prone  to  aspirat ion  and  the  ingestion  of  foreign
bodies because  of their  tendency to  explore  objects  by placing
them  into the m outh. Children w ho are 3 years old and younger
are  at  the  greatest  risk  for  choking  on  both  sm all  objects  and
sm all,  hard  foods.  Each  year,  approxim ately  150  children  die
after ingesting or aspirating foreign  bodies.

72.7.2  Pathogenesis
Foreign  body ingestion  and  aspiration  m ost  com m only occur  in
children  younger  than  3  years  of  age,  w ith  far  fewer  foreign
bodies  found  in  the  aerodigestive  tract  in  older  children. The
com bination  of  the  oral  exploration  of objects,  a  high  level  of
physical activity and  running, the  introduction  of adult  types of
foods,  and  access  to  sm all  objects  and  toy  parts  leads  to  in-
creased  risks  in  the  toddler. Sm all, hard  foods, such  as  popcorn
kernels, nuts, and  seeds, are the aspirated item s m ost  com m only

Fig. 72.15  Technique  of pediatric tracheostomy. (a) Pediatric tracheostomy demonstrating  vertical skin  incision and  retraction of the  strap  muscles
laterally. (b) Vertical division of the pretracheal fascia exposing the cricoid cartilage and upper tracheal cartilage rings. (c) Placement of polypropylene
stay sutures lateral to  the  vertical tracheotomy incision. (d) Tracheostomy tube  in  position  with  tracheostomy ties secured  around  the  child’s neck.
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found  in  young children. These  foods present  particular  hazards
to  very  young children  until  all 20  of their  prim ary  teeth  have
completely erupted  (usually betw een  2  and  3  years  of age) and
they can  sit  and  chew  their  foods  thoroughly  rather  than  hold
them  w ithin  the m outh  (increasing the risk for  aspiration).

Coins are  the  m ost  com mon  esophageal foreign  body in  chil-
dren  younger  than  4  years  of age, w ith  pennies the  m ost  com -
m on  foreign  body extracted. Older  ch ildren  m ay ingest  n ickels,
quarters, and  other  objects. The  size  of the  esophagus  and  the
coin  diam eter  are  the  factors  that  determ ine  esophageal  pas-
sage or im paction.

72.7.3  Natural History
A foreign  body w ithin  the aerodigestive tract  usually w ill cause
sym ptom s  that  require  m edical  attention  and  subsequent  re-
m oval  of  the  foreign  body.  When  foreign  bodies  are  not  de-
tected, they m ay cause significant  m orbidity and  possibly death
from  complications of their presence.

Foreign  bodies w ithin  the  tracheobronchial tree  m ay present
w ith  in term ittent  sym ptom s of cough  depending upon  their lo-
cation  and w hether  they m ove around  in  the large airways. Im -
pacted  foreign  bodies in  the  m ore  distal bronchial airways w ill
often  cause  the  form ation  of a  react ive  granulation  tissue  (par-
ticularly  if  they  consist  of  food  m atter),  increased  secretions,
and  subsequent distal pneum onia. Pneum onia that  is refractory
to  appropriate  treatm ent  m ay be  caused  by an  undetected  for-
eign  body. Long-standing foreign  bodies m ay erode through  the
bronchus in to the m ediastinum  or result  in  bronchiectasis.

Undetected  foreign  bodies  in  the  esophagus create  a  risk  for
esophageal perforation. Long-standing or  sharp -edged  esopha-
geal foreign  bodies m ay create erosions of the m ucosa and  then
the  m uscular  layer  of the  esophagus, w ith  ultim ate  perforation
of the  esophagus. Esophageal perforation  can  result  in  m edia-
stin it is, w ith  high  rates of m orbidity and  m ortality. Som e  chil-
dren  w ith  esophageal foreign  bodies  m ay begin  to  “w heeze” if
edem a of the  tracheo-esophageal wall develops, w ith  resultant
narrow ing of the tracheal lum en.

72.7.4  Present ing Sym ptom s
Most  ch ildren  w ho  have  a  foreign  body  in  the  aerodigestive
tract  present  w ith  an  episode  of  choking  or  coughing  after
being  observed  to  place  an  object  or  food  substance  in  the
m outh . These  w itnessed  events  require  a  careful evaluat ion  to
exclude an  actual aspiration  or ingestion  of the object .

Airway  foreign  body aspiration  m ay  present  w ith  alteration
of the  voice, str idor, severe  coughing, cyanosis, and  w heezing,
depending  upon  w here  the  foreign  body  is  located.  Children
w ho have bronchial foreign  bodies m ay present  w ith  unilateral
w heezing, a  specific variety of str idor  result ing from  bronchial
obstruct ion  by  the  object . Oxygen  saturation  should  be  m eas-
ured and hypoxem ia im m ediately t reated.

Children  w ho  have  esophageal  foreign  bodies  m ay  in itially
not have m any sym ptom s but  w ill ult im ately develop dysphagia
or  odynophagia,  reduced  oral  in take,  and  drooling;  older
children  w ill complain  of chest  pain . Som e  children  w ho  have
long-standing  esophageal  foreign  bodies  m ay  present  w ith
“w heezing” or  the  new  onset  of asthm a  due  to  swelling of the
tracheo-esophageal  wall.  Disc  bat tery  ingestion  m ay  present

w ith  severe chest  pain  w ithin  hours of esophageal im pact ion  as
a consequence of the leakage of alkali from  the bat tery.

72.7.5  Medical Exam inat ion
The exam ination  of a child w ho has a foreign body in  the airway
or  esophagus  and  in  w hom  ingestion  was  w itnessed  or  is  sus-
pected  should  im m ediately assess  the  severity of the  problem .
Airway  foreign  bodies  m ay  cause  severe  respiratory  distress
and  hypoxem ia, creating an  urgent  m anagem ent  situation. It  is
im portan t  to  in terview  the  caregivers/paren ts  to  determ ine
the  details  of the  ingest ion , t im e  since  the  inciden t , and  any
associated  feeding or  breath ing problem s before  and  after  the
inciden t .

Chest  X-rays  are  the  m ost  useful  im aging  studies  for  both
esophageal and  airway foreign  bodies. Most  esophageal foreign
bodies in  th is age  group  are  radiopaque and  w ill easily be  seen
on  an teroposterior chest  X-rays. Lateral chest  X-rays are helpful
in  confirm ing  an  esophageal location  and, in  the  case  of disc-
shaped  objects, determ ining  w hether  the  object  is  a  disc  bat-
tery or a coin .

Airway  foreign  bodies  also  can  be  seen  on  anteroposterior
and lateral chest  X-rays, if radiopaque. With  radiolucent objects,
inspiratory  and  expiratory  an teroposterior  film s  m ay  dem on-
strate air  trapping on  the a ected side (� Fig. 72.16). In  ch ildren
too young for  inspiration–expirat ion  film s to be  obtained, a  bi-
lateral lateral decubitus chest  series should  be perform ed, again
w ith  observation  for  m ediastinal  shift  and  air  t rapping. Lung
hyperinflat ion  and  atelectasis m ay also be seen  w hen  there is a
foreign  body in  the airway.

72.7.6  Treatm ent
Docum ented  esophageal and  bronchial radiopaque and  obvious
foreign  bodies are rem oved w ith  rigid  endoscopy under general
anesthesia.  Even  w hen  no  foreign  body  is  visible  on  radio-
graphic exam ination, severe  or  prolonged  sym ptom s often  w ill
lead  to  a  diagnost ic  endoscopic  exam ination  under  general
anesthesia. In  pat ients w ith  severe  sym ptom s of suspected  for-
eign  body aspirat ion, im m ediate  endoscopy w ith  general anes-
thesia is necessary (� Fig. 72.17).

Esophageal  foreign  bodies  are  usually  rem oved  via  rigid
esophagoscopy under general anesthesia, w ith  protect ion  of the
airway. Methods such as Fogarty catheter extract ion  of a foreign
body  and  flexible  esophagoscopy  w ithout  airway  protect ion
m ay  comprom ise  the  airway  in  young  children  as  the  foreign
body is  extracted, and  they are  not  advised. For  ch ildren  w ho
have ingested sm ooth  foreign  bodies like coins, a brief period  of
observation  for  passage  to  the  stom ach, and  proper  NPO (nil
per os) status, m ay be considered, w ith  progression  to rigid  en-
doscopy if unsuccessful. Most  coin like foreign  bodies w ill natu-
rally  pass  from  the  gastrointestinal  t ract  after  they  reach  the
stom ach. If the  object  is  suspected  by h istory or  X-ray to  be  a
disc battery, endoscopic rem oval should  proceed  w ithout  delay
in  the hope of extract ing the bat tery before leakage of the alka-
line contents, w hich  m ay occur w ithin  hours of the ingestion.

Rem oval of an  esophageal foreign  body is perform ed w ith  en-
dotracheal  in tubat ion  and  m uscle  relaxation, in  order  to  pre-
vent  esophageal  perforation  by  the  esophagoscope  during  the
procedure. After  in tubation, the  pat ient  is  positioned  and  the
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esophagoscope  is  carefully  placed  in to  the  hypopharynx  and
then  passed  through  the  region  of the  cricopharyngeus m uscle
at  the  esophageal  in let .  The  scope  is  slow ly  and  gently  ad-
vanced, w ith  the  lum en  always in  view. The  scope  is  advanced
to  the  foreign  body, the  object  is  grasped  w ith  an  appropriate
forceps (m ost  com m only the  “coin-rem oving” forceps), and  the
object  and  scope  are  rem oved  as  a  unit , w ith  the  foreign  body
trailing behind the scope. After  the foreign  body is rem oved, the
esophagoscope is reinserted in to the esophagus and the m ucosa
is inspected  for injury from  the foreign  body. Long-term  foreign
bodies  m ay  have  caused  erosions  of  the  m ucosa  or  partial-
th ickness injuries of the m uscle of the esophagus. Care m ust  be
taken  to avoid  converting a part ial perforation  in to a  full-th ick-
ness injury.

Bronchial  foreign  bodies  require  rigid  endoscopic  rem oval
under general anesthesia, preferably w ith  a pediatric anesthesi-
ologist  in  attendance. Careful  preparation  of the  instrum enta-
tion  and  joint  m anagem ent  of the  airway w ith  the  anesthesiol-
ogist  are essential to success. The child is brought  in to the oper-
ating room , and  general anesthesia  is  induced  via  either  m ask
inhalation  or  a  previously  placed  in travenous  line. Careful lar-
yngoscopy, w ith  an  inspection  of all laryngeal surfaces and  the
application  of a  topical anesthetic to the  larynx and  trachea, is
done after  an  adequate  depth  of anesthesia is established. Most
com m only, the ch ild rem ains spontaneously breathing through-
out  the procedure.

A telescope  w ithin  the  r igid  bronchoscope  is  used  to  inspect
the airway, and the patient  is ventilated (spontaneously or w ith
assistance)  through  the  ventilating  port  of the  rigid  broncho-
scope. The  airway is  exam ined, the  norm al bronchus  first  and
then  the bronchus w ith  the foreign  body. The norm al side is in i-
t ially studied to determ ine the presence of a single foreign  body

Fig. 72.16  Bronchial foreign body. (a) Upper panel: Inspiratory chest  X-ray. Lower panel: Expiratory chest  X-ray demonstrating air trapping in the right
side  of the  chest  caused  by a  right  bronchial foreign body. (b) Endoscopic images of the  removal of a  right  main  bronchial foreign body.

Fig. 72.17  Chest  X-ray of a radiopaque esophageal foreign body at  the
level of the  thoracic inlet, with  the  distinct  rim  appearance  of a  disc
bat tery.
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and a patent  airway for ventilation  if single-lung vent ilation  be-
com es  necessary.  Suitable  optical  forceps  (containing  a  tele-
scope) are  selected  depending upon  the  specifics of the  foreign
body, w ith  the  “peanut” forceps m ost  com m only used. The for-
eign  body is grasped  and  carefully rem oved, t railing behind  the
bronchoscope  as  the  bronchoscope  is  w ithdraw n  from  the  air-
way. Care is taken  at  the glottis because the object  m ay becom e
dislodged  from  the  forceps.  The  bronchoscope  is  then  rein-
serted  to  inspect  for  complete  rem oval and  for  any  t raum a  or
injury  to  the  im paction  site. Granulation  is  frequently  seen  in
cases  of organic  or  long-standing  foreign  bodies, and  postob-
struct ive pneum onia w ith  purulen t secret ions m ay be expected.
Rarely,  injuries  to  the  bronchus  m ay  be  noted  and  include
perforation  w ith  bronchopleural  fistula,  pneum othorax,  or
pneum om ediastinum . Children  need  to  be  observed  follow ing
the  procedure  depending upon  the  antecedent  sym ptom s and
findings on  bronchoscopy.

72.7.7  Prognosis
The  vast  m ajority  of ch ildren  w ith  foreign  body ingestion  and
aspiration  m ake  a  com plete  recovery.  In  patients  w ith  a
prom pt  diagnosis  and  rem oval of the  foreign  object, the  post-
operative  course  is  usually  uncom plicated.  Patien ts  w ith  de-
layed  or  protracted  sym ptom s of long-standing  foreign  bodies
m ay require  hospitalization  for  m anagem ent  of the  underlying
co-m orbidities.

72.8  Roundsm anship
●  The pediatr ic larynx is broader and h igher in  the neck than

the adult  larynx.
●  A careful and complete h istory is crit ical in  evaluating a child

w ith  a breathing problem . The evaluation  includes an  assess-
m ent for str idor and flexible laryngoscopy for a diagnosis.

●  Laryngom alacia is the m ost com m on cause of str idor in  in-
fants. True vocal fold paralysis is the second m ost com mon
cause of stridor in  infants, followed by subglottic stenosis.

●  Laryngom alacia is usually accom panied by gastroesophageal
reflux. The m edical m anagem ent of laryngom alacia consists
of t reatm ent of the gastroesophageal reflux w ith  histam ine 2

blockers and proton  pum p inhibitors, w ith  95% of cases well
controlled.

●  Failure to thrive and obstructive apnea are the m ost com m on
reasons for the surgical m anagem ent of laryngom alacia.
Supraglot toplasty is the procedure of choice.

●  A patient  w ith  bilateral vocal fold paralysis has a good voice
but com m only an  inadequate airway due to the param edian
true vocal fold position.

●  A patien t  w ith  unilateral vocal fold paralysis often  has a poor
voice but a satisfactory airway.

●  Left  true vocal fold paralysis is m ore com m on that right  true
vocal fold  paralysis. The left  recurrent  nerve has a longer
course because it  w raps around the ductus ar teriosus and
aortic arch  and is at  risk for injury w hen  ductus ar teriosus li-
gation  is needed.

●  Recurrent  respiratory papillom atosis is a chronic condition
requiring m ultiple periodic procedures to rem ove obstructive
papillom as from  the airway tract . Hum an papillom aviruses
type 6 and type 11 are the m ain  causative agents. Hum an
papillom avirus vaccinat ion  m ay reduce the rate of recurrent
respiratory papillom atosis in  children.

●  Hoarseness is the m ost com m on present ing sym ptom  of re-
current  respiratory papillom atosis.

●  Hem angiom as are vascular  tum ors that  m ay cause str idor.
They are seen  in  the posterolateral aspect of the subglottis.
The preferred treatm ent currently is oral propranolol. The he-
m angiom as usually also respond well to dexam ethasone.

●  Subglottis stenosis m ost  frequently is acquired as a result  of
prolonged in tubation  in  ch ildren. Treatm ent options vary
depending upon the severity. Laser, balloon  dilation, and
subglottic expansion surgery for the stenosis are t reatm ent
options.

72.9  Recom m ended Reading
[1]  Benjam in  B, Inglis A. Minor congenital laryngeal clefts:  diagnosis and  classifi-

cation. Ann Otol Rhinol Laryngol 1989; 98: 417–420
[2]  Derkay  CS, Wiatrak  B. Recurrent  respiratory  papillom atosis:  a  review. Lar-

yngoscope 2008; 118: 1236–1247
[3]  Gallagher  TQ, Hartn ick  CJ. Laryngotracheal reconstruct ion. Adv Otorhinolar-

yngol 2012; 73: 31–38
[4]  Gustafson  LM, Hartley  BE, Liu  JH et  al. Single-stage  laryngotracheal  recon-

struction  in  ch ildren:  a  review  of  200  cases.  Otolaryngol  Head  Neck  Surg
2000; 123: 430–434

[5]  Hartnick CJ, Cotton RT. Str idor and airway obstruction. In : Bluestone CD, Stool
SE, Alper CM, et  al, eds. Pediatric Otolaryngology. 4th  ed. Philadelph ia, PA: W.
B. Saunders; 2003

[6]  Horn  DL, Maguire  RC, Sim ons JP, Mehta  DK. Endoscopic anterior  cricoid  split
w ith  balloon  dilation  in  infants  w ith  failed  extubation . Laryngoscope  2012;
122: 216–219

[7]  Myer  CM, O’Connor  DM, Cotton  RT. Proposed  grading system  for  subglott ic
stenosis  based  on  endotracheal tube  sizes. Ann  Otol Rhinol Laryngol 1994;
103: 319–323

[8]  Myer CM, Cotton  RT, Shott  SR. The Pediatric Airw ay: An  Interdisciplinary Ap-
proach . Ph iladelphia, PA: J. B. Lippincott; 1995

[9]  Rosbe  KW, Suh  KY, Meyer  AK, Maguiness  SM, Frieden  IJ. Propranolol in  the
m anagem ent  of airway infantile  hem angiom as. Arch  Otolaryngol Head  Neck
Surg 2010; 136: 658–665

[10]  William s  H. Inhaled  foreign  bodies. Arch  Dis  Child  Educ Pract  Ed  2005;  90:
ep31–ep33

Airway Disorders in Children

600



73  Diseases and Disorders of the Pediat ric Neck
James M. Pearson

73.1  Em bryology and Anatom y
73.1.1  Em bryology of the Larynx
The larynx, along w ith  the  rest  of the  respiratory system , is de-
rived  from  the prim itive pharynx. At  3 weeks gestation , the hy-
pobranchial em inence form s. This w ill becom e the cartilaginous
epiglottis. In  the  ventral foregut  of the  em bryo, the  laryngotra-
cheal  groove  develops  at  3  1/2  weeks. This  groove  is  located
posterior  to  the  hypobranchial  em inence,  betw een  the  th ird
and  fourth  branchial  arches. The  m esenchym e  of  the  foregut
grow s in  a  lateral to  m edial direct ion , eventually bisect ing th is
groove. Two  separate  tubes  form  that  w ill  ult im ately  becom e
the esophagus and the laryngotracheal apparatus.

At 4 weeks, the cricothyroid and inferior pharyngeal constric-
tor m uscles develop. These and other laryngeal m uscles develop
from  the m esoderm  of the fourth  and  fifth  branchial arches and
thus are  innervated  by cranial nerve  X (vagus). At  5  weeks, the
arytenoid  m asses  appear;  at  th is  t im e, the  thyroid  and  cricoid
cartilages form , also derived  from  the fourth  and  fifth  branchial
arches,  respect ively.  At  5  1/2  weeks,  the  in terarytenoid  and
postcricoid  m uscles  develop. In  week  6, the  lateral cricoaryte-
noid  m uscles appear. Betw een  the weeks 5 and  7, the laryngeal
lum en is obliterated, and by 7 weeks, chondrification of the thy-
roid  and  cricoid  cart ilages begins. Betw een  weeks 8 and  10, the
vocal folds  are  form ed, w hile  during  week  9, the  laryngeal lu-
m en  is reestablished. By 12 weeks, the  arytenoids and  cornicu-
late cartilages, both  derived from  the fifth  branchial arch, devel-
op  further  and  undergo  chondrification;  also  at  th is  t im e, the
laryngeal ventricles appear. By 20 weeks, chondrificat ion  of the
epiglottis takes place, and  by 28 weeks, the  cuneiform  cartilage
is seen, derived from  the fourth  branchial arch  (� Fig. 73.1).

Congenital anom alies  result  from  a  failure  of the  norm al se-
quence  of em bryonic developm ent. The  two  arytenoid  m asses,
w hich  are  seen  by  5  weeks, are  in itially  separated  by  a  notch
that  is later  obliterated. If th is obliteration  fails to  occur, a  pos-

terior  laryngeal cleft  m ay  be  seen. Such  a  cleft  m ay open  in to
the esophagus and cause severe aspiration  in  the new born. Fail-
ure  of the laryngeal lum en  to recanalize  by week 9  of develop-
m ent results in  laryngeal atresia or stenosis.

73.1.2  Em bryology of the Thyroid Gland
The  thyroid  gland  derives  from  a  divert iculum  betw een  em -
bryologic tongue  precursors  at  the  site  of the  foram en  cecum .
Apparent  at  4  weeks, th is  ventral (thyroid) divert iculum  of en-
doderm al origin  is  located  betw een  the  first  and  second  bran-
chial arches. It  then  descends  caudally  in  m esoderm al t issues.
By  6  weeks,  the  diverticulum  is  typically  obliterated.  Persis-
tence of the tract  of th is descent  m ay lead  to the form ation  of a
thyroglossal duct  cyst  later  in  life. The  t ract  begins at  the  fora-
m en  caecum , passes either  superficial to, th rough, or  just  deep
to  the  hyoid  bone, and  continues caudally to  the  final location
of the thyroid gland in  the lower neck.

73.2  Anatom y of the Neck
The  anatom ical  space  of the  neck  is  defined  inferiorly  by  the
clavicle  and  superiorly  by  the  skull  base  posteriorly  and  the
m andible  anteriorly. The  neck  m ay be  subdivided  superficially
by  various  tr iangular  areas  and  in  cross  sect ion  by  fascial
planes.

Broadly, each  side  of the  neck  m ay be  d ivided  in to  tw o t r i-
angles, an terior  and  posterior, separated  by the  sternocleido-
m astoid  m uscle  (� Fig. 73.2). The  an terior  cervical t r iangle  is
then  subdivided  in to  four  sm aller  t r iangles:  d igastr ic, carot id ,
m uscular,  and  subm ental.  The  posterior  cervical  t r iangle  is
subdivided  in to  tw o  sm aller  t riangles:  occip ital  and  sub-
clavian .  These  tr iangles  are  separated  from  one  another  by
various  bones,  car t ilages,  and  m uscles.  The  con ten ts  of  the
tr iangles  are  clin ically  relevan t  in  d iscern ing  st ructures  that

Fig. 73.1  (a–c) Embryology of the  larynx.
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m ay  be  involved  in  various  pathologic  condit ions  a ect ing
the  neck, ranging from  cervical m asses to  penetrat ing t raum a
to in fect ions.

When  considered  in  cross  sect ion, the  neck  m ay be  divided
into  spaces by anatom ical fascial planes that  separate  the  neck
spaces and  structures. Broadly, the fascial layers m ay be divided
into  the  superficial  and  deep  cervical  fascia  (� Fig. 73.3). The
superficial  cervical  fascia  envelops  the  platysm a  and  the
m uscles  of facial expression. The  deep  cervical fascia  is  subdi-
vided  in to  three  layers:  superficial,  m iddle,  and  deep.  The
superficial layer  of the  deep  cervical fascia  envelops the  trape-
zius, sternocleidom astoid, and  strap  m uscles. The  m iddle  layer
of the  deep  cervical  fascia  envelops  the  pharynx, larynx, tra-
chea,  esophagus,  thyroid  and  parathyroid  glands,  buccinator
and  constrictor  m uscles  of the  pharynx, and  strap  m uscles  of
the neck. The deep  layer of the deep  cervical fascia (also know n
as  the  prevertebral  fascia)  envelops  the  paraspinous  m uscles
and  the  cervical  vertebrae. Clin ically, the  fascial  planes  of the
neck  lim it  and  direct  the  spread  of  infect ion  and  abscesses.
Know ledge of the contents of these spaces can  aid  in  di erenti-
ating  the  etiology,  sym ptom s,  and  sequelae  of  various  deep
space neck infect ions.

Detailed  descriptions  of  the  borders  and  contents  of  each
subtriangle and space are beyond the scope of th is in troductory
chapter. The  in terested  reader  is  directed  to  m ore  detailed  dis-
cussions of th is topic.

73.3  Cervical Lym phadenopathy
By convent ion, the  location  of the  cervical lymph  nodes  is  de-
scribed  in  term s of levels. The neck is subdivided in to six levels.
Level  I denotes  the  neck  inferior  to  the  m andible, superior  to
the hyoid bone, and anterior to the sternocleidom astoid  m uscle.
Levels  II, III, and  IV lymph  nodes  lie  roughly along  the  sterno-
cleidom astoid m uscle; level II extends from  the m astoid process
superiorly to  the  level of the  hyoid  bone  inferiorly, level III be-
tween  the  hyoid  bone  and  the  cricoid  car tilage, and  level  IV
from  the  cricoid  cartilage  to  the  clavicle. Level V lymph  nodes
are  located  posterior  to  the  sternocleidom astoid  m uscle. Level
VI lymph nodes are located in  the lower anterior neck m edial to
the  sternocleidom astoid  m uscle  and  inferior  to  the  hyoid  bone
(� Fig. 73.4).

A thorough  exam inat ion  of the neck is an  in tegral part  of any
pediatric otolaryngologic evaluation. The  ent ire  neck should  be
visually  inspected  and  m anually  palpated. Often, lymph  nodes
w ill  be  palpable  in  the  norm al  pediatr ic  neck. Norm al  lymph
nodes typically exhibit  the follow ing characteristics: nontender,
m obile  w ith  regard  to  both  the  skin  and  deeper  structures,
spherical or  ovoid  in  shape, and  no larger  than  10 m m  in  diam -
eter. During or im m ediately follow ing a head and neck infect ion
or  upper  respiratory infect ion , it  is not  abnorm al to find  lymph
nodes  that  are  tender  to  palpation  and/or  larger  than  10 m m .
Isolated  cervical lymphadenopathy  should  arouse  suspicion  in

Fig. 73.2  Triangles of the  neck. SCM, sternocleidomastoid.
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the  clin ician  as to  its cause. A detailed  history and  physical ex-
am ination  m ay  uncover  a  subclin ical  in fect ion. Cervical  nodal
characteristics  that  are  suspicious include  the  follow ing:  nodes
that  are  persistently  enlarged  to  m ore  than  10 m m  and/or
rem ain  tender  for  m ore  than  4  to  6  weeks after  a  precipitating
infect ion  has resolved, nodes fixed  to skin  or  underlying struc-
tures, nodes  larger  than  20 m m  even  in  the  acute  sett ing, and
fluctuance,  w hich  m ay  indicate  abscess  or  necrosis  w ithin  a
node.

Physical exam ination  alone m ay be  adequate to evaluate  cer-
vical  lym phadenopathy. In  certain  situations, im aging  m ay  be
indicated. For  example, nodes deep  to  the  sternocleidom astoid
m uscle  m ay  not  have  palpable  borders  and  m ay  be  indistin-
guishable  from  other  m asses  of the  neck. Sim ilarly, w hen  the
ent irety of a  node  cannot  be  palpated, the  evaluation  of nodal
size  m ay present  a  challenge. Finally, surgical planning and  de-
term ining  the  relat ionship  of  a  node  of  in terest  to  adjacent
structures and  m ajor  blood  vessels are  greatly aided  by the  in-
form ation  provided  by  im aging. When  indicated, radiographic
im aging w ith  contrast-enhanced  computed  tom ography (CT) is
the  m odality of choice. Consideration  should  be  given  to  m ini-
m izing the  exposure  of patients in  general, and  especially chil-
dren, to  radiation  so  as to  avoid  the  known  serious sequelae  of
chrom osom al dam age and risk for fu ture cancers.

The  otolaryngologist  is often  called  upon  to evaluate  cervical
lymph  nodes in  children  and  to  discern  norm al cervical nodes
from  pathologic  ones. Using  the  inform ation  described  above
along w ith  the  rest  of the  clin ical scenario, the  clin ician  m ust
m ake  a  decision  to  either  observe  or  t reat . Furtherm ore, the

clin ician  needs  to  be  able  to  explain  the  rat ionale  for  that
decision  to  the  patien t , fam ily  m em bers, and  the  consult ing
pediatrician .

The treatm ent  of cervical adenopathy in  children  depends on
its etiology. Early on, the etiology m ay not  be en t irely clear, and
the  cervical nodes them selves are  the  focus of atten tion. When
appropriate, a period  of watchful waiting m ay be indicated—for
example, during or  im m ediately follow ing a  head  and  neck  in-
fect ion  in  an  otherw ise healthy and  stable  pat ien t  w ho has cer-
vical adenopathy sm aller than  20 m m  and no suspicious charac-
teristics. The fam ily is reassured  that  the cervical adenopathy at
hand  does  not  dem onstrate  any  suspicious  findings  and  does
not  warran t  any aggressive  in tervent ion  at  that  t im e, and  that
the  ch ild  w ill be  closely  followed  for  anticipated  regression  of
the  nodes  in  question. It  is  helpful if they are  provided  w ith  a
tim e fram e w ith in  w hich  to expect  im provem ent  or  resolution,
along w ith  subsequent  steps that  m ay be  taken  if the  nodes do
not regress. Another option  m ay be to treat  w ith  antibiotics cer-
vical adenopathy that  is suspected  to be secondary to infect ion.
A 10-  to  14-day course  of am oxicillin  w ith  potassium  clavula-
nate, or  clindamycin  in  the  penicillin-allergic  patient, m ay  be
em ployed.  In  m ore  suspicious  cases,  fine-needle  aspiration
(FNA) biopsy perform ed  in  the  clin ic w ith  cytopathologic in ter-
pretat ion , w ith  or  w ithout  culture  of the  aspirate, m ay be  con-
sidered.  Depending  on  the  age, m aturity,  and  cooperation  of
the child, th is course of action  m ay need to be perform ed under
sedation  or general anesthesia.

If  there  is  a  sign ificant  degree  of  clin ical  suspicion ,  w hen
an  FNA biopsy  is  insu cient  or  nondiagnostic,  or  w hen  less

Fig. 73.3  Fascial planes of the  neck demonstrated  in  an  axial section  of the  neck at  the  level of C7.
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invasive  m easures do not  yield  a  diagnosis, excisional biopsy of
an  enlarged  cervical  node  m ay  be  em ployed. This  procedure
typically requires general anesthesia and  m ust  be  perform ed  in
the operating room . Once the specim en is rem oved, the surgeon
m ay consider  sending it  fresh , along w ith  cultures  for  bacteria
(aerobic  and  anaerobic),  fungi,  and  acid-fast  bacilli.  A fresh
specim en, sent  in  saline, preserves the option  of flow cytom etry
analysis  should  the  pathologist’s  in terpretation  be  suspicious
for lymphom a.

73.4  Infect ions of the Deep Neck
Spaces
Since their  first  detailed  descriptions in  the  1930s, the  m orbid-
ity and  m ortality of deep  space  neck infect ions have  decreased
drastically. However, infect ions of the deep  neck spaces are still
seen  w ith  regularity,  and  the  otolaryngologist  is  often  called
upon  to diagnose the  source  or  location  of infect ion, di erenti-
ate  in fect ions  from  abscesses, and  surgically  treat  appropriate
cases. Earlier  in  th is chapter, the fascial planes of the neck were
introduced. Here, the  cervical  spaces  defined  by  those  fascial
planes w ill be further explored, along w ith  the etiology, spread,
m anifestations, and t reatm ent of infect ions contained therein .

Deep  space  neck infect ions are  typically polym icrobial infec-
tions  caused  by various oral aerobes  and  anaerobes, and  occa-
sional  respiratory  or  skin  pathogens.  Com m on  organism s

include the  follow ing:  Staphylococcus species (including m ethi-
cillin-resistan t  Staphylococcus  aureus  [MRSA]),  Streptococcus
species  (including  S.  pneumoniae),  Fusobacter ium  necropho-
rum,  Bacteroides  species  (including  B.  fragilis),  Haemophilus
species, Klebsiella , Escher ichia  coli, Enterobacter, Enterococcus,
Neisser ia , Eikenella  cor rodens, and  Prevotella  (Bacteroides mel-
aninogenicus). The  preferred  em piric  therapy  is  clindamycin ,
an  augm ented  pen icillin , or  a  th ird-generat ion  cephalosporin .
In  ch ildren , the  preferred  alternat ive  is  vancomycin  and  m et-
ron idazole  given  together.

The  w ell-know n  clin ical fact  that  children  have  lit t le  phys-
iologic  reserve  and  m ay  decom pensate  quickly  m ust  be  ac-
know ledged. In  other  w ords, children  m ay appear  on ly m ildly
sick  upon  presen tat ion  yet  be  gravely ill. How ever, their  clin -
ical  condit ion  can  rap idly  deter iorate  to  frank  sepsis  or  air-
w ay com prom ise.

The  descrip t ions  below  per tain  to  in fect ions  of  specific
cervical  spaces, w hich  m ay  be  suspected  clin ically  based  on
their  characterist ic  m anifestat ions  and/or  rad iograph ic  ap -
pearance.  The  relevan t  anatom y  is  review ed,  and  the  com -
m on  sources, rou tes  of spread, characterist ic  m an ifestat ions,
and  com plicat ions  of  these  in fect ions  are  d iscussed,  as  well
as their  t reatm ent .

Clin ically, the  in fect ions often  presen t  w ith  system ic sym p-
tom s  of fever  and  leukocytosis. Head  and  neck  findings  that
should  arouse  susp icion  include  odynophagia,  dysphagia,
t r ism us, “hot  potato” voice, and  asym m etry or  fu lln ess  of the

Fig. 73.4  Cervical lymph node  levels.
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a ected  cervical region . In  m ore  advanced  stages, in tolerance
of secret ions  (drooling) and  di cult y breath ing m ay be  seen .
Un like  adults,  younger  ch ildren  m ay  be  unable  to  descr ibe
their  sym ptom s;  the  clin ician  m ust  then  rely  upon  a  h istory
provided  by the  fam ily and  physical find ings alone.

As  a  general  rule, w hen  a  deep  space  neck  abscess  is  sus-
pected, radiographic im aging is  often  indicated  to  provide  de-
tails  regarding  its  size  and  location , and  im aging  is  useful  for
surgical  planning. If  the  abscess  is  not  life-threatening  and  is
superficial  or  lim ited  to  the  peritonsillar  area,  treatm ent  is
often  em ployed  based  on  the  history and  clin ical exam ination
findings  alone, w ithout  radiographic  studies. When  indicated,
the preferred  study is CT of the neck w ith  in t ravenous (IV) con-
trast  extending from  the skull base to the clavicle.

Generally,  the  treatm ent  of  infect ions  of  the  deep  neck  in
children , as  in  adults, involves antibiotic therapy, protect ion  of
the  airway, and  surgical drainage  w hen  appropriate. If the  air-
way is  comprom ised, IV steroids  m ay be  considered;  dexam e-
thasone  (up  to  0.6 m g/kg/d  adm inistered  IV and  divided  in to
doses given  every 6  to  12  hours) is  com m only used. If there  is
concern  about  im pending loss of the airway, in tubation  m ay be
undertaken  prophylact ically.  In  som e  cases, in tubat ion  is  not
possible, and  urgent  tracheostomy is the  only m eans of obtain-
ing an  airway. In  preparation  for  th is, it  is prudent  to keep  in tu-
bation  and t racheostomy supplies readily available w hen  caring
for  such  patients. Antibiot ic therapy is  begun  em pirically w ith
broad-spect rum  antibiotics to cover the polym icrobial nature of
such  infect ions.  If  possible, culture  is  taken  from  the  abscess
cavity, and  culture  and  sensitivity  testing  is  perform ed  by  the
m icrobiology  laboratory. With  a  sm all  or  uncertain  abscess, a
tr ial of antibiotics m ay be  appropriate. Clin ical im provem ent  is
gauged  over  the  follow ing 24  to  36  hours  based  on  sym ptom s,
temperature  curve,  and  other  physical  findings.  For  large  or
rapidly progressive abscesses, surgical drainage is often  needed.
The  surgical  approach  depends  on  the  site  of  in fect ion,  as
detailed below.

73.4.1  Peritonsillar Space
Peritonsillar abscess (� Fig. 73.5) is the m ost  frequently encoun-
tered  deep  space  neck infect ion  in  pract ice. Suspected  periton-
sillar  abscess is an  extrem ely com m on  source of consultat ion  of
the otolaryngologist  by prim ary and  urgent  care  physicians. Fa-
m iliarity w ith  the diagnosis and t reatm ent of th is condition  and
w ith  di erentiat ing abscess from  tonsillit is  or  peritonsillar  cel-
lulit is is crucial.

The  per itonsillar  space  is  defined  by  the  capsule  of  the
palat ine  tonsil  m edially  and  the  superior  constr ictor  m uscle
laterally.  In fect ions  or iginate  from  the  tonsils  or  pharynx.
Clin ical m anifestat ions  of a  peritonsillar  abscess  include  ody-
nophagia,  dysphagia,  m u ed  voice,  and  t r ism us.  Findings
especially  characterist ic  of  peritonsillar  abscess  include  con-
tralateral deviat ion  of the  uvula  across the  m idline  and  an  in -
ferom edially d isplaced  and  en larged  tonsil. Treatm ent  en tails
perioral  drainage  by  incision  and  drainage  or  needle  asp ira-
t ion ;  an t ibiot ics  against  st reptococci  are  given  orally  or  IV.
Patien ts  w ith  peritonsillar  abscess  m ust  be  able  to  tolerate
adequate  oral  flu ids  before  discharge. Com plicat ions  include
spread  in to  the  lateral  pharyngeal  space  and  reaccum ulat ion
of the  abscess.

73.4.2  Lateral Pharyngeal Space
The term  la tera l pharyngeal space is synonym ous w ith  pharyng-
oma xilla ry space. Conical in  shape, the lateral pharyngeal space
extends from  the base  of the  skull superiorly to the hyoid  bone
inferiorly. This  space  is  subdivided  by  the  styloid  process  in to
prestyloid  and  poststyloid  compartm ents. The  prestyloid  com -
partm ent (also know n as the m uscular compartm ent) is located
anterior  to the styloid  process. It  contains fat, lymph  nodes, the
in ternal m axillary artery, and  several nerves  (inferior  alveolar,
lingual,  and  auriculotemporal).  The  poststyloid  compartm ent
(also know n  as the neurovascular compartm ent) is located  pos-
terior to the styloid process. It  contains the carotid ar tery, in ter-
nal jugular  vein , sym pathetic chain , and  cranial nerves IX, X, XI,
and XII.

Infect ions of th is space originate from various sources, includ-
ing the  tonsils, pharynx, teeth  (especially the  th ird  m olar), pet-
rous portion  of the temporal bone, parotid gland deep lobe, and
lymph  nodes draining the  nose  and  pharynx. The  spread  of in-
fect ion  to th is space occurs via direct  extension  from  com m uni-
cating spaces or  extension  from  a  peritonsillar  abscess. Clin ical
m anifestations  include  m edial displacem ent  of the  lateral pha-
ryngeal wall and  tonsil, t rism us, dysphagia, parotid  edem a, and
fullness  of  the  retrom andibular  neck. Treatm ent  m ay  involve
tracheotomy (for  establishm ent  of a  secure  airway), along w ith
external drainage  through  the  subm axillary fossa. An  intraoral
approach  should  not  be  undertaken  because  in  m ost  cases, the
great  vessels (carotid  artery and  jugular  vein) are  m edial to the
abscess (between  the  pharynx and  the vessels) and  are  at  great
risk for injury.

Fig. 73.5  Axial computed  tomographic scan demonstrates a  periton-
sillar abscess medial to  the  left  tonsil (arrowhead). (Courtesy of David
Dascal, MD, and  Mae  Mae  Chu, MD.)
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The complications of a lateral pharyngeal space infect ion  m ay
be  quite  serious.  The  m ost  com m on  complication  is  sept ic
throm bosis of the in ternal jugular  vein . The m ost  com m on  fatal
complication  is  erosion  of the  carotid  artery. Cranial nerve  in-
volvem ent  can  occur in  the sett ing of involvem ent of the neural
contents  of the  poststyloid  compartm ent  of th is  space. Media-
stin it is m ay develop follow ing spread along the carotid sheath .

73.4.3  Pterygopalat ine Fossa
The  pterygopalatine  (pterygom axillary)  fossa  com m unicates
laterally  w ith  the  infratem poral fossa  via  the  sphenom axillary
fissure.  It  contains  the  m axillary  nerve,  sphenopalatine  gan-
glion, and  in ternal m axillary  ar tery. Infect ions  here  m ay arise
from  m axillary  m olars  (especially  the  th ird  m olar)  and  osteo-
myelitis  of the  m axilla  in  infants. Spread  is  through  direct  ex-
tension  via  the  open  com m unication, as  noted  above. Clin ical
m anifestations include gingival pain  and edem a; cellulit is of the
ipsilateral head  (including the face, neck, and  temporal region);
orbital sym ptom s (lid  edem a, globe  proptosis  and  fixat ion, ab-
ducens  paralysis);  severe  t rism us;  and  secondary  infect ion  of
the  m axillary  sinus.  Treatm ent  requires  external  drainage
through  an  in traoral approach  (gingivobuccal sulcus) or  a Cald-
well-Luc incision .

73.4.4  Mast icator Space
The  m asticator  space  is  the  subperiosteal  space  betw een  the
m andibular  bone and  the periosteum . It  contains the m andibu-
lar  bone, m asseter  and  pterygoid  m uscles, temporalis  m uscle
tendon, inferior  alveolar  nerve, and  in ternal  m axillary  artery.
Infect ions originate from  the  m andibular  m olars (especially the
third  m olar). Clin ical m anifestations  include  tr ism us and  pain-
ful  swelling  over  the  posterior  ram us  of the  m andible. Treat-
m ent  involves external drainage.

73.4.5  Parot id Space
The  parotid  space  contains the  parotid  gland, cran ial nerve  VII
(facial nerve), external carotid  artery, and  posterior  facial vein .
Infect ions  originate  from  the  parotid  gland. Clinical m anifesta-
tions  include  painful  swelling near  the  angle  of the  m andible.
Treatm ent  involves external drainage  via  a  parotidectomy inci-
sion.  Com plications  include  infect ious  spread  in to  the  lateral
pharyngeal  space  w ith  the  potent ial  for  further  spread  to  the
m ediastinum .

73.4.6  Subm andibular Space
The  subm andibular  space  is  subdivided  by  the  mylohyoid
m uscle in to the sublingual (supramylohyoid) space and the sub-
m axillary (inframylohyoid) space. The sublingual space contains
the  sublingual gland. The  subm axillary space  contains the  sub-
m andibular  gland  and  lymph  nodes  (� Fig.  73.6).  Infect ions
here  originate  m ost  often  from  the  teeth , especially  the  th ird
m olars, but  also  from  the  salivary glands, pharynx, tonsils, and
sinuses. Clin ical  m anifestations  include  dysphagia  and  odyno-
phagia. The  treatm ent  approach  depends  on  the  location . Sub-
lingual  space  abscesses  are  approached  in t raorally, w hereas  a
subm axillary  space  abscess  is  approached  externally  via  a
transverse incision  below  the m andible.

The complications of a subm andibular space infect ion  m ay be
severe. Infect ion  in  the subm andibular  space, know n  as Ludw ig
angina, is  a  poten t ially  life-th reaten ing  in fect ion  of the  floor
of  the  m outh  and  subm en tal  and  subm andibular  spaces.
Characterist ic find ings  include  a  hard , “w oody” indurat ion  of
the  an terior  neck. Im m ediate  at ten tion  m ust  be  given  to  air-
w ay  m ain tenance  because  airw ay obst ruct ion  from  poster ior
displacem ent  of the  tongue  base  is  the  m ost  com m on  cause
of death  w ith  th is  condit ion . Tracheostom y is  often  ind icated,
along  w ith  external  drainage;  den tal  extract ion  of abscessed
teeth  is perform ed  w hen  necessary.

Fig. 73.6  Submandibular space  demonstrated  in  a  coronal section  of the  neck at  the  level of the  hyoid  bone.
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73.4.7  Carot id Sheath Space
The  carotid  sheath  space  contains  the  carotid  artery, in ternal
jugular  vein , and  cran ial nerve  X (vagus). Infect ions here  origi-
nate  from  other  cervical  spaces, including  the  lateral  pharyn-
geal,  subm andibular,  and  visceral  spaces.  Clinical  m anifesta-
tions  include  pitt ing  edem a  over  the  sternocleidom astoid
m uscle  and  tort icollis.  Treatm ent  en tails  external  drainage.
Com plicat ions m ay be serious and  include sept ic shock, carotid
artery erosion , endocarditis, and cavernous sinus throm bosis.

73.4.8  Visceral Space
The visceral space contains the pharynx, esophagus, larynx, tra-
chea, and  thyroid  gland. Infect ions  in  th is  space  develop  from
the  tonsils, esophageal perforation , laryngeal traum a w ith  m u-
cosal tear, or acute thyroiditis, or infect ion  m ay spread from  the
chest. Clinical  m anifestat ions  include  dysphagia, odynophagia,
hoarseness, and  dyspnea. Treatm ent  involves surgical drainage
via  transverse  incision  along the  anterior  border  of the  sterno-
cleidom astoid  m uscle. Com plications include extension  in to the
adjacent  m ediastinum .

The  retropharyngeal  space,  danger  space,  and  prevertebral
space lie adjacent  to one another, oriented anteriorly to posteri-
orly,  and  are  separated  by  three  layers  of  fascia:  the  m iddle
layer  of the  deep  cervical fascia, also  called  the  buccopharyng-

eal fascia  (the  m ost  anterior);  the  alar  fascia;  and  the  preverte-
bral fascia (m ost  posterior; � Fig. 73.7).

73.4.9  Ret ropharyngeal Space
Involvem ent  of the  retropharyngeal space  is  seen  prim arily  in
young  children  as  a  complication  of  upper  respiratory  infec-
tions. This  is  a  consequence  of the  relatively  larger  num ber  of
lymph  nodes  in  the  retropharyngeal  space  found  in  ch ildren
younger than  4 years of age. The retropharyngeal space extends
from  the  skull  base  superiorly  to  the  m ediastinum  inferiorly.
The m iddle layer of the deep  cervical fascia, w hich  envelops the
pharynx and  esophagus, lies  an teriorly, w hile  the  alar  fascia  is
posterior. Infect ions in  the retropharyngeal space arise from  the
nose, sinuses, adenoids, and  nasopharynx. The clin ical m anifes-
tations  of retropharyngeal  space  infect ions  include  dysphagia,
odynophagia, dyspnea, cervical rigidity, m u ed  voice, and  uni-
lateral bulging of the  posterior  pharyngeal wall. Surgical access
m ay  be  via  in traoral  drainage  (if caught  early)  or  an  external
approach. Given  the  anatomy, m ediastin itis  is  the  m ost  worr i-
som e complication  of retropharyngeal abscesses.

73.4.10  Danger Space
Just  posterior  to  the  retropharyngeal  space  lies  the  danger
space, betw een  the  alar  fascia  anteriorly  and  the  prevertebral

Fig. 73.7  Fascial planes of the  neck demonstrated  in  a  mid-sagittal section  of the  neck.
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fascia  posteriorly;  th is  space  contains only loose  areolar  t issue.
Infect ions here are a result  of spread from  adjacent  neck spaces.
The danger space is so nam ed  because  it  extends from  the base
of the skull to the diaphragm  and m ay channel the spread of in-
fect ion  along th is course to the lower m ediastinum .

73.4.11  Prevertebral Space
The  prevertebral  space  lies  just  behind  the  prevertebral  fascia
and  anterior  to the ver tebral bodies. It  contains only areolar  tis-
sue. Infect ions  here, w hich  are  uncom m on  in  m odern  tim es,
m ay result  from  the anterior spread of vertebral osteomyelitis.

73.5  Neck Masses: Diagnosis and
Treatm ent
When  a neck m ass is being considered  in  the  pediatric popula-
tion,  a  complete  di erential  diagnosis  should  be  form ulated
based  on  the clin ical scenario. The general categories of the dif-
ferential to be  considered  include congenital, in fect ious and  in-
flam m atory,  neoplastic,  and  t raum atic  etiologies.Congenital
neck  m asses  include  hem angiom as,  vascular  m alform ations
and  tum ors, derm oids, teratom as, thym ic cysts, plunging ranu-
las, branchial rem nants, and thyroglossal duct  cysts.

73.5.1  Hem angiom as
Hem angiom as  are  the  m ost  com m on  neoplasm  of ch ildhood.
Epidem iologically,  the  head  and  neck  are  the  m ost  com m on
sites of hem angiom a (10% of cases in  Caucasians), w ith  a h igher
incidence  in  preterm  infants and  fem ales;  girls  are  three  tim es
m ore  likely  to  be  a ected  than  boys. Typically, hem angiom as
begin  as sm all lesions that  develop  in  the first  few  weeks of life
and  begin  to  enlarge  several weeks  later  (proliferative  phase);
th is phase lasts m ost  of the first  year of life. At  6 to 9 m onths of
age, spontaneous  regression  (involutional  phase)  typically  be-
gins and  lasts for several m onths. The diagnosis is usually m ade
by the history and  physical exam ination  alone. With  deeper le-
sions, im aging  studies  m ay  be  needed  to  delineate  their  size
and  exten t . In  the  absence  of significan t  sym ptom s, watchful
waiting  is  often  undertaken  because  of  the  expected  natural
course  of involution. Sym ptom s  of airway  comprom ise, visual
field  involvem ent, and  cosm etic deform ity usually warrant  con-
sideration  for  m ore aggressive treatm ent . Treatm ent  m odalit ies
include  in tralesional  or  system ic  steroids,  propranolol,  laser
therapy, and surgical excision.

73.5.2  Vascular Malform at ions
Vascular  m alform ations  and  tum ors  can  take  several  form s.
They m ay be  classified  as  purely  venous, lym phatic, lymphati-
covenous, or arteriovenous. Certain  im aging m odalit ies m ay aid
in  di erentiat ing  the  various  types  from  one  another.  CT,
m agnetic resonance  (MR) im aging, and  MR angiography are  all
em ployed  as  indicated. Treatm ent  involves  surgical  resection.
Arteriovenous  m alform ations  m ay  be  clin ically  discerned  by
findings  related  to  their  h igh  rate  of  blood  flow, including  a
palpable  thrill, hypertherm ia, an  audible  bruit , visible hypertr i-
chosis,  and  hyperhidrosis.  The  treatm ent  of  arteriovenous

m alform ation  entails  preoperative  em bolization  followed  by
surgical  excision .  Com m only  em ployed  adjuvant  treatm ents
include laser and sclerotherapy.

73.5.3  Derm oids
Derm oids by definition  are derived from  m ore than  one em bry-
onic layer  and  m ade  up  of a  heterogeneous m ixture  of t issues,
such  as epithelium , bone, cartilage, and  m uscle. Clin ically, they
typically arise  in  the m idline neck, usually in  the subm ental re-
gion, are  attached  to the skin , and  are  asym ptom atic. They m ay
be di eren tiated  from  thyroglossal duct  cysts, w hich  also occur
in  the  m idline  neck, by  a  lack  of elevation  upon  swallow ing.
Surgical excision  is the treatm ent of choice.

73.5.4  Teratom as
Teratom as  are  m ade  of m ature  elem ents  of ectoderm , m eso-
derm , and  endoderm , in  addition  to  im m ature  em bryonal t is-
sue.  Teratom as  m ay  present  in  new borns  w ith  respiratory
sym ptom s due to tracheal compression. These  m asses are  typi-
cally  large,  sem icyst ic,  and  encapsulated.  Ult rasound  dem on-
strates m ixed echogenicity and well-defined borders, w hich  dif-
feren tiate  teratom as  from  lymphatic  m alform ations;  the  latter
are m ultiloculate w ith  ill-defined borders on  sonography. Treat-
m ent  is by surgical excision.

73.5.5  Thym ic Cysts
The th ird  pharyngeal pouch  gives rise to the thym us t issue dur-
ing  week  6  of developm ent;  by  week  9, the  thym us  descends
below  the  clavicles. Thym ic cysts m ay derive from  thym ic rem -
nants  that  persist  along the  course  of em bryologic thym ic de-
scent, from  the  angle  of the  m andible  through  the  m idline  of
the neck.

73.5.6  Ranulas
Plunging  ranulas  are  pseudocysts  of  the  floor  of  the  m outh
caused  by blockage of a sublingual gland, w hich  leads to the ex-
travasation  of m ucus. Ranulas m ay present  as a subm ental m ass
just  o m idline  w ith  or  w ithout  an  in t raoral component  in  the
floor  of the  m outh. Treatm ent  is  by surgical excision  of the  ra-
nula in  continuity w ith  the a ected sublingual gland.

73.6  Infect ious and Inflam m atory
Diseases
Infect ious and  inflam m atory conditions  associated  w ith  pedia-
tr ic  neck  m asses  involve  cervical  lym phadenitis  from  various
causes, including cat-scratch  disease, atypical mycobacterial in -
fect ion, and Kawasaki disease.

73.6.1  Cat -Scratch Disease
Cat-scratch  disease  is  caused  by infect ion  w ith  the  gram -nega-
tive  bacillus  Bartonella  henselae. A h istory  of exposure  to  cats
is the basis for clin ical suspicion . The pat ient  w ill rarely provide
this  h istory  unsolicited,  so  it  should  be  explicit ly  sought  in
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clin ically  appropriate  circum stances. Aside  from  cervical  lym -
phadenopathy, patients  are  typically asym ptom atic. Treatm ent
involves  a  course  of  azithromycin,  w hich  is  usually  curative.
Surgery is reserved for abscesses requiring drainage.

73.6.2  At ypical Mycobacterial Infect ion
The  atypical mycobacteria  that  are  m ost  often  associated  w ith
cervical lym phadenitis  are  Mycobacter ium  avium-intracellula re
and  Mycobacter ium  scrofulaceum.  Clinically,  erythem a  of  the
overlying skin  and  spontaneous drainage  of the  a ected  nodes
should arouse suspicion. The diagnosis is supported by the find-
ing  of caseating  granulom a  on  a  pathologic  specim en. Confir-
m ation  of the  diagnosis  requires  identification  of the  infect ing
organism . Because the culture of mycobacteria m ay require sev-
eral weeks, polym erase  chain  react ion  m ay be  used  to  identify
these organism s m ore expeditiously.

73.6.3  Kawasaki Disease
Kawasaki  disease, also  know n  as  m ucocutaneous  lymph  node
syndrom e, is  a  m ultisystem  vasculit is. Its  precise  cause  is  not
know n, but  an  infect ious  etiology  is  suspected. Epidem iologi-
cally, it  is seen  m ost  often  in  ch ildren  younger  than  age 5. Clin-
ical  signs  m ay  include  the  follow ing:  nonsuppurative  cervical
adenopathy larger  than  1.5 cm  in  diam eter; m ucosal findings of
nonexudative conjunct ivit is, fissured  lips, or  straw berry tongue
(� Fig.  73.8);  and  skin  signs  including  polym orphous  truncal
rash , palm ar  erythem a, nonpitt ing  edem a  of  the  extrem it ies,
and  desquam ation  of  the  fingers  and  toes.  The  diagnosis  re-
quires  fever  lasting  m ore  than  5  days  and  at  least  four  of the
clin ical signs  listed. The  m ost  feared  complication  of Kawasaki
disease is coronary aneurysm . Treatm ent  is focused  on  the pre-
vention  of coronary complications  and  involves  aspirin  and  IV
im m unoglobulin  therapy.

73.6.4  Neoplasm s
Neoplasm s  to  be  considered  in  children  w ith  a  neck  m ass  in-
clude rhabdomyosarcom a, lymphom a, and h istiocytosis.

73.6.5  Rhabdomyosarcoma
Rhabdomyosarcom a  is  the  m ost  com m on  soft-t issue  tum or  of
childhood. Com m on  sites  in  the  head  and  neck include  the  or-
bit , nasopharynx, temporal bone (m iddle ear  and  m astoid), and
sinonasal region . Biopsy is required for the diagnosis. Treatm ent
depends on  the  stage  of disease. Surgery should  be  considered
for  resectable  lesions,  because  tum or  staging  is  based  on  re-
m aining  disease  after  surgical  biopsy  and  excision . Radiother-
apy and chem otherapy are required for tum ors that are not  able
to be completely resected during the biopsy procedure.

73.6.6  Lym phom a
Lym phom a  typically  presents  w ith  asym ptom atic  adenopathy.
Lym phom a of all types is m ore com m on in  m ales. The diagnosis
is  established  by  lym ph  node  biopsy.  The  specim en  m ust  be
sent  fresh  (not  in  form alin)  to  allow  flow  cytom etry  analysis.
Treatm ent  is nonsurgical. Early-stage disease is t reated  w ith  ra-
diation, w hereas  m ore  advanced  disease  is  t reated  w ith  both
radiation  and chem otherapy.

Hodgkin  lymphom a  (� Fig. 73.9)  is  rare  in  ch ildren  younger
than  age  5  and  m uch  m ore  com m only seen  in  adolescents and
young  adults;  it  is  tw ice  as  com m on  in  m ales.  Cervical  and
supraclavicular  lymph  nodes are  involved  90% of the  t im e;  the
Waldeyer  ring is rarely involved. Pathologically, the presence  of
Reed-Sternberg  cells  (m ult inucleated  giant  cells)  is  pathogno-
m onic.  Approxim ately  90% of  pat ients  have  a  good  in itial
response to t reatm ent. Survival in  patients w ith  early-stage dis-
ease  is  approxim ately  90% but  decreases  to  35% in  those  w ith
advanced-stage disease.

Non-Hodgkin  lymphom a  is  seen  in  ch ildren  betw een  2  and
12  years  old. Unlike  in  Hodgkin  lym phom a, the  Waldeyer  ring
m ay be involved. The incidence increases in  im m unosuppressed

Fig. 73.8  Strawberry tongue.

Fig. 73.9  Hodgkin lymphoma as seen  on  an axial computed  tomo-
graphic scan of the  neck. The  bulky mass (arrowheads) is located  on
the  right  side  of the  neck medial and  posterior to the  sternocleido-
mastoid muscle. The mass displaces the internal jugular vein anteriorly
on  the  right  side. (Courtesy of David  Dascal, MD, and  Mae  Mae  Chu,
MD.)
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patients. The  prognosis  is  less  favorable  than  for  the  Hodgkin
type of lym phom a.

Burkitt  lym phom a  (� Fig.  73.10)  is  a  type  of  non-Hodgkin
lymphom a  seen  exclusively  in  children  and  is  associated  w ith
Epstein-Barr  virus  (EBV) infect ion. Burkitt  lymphom a  is  classi-
fied  as of either  the African  type or  the North  Am erican  type of
disease. African  disease  a ects  the  m axilla  or  m andible. North
Am erican  disease  typically  presents  w ith  an  abdom inal  m ass,
w ith  25% of  patien ts  dem onstrating  head  and  neck  involve-
m ent. Treatm ent  involves chem otherapy. The  2-year  survival is
approxim ately  50%. Favorable  prognost ic  indicators  are  age  at
presentation  younger  than  12  years and  high  anti-EBV t iters in
the  North  Am erican  type. Lym ph  node biopsy is usually neces-
sary for diagnosis.

73.6.7  Hist iocytosis
Histiocytosis  is  characterized  by  the  abnorm al non-neoplast ic
proliferation  of  the  an tigen-presenting  Langerhans  cell.  This
disease has a predilection  for the anterior cervical lymph  nodes.
Males  are  m ore  com m only  a ected.  There  are  three  clin ical
subtypes:  eosinophilic  granulom a  (disease  involving  bone  on-
ly);  Hand-Schüller-Christ ian  disease  (characterized  by  fever,
bone  lesions,  and  di use  scalp  and  ear  canal  eruptions;  the
Hand-Schüller-Christian  tr iad is the constellation  of diabetes in-
sipidus,  exophthalm os,  and  lytic  bone  lesions);  and  Letterer-
Siwe  disease  (rapidly  progressive  proliferation  of  h istiocytes,
generally  seen  in  pat ients  younger  than  2  years  of  age).  The
diagnosis  is  m ade  follow ing  excisional  lymph  node  biopsy.
Treatm ent  options  include  surgery  for  lim ited  or  focal lesions,
radiotherapy  for  lesions  not  am enable  to  surgical  excision,
and  adjuvant  therapy  for  system ic  disease.  The  prognosis  is

excellen t  for  patien ts  w ith  lim ited  disease.  Hand-Schüller-
Christ ian  disease m ay run  a chronic course in  m ore than  half of
patien ts. Patien ts w ith  Letterer-Siwe disease have a 5-year m or-
tality rate of 50% despite chem otherapy.

73.6.8  Fibrom atosis Coli
Traum atic neck  m asses  m ay be  related  to  congenital tort icollis
(fibrom atosis  coli) or  an  ar teriovenous fistula. Congenital tort i-
collis  presents  w ithin  the  first  6  weeks  of life  as  an  asym pto-
m atic  neck  m ass  located  w ithin  the  sternocleidom astoid
m uscle. The  diagnosis  is  based  on  the  h istory and  physical ex-
am ination.  A pain less,  firm ,  palpable  m ass  is  usually  found
w ithin  the  belly of the  sternocleidom astoid  m uscle. Spontane-
ous resolution  is seen  in  m ost cases, but  m uscle shorten ing m ay
occur. Treatm ent  m ay involve  observation, w ith  physical ther-
apy and  range-of-m otion  neck exercises for  in fan ts if tort icollis
is  seen  clin ically.  Surgical  release  w ith  sternocleidom astoid
m uscle lengthening is reserved  for severe cases, w hen  the child
is older.

73.6.9  Laryngocele
Laryngoceles  originate  from  the  saccule  of the  laryngeal  ven-
tr icle. Clinically, external laryngoceles  m ay present  laterally  in
the  neck  as  a  cystic m ass  located  anterior  to  the  sternocleido-
m astoid  m uscle.  From  the  laryngeal  ventricle,  they  extend
through  the  thyrohyoid  m em brane  to  a  position  lateral to  the
thyroid  cart ilage. In ternal laryngoceles are  confined  w ithin  the
larynx and do not  present  as a neck m ass. Sym ptom s associated
w ith  laryngoceles  m ay  include  cough, hoarseness, and  globus
sensation. Surgery is indicated for sym ptom atic laryngoceles.

73.6.10  Thyroglossal Duct  Cyst
Thyroglossal duct  cysts (� Fig. 73.11) m ay arise anyw here along
the course of the em bryologic descent of the thyroid gland from
the  foram en  caecum  of the  tongue  to  its  final  location  in  the
lower  neck. Clinically, they are  m idline  and  m ove  w ith  tongue
protrusion .  Movem ent  w ith  tongue  protrusion  di eren tiates
thyroglossal duct  cysts from  other  m idline  neck m asses. Histo-
logically, the  cyst  m ay contain  ectopic  thyroid  tissue. In  som e
cases, the  body’s  only  funct ioning  thyroid  t issue  is  contained
w ithin  th is  cyst.  Thus,  ultrasound  evaluation  is  indicated  to
confirm  the  presence  of thyroid  t issue  in  its  typical position  in
the  neck. Thyroid  scanning or  noncontrast  CT of the  neck  m ay
aid  in  determ ining the  presence  of norm al, funct ioning thyroid
tissue.

Surgical excision , the  Sistrunk procedure, is the  treatm ent  of
choice  to  prevent  recurrence. This procedure  rem oves not  only
the  palpable  cyst  but  also  any  rem nants  of  the  thyroglossal
duct , w hich  is followed  up  to the hyoid  bone, and  subsequently
includes the  m iddle  th ird  of the hyoid  bone and  a  cone-shaped
portion  of  the  base  of  the  tongue.  A high  recurrence  rate  is
noted w hen  the hyoid bone m idsect ion  and tongue base are not
included  in  the  thyroglossal duct  cyst  procedure. Infect ion  of a
thyroglossal duct  cyst  m ay  be  the  presenting  sym ptom  and  is
usually treated  w ith  oral antibiotics  act ive  against  streptococci
and  staphylococci. Incision  and  drainage  m ay  be  necessary  in
refractory  infect ions;  if perform ed, the  incision  site  m ust  also

Fig. 73.10  Burkit t  lymphoma as seen on an  axial computed  tomo-
graphic scan  of the  neck. The  mass is located  on  the  right  side,
adjacent  to the  inner cortex of the  mandible  (white arrowhead).
(Courtesy of David  Dascal, MD, and  Mae  Mae  Chu, MD.)
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be excised along w ith  the lesion  in  the Sistrunk procedure to re-
duce the risk for recurrence.

73.6.11  Branchial Cleft  Derivat ives
Rem nants  of the  em bryologic branchial arches  are  a  relatively
com m on  cause  of pediatric neck m asses, accounting for  17% of
all such  m asses. Branchial anom alies m ay take the form  of a fis-
tula  (having both  an  in ternal opening in  the  aerodigestive  t ract
and  an  external opening in  the  skin ), a  sinus (having either  an
internal or  external opening only), or  a  cyst. External openings
m ay be  found  anyw here  along the  an terior  border  of the  ster-
nocleidom astoid  m uscle.  In ternal  openings  m ay  be  found  in
various  locations  w ithin  the  aerodigestive  t ract , depending on
the  arch  involved. Branchial anom alies  m ay be  classified  as  ei-
ther  first , second, th ird, or  fourth  arch  anom alies. The tract  of a
given  branchial anom aly courses caudal to  the  arch  derivatives
for  w hich  it  is  nam ed  and  dorsal to  the  derivatives  of the  fol-
low ing  arch. CT evaluation  aids  in  the  diagnosis. Treatm ent  of
each  anom aly is  by  surgical excision . An  understanding of the
anticipated  course  of each  anom aly aids  in  the  safe  and  com -
plete excision  of each  lesion.

First  branchial arch  anom alies  appear  on  the  face  or  are  re-
lated  to  the  auricle. They are  divided  in to  Work  types  I and  II.
Work  type  I  anom alies  contain  only  epiderm oid  elem ents,
present  as duplication  anom alies of the external auditory canal,
and  m ay course  near  the  facial nerve. Work  type  II anom alies
are  m ore  frequently  seen.  They  contain  both  ectoderm  and
m esoderm  and  present  in  the neck. Clin ically, they becom e evi-
dent  after  in fection, typically as  an  abscess  below  the  angle  of
the  m andible.  They  course  through  the  parotid  gland,  either

m edial or lateral to the facial nerve, and  end  inferior  to or  w ith-
in  the external auditory canal.

Second  branchial arch  anom alies are  the  m ost  com m on  type.
The tract  courses deep  to second  arch  derivatives (external car-
otid  artery, stylohyoid  m uscle, posterior  belly  of the  digastric
m uscle) and  superficial to  th ird  arch  der ivatives (in ternal car-
ot id  ar tery).  Clin ically,  a  second  branch ial  arch  anom aly
presen ts  as  a  pain less, fluctuan t  m ass  in  the  lateral neck, an -
terior  to the  sternocleidom astoid  m uscle  and  below  the  angle
of  the  m andible  (� Fig.  73.12). The  t ract  m ay  open  in to  the
tonsillar  fossa. Classically, the  presen tat ion  follow s  an  upper
respiratory in fect ion .

Third  branchial  arch  anom alies  are  rare.  The  tract  courses
deep  to  th ird  arch  derivatives  (in ternal  carotid  ar tery, glosso-
pharyngeal  nerve)  and  superficial  to  fourth  arch  derivatives
(vagus nerve) to enter  the pharynx at  the piriform  sinus or  thy-
rohyoid  m em brane. Clin ically, they  present  lower  in  the  neck
and anterior to the sternocleidom astoid  m uscle.

Fourth  branch  arch  anom alies  course  from  the  apex  of the
piriform  sinus  inferior  to  the  superior  laryngeal  nerve  to  the
lower  neck. They  present  clin ically  as  recurren t  thyroiditis  or
recurrent  lower neck abscesses.

73.7  Thyroid Disorders
Thyroglossal duct  cysts typically present  as a m idline neck m ass
anyw here along the em bryologic pathway of descent of the thy-
roid  gland.  This  condition  has  previously  been  discussed  in
greater detail.

Fig. 73.11  Thyroglossal duct  cyst  as seen on an axial computed
tomographic scan of the neck at  the level of the hyoid bone. The cyst is
located  characteristically in  the  midline, anterior to  and  abutting  the
hyoid bone (arrowheads). (Courtesy of David Dascal, MD, and Mae Mae
Chu, MD.)

Fig. 73.12  Second branchial cleft  cyst  as seen  on  an  axial computed
tomographic scan of the  neck. The  cyst  is located  on the  left  side
(arrowhead), characteristically anterior to the  sternocleidomastoid
muscle. (Courtesy of David  Dascal, MD, and  Mae  Mae  Chu, MD.)
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73.7.1  Lingual Thyroid
Lingual thyroid  t issue  m ay be seen  in  children  in  the vicin ity of
the  foram en  caecum , located  in  the  m idline  two-thirds  of the
way  back  on  the  dorsal  tongue. Children  w ith  lingual  thyroid
m ay present  w ith  a globus sensation, chronic throat clearing, or
asym ptom at ically  w ith  a  visible  m ass  in  the  posterior  tongue
on oral exam ination.

Like  thyroglossal duct  cyst, lingual thyroid  m ay  be  the  only
functioning thyroid  tissue  in  the  body. Ultrasound  or  CT of the
neck should  be used to verify if there is thyroid  tissue in  its typ-
ical location  in  the  neck. A thyroid  scan  m ay dem onstrate  the
functional  status  of  the  lingual  thyroid  t issue  or  the  thyroid
gland. In  m ost  cases, a  h igh  level of suspicion, com bined  w ith
the  results  of thyroid  im aging and  testing, w ill m ake  the  diag-
nosis,  and  biopsy  is  uncom m only  required.  Thyroid  funct ion
testing should  be  perform ed  because  a  hypothyroid  state  com -
m only accom panies lingual thyroid  if it  is  the  only funct ioning
thyroid  tissue in  the patient. Sym ptom atic lingual thyroid t issue
is t reated  w ith  thyroid  horm one  suppression, and  in  refractory
cases, surgical excision  m ay be  necessary w hen  sym ptom s of a
globus sensation  are  not  relieved. Consultation  w ith  a pediatric
endocrinologist  is h ighly recom m ended.

Aside from  thyroglossal duct  cysts and  lingual thyroid  tissue,
the  incidence of thyroid  pathology in  the  children  seen  by oto-
laryngologists  in  the  United  States  is  very  low.  It  should  be
noted  that  thyroid  nodules in  persons younger  than  age  20  are
m ore likely than  those  in  older  adults to harbor cancer, and  the
finding  of a  thyroid  nodule  in  a  child  should  be  approached
w ith  a h igh  index of suspicion.

73.8  Roundsm anship
●  Cervical lym ph nodes larger than  10 m m  or tender for m ore

than  6 weeks after a precipitating infect ion, fixed to skin ,
larger than  20 m m  in  an  acute setting, or fluctuant  should  be
considered suspicious.

●  When  a cervical lymph node biopsy is perform ed, the surgeon
should consider sending the specim en in  saline for aerobic
and anaerobic bacterial, fungal, and acid-fast  bacterial
cultures and for flow  cytom etry, in  addition  to standard
histopathology.

●  Deep neck space infect ions can  spread to specific adjacent
areas, based on  cervical fascial boundaries.

●  Polym erase chain  react ion  testing can  speed the identifica-
tion  of acid-fast  bacilli in fect ions.

●  Kawasaki disease, a m ultisystem vasculit is, can  lead to coro-
nary artery aneurysm s.

●  Rhabdomyosarcom a is the m ost com m on soft-t issue tum or of
childhood.

●  Com plete rem oval of a thyroglossal duct cyst  requires
excision  of the cyst, the tract  up to the hyoid bone, the m id-
portion  of the hyoid  bone, and a conical section  of the tongue
base.

73.9  Recom m ended Reading
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74  Laryngeal Anatomy
Michael J. Pitman

The  structure  of the  m am m alian  larynx  has  developed  in  res-
ponse to three im portant  needs: protect ion  of the lower airway
from  aspiration , sound  m aking (phonation), and  the generation
and  m aintenance  of positive  in trathoracic air  pressure  to w ith-
stand  compressive  forces  act ing  on  the  thorax. Although  each
category of dem and  has fostered  its ow n  special features of lar-
yngeal anatomy, it  is on  the phonatory funct ion  and its anatom -
ical  adaptations  that  th is  section  w ill  focus.  The  phonatory
function  of hum ans is  the  m ost  versatile, variable, and  precise
am ong those  of the anim als that  use the larynx for  sound  m ak-
ing. It  owes  its  capabilit ies  to  the  evolut ion  of special  m echa-
nism s of central nervous control and  to special anatom ical fea-
tures, especially at the h istologic level.

74.1  Regional Divisions of the
Larynx
The  interior  space  of the  larynx  is  conventionally  divided  in to
three  regions.  The  supraglot tis  includes  the  space  that  lies
above the vocal folds, beginning at  the lateral aspect  of the ven-
tr icle.  This  region  contains  the  epiglottis,  ventricular  folds,
superior half of the vent ricles, aryepiglottic folds, and  arytenoid
cartilages. The glottis is the space betw een the vocal folds. It  ex-
tends from  the  lateral ventricle  to  the  subglott is, w hich  begins
10 m m  inferior  to the  vocal fold  edge an teriorly and  5 m m  pos-
teriorly. The subglott is extends to the bottom  of the cricoid  and
is bounded superiorly by the conus elasticus.

Recognition  of th is vertical division  of spaces is clin ically im -
portant  because  of  regional  di erences  in  the  nature  of  the
lymph  drainage. Specifically, the supraglottic area has the high-
est density of lym phatic vessels and drains bilaterally in to levels
II and  III. The lymphatic system  of the subglottal area has bilat-
eral drainage  in to  the  paratracheal and  m ediastinal lym ph  no-
des. The glottal region  is only sparsely supplied  w ith  lymphatic
channels, and  it  drains unilaterally to levels II and  III. The vocal

folds  serve  as  a  barrier  betw een  the  lym phatic  system s  of the
supraglottal and subglottal regions.

74.2  Skeletal Elem ents
The  skeleton  of  the  larynx  is  cart ilaginous  and  is  illustrated
som ew hat  schem atically in  � Fig. 74.1  and  � Fig. 74.2. The  cri-
coid  cartilage, typically described  as  having the  shape  of a  sig-
net  ring w ith  a posterior  flat  lam ina, joins the larynx to the tra-
chea  and  is, in  fact , the  only complete  ring of the  t rachea. The
thyroid  cartilage has approxim ately the  form  of an  ancient  war
sh ield. The two flat  alae of the thyroid  cart ilage m eet  at  the an-
terior  m idline  to form  the  angle  of the  thyroid  cart ilage, w hich
ends superiorly at  the thyroid  notch. The hum an  larynx is sexu-
ally dim orphic, w ith  the  m ale  organ  approxim ately 1  1/2  t im es
the  size  of  the  fem ale  organ.  The  thyroid  angle  and  thyroid
notch  are  often  prom inent  landm arks on  the  an terior  neck sur-
face, particularly in  m en. At  the  posterior–inferior  edge  of each
thyroid  ala, an  inferior  cornu  art iculates w ith  the posterolateral
region  of the  arch  of the  cricoid. The  corresponding  superior
cornu  and  ent ire  superior  m argin  of the  thyroid  car t ilage  are
suspended from  the hyoid bone by the thyrohyoid  m em brane.

Art iculating w ith  the  superior  edge  of the  lam ina  of the  cri-
coid  car t ilage  are  two  roughly  pyram idal  arytenoid  cartilages.
At  the  triangular  base  of each  arytenoid  is  the  posterolateral
m uscular  process, the  poin t  of attachm ent  of the  posterior  and
lateral  cricoarytenoid  m uscles.  The  forward-project ing  vocal
process, at  the  an terior  apex of the base  of the  arytenoid, is the
point  of attachm ent for  the thyroarytenoid m uscle and the con-
nect ive tissue of the vocal fold. On  top of each  arytenoid sits the
corniculate  cart ilage.  The  cuneiform  cartilage  is  then  slightly
anterior  to  it  and  lies  w ithin  the  aryepiglottic fold. Finally, the
tr iticeal cart ilages, w hich  are  not  always present, lie  w ithin  the
connective tissue betw een  the superior horn  of the thyroid  car-
tilage and  the hyoid  bone. The corn iculate, cuneiform , and  t rit i-
ceal cartilages are not of clin ical sign ificance.

Fig. 74.1  Major structures of the  larynx. (a) Anterior view. (b) Posterior view. (c) Posterior view of the  cartilage.
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The thyroid, cricoid, and  arytenoids are  all hyaline cartilage—
strong but  relat ively flexible. Beginning just  after puberty, these
cartilages  begin  to  ossify, m uch  m ore  rapidly  in  m en  than  in
wom en. The  process  cont inues  until  m ost  of the  cartilaginous
tissue  has  been  converted,  m aking  the  skeleton  significantly
m ore rigid.

The  rem ain ing  sign ifican t  car t ilage  is  the  epiglott is, a  leaf-
shaped  elast ic  car t ilage  at tached  by  its  stem  (the  pet iole)  to
the  inner  surface  of  the  angle  of  the  thyroid .  It  is  curled
som ew hat  along its ver t ical axis, so that  it  presen ts a  concave
shape  to  the  airw ay. Because  of the  ep iglot t is  and  the  walls
form ed  by  the  alar  por t ions  of  the  thyroid  car t ilage,  the
open ing  to  the  in t ralaryngeal  airw ay  faces  not  upw ard  but
rather  m ost ly  posteriorly,  tow ard  the  posterior  pharyngeal
w all. Sealing  of the  airw ay  during  deglut it ion  is  not  accom -
plished  by low ering of the  ep iglot t is  over  the  vocal folds, bu t
rather  prim arily  by  m otion  of the  en t ire  larynx  upw ard  and
posteriorly. As th is  occurs, the  epiglot t is  is  forced  to  retroflex
against  the  pharyngeal  w all. The  ep iglot t is, w hich  protrudes
above  the  angle  of the  thyroid , then  acts  as  a  “prow,” d iver t-
ing ingested  m aterials  around  the  larynx  and  in to  the  esoph-
ageal en trance.

74.3  Int rinsic Musculature  and
Displacem ent  Forces
The  int rinsic m uscles of the  larynx have  sm all m otor  units and
very  rapid  contraction  t im es.  The  conventional  approach  to
their  gross  anatomy  is  sum m arized  in  � Fig.  74.2  and  � Ta-
ble  74.1. All  except  the  cricothyroid  m uscle  are  arranged  as  a
quasi-sphincter  around  the  glottis. In  general, their  com bined
gross  actions  serve  to  firm ly  seal  the  en trance  to  the  airway
against  in trusion  during swallow ing, to close o the thorax and
stabilize  the  chest  wall during expulsive  acts, and  to w ithstand
thrust ing forces im posed by the arm s.

Respiration  and  phonation  require  som ew hat  m ore  subtle
control of the  glottal status and  so a m ore finely individualized
control of the  in tr insic m uscles. It  is com m on  to assign  specific
functions and h ighly individualized roles to each  of the in tr insic
m uscles. It  is im portant  to realize that  th is approach  is too sim -
plist ic. The  m uscles work in  synergy, and  the  position  and  sta-
tus of the  vocal fold  depend  on  the  vector  sum  of the  m uscular
and  aerodynam ic  forces  being  generated  at  any  given  instan t.
Thus, in  an  important  sense, the reality is that each m uscle is an

Fig. 74.2  (a–e) Gross anatomy of the  intrinsic muscles of the  larynx and  their actions.
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auxiliary  for  all  of the  others. One  im portant  consideration  is
that  the posterior cricoarytenoid m uscles are the sole abductors
of the vocal folds and  so are  responsible  for  establishing a glot-
tal opening. There  is  a  tendency in  the  literature  to  depict  ab-
duct ion  as  the  result  of  rotation  of  the  arytenoid  cartilages
about  a  ver tical  axis,  but  in  fact  significant  rotary  m otion  is
prevented  by the shape of the cricoarytenoid joint  and  its asso-
ciated  ligam ents.  Rather,  the  cricoarytenoid  joint  is  a  t rue
diarthrodial joint;  as such, the  arytenoid  slides along its art icu-
latory  facet, as  well  as  rotates  about  an  axis  in  the  transverse
plane. Together,  these  m ovem ents  account  for  the  posterior–
superior displacem ent of the vocal process on  abduct ion.

During phonation, the individual m uscles are very finely con-
trolled  for  positioning  the  vocal folds  and  adjusting  their  bio-
m echanical propert ies. The  lateral cricothyroid  m uscles  gener-
ate  the  m ain  adductor  forces for  glottal closure, along w ith  the
interarytenoid  m uscles,  w hose  added  adductor  e ect  helps
m aintain  glottal closure  during episodes of h igh  pulm onary air
pressure.

The  two  rem aining  in tr insic  m uscle  are  largely  responsible
for  the  adjustm ent  of the biom echanical properties of the vocal
folds  and  so, in  large  m easure, the  control of im portant  vocal
qualit ies. Contraction  of the  cricothyroid  m uscle  causes the  vo-
cal folds to lengthen  by two di eren t  m eans. Contract ion  of the
m ore posterior  and  oblique port ion  of the m uscle pulls the thy-
roid  car t ilage forward or, equivalently, displaces the cricoid  car-
tilage backw ard. This increases the distance betw een  the poste-
rior  cricoid  lam ina and  the  thyroid  angle. As the  cricoid  lam ina
m oves  relatively  backw ard,  it  carries  the  arytenoid  cartilages
posteriorly,  thus  increasing  the  thyroid-to-arytenoid  distance
and lengthening the vocal fold. The second lengthening e ect  is
som ew hat  less  direct. Contract ion  of the  vert ical fibers  of the
cricothryoid  m uscle  causes  an  approxim ation  of  the  anterior
portions of the thyroid and cricoid car tilages. This causes a rota-
tion  of the  cartilages  about  the  axis  of their  articulation  at  the
inferior  horn  of the  thyroid  car tilage. The  e ect  of th is is to ro-
tate the arytenoids, w hich ride on  the upper edge of the cricoid,
relatively  backw ard  and  away  from  the  thyroid  angle,  thus

lengthening the  vocal fold. Increasing the  vocal fold  length  in-
creases  the  frequency  of vocal  fold  vibration  (see  Chapter  75,
Vocal Physiology).

The  thyroarytenoid  m uscle  form s  the  m uscular  body of the
vocal fold. Its m ost  m edial port ion  is often  referred to as the vo-
calis m uscle. (This port ion  is not grossly separable from  the rest
of the m uscle m ass and  is not  str ictly a m uscle in  its ow n  right .)
Isotonic contract ion  of the  thyroarytenoid  m uscle  shortens the
vocal fold, w hich  tends  to  lower  vocal fundam ental frequency,
w hereas isom etric contraction  increases vocal fold tension, thus
raising  vocal  fundam ental  frequency.  Finally,  thyroarytenoid
m uscle  contraction  tends to  rotate  the  arytenoid  cartilage  m e-
dially about  its t ransverse plane rotat ional axis, w hich  assists in
closing the glottal space.

74.4  Mem branous, Connect ive,
and Secretory Tissues; Laryngeal
Folds
Like  the  rest  of the  airway, the  laryngeal  region  is  lined  w ith
pseudostratified  ciliated  colum nar  respiratory epithelium , w ith
the exception  of one sm all but crit ical zone. The m edial edges of
the  vocal folds  are  covered  by stratified  squam ous  epithelium ,
w hich  is m uch  better  able to sustain  the considerable  collision-
al, frictional, and  shear  forces that  are  generated  by phonatory
oscillation. The  m em branous lin ing on  each  side  is throw n  into
three anteroposterior folds.

The  m ost  superior  of  these,  the  aryepiglottic  fold,  extends
from  the apex of the arytenoid  cartilage to the lateral m argin  of
the epiglottis and  plays a role  in  protect ing the airway from  in-
trusion. The ventricular  folds and vocal folds are the m ain  func-
tional structures of the  larynx. (The  older  term , vocal cord, still
has som e currency but has largely been  abandoned in  the scien-
tific  world  in  favor  of  the  m ore  accurately  descriptive  term ,
voca l fold. This  is  a  literal translat ion  of the  earlier  Latin  nam e,
plica  vocalis. Sim ilarly, the  term s t rue voca l cord and  fa lse voca l

Table 74.1  Intrinsic muscles of the larynx

Muscle  Attachments  Action  Innervat ion

Cricothyroid  Upper margin and exterior surface, anterior cricoid
cartilage
Lower margin  and  inferior horn, lateral thyroid  ala

Approximate  cricoid  and  thyroid
cartilages (visor action)
Increase  thyroid-to-arytenoid  (vocal
fold) length

Superior laryngeal nerve

Posterior
cricoarytenoid

Muscular process of arytenoid  cartilage
Cricoid  cartilage  lamina

Displace  arytenoid  posteriorly and
move  vocal process of arytenoid
away from  midline
Open glottis

Recurrent  laryngeal nerve

Lateral
cricoarytenoid

Muscular process of arytenoid  cartilage
Superior margin  of posterior cricoid  ring

Displace  arytenoid  laterally and
move  vocal process of arytenoid
toward  midline
Close  glottis

Recurrent  laryngeal nerve

Interarytenoid
Transverse
Oblique

Posterior facet  of arytenoid  cartilage
Muscular process of one arytenoid cartilage to apex
of the  other; continues to lateral edge  of epiglot tis

Adduct  arytenoids, close  glottis
Brace  and  stabilize  arytenoids

Recurrent  laryngeal nerve

Thyroarytenoid  Vocal process and nearby area of arytenoid cartilage
to inner surface  of thyroid  angle

Decrease  thyroid-to-arytenoid  (vocal
fold) length
Increase  vocal fold  tension

Recurrent  laryngeal nerve

74.4  Membranous, Connective, and Secretory Tissues; Laryngeal Folds

615



cord have  generally been  replaced  by the  m ore  accurate  term s
vocal folds and  ventr icula r  folds, respect ively.) The  m ain  m icro-
scopic and gross anatom ical features of these folds are show n in
� Fig. 74.3 and � Fig. 74.4. Each  is bulkier  than  the aryepiglottic
folds, each  has  a  distinct  in ternal  structure, and  each  plays  a
crit ical role in  laryngeal funct ion .

The vent ricular  folds are m ultilayered. Just  deep to the cover-
ing  respiratory  epithelium  is  a  zone  of  loosely  organized
connective  t issue, the  lam ina  propria. Deep  to  th is  zone  is  the
strom a, a  denser  connective  t issue  region  that  form s  the  m ain
structural support . With in  the  strom a is a  dense  assem blage of
secretory glands that  provide m uch  of the protective  and  lubri-
cating m ucus of the  act ive  glottal region. The  ventr icular  folds
contain  no  in trinsic  m uscle  fibers,  although  there  are  som e
deep  m uscle fibers that  are  an  extension  of the thyroarytenoid.
Sphincteric  closure  of  the  glottal  region  can  m edialize  the

ventricular  folds, and  they m ay, in  cases of disorder, be  used  to
produce an  abnorm al phonation.

The  quadrangular  m em branes arise  from  the  lateral edges of
the  epiglottis  and  nearby inner  surface  of the  thyroid  car t ilage.
Each  courses posteriorly dow nward  to attach  to the m edial sur-
face of the arytenoid  cartilage. The inferior  m argin  of the m em -
brane  is som ew hat  th ickened  and  has often—but  erroneously—
been designated the ventricular ligam ent.

Much  of the  unique hum an  ability to produce highly variable
and  exquisitely cont rolled  phonation  is due to the  special anat-
omy of the vocal fold. Structurally, it  is divisible  in to five layers,
w hich  are  com m only lum ped  in to  three  regions. In  addition, a
superficial  m em brane, referred  to  as  the  conus  elasticus, lines
the  funnel-shaped  subglottal  region .  This  m em brane  joins
the  several  periglottal  cartilages  to  one  another. It  is  divisible
into  a  m edial  cricothyroid  ligam ent  and  a  lateral  cricothyroid

Fig. 74.3  Schematic coronal section  illustrating
the  spatial relationship  of the  vocal folds and
ventricular folds to  one  another and  the  entire
larynx.

Fig. 74.4  Schematic organization  of the  five
layers of the  vocal fold.
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m em brane  and  extends  inferiorly  to  becom e  continuous  w ith
the lin ing of the trachea.

The  body  of  the  vocal  fold  is  the  thyroarytenoid  m uscle,
w hich  lies deep  w ithin  the  fold. Contract ion  of th is m uscle  can
shorten  the vocal fold  or can  increase  its sti ness. Although  the
body of the  vocal fold  is not  strongly involved  in  phonatory os-
cillation, it  is im portan t  for helping to establish  the biom echan-
ical properties of the overlying, act ively vibrating layers.

Medial to  the  body of the  vocal fold  is  an  organized  zone  of
connective  tissue  referred  to  as  the  lam ina  propria.  On  the
w hole, the connect ive t issue of th is region  is not  t igh tly packed,
and  the  in terfiber  spaces are  filled  w ith  a  considerable  am ount
of fluid-like  m aterial (proteoglycans, glycosam inoglycans). The
lam ina  propria  is  divisible  in to  three  layers  according  to  the
am ount  and  types of connective t issue fibers (elastin  and  colla-
gen) and  the  way in  w hich  they are  in terwoven. Generally, the
deeper  the  layer,  the  m ore  collagen  and  the  less  elastin . The
deep  and  in term ediate layers are together referred  to as the vo-
cal  ligam ent , w hile  the  com binat ion  of the  superficial  lam ina
propria  and  the  squam ous  epithelium  at  the  surface  is  called
the vocal fold cover.

When  the  length  of the  vocal  fold  is  changed, the  physical
propert ies, such as sti ness and th ickness, of the vocal ligam ent
and  vocal fold  cover  are  altered. This results in  a  change  in  the
oscillatory response of the vocal fold  to the driving air  pressure.
There  is  a  change  in  the  am plitude  and  frequency of vocal fold
vibration . The  rigidity of the  body of the  vocal fold  also  plays a
role  in  controlling  vocal fold  vibration  because  the  freedom  of
the  cover  t issues to vibrate  is in fluenced  by the  freedom  of the
body to  m ove. So, as  vocal fold  length  increases, the  t issues of
the vocal fold  becom e sti er, but  the relat ionship  is h ighly non-
linear  and  includes  significant  hysteresis  (i.e., the  stretch–ten-
sion  relationship  di ers  depending  on  w hether  the  folds  are
lengthening or shortening). St i er  vocal folds oscillate at  h igher
frequency, but  the  nonlinearity of the  system  ensures  that  the
relationship  is a complex one.

74.5  Innervat ion of the Larynx
The  larynx  is  innervated  by  two  branches  of the  vagus  nerve
(cranial nerve X), as sum m arized  in  � Table  74.2. The origins of
the  vagus  nerve  lie  m ostly  in  the  nucleus  am biguus  of  the
brainstem , w hich  also  gives  rise  to  glossopharyngeal  (cran ial
nerve  IX)  and  spinal accessory  (cranial nerve  XI)  nerve  fibers.
Two  enlargem ents  of the  nerve  just  outside  the  cranium , the
nodose and jugular  ganglia, contain  the perikaryons of vagal af-
feren t  fibers. In  the  cervical  region , the  vagus  nerve  gives  o 
several branches. The  superior  laryngeal nerve  subdivides  in to
an  external and an in ternal branch (w hich is e erent  and inner-
vates  the  cricothyroid  m uscle).  The  in ternal  branch  provides
sensory  innervation  to  the  m em branes  of the  supraglottal  re-
gion. The recurren t  laryngeal nerve branches o the m ain  t runk
of the vagus nerve inferior  to the level of the larynx. It  provides
sensory  innervation  to  the  glottal  and  subglottal  m em branes
and m otor innervation  to all in tr insic m uscles of the larynx (ex-
cept  the  cricothyroid). It  is  of som e  clin ical im portance  to  note

that  the  right  recurrent  nerve  loops around  the junct ion  of the
com m on  carotid  and  subclavian  ar teries before t raveling super-
om edially  to  the  larynx, w hereas  the  left  recurrent  nerve  de-
scends in to the  upper  thorax, w here  it  loops around  the  aort ic
arch  before ascending relatively ver tically in  the tracheo-esoph-
ageal  groove  back  to  the  larynx. When  a  patient  w ith  a  pre-
sum ed  injury of the  left  recurrent  laryngeal nerve  is evaluated,
it  is im perative that im aging extend in to the thorax.

74.6  Roundsm anship
●  The larynx is divided in to the supraglott is, glottis, and sub-

glottis. Each area has a distinct  lymphatic drainage that af-
fects both  the treatm ent and prognosis of patien ts w ith  neo-
plastic disease.

●  The three m ain purposes of the larynx are protect ion  of the
lower airway from  aspiration, phonation , and the generat ion
and m aintenance of positive in trathoracic air pressure to
w ithstand compressive forces acting on  the thorax.

●  The cricoarytenoid join t  is a t rue diarthrodial joint. This joint
slides and rotates on  an  axis in  the transverse plane.

●  There are n ine in tr insic m uscles in  the larynx.
●  The m edial edges of the vocal folds are covered by stratified

squam ous epithelium , w hich is better able than the surround-
ing respiratory epithelium  to w ithstand the considerable
collisional, frictional, and shear forces that are generated by
phonatory oscillation.
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Table 74.2  Summary of laryngeal innervation

Branch  of vagus  Afferent  Efferent

Superior laryngeal
nerve
(internal branch and
external branch)

Supraglot tal mucosa  Cricothyroid  muscle

Recurrent  laryngeal
nerve

Subglottal mucosa  Arytenoid, posterior
cricoarytenoid, lateral
cricoarytenoid, thyro-
arytenoid  muscles
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75  Vocal Physiology
Michael J. Pitman

75.1  Basic Conceptual Fram ework:
The Source–Filter Model
The research  of the past  70 years has validated  the conceptuali-
zation  of norm al voice  as  the  product  of two  act ive  processes.
The oscillation  of the vocal folds results in  periodic occlusion  of
the airway at  the glottis, w hich divides the expiratory airst ream
into  a  series  of  airflow  pulses. These  glottal  closures  are  the
foundation  for the generation  of a nearly periodic acoustic wave
train , referred  to as the  vocal source  signal. This signal, in  turn ,
is  altered  by the  acoustic propert ies of the  supraglottal airway,
called  the  vocal t ract . The  acoustic characteristics  of the  vocal
tract  can  be  voluntarily  m odified  by  changing  its  shape. The
upper airway, then , serves as a vocal tract  filter. This source–fil-
ter m odel holds that  the two aspects of voice product ion  are es-
sen tially  independent  of  each  other.  The  assumption  is  not
str ictly true, but  it  is adm issible for everyday clin ical purposes.

Phonat ion  is the generat ion  of a periodic signal at  the glottis:
that  is, the  product ion  of a  source  signal. Voice, on  the  other
hand,  is  phonation  that  is  acoustically  m odified,  or  filtered.
Control of the  vocal t ract  structures, w hich  results in  a  m odifi-
cation  of  the  filter’s  characteristics,  is  an  art iculatory,  rather
than  a  phonatory,  funct ion . Hence, som e  qualit ies  com m only
said  to  be  vocal,  including  (m ost  im portant ly)  nasality,  are
really art iculatory. These are outside the realm  of vocal function
str ictly defined and w ill be not considered here.

The essential features of the source–filter  m odel of voice pro-
duct ion  are  sum m arized  in  � Fig. 75.1, w hich  w ill  serve  as  a
guide to the present brief exploration  of vocal physiology.

75.2  The Power Supply: Air
Pressure  Generat ion
The acoustic power that  is radiated as a voice or speech  signal is
draw n  from  the  pressurized  air  that  is  provided  to  the  vocal
folds  for  phonation ,  and  to  the  vocal  tract  directly  for  som e
speech  sounds  (consonant  product ion). The  source  of pressur-
ized  air  is, of course, the  lungs. While  the  basic m echanism s of
lung  inflation  and  alveolar  pressurization  for  speech  are  the
sam e as for  vegetative pulm onary vent ilation, there are specific
requirem ents, problem s, and  constraints  that  are  im posed  by
the  need  for  a  stable  phonatory product  that  can  be  easily and
precisely  m odulated  to  m eet  the  complex  requirem ents  of
speech  w hile, at  the sam e tim e, satisfying the body’s m ore gen-
eral respiratory dem ands.
●  Lung volum es for speech  are typically greater than  vegetative

tidal volum es. The ventilatory tidal volum e at rest  is on  the
order of 0.5 L. However, speech  breathing characteristically is
in itiated at an  end-inspiratory lung volum e of betw een 35%
and 65% vital capacity (VC), and end-expiratory volum e for
speech  is near (and often  less than) REL, w hich is the rest  po-
sition  of the vent ilatory system , at  w hich expiratory and in-
spiratory recoil forces are equal and opposite. Loud speech  is
associated w ith  larger lung volum es than  soft  speech .

●  In  t idal vent ilation , the duration  of inspiration  is about 40% of
the breath ing cycle. Speech  is norm ally produced only during
expiration, so the in terruption  required for recharging the
lungs m ust be m inim ized. Therefore, during speech , inspira-
tion  is typically shortened so as to occupy only about 10% of
the cycle, w ith  a corresponding increase in  the m agnitude of
peak instantaneous inspiratory airflow.

●  Tracheal air  pressures during quiet  t idal breathing are very
m odest, ranging betw een approxim ately –1 and + 1 cm  H2O,
of w hich the (positive) expiratory pressure is passively gener-
ated by recoil forces created during the preceding inspiratory
phase. During speech , however, sign ificantly h igher inspira-
tory (negative) pressure is required in  order to achieve rapid
inspiration. More im portant ly, sound production  calls for
larger positive pressures, m ost com m only in  the range of ap-
proxim ately + 4 cm  H2O for soft  phonation  to about + 10 cm
H2O for m oderately loud phonation. Pressures in  th is range
are higher than  those usually produced by passive recoil and
thus m ust  be act ively generated.

●  Phonat ion  and art iculation  for speech  purposes require that
the tracheal pressure be stable, and that  it  change only in  res-
ponse to the physiologic dem ands of the speech process and
to the requirem ents of the linguistic features to be com m uni-
cated. The m echanics of the lung and chest  wall system  there-
fore pose a problem . The recoil forces vary in  a nonlinear
m anner as lung volum e changes. Thus, at  the end of a large
inspiration, such  as m ight occur in  preparation  for a long
speech  ut terance, the t racheal pressure generated by recoil
m ight  well be m ore than  is needed for phonation  and speech.
On the other hand, as the ut terance com es to an  end, the lung
volum e m ay be very low, in  fact below  the funct ional residual
capacity (FRC). For th is reason , passive pressure w ill probably
be too low  to drive phonation, or m ay be negative. Thus, for
speech, act ive chest  wall m uscle activity is required to reduce
(by delicately controlled  inspiratory m uscle act ion) exces-
sively positive passive pressure, or  to augm ent (by expiratory
m uscle activation) the inadequate or even  negative passive
tracheal pressure produced w hen  lung volum e has been
depleted.

An  addit ional  problem, often  overlooked, results  from  the  fact
that  norm al speech  is characterized by large and sudden  changes
in  airflow. As  an  example,  when  the  word  she  is  spoken, the
peak  airflow  for  “sh” is  approximately 700  mL/s, but  just  a  few
tens of m illiseconds later, airflow  for  the  “e” is  about  125  mL/s.
Changes such  as this can  cause unwanted and  sudden  alterations
of pressure. For  speech  purposes, therefore, the  chest  wall  sys-
tem  is  postured  so  as  to  optim ize  “load  regulation.” Com pared
with  their  positions  during  tidal breathing, the  rib  cage  is  typi-
cally  som ewhat  expanded  and  the  anterior  abdominal  wall
somew hat  m ore contracted, forcing the diaphragm  upward a bit.

Unfortunately,  the  “rules” of  breathing  for  speech  are  any-
thing but  clear. Di erent  individuals appear  to have very di er-
ent  ways  of  solving  the  biom echanical  problem s  involved,
and  it  is  not  uncom m on  for  perfectly  norm al  speakers  to  use
ventilatory patterns that  seem  to fly in  the face of the physiolo-
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Fig. 75.1  Source–filter model of voice production. The pulmonary reservoir of air provides the power supply, while the airstream is modulated at  the
vocal fold  level to  produce  a  fundamental frequency and  harmonics. These  frequencies are  modulated  in  the  vocal tract .

75.2  The Power Supply: Air Pressure Generat ion
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gists’ expectations.  Clin ical  pronouncem ents  about  “optim al”
breathing  pat terns  for  speech , or  about  the  role  of vent ilatory
behavior  in  m ost  instances of voice  disorder, are  alm ost  always
w ithout  em piric or  even  theoretical foundation  and  should  be
viewed w ith  significant skepticism .

75.3  Phonat ion: Generat ing the
Vocal Source  Signal
The  m odern  understanding  of source  signal  production  is  re-
ferred  to as the myoelast ic–aerodynam ic theory of phonation . It
holds that  the  oscillation  of the vocal folds is not  due  to the  ac-
tive  rhythm ic  contraction  of  m uscle  fibers,  as  earlier  m odels
had  posited, but  is rather  a  passive  result  of the  action  of static
and  dynam ic  air  pressures  act ing  on  the  vocal  folds,  w hose
response  is  a  funct ion  of  their  three-dim ensional  geom etry
and  their  biom echanical or  rheologic properties. The  aerostatic
characteristics of the vocal system  and the biom echanical prop -
ert ies of the  vocal folds are, to  a  considerable  exten t, individu-

ally  controllable, but  they  in teract  in  complex  and  nonlinear
ways and so are far from  independent of each other. The regula-
tion  of phonation  is  largely a  problem  of controlling the  trade-
o s inherent  in  the aerodynam ic–biom echanical in teract ion.

75.3.1  The Vocal Fold Vibratory Cycle
and the Glot tal Source Signal
� Fig. 75.2  provides a  thum bnail sketch  of the  essentials of one
cycle of vocal fold  oscillation  for the product ion  of a transglot tal
airflow  pulse, w hich  is  the  basis  of the  vocal source  signal. For
m ore details, see Chapter  74. It  is assum ed that  a tracheal pres-
sure  adequate  to  power  the  glottal  cycle  has  been  created
through  appropriate ventilatory m uscle act ion.

Initially, the vocal folds have been  adducted so as to m ake full
contact  at  the  m idline, elim inating  the  glottal  space. Tracheal
air  pressure  acts  perpendicularly  against  the  underside  of the
folds. This pressure has the  e ect  of pushing the lower  m argins
of the vocal folds apart . As a result , a wave of separation  begins
to m ove superiorly as the pressure continues to act  to  “pry” the

Fig. 75.2  The  figures represent  the  position  and  contours of the  vocal folds in  coronal section  and  from  above  (insets) throughout  the  vocal fold
vibratory cycle. The  inner graph  depicts airflow over time. (1) Complete  glottis closure. (2) Opening  of the  lower border of the  vocal folds. (3, 4)
Progressive opening of the vocal folds. (5) Opening of the top and bottom of the vocal folds. (6) Complete opening of the glottis. (7–9) Closure of the
lower border of the  vocal folds. (10) Complete  closure  of the  lower border and  partial closure  of the  upper border of the  vocal folds.
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vocal folds away from  each other. During th is in terval, vocal fold
separation  has not  reached  the upper surface, and  so the glot tis
rem ains  closed  and  there  is  no  transglottal  airflow. However,
w hen  the glottis opens as the upper edges of the vocal folds are
finally blow n apart , airflow  through the glottis begins.

At  th is  point, several features  need  to  be  considered. One  is
that  alm ost  all  of the  displacem ent  of the  vocal  fold  t issue  is
due to m ovem ent  of the vocal fold  cover, not  the body (the thy-
roarytenoid  m uscle), w hich  is  alm ost  always m uch  sti er  than
the  com binat ion  of epithelial and  connect ive  t issue that  consti-
tutes the cover. Both  structures, however, are essentially incom -
pressible  and  elastic,  so  w hen  they  are  displaced,  they  store
energy that  represents recoil forces that  try to return  the  edges
of the  vocal folds to their  original position. The  greater  the  dis-
placem ent  from  the  rest  position,  the  greater  the  restorative
force  that  is  generated. Hence, given  the  sequence  of opening
events, the lower  edges of the vocal folds are farther  from  their
original positions than  the just  recently opened  upper edges, so
the  lower  edges  are  subjected  to  sign ificantly  greater  force
pushing  them  back  toward  closure. Furtherm ore, w ith  the  re-
lease of air  from  the glot tal space, the air  pressure m om entarily
drops  because  of inert ial e ects. Thus, there  is  slightly less  air
pressure than  previously to oppose the restorative forces.

With  the  opening  of the  glottis, another  significant  aerody-
nam ic  force  is  unleashed.  The  Bernoulli  e ect  is  the  drop  in
pressure of a flow ing fluid in  a constriction. The vocal folds rep-
resent  a narrow ing in  the airway, and  w hen  the glottis opens, a
flow  ensues. The  pressure  of the  air  in  the  space  betw een  the
vocal folds w ill therefore be lower  than  the  pressure  in  the  tra-
chea or in  the supraglottal region. This m eans that  the force act-
ing to  m ove  or  keep  the  vocal folds  apart  decreases  w hen  the
open  glottis  perm its airflow. In  fact, it  is  possible  for  the  in tra-
glottal air  pressure to be subatm ospheric.

When  the  glottis is w ide open  and  transglot tal airflow  is at  a
m axim um , the  lower  m argins  begin  to  return  to  the  m idline
w hile, thanks  to  m om entum ,  the  upper  m argins  continue  to

separate,  w idening  the  glottis  even  m ore.  This  w idening  re-
duces  the  am ount  of constriction  and  so  dim inishes  the  Ber-
noulli e ect . This  fact, together  w ith  the  greater  displacem ent
from  their  rest  position  that  the  upper  m argins  have  under-
gone, now  puts the  upper  edges in  the  sam e  situation  that  the
lower  edges were  in  just  before, and  the  top  part  of the  glottis
begins to  close. Of course, back  in  the  lower  glottal region, the
nearing  edges  increase  the  am ount  of  constr ict ion  in  their
neighborhood, thus increasing the  relatively negative  Bernoulli
pressure, w ith  the  e ect  that  there  is  now  a  tendency  for  the
lower edges to be  “sucked” together. Ultim ately, the lower m ar-
gins  contact  each  other, the  glottis  closes, and  flow  is  cut  o .
Without  a  flow, there  is  no  Bernoulli  pressure  act ing  on  the
upper  edges  of  the  vocal  folds,  but  there  is  also  no  tracheal
pressure  acting  on  them , so  the  t issue  recoil  forces  are  unop-
posed  and  the  upper  edges, too, are  returned  to  the  m idline.
This restores the glottis to the in itial, completely closed position
and sets up the conditions for the cycle to repeat.

What  th is  vocal fold  m otion  has accom plished  is  the  release
of a  pu of air  in to  the  vocal tract. This  is  a  physiologic signal
w hose  characteristic  shape  is  show n  in  � Fig. 75.1  and  in  the
center  of � Fig. 75.2. Under  ordinary circum stances, the  glottal
m ovem ent  pattern , and  therefore  the  release  of sim ilar  pu s of
air, repeats at  about  110 Hz (repetit ions per second) in  m en  and
roughly  tw ice  as  fast , at  about  220 Hz, in  wom en. This  repeti-
t ion  rate  is  the  fundam ental frequency (F0) of the  glottal wave
and  is  the  prim ary determ inant  of the  perceived  m usical pitch
of the  voice. On  the  w hole, h igher  repetit ion  rates are  heard  as
higher  pitches, and  vice  versa. A brief sum m ary of vocal funda-
m ental frequency and its control is provided in � Table 75.1.

All other th ings being equal, the am plitude of the transglot tal
flow  pulse  is  directly  related  to  the  tracheal pressure, referred
to as the subglottal pressure by the voice physiologist . This am -
plitude  in  turn  is  largely,  but  not  solely,  responsible  for  the
sound  in tensity of voice  or  speech. Sound  in tensity is the  m ain
determ inant of perceived loudness.

Table 75.1  Actions that  change vocal F0

Factors  Action  Related  changes and  effects  ΔF0

Static control factors  ↑ VF rest  length  ↓ F0

↑ VF mass  ↓ F0

↑ Baseline  stiffness of VF  ↑ F0

↑ Subglottic pressure  ↑ F0

Dynamic control factors  Cricothyroid  muscle  con-
tract ion

↑ VF length  ↓ VF mass per unit  of
surface  area

↑ F0

↑ Stretch of VF
↑ VF cover tension

↑ F0

Thyroarytenoid  muscle
contraction  ↑ Stiffness of VF body

 ↑ F0

Abbreviation: VF, vocal fold.
Table  75.1b  Expected  ranges of vocal F0

Register  Female  Male

Modal  140–540 Hz  75–460 Hz

Loft  (“falsetto”)  500–1,100 Hz  275– 640 Hz

75.3  Phonation: Generat ing the Vocal Source Signal
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75.4  Acoust ics of the Source
Signal and Vocal Tract
The  source  signal produced  by vocal fold  oscillation  is  a  nearly
periodic wave  train , m eaning that  it  is  a  t rain  of alm ost  identi-
cal waves (see � Fig. 75.1). Because it  is periodic, the source sig-
nal is composed  of a  series of harm onics:  sine  waves at  in teger
m ultiples  of the  fundam ental frequency. The  source  signal can
thus  be  represented, as  it  is  in  � Fig. 75.1  under  the  heading
“Airstream  Modulation,” either  as  a  plot  of airflow  over  t im e
(upper  plot) or  as a series of sine waves of di erent  am plitudes
over  frequency,  w hich  is  referred  to  as  a  spectrum  (lower
graph). Thus, one  can  conceptualize  the  source  signal not  as  a
series of pu s of air  but  as a  “bundle” of related  frequencies in-
jected  in to  the  bottom  of the  upper  airway. An  excellent  and
valid analogy is the way in  w hich  a t rum peter or other brass in-
strum ent  player  produces a  series of air  pulses by lip  vibration
into the instrum ent’s m outhpiece. These air pulses, being nearly
periodic, also  inject  a  series  of harm onic  frequencies  in to  the
proxim al end of the instrum ent’s tube.

The  vocal  t ract  has  acoustic  propert ies  determ ined  by  its
length  and  shape, as  does  the  tube  of a  trum pet . Som e  of the
harm onic frequencies  pass  through  the  tract  or  tube  relatively

undim inished,  w hile  others  are  m ore  or  less  attenuated.  In
short, the  tract  behaves as a  complex acoustic filter. It  is possi-
ble  to  plot  the  filter  characteristics  of  the  tract  as  a  sort  of
“audiogram ,” show ing the  attenuation  e ect  of the  vocal t ract
as  a  funct ion  of  harm onic  frequency,  as  has  been  done  in
� Fig. 75.1. This plot  is form ally said  to show  the  “transfer  func-
tion” of the  vocal tract. When  the  spectrum  that  is the  product
of airstream  m odulation  is in troduced  in to the vocal t ract  filter,
the  extent  to  w hich  any given  frequency  is  transm itted  to  the
filter’s  output  at  the  lips  is  governed  by  the  t ransfer  funct ion.
The result , for  the  example of � Fig. 75.1, is show n  in  the lower
plot  on  the  far  right . The  output  spectrum  now  has peaks, har-
m onics that  were  transm it ted  w ith  relatively lit t le  attenuation,
and  valleys, w here  harm onic  frequencies  were  m ore  strongly
attenuated. The  associated  sound–pressure  wave  of the  output
spectrum  is  show n  just  above  it . It  is  th is  pressure  wave  that
reaches the  listener’s  ear  and  that  the  listener  perceives as  the
speaker’s voice.

75.5  Registers
The  m odel  of phonation  that  has  been  considered  thus  far  is
valid  for  the  m ost  com m on  pattern  of vocal fold  behavior—the

Fig. 75.3  Vocal fold  characteristics of three  vocal registers.
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m ode that  m ost  speakers use  m ost  of the  tim e. However, there
are other  ways in  w hich  the vocal folds m ay be adjusted to pro-
duce di erent  vocal registers. Briefly, a  register  m ay be  defined
as a  specific and  reproducible  m ode  of laryngeal act ion  that  is
used  over  a  range  of contiguous frequencies to  produce  a  con-
sistent  vocal quality. There  is  norm ally  only a  litt le  overlap  of
register  frequency  ranges.  (Musicians  typically  favor  a  m uch
m ore  complex—and  less  precise—defin ition  of register  that  re-
lies exclusively on  perceived  vocal quality. There  is  lit t le  agree-
m ent, and  m uch  acrim onious dispute, am ong di erent  m usical
schools of thought  about  how  m any registers there are  or  w hat
they  should  be  called.)  The  physiologist  recognizes  three  dis-
tinct  vocal registers;  they are  schem atized  in  � Fig. 75.3, w hich
em phasizes the di erences, observable on  endoscopic exam ina-
tion, in  the displacem ent  patterns of the vocal fold edges.
●  Modal register, nam ed for the statistical m ode (“m ost com -

m on”), is the pat tern  of ordinary speech  and is the one illus-
trated in � Fig. 75.2. It  em ploys m oderate vocal fold  tension,
w hich results in  som ew hat  rounded vocal fold  edges. The
glottal open phase is only som ewhat longer than  the closed
phase. Moderate air pressure drives the system , producing
vocal F0 values in  the m id frequency range (the m ean F0 of
conversational speech  is approxim ately 120 Hz for m en and
210 Hz for wom en).

●  Fa lsetto is an  old m usical term , still in  com m on use, for  the
register at  the highest  vocal F0 values. This register is also
often  referred to by the m ore m odern  term , loft  register. High
lung pressures are used to drive the vocal folds under very
significant  tension, such that  the vocal folds have a knife edge
configuration. The F0 of phonation in  th is range is, on  average,
higher than  approxim ately 275 Hz in  m en and approxim ately
500 Hz in  wom en. The oscillatory pat tern  of the vocal folds is
m ore sinusoidal in  this register, and quite often  no glottal clo-
sure occurs.

●  Pulse register, also know n, especially in  the older literature, as
glotta l fry, occupies the F0 range below  approxim ately 30 Hz.
It  is not  uncomm on for individual glottal pulses to be sepa-

rately perceptible. There m ay be a complete absence of ten-
sioning; the vocal folds are floppy and blunt-edged, and the
driving pressure is correspondingly low. Relatively brief glot-
tal openings are followed by very long closed periods. Charac-
teristically, vocal fold  oscillation  is only m arginally periodic. A
com m on but  not essential feature of pulse register phonation
is a “dichrot ic” oscillatory pat tern , in  w hich  a sm all, short
opening is followed im m ediately by a larger and longer open-
ing. Despite its rough perceptual quality, and notw ithstanding
its very poor periodicity, pulse register phonation  is not  in-
herently indicative of pathology, nor (long-standing clin ical
biases notw ithstanding) is it  injurious to the larynx.

75.6  Roundsm anship
●  Both  source and filter a ect  the hum an voice.
●  During speech, inspiration  as a percentage of the breathing

cycle decreases from  40 to 10%.
●  Tracheal air pressure during speech  m ay increase by 10 t im es

over that during quiet breathing.
●  The myoelastic–aerodynam ic m odel of phonation  states that

the oscillations of the vocal fold cover, under the influence of
the in trinsic laryngeal m uscles, create the fundam ental fre-
quency of vocalization  and its harm onics. Signal m odification
in  the vocal tract  m odifies the harm onic frequencies in  a spe-
cific way.

75.7  Recom m ended Reading
[1]  Hixon  TJ, ed. Respiratory Function  in  Speech  and  Song. Boston, MA: College-

Hill Press/Lit tle Brow n and Com pany; 1987
[2]  Titze  IR. Principles of Voice Production . Denver, CO: National Center  for  Voice

and Speech; 2000
[3]  Van  Den  Berg  JW.  Myoelastic-aerodynam ic  theory  of  voice  production.  J

Speech Hear Res 1958; 1: 227–244
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76  Pharyngeal Anatomy
Melin Tan

76.1  The Pharynx
The pharynx is a  m ucosa-lined  m usculom em branous tube  that
extends from  the base of the skull to the lower border of the cri-
coid  cart ilage at  the level of the sixth  cervical ver tebra, w here it
becom es  contiguous  w ith  the  esophagus  (� Fig. 76.1). It  is  ap -
proxim ately 12 to 14 cm  long and com m unicates w ith  the nasal,
oral,  and  laryngeal  cavit ies,  thus  creating  three  distinct  divi-
sions:  the  nasopharynx,  oropharynx,  and  hypopharynx
(� Fig. 76.2). These  three  areas  share  the  sam e  general tubular
structure of m uscle and fascia lined superficially by m ucosa.

The  prim ary  pharyngeal  m usculature  is  composed  of th ree
paired, overlapping constr ictor  m uscles know n  as the  superior,
m iddle, and  inferior  pharyngeal constr ictors. Together, the pha-
ryngeal constrictors have a com m on insertion  in to the posterior
pharyngeal  raphe.  However,  their  origins  are  complex.  The
superior  constrictor  m uscle  has  four  parts,  w hich  arise  from
four  di erent  areas:  (1) the  m edial pterygoid  plate  and  its  ha-
m ulus;  (2) the  pterygom andibular  raphe;  (3) the  alveolar  proc-
ess  of the  m andible;  and  (4)  the  lateral  aspect  of the  tongue.
The  m iddle  constr ictor  m uscle  arises  from  the  hyoid  bone  and
the  stylohyoid  ligam ent. The  inferior  constrictor  m uscle  arises
from  the thyroid  and  cricoid  cart ilages. Superiorly, the  superior
constrictor  m uscle  becom es  replaced  by  the  pharyngobasilar
fascia, w hich  attaches to the base of the skull at  the  pharyngeal
tubercle. The  gap  betw een  the  superior  constrictor  m uscle  and
the skull base is called  the sinus of Morgagni.

The circular  fibers of the constrictors surround  the longitudi-
nally running fibers of the palatopharyngeus, salpingopharyng-
eus,  and  stylopharyngeus  m uscles.  These  three  m uscles  con-
tr ibute  to  the  m ovem ent  of  the  pharyngeal  wall. The  palato-
pharyngeus  m uscle  extends  from  the  soft  palate  and  pharyn-
geal wall to  the  thyroid  cart ilage, form ing the  substance  of the
posterior  tonsillar pillar. It  acts to elevate the pharynx and  close
o the  nasopharynx  during swallow ing. The  salpingopharyng-
eus m uscle extends from  the eustachian  tube cartilage to in ter-
digitate  w ith  the  palatopharyngeus  and  acts  to  raise  the  phar-
ynx  and  open  the  eustachian  tube  orifice  during  swallow ing.
The  stylopharyngeus  m uscle  originates  at  the  styloid  process,
passes  betw een  the  external and  in ternal carotid  arteries, and
inserts on  the superior posterior border of the thyroid cart ilage;
som e  fibers  in term ingle  w ith  the  constrictor  m uscles. Like  the
salpingopharyngeus  and  the  palatopharyngeus, it  acts  to  ele-
vate the pharynx, but  it  also m inim ally dilates the pharynx.

Two  fascial layers  envelope  the  m uscular  layers  of the  phar-
ynx. The  fibrous  pharyngobasilar  fascia  begins  at  the  pharyn-
geal  tubercle  of the  skull  base  and  extends  inferiorly  in to  the
superior  constr ictor  m uscle. It  sits  betw een  the  skull base  and
the  pharynx  and  helps  to  suppor t  the  rigid  st ructure  of  the
nasopharynx. It  th ickens  at  the  level of the  tonsils  and  form s
a  fibrous  tonsillar  bed  before  becom ing  less  recognizable  at
the  low er  par t  of  the  pharynx,  w here  it  even tually  d isap -
pears.  The  buccopharyngeal  (visceral)  fascia  is  con t iguous
w ith  the  in ternal  layer  of  the  deep  cervical  fascia.  Directly
posterior  to  the  buccopharyngeal  fascia  is  the  retropharyng-
eal space, w hich  is con tained  by the  alar  fascia  and  com m uni-

cates  w ith  the  m ediast inum .  Posterior  to  th is  fascia  is  the
prever tebral  space;  th is  extends  to  the  sacrum  and  then  the
prever tebral fascia, w hich  envelopes the  prevertebral m uscles.
These  layers are  par t icularly im portan t  in  the  spread  of in fec-
t ion  and  m alignancy.  Their  separat ion  also  allow s  the  free
m ovem ent  of  the  pharynx  against  the  ver tebral  structures
during sw allow ing.

The m ucosal lin ing of the  pharynx is a  nonkeratin ized  strati-
fied  squam ous  epithelium .  The  posterior  nasopharynx  is
distinct  in  that  anteriorly, the m ucosal lin ing is a  ciliated, pseu-
dost ratified  respiratory epithelium . This  is  consisten t  w ith  the
dom inant  respiratory  epithelial  lin ing  of the  nose. Posteriorly
w ithin  the  nasopharynx, the  respiratory epithelium  changes to
nonkeratin ized  stratified  squam ous epithelium , w hich  extends
inferiorly to the rest  of the pharynx.

The nerve supply to the pharynx is derived  from  the pharyn-
geal plexus, w hich  is form ed  by the pharyngeal branches of the
glossopharygeal  and  vagus  nerves,  w ith  lesser  contributions
from  the  superior  cervical  sym pathetic  ganglion.  The  vagus
nerve  supplies  m otor  innervation .  Additionally,  through  the
auricular  branch  (Arnold  nerve), the  vagus  m ay carry  sensory
inform ation  from  the  hypopharyngeal area  that  is perceived  as
originat ing  in  the  external  auditory  canal  and  pinna. This  ex-
plains the  referred  pain  experienced  by som e  patien ts w ith  le-
sions in  the hypopharynx. Sensory inform ation  otherw ise  trav-
els along the glossopharyngeal nerve and  the in ternal laryngeal
branch of the superior laryngeal nerve.

The arterial blood  supply of the pharynx com es from  the m a-
jor  branches  of  the  external  carotid  artery,  including  the
ascending pharyngeal artery, tonsillar  branches of the facial ar-
tery, and palatine branches of the m axillary ar tery. The prim ary
venous drainage  is  via  the  pharyngeal veins, w hich  then  drain
into  the  in ternal jugular  vein . Lym phatic drainage  of the  phar-
ynx is  bilateral, w hich  is im portant  clin ically in  the  spread  and
treatm ent of pharyngeal cancer.

76.2  Nasopharynx
The subsites of the nasopharynx are (1) the lateral walls, includ-
ing the  fossae  of Rosenm üller  and  eustachian  tube  orifices;  (2)
the  vault  (roof);  and  (3)  the  posterior  wall. The  nasopharynx
com m unicates w ith  the  nasal cavity via the  choanae anteriorly.
It  is otherw ise bound by the base of the skull superiorly and the
upper  surface  of the  soft  palate  inferiorly. The  soft  palate  sepa-
rates the  nasopharynx from  the  oropharynx as it  creates a  nar-
row ing in  the pharynx know n as the pharyngeal isthm us.

Each  lateral wall is  form ed  and  supported  by the  m argins of
the  superior  constr ictor  m uscle  and  the  rigid  pharyngobasilar
fascia.  The  nasopharynx  com m unicates  w ith  the  m iddle  ear
cavity via  the  eustachian  tube, located  in  the  upper  posterolat-
eral wall. The  torus tubarius  is form ed  by the  car tilaginous eu-
stachian  tube, the levator  veli palatin i m uscle, and the overlying
m ucosa. The  fossa  of Rosenm üller  lies just  above  the  torus and
is  form ed  by the  salpingopharyngeal fold, w hich  extends  from
the torus to the posterior wall.
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Fig. 76.1  (a) Posterior view of the  pharynx. (b) Posterior view of the  pharyngeal muscles after removal of the  posterior pharyngeal wall.

76.2  Nasopharynx
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The  roof of the  nasopharynx  is  created  by  the  basisphenoid
and  the floor of the sphenoid  sinus. Often, there is a depression
in  the  m idline  of the  bony  roof, producing  a  concavity  of the
m ucosa  know n  as  the  pharyngeal bursa. Occasionally, a  cystic
m ass, know n  as  a  Thornwaldt  cyst, m ay be  found  in  th is  area.
Adenoids, or  pharyngeal tonsils, are  located  in  the  m idline  roof
of the  nasopharynx, as  well. They  form  the  superior  aspect  of
the  Waldeyer  ring, a  loop  of lym phoid  tissue  at  the  upper  end
of the  pharynx  that  also  includes  the  palatine  tonsils  and  lin-
gual tonsils.

Posteriorly, the  buccopharyngeal  fascia  separates  the  naso-
pharynx from  the deep fascial spaces and is thought  to be a bar-
rier  to  the  deep  spread  of infect ion  and  early  m alignancy. The
prim ary  nodal  drainage  of  the  nasopharynx  is  via  the  retro-
pharyngeal  nodes;  however,  the  lymphatic  pathways  are
thought  to  becom e  obliterated  by adulthood  as  a  result  of the
num erous pharyngeal infect ions that occur in  childhood. There-
fore, nasopharyngeal cancers often  drain  to second-order nodes
in  levels II, III, and occasionally IV.

76.3  Oropharynx
The  oropharynx is  the  part  of the  pharynx that  com m unicates
w ith  the  oral  cavit y. It  extends  from  the  junct ion  of the  soft
palate  and  hard  palate  superiorly  to  the  vallecula  in feriorly
and  the  circum vallate  papillae  an teriorly. The  subsites  of the
oropharynx are  (1) the  soft  palate;  (2) the base  of the  tongue;

(3)  the  palat ine  tonsils;  and  (4)  the  lateral  and  poster ior
pharyngeal w all.

The  soft  palate  plays an  im portant  role  in  separating the  na-
sal cavity from  the rest  of the  aerodigestive tract  during speech
and  swallow ing. It  rem ains  flaccid  during  respiration  and  ele-
vates  during  deglutit ion  to  block com m unication  betw een  the
nasal and  oral cavities. The Passavant  m uscle is composed  of fi-
bers that  arise  laterally from  the  palatopharyngeus m uscle  and
the  posterolateral  hard  palate. When  the  fibers  contract, they
raise  a  ridge  of soft  t issue  know n  as  the  Passavant  ridge. This
ridge  opposes  the  elevated  soft  palate, thereby  closing  o  the
nasopharynx  during  swallow ing. This  funct ion  is  also  critical
for preventing hypernasal speech .

The base of the tongue is the area of the tongue that  is poste-
rior  to the circumvallate papillae. It  plays a crit ical role  in  swal-
low ing by propelling the food bolus in to the hypopharynx.

The  palatine  tonsils  are  contained  in  the  tonsillar  fossa  be-
tween  the  anterior  and  posterior  faucial  arches.  The  anterior
arch,  the  glossopalatine  fold,  is  form ed  by  the  palatoglossus
m uscle  and  its  overlying  m ucosa. The  posterior  arch  is  form ed
by the palatopharyngeus m uscle and  its overlying m ucosa. Deep
to  the  tonsillar  fossa  are  the  superior  pharyngeal  constrictor
m uscles and  the upper  fibers of the m iddle constrictor  m uscles.

The prim ary lymphatic drainage of the oropharynx is to level
II and  level III nodes, the  retropharyngeal nodes, and  less com -
m only level V nodes. The  palatine  tonsils  m ay also  drain  to the
parotid nodes.

Fig. 76.2  Sagit tal view of the  neck and  pharynx, showing  important  fascial layers.
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76.4  Hypopharynx
The hypopharynx extends from  the  t ip  of the  epiglottis superi-
orly to the  cricoid  car t ilage inferiorly, w here  it  em pties in to the
cervical esophagus. It  abuts the  larynx and  is delineated  from
the  oropharynx  by  the  lateral  glossoepiglot t ic  folds,  w hich,
together  w ith  the  m edial glossoepiglot t ic folds, form  the  val-
lecula. The  subsites  of the  hypopharynx  are  (1)  the  p iriform
sinuses;  (2)  the  posterior  pharyngeal w all;  and  (3)  the  post-
cricoid  m ucosa.

The  piriform  sinuses  are  m ucosal recesses  on  either  side  of
the  laryngeal  in let . They  are  bounded  by  the  inner  surface  of
the thyrohyoid  m em brane, the thyroid  cartilage, and  the lateral
surface of the aryepiglottic fold.

The posterior pharyngeal wall of the hypopharynx is the infe-
rior  continuation  of the  posterior  wall of the  oropharynx. The
landm ark  betw een  the  two  is  the  hyoid  bone.  The  posterior
cricoid  region  is the  anterior  wall of the hypopharynx from  the
arytenoid  car tilages  dow n  to  the  inferior  border  of the  cricoid
cartilage.

The  cricopharyngeus  m uscle  sphincter  is  composed  of hori-
zontal fibers  that  extend  from  one  side  of the  cricoid  cartilage
to  the  other,  separating  the  hypopharynx  from  the  cervical
esophagus. It  is  tonically contracted  and  relaxes in  response  to
the presence  of a food  bolus in  the hypopharynx, allow ing food
to  enter  the  esophagus.  It  then  contracts  again  to  close  the
esophagus and  prevent  reflux. When  it  does so, it  increases the
intrapharyngeal pressure, causing passive  dilation  of the  phar-
ynx (there is no m ajor  pharyngeal dilator  m uscle). Betw een  the
upper  border  of the  cricopharyngeus  and  the  lower  border  of
the inferior  pharyngeal constr ictor  m uscle is a sm all, t riangular,
m ucosa-covered  space  called  the  Killian  dehiscence.  It  is

through  th is  area  that  a  Zenker  diver ticulum  m ost  com m only
arises.

The lymphatic drainage of the hypopharynx is directed to the
jugulodigastr ic  lym ph  nodes  and  spinal  accessory  chains. The
piriform  sinuses drain  to level II and level III, and  then  seconda-
rily to level V. The  posterior  wall of the  hypopharynx drains to
level II and level III nodes, as well as retropharyngeal nodes. The
postcricoid lymphatics drain  to levels III, IV, and VI nodes.

76.5  Roundsm anship
●  The  nasopharynx, oropharynx, and  hypopharynx are

d ivided  in to subsites for  a  considerat ion  of fun ct ion  and
oncologic factors.

●  The layers of the posterior pharyngeal wall influence the
spread of m alignancy and infect ion.

●  The pharyngeal constrictor m uscles form  a  “sling” that
surrounds the pharynx from  the skull base to the cricophar-
yngeus m uscle.
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77  Physiology of Swallowing
Amy L. Cooper

77.1  Int roduct ion
The term  swallowing refers to the en tire act  of deglutit ion , from
the  placem ent  of food  in  the  m outh  through  the  oral and  pha-
ryngeal  stages  of the  swallow  until  ent ry  of the  m aterial  in to
the  esophagus  through  the  cricopharyngeus  and  passage  on-
ward in to the stom ach.

77.2  Term inology
The  highly complex  process  of swallow ing can  be  divided  in to
the  follow ing  four  phases:  oral  preparatory, oral,  pharyngeal,
and  esophageal.  These  phases  are  in terrelated,  and  the  four
phases  m ust  be  appropriately  t im ed  and  sequenced  for  the
swallow  to  be  achieved  successfully.  Approaching  the  act  of
swallow ing from  th is  perspective  has  im plications  for  the  m a-
nagem ent  of swallow ing disorders. As  an  example, the  source
of a  swallow ing di culty m ay not  be  en t irely obvious or  easily
understood;  disrupt ion  in  one  phase  m ay  im pact  another
phase. In  addition , treatm ent  aim ed  at  one  phase  m ay enhance
or  alter  the  competency  of another  phase. Swallow ing  is  best
understood  as  a  com bination  of preprogram m ed  events  w ith
neural circuitry  that  can  adapt  to  change  if needed. Therefore,
swallow ing  can  be  thought  of  as  a  program m ed  response  to
stim uli rather  than  a  true  reflex. The  durat ion  and  characteris-
tics  of  each  phase  of  swallow ing  depend  on  the  type  and

volum e  of  food  being  swallowed  and  on  voluntary  control.
Swallow ing  occurs  predictably  based  on  the  characteristics  of
the food swallowed and voluntary control.

77.3  Applied Anatom y
Clinicians involved  in  the  diagnosis  and  treatm ent  of swallow -
ing  disorders  m ust  be  fam iliar  w ith  the  basic  anatomy  of the
upper  aerodigestive system . Key structures include the jaw  and
lips anteriorly, the tongue (and its relationship to the velum  and
nasopharnyx), the spinal colum n (and  its relat ionship  to the or-
opharynx anteriorly), the valleculae, the laryngeal in let  (and  its
relationship  to the  epiglottis  and  hypopharynx), the  cricophar-
yngeus  (and  its  relat ionship  to  the  spinal  colum n),  and  the
closed  esophagus (� Fig. 77.1). The key m uscles of the head  and
neck used in  swallow ing are illustrated in � Fig. 77.2.

77.4  Physiologic Phases of
Swallowing
77.4.1  Oral Preparatory Phase
The sensory recognition  of food  approaching then  entering the
m outh  is crit ical before oral preparatory m ovem ents can  be in i-
t iated.  The  oral  preparatory  phase  includes  a  transfer  phase,

Fig. 77.1  Basic anatomy for swallowing.
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during w hich  the tongue arranges the bolus, a soft  m ass of food
and/or  liquid, and  m oves it  posteriorly to  an  appropriate  posi-
tion  for m astication  (� Fig. 77.3a). Mastication  involves a rotary
lateral m ovem ent  of the  m andible  and  tongue. Food  is chewed,
ground, and  m ixed  w ith  saliva  to  form  the  bolus  to  be  swal-
lowed. The chew ing act ivity stim ulates the  salivary glands, and
the bolus is lubricated  for  swallow ing ease. Although  th is activ-
ity  is  not  required  for  a  liquid  bolus, m om entary containm ent
by the tongue is necessary so that  the liquid  bolus does not  pre-
m aturely  enter  the  oropharynx. Taste, temperature, viscosity,
and bolus size are sensed (cranial nerves V, VII, and IX), and  ap-
propriate  oral m anipulations are  carried  out  to  prepare  for  the
oral phase of swallow ing.

77.4.2  Oral Phase
The  oral  phase  of  a  sw allow  is  basically  a  delivery  system
and  is  in it iated  w hen  the  tongue  begins  to  m ove  the  bolus

posteriorly  (� Fig.  77.3b).  Before  the  swallow,  the  tongue
(cran ial  nerve  XII)  cradles  the  bolus,  p ressing  its  edges
against  the  hard  palate  as  the  swallow  begins.  Th is  con tact
helps  to  preven t  prem ature  sp illage  in to  the  oropharynx.
When  bolus  preparat ion  is  com plete, the  bolus  is  posit ioned
posteriorly  on  the  tongue. The  lips, buccal  m usculature, and
velum  work  in  tandem  to  build  pressure  and  reduce  the  vol-
um e  of  the  oral  cavity,  driving  the  bolus  posteriorly.  When
con tracted  at  the  in it iat ion  of  the  swallow,  the  extrin sic
tongue  m uscles  (d igast ic, mylohyoid , and  gen iohyoid)  enable
th is  posterior  m ovem ent . Any  injury, neurologic  d isorder, or
surgery  a ect ing  the  m uscles  or  nerves  involved  in  the  oral
preparatory  and  oral  phases  of  sw allow ing  m ay  negatively
im pact  these  phases.  Decreased  lip  or  buccal  funct ion  m ay
negat ively  im pact  the  oral  phase  of swallow ing  w ith  respect
to  oral  con tainm en t  of  the  bolus.  Sim ilarly,  a  decrease  in
tongue  funct ion  is  of concern  because  of reduced  con t rol and
transpor t  of the  bolus.

Fig. 77.2  Head and  neck musculature  relevant  to deglutition.
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77.4.3  Pharyngeal Phase
The  pharyngeal  phase  begins  w ith  tr iggering  of  the  swallow,
w hich  should  occur  by  the  tim e  the  bolus  head  reaches  the
point  w here  the  m andible  crosses  the  tongue  base
(� Fig. 77.3c). The  pharyngeal tr igger  involves the  complex ac-
tion  of tongue  elevation, velopharyngeal closure, laryngeal ele-
vation, and  relaxat ion  of the  cricopharyngeus. All cont ribute  to
m ovem ent  of the  bolus  through  the  pharyngeal  area  w ithout
penetration  of and/or  aspirat ion  in to  the  airway. The  pharyn-
geal  phase  of  swallow ing  is  considered  to  be  an  involuntary
phase. The  m ajor  anatom ical  landm arks  for  th is  stage  include
the  epiglot tis, valleculae  and  piriform  sinuses, thyroid  and  cri-
coid  car tilages, larynx, cervical spine, and  posterior  pharyngeal
wall. A num ber of physiologic act ivities occur as a result  of pha-
ryngeal  tr iggering:  (1)  elevation  and  retract ion  of  the  velum
w ith  complete  closure  of  the  velopharyngeal  port  to  prevent
m aterial from  entering the nasal cavity;  (2) tongue base  retrac-
tion  to  contact  the  posterior  pharyngeal  wall;  (3)  progressive
contraction  of  the  pharyngeal  constr ictors;  (4)  elevation  and
anterior m ovem ent of the hyoid and larynx (w hich help to close
o  the  airway and  stretch/open  the  upper  esophageal sphinc-
ter);  (5) closure  of the  larynx at  the laryngeal aditus (epiglot tis
and  aryepiglottic  folds), ventricular  folds, and  t rue  vocal folds
to prevent  m aterial from  entering the airway; (6) cricopharyng-
eal sphincter  relaxation  to  allow  the  upper  esophageal sphinc-
ter  to  open  and  perm it  m aterial to  pass from  the  pharynx in to
the esophagus.

77.4.4  Esophageal Phase
Esophageal transit  t im es can  be m easured  from  w hen  the bolus
enters  the  esophagus  at  the  upper  esophageal  sphincter
(� Fig. 77.3d)  to  w hen  it  passes  in to  the  stom ach  at  the  lower
esophageal  sphincter. This  typically  takes  8  to  9  seconds. The
upper th ird of the esophagus is composed of str iated and volun-
tary m uscle t issue, the m iddle th ird is composed of a m ixture of
voluntary and  involuntary m uscle  t issue, and  the lower  th ird  is
composed  of sm ooth  and  involuntary  m uscle  t issue. The  peri-
stalt ic wave, w hich  begins at  the  top  of the  esophagus, pushes
the bolus ahead  of it  and  continues sequentially until the lower
esophageal  sphincter  opens  to  allow  the  bolus  to  en ter  the
stom ach.  The  opening  or  relaxing  of  the  lower  esophageal
sphincter  is  referred  to  as descending inhibit ion. Prim ary peri-
stalsis  occurs  w hen  a  swallow  induces  peristalt ic  act ivity,
w hereas  in  secondary  peristalsis,  a  propogated  contraction
wave  is  in itiated  in  the  absence  of a  swallow. The  in itiation  of
secondary peristalt ic contractions is involuntary and  cannot  be
sensed. In  the  event  that  the  bolus  becom es t rapped  or  m oves
m ore  slow ly than  the  prim ary peristalt ic wave  (as  can  happen
w hen  the  bolus  is  poorly  lubricated), stretch  receptors  in  the
esophageal  lin ing  are  stim ulated,  and  a  local  reflex  response
causes  a  secondary  peristalt ic  wave  to  form  around  the  bolus,
forcing it  farther  dow n  the  esophagus. These  secondary waves
continue  indefinitely unt il the  bolus en ters the  stom ach. Tert i-
ary waves are  often  seen  on  barium  swallow, m anom etry, and
EGD (esophagogastroduodenoscopy)  reports. They are  defined

Fig. 77.3  (a–e) Phases of deglutition.
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as  contractions  that  occur  sim ultaneously at  di erent  levels  of
the  esophagus. These  contractions  are  nonperistalt ic, have  no
know n  physiologic  role, and  are  observed  w ith  increased  fre-
quency  in  elderly  people.  This  phenom enon  has  been  called
presbyesophagus in  radiographic descriptions.

The esophageal phase of swallow ing cannot  be  m anaged w ith
therapeutic exercises. Patients w ith  esophageal disorders should
be  referred  to  a  gastroenterologist  or  otolaryngologist  skilled  in
the evaluation  and  treatm ent  of esophageal dysm otility.

77.5  Neural Control of Swallowing
The  neural control of swallow ing en tails  a  very complex in ter-
action  of a eren t  sensory  neurons, m otor  neurons, and  in ter-
neurons  that  control  the  voluntary  and  involuntary/reflexive
actions of swallow ing. The som atic and  autonom ic components
of cranial nerves V, VII, IX, X, XI (cran ial portion), and XII are ac-
tive in  producing a norm al swallow. Cranial nerve deficits cause
changes  in  funct ion  that  range  from  m inor  to  life-threatening.
� Table  77.1  provides a  sum m ary of the  cranial nerves directly
involved in  swallow ing.

77.6  Sum m ary
Swallow ing  is  a  h ighly  coordinated  series  of events  involving
the  ent ire  act  of deglutit ion, from  the  placem ent  of food  in  the

m outh  th rough  the  oral and  pharyngeal stages of the sw allow
until  en tr y  of  the  m aterial  in to  the  esophagus  th rough  the
cricopharyngeus and  passage  onw ard  in to the  stom ach . To ef-
fect ively  treat  oropharyngeal sw allow ing disorders, the  clin i-
cian  m ust  be  able  to  define  norm al anatom y and  physiology,
as  w ell  as  abnorm al  anatom ical  and  physiologic  features  of
the  m echan ism .

77.7  Roundsm anship
●  Norm al swallow  consists of four distinct  yet in terrelated

phases: oral preparatory, oral, pharyngeal, and esophageal.
●  For swallow  to be norm al, the anatom ical structures and their

functions m ust  be in tact , and their actions m ust be appropri-
ately t im ed and sequenced.

77.8  Recom m ended Reading
[1]  Crary  M, Groher  M. In troduct ion  to  Adult  Swallow ing  Disorders. St.  Louis,

MO: Mosby Elsevier; 2003:15–34
[2]  Logem ann  J. Evaluation  and  Treatm ent  of Swallow ing Disorders. Austin , TX:

PRO-ED; 1998:13–52
[3]  Murray T, Carrau  R. Clin ical Manual for  Swallow ing Disorders. San  Diego, CA:

Singular Publishing Group; 2001:13–23

Table 77.1  Summary of cranial nerve participation in swallowing

Cranial nerve  Central nervous system  Autonomic nervous system

V: trigeminal  Sensory: touch, pressure  in  mouth
Motor: muscles of mastication, tensor veli palatini, mylohyoid, anterior belly of
digastric

None

VII: facial  Sensory: taste, anterior tongue
Motor: orbicularis oris, posterior belly of digastric

Visceral motor: sublingual,
submandibular glands

IX: glossopharyngeal  Sensory: taste, posterior tongue
Motor: stylopharyngeus

Visceral motor: parotid  gland

X: vagus  Sensory: sensation from  larynx, pharynx, trachea, esophagus
Motor: larynx, pharynx, esophagus

Visceral motor: smooth muscle  of
abdominal viscera

XI: accessory (cranial portion)  Motor: same  contributions as cranial nerve  X

XII: hypoglossal  Motor: intrinsic and extrinsic tongue muscles, except  for mylohyoid and anterior
digastric muscles

Source: Data  from Crary M, Groher M. Introduction to Adult  Swallowing Disorders. St. Louis, MO: Mosby Elsevier; 2003:22.
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78  Voice Evaluat ion
Amy L. Cooper

78.1  Int roduct ion
Abnorm al voice  is  the  product  of inadequate  or  abnorm al be-
havior  of the  vocal t ract  structures;  an  abnorm al voice  results
from  abnorm al  physiology. Because  of structural, physiologic,
acoustic, and  perceptual  factors, the  evaluation  of vocal  func-
tion  is  a  complex  undertaking. In  addition, the  extraordinarily
rapid  developm ent  of both  theory  and  technology  in  the  past
several decades has resulted  in  an  explosive  grow th  of evalua-
tion  techniques, m any of w hich  are  as of yet  unproven  validity
or  ut ility  in  the  assessm ent  enterprise. A thorough  review  of
the  rationales, m ethods, and  theoretical bases  of vocal evalua-
tion  would  require  m ore  resources  than  the  present  circum -
stances  allow. The  present  purpose, therefore, is  to  provide  a
brief in troduct ion  to the  rationale, m ethodology, and  in terpre-
tation  of the assessm ent of vocal funct ion. A brief outline of the
case history and the aerodynam ic and acoustic factors per tinent
to a patient’s vocal funct ion w ill be provided below. The physio-
logic  significance  of  the  phenom ena  discussed  here  was  en-
gaged  in  Chapter  75. Optim al diagnosis is essential in  planning
the therapeutic course.

78.2  Voice History
While the otolaryngologist  focuses prim arily on  the structure of
the  larynx, the  speech  language  pathologist  (SLP) reports func-
tional  m easures. The  larynx  is  a  dynam ic structure, and  a  dy-
nam ic  vocal  assessm ent  com bining  analyses  of  structure  and
function  is  required  for  the  diagnosis  and  treatm ent  of laryng-
eal disorders. The  SLP begins by taking a  case  history incorpo-
rating aspects of the pat ien t’s m edical and  social h istory, w hich
includes  an  assessm ent  of  the  pat ient’s  vocal  dem ands.  The
clin ician  provides  a  subject ive  im pression  of  vocal  quality
(hoarse,  breathy,  harsh,  aphonic,  pitch  breaks,  trem or,  diplo-

phonic,  strained/strangled,  glottal  attack,  glottal  fry,  vocal
fatigue). These observations are used in  conjunct ion w ith  objec-
tive m easures (acoustic, aerodynam ic) that are discussed below.
The  behavioral  assessm ent  m ay  also  yield  observations  about
breath  patterns, including clavicular  versus  abdom inal breath-
ing, the  presence  or  absence  of str idor, and  behaviors  such  as
throat  clearing. Additionally, rating scales, including the  GRBAS
Scale  (see  Box, below )  and  the  CAPE-V Scale  (see  Box, below )
can  help  quantify  and  qualify  the  degree  of  vocal  aberrance.
The  Voice  Handicap  Index-10  (VHI-10;  � Table  78.1) is  a  ques-
tionnaire  that  can  help  define  the  patient’s perceived  disability
in  response to a voice disorder.

GRBAS Scale
Items are rated by the examiner on a scale of 0 (normal) to 3
(severe).
●  Grade (overall severity)
●  Roughness
●  Breathiness
●  Aesthenia (weakness)
●  Strain

78.3  Acoust ic Analysis
Acoust ic analysis  of the  voice  uses  instrum entation  to  analyze
the  physiologically relevant  properties of a  sound  wave. It  pro-
vides m easures of frequency, am plitude, disturbance (per turba-
tion), harm onic  content ,  noise, and  other  variables  related  to
the funct ion  of the vocal tract  and  larynx. These m easurem ents
are in tended to provide insight  in to the physiology, origins, and
severity of dysphonia.

Table 78.1  Voice Handicap Index-10 (VHI-10)

Item  Grade

Scale  goes from  0 = never to  4 = always

My voice  makes it  difficult  for people  to  hear me.  0  1  2  3  4

People  have  difficulty understanding  me  in  a  noisy room.  0  1  2  3  4

My voice  difficulties restrict  my personal and  social life.  0  1  2  3  4

I feel left  out  of conversations because  of my voice.  0  1  2  3  4

My voice  problem  causes me  to  lose  income.  0  1  2  3  4

I feel as though I have  to strain  to  produce  my voice.  0  1  2  3  4

The  clarity of my voice  is unpredictable.  0  1  2  3  4

My voice  problem  upsets me.  0  1  2  3  4

My voice  makes me  feel handicapped.  0  1  2  3  4

People  ask, “What’s wrong  with  your voice?”  0  1  2  3  4
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CAPE-V (Consensus  Auditory-Perceptual
Evaluat ion  of Voice) Scale
Overall severity, roughness, breathiness, strain, pitch, and loud-
ness are rated on a 100-mm visual analog scale. The rater pla-
ces a vertical mark along each horizontal line; the far left  end of
the line represents least impaired status, and the far right end
represents most  impaired status.

Form:
Hospital #: ___________________ Date: _______________
The following parameters of voice will be rated upon comple-

tion of the following tasks:
1.  Sustained vowels /a/  and /i/  for 3 to 5 seconds’ duration each.
2.  Sentence production:

“The blue spot is on the key again.”
“How hard did he hit  him?”
“We were away a year ago.”
“We eat eggs every Easter.”
“My mama makes lemon mu ns.”
“Peter will keep at  the peak.”

1.  Spontaneous speech. Prompt  as follows:
a) New pat ient : Tell me when your voice problem began,

what  you were noticing, and what  you have done about
it.

b) Return pat ients: Tell me what’s happened with your voice
since last  time you were here. What treatment have you
had? Did it help?

Legend:
C, consistent
I, intermittent
MI, mildly deviant
MO, moderately deviant
SE, severely deviant
Overall Severity________________________________  /100
C I MI MO SE
Roughness____________________________________  /100
C I MI MO SE
Breathiness___________________________________  /100
C I MI MO SE
Strain ________________________________________  /100
C I MI MO SE
Pitch Loudness (Indicate the nature of the abnormality):
________________________________________  /100
C I MI MO SE
Comments about  resonance: Normal Other (Provide descrip-

tion): _____________________________________________
________________________________________________

_____________________
Additional features  (for  example,  diplophonia,  fry,  asthenia,

aphonia, pitch instability, tremor, wet/gurgly, or other relevant
terms):

G__R__B__A__S__ Clinician: _________________

78.4  Aerodynam ic Assessm ent
Measurem ents  of airflow  are  of par ticular  im portance  because
they  describe  or  quantify  the  power  supply—that  is,  the
subglottal  pressure  and  t ransglottal  airflow —for  phonation.
When  available, spirom etry is  used  to  assess  lung volum e  and
lung capacity. Essential to insight  in to vocal e ciency are m eas-
urem ents  of subglottal pressure  and  transglottal airflow. Vocal
fold  vibration  is  in it iated  and  m aintained  by a  pressure  di er-
ent ial  between  the  subglottal  and  supraglottal  regions. An  as-
sessm ent  of subglottal pressure  and  airflow  perm its in ferences
about  w hat  is happening at  the  level of the  glottis. Abnorm ally
high  subglottic pressure  and/or  glottal resistance m ay be a sign
of vocal hyperfunct ion  or  inflam m ation . Increased  airflow  m ay
be  a  sign  of vocal hypofunct ion  or  vocal fold  paralysis/paresis.
These  m easures  are  useful  in  treatm ent  planning  and  can  be
used  for  comparisons  before  and  after  m edical  and  surgical
in tervention. � Table  78.2  sum m arizes  the  norm ative  data  for
diagnostically  significant  vocal characteristics  and  their  impli-
cations w ith  regard to physiology.

78.5  Evaluat ion of the Vocal Fold
Contact  Pat tern
The  m ovem ents  of the  vocal folds  are  rapid  and  complex, and
they unfold  in  three dim ensions, as discussed  in  the chapter  on
vocal  physiology. Endoscopic  techniques, including  videostro-
boscopy,  videokym ography,  and  high-speed  video  recording,
m ake  it  relatively easy to assess the  basic features of m otion  at
the upper surface of the vocal folds and, during the glottal open
phase, to  get  som e  sense  of displacem ents  of the  glottal walls.
However, the  way in  w hich  the  vocal folds  contact  each  other,
and the displacem ents or disrupt ions that  m ay occur during the
glottal closed  phase, are  h idden  from  visual inspection. A tech-
n ique know n  as elect roglottography (EGG) o ers a way of visu-
alizing these occult  events.

EGG takes  advantage  of  the  fact  that  m ost  t issues, having  a
high  electrolyte  content,  are  fairly  good  electrical  conductors,
whereas  air  is  an  extraordinarily  poor  electrical  conductor.  If
electrodes are  placed  on  the  body surface  over  each  thyroid  ala,
a  weak  high-frequency  electric  current  can  be  passed  between
them  through  the  tissues of the  neck. During the  open  phase  of
the  glottal cycle, the  electrical resistance  of this  pathway will be
comparatively  high  because  the  vocal folds  are  separated  by an
insulating  volume  of air. However, as  the  amount  of vocal  fold
contact  increases during glottal closure, the trans-neck resistance
falls, reaching  a  minimum  when  the  surface  area  of vocal  fold
contact  is  m aximal;  it  then  rises again  to  a  m aximum  when  the
vocal folds fully separate. The  m agnitude  of the  current  through
the neck is thus a parameter of the vocal fold  contact  area.

In � Fig. 78.1, the norm al EGG of m odal register phonation  by
a  healthy  m ale  is  compared  w ith  the  EGG of a  fem ale  patient
w ho has vocal nodules. The  abnorm ality of the latter  pattern  is
clearly apparent  and  show s  at  least  one  way  in  w hich  a  clin i-
cally  significant  disrupt ion  of  norm al  vocal  fold  contact  m ay
m anifest. The  in terpretation  of EGG records  depends  on  both
quantitative  and  qualitative  m ethods  that  o er  deeper  insight
in to the bases of phonatory disorder.
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78.6  Sound Spect rography
The ability to exam ine the acoustic content  of the speech  signal
over  t im e o ers a m eans of assessing m any features of the glot-
tal source  signal, of the  vocal t ract  filter  adjustm ent, and  of the
way  in  w hich  these  fundam ental  characteristics  in teract .  The
m ost  com m on  form  of such  an  exam inat ion  is  the  sound  spec-
trogram , in w hich a gray scale is used to represent  the evolut ion
over  t im e (horizontal axis) of the  in tensity of the  speech  signal
as a funct ion  of frequency (vert ical axis). It  is possible to change
the  analytic  param eters  of  the  spectrogram  to  optim ize  fre-
quency  resolution , t im e  relationships, vocal t ract  filter  charac-
teristics, noise  elem ents, and  so  forth . This  ability  to  optim ize
the  spectrogram , and  so  derive  the  enorm ous am ount  of infor-
m ation  that  is  contained  in  the  resulting  record, m akes  spec-
trography of enorm ous  diagnost ic  value, especially  in  patients
w ith  complex disorders of the phonatory system .

� Fig. 78.2, w hich  is  the  spectrographic analysis  of a  norm al
m ale  saying  “Joe  took  father’s  shoe  bench  out,”  gives  som e
sense  of the  kinds of inform ation  that  can  be  obtained. Each  of

the  vert ical  lines  seen  during  the  vowels, for  instance, is  pro-
duced  by  a  single  glottal  closure  that  pinches  o  the  airflow
(see  Chapter  75  ), w hereas the  darker  horizontal bands during
the vowels result  from  peaks resonances in  the vocal tract  filter
function  or  energy  at  nonharm onic  frequencies.  This  can  be
seen  during the “sh” of shoe and the “ch” of bench. The temporal
relationships of laryngeal and  vocal tract  adjustm ents are  rela-
tively  easily  read  by  a  professional  experienced  in  spectro-
graphic analysis.

78.7  Sum m ary
The  voice  history and  the  results  of acoust ic and  aerodynam ic
testing are  crit ical parts  of the  diagnostic process. The  evalua-
tion  of the dynam ic physiology of phonatory and nonphonatory
behavior is aided not on ly by visualization of the larynx but  also
by other form s of m easurable docum entation  of laryngeal func-
tion. Of particular  in terest  are the insights o ered by inspection
of the elect roglottographic signal and sound spectrogram .

Table 78.2  Expected values of diagnostically significant  vocal characteristics

Variable  Test  item  Expected  values  Units  Implicat ion  of...

Increase  Decrease

Power supply

Subglottal (tracheal)
pressure  (Ps)

 /pi/  5.4–9.7  ♀
5.4–7.5  ♂  cm  H2O  Speech  intensity ↑

Hyperkinetic disorder

Speech  intensity ↓
Hypertonic chest  wall
Hypokinetic disorder

Phonation threshold
pressure  (PTP)

 /pi/  ≈  3  cm  H2O

Hypertonic vocal folds
Vocal fold  tension/stiffness
↑
Vocal fold  adduction ↑

—————————

Comfortable  speech/
voice  intensity

Sustained  vowel
/a/  ≈  75  dB

 Ps ↑
Vocal fold  hyperadduction

Ps ↓
Vocal fold  hypoadduction
Glottal gap

Maximum  speech
intensity  /a/  dB  ————————

 Hypertonic chest  wall
Hypokinetic disorder

Glotta l behavior

Speaking  fundamental
frequency (SF0)  /a/

180–250  ♀
100–130  ♂
——————————
43–45  ♀
33–38  ♂

Hz
—————————
ST
(re  16.35 Hz)

Vocal fold  tension/stiffness
↑
Ps ↑
Hyperkinetic disorder

Vocal fold  mass ↑
Vocal fold  tension/stiffness
↓
Ps ↓

Maximum  phonational
frequency range  (MPFR)

 /a/

134–895  ♀
77–576  ♂
———————————
36–85  ♀
23–59  ♂

Hz
—————————
ST
(re  16.35 Hz)

Vocal fold  tension/stiffness
↑

Vocal fold  tension/stiffness
↓
Vocal fold  paresis
Cricothyroid  paresis

Contact  quotient  (Cq)
Closed  quotient  (Cq)  /a/  0.4–0.6  ————————  Vocal fold  hyperadduction

Vocal intensity ↑
Vocal fold  hypoadduction
Vocal intensity ↓

Speed  quotient  (Sq)  /A/  0.5  ————————  Vocal intensity ↑  Vocal intensity ↓

Harmonic-to-noise  ratio
(HNR)  /A/  > 12  dB  ——————————

Air stream  turbulence
Glottal gap
Vocal fold  hypoadduction
Short-term  F0 instability
Short-term  intensity insta-
bility

Abbreviation: ST (re 16.35 Hz), semitones relative to 16.35 Hz.
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78.8  Roundsm anship
●  An  evaluation  of laryngeal funct ion  is vital to t reatm ent

planning.
●  The case h istory and the acoustic and aerodynam ic data add

vital in form ation  to laryngeal im aging.
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Fig. 78.1  Examples of electroglottographic (EGG) records. Left: The  upper trace  shows the  changes in vocal fold  contact  area during  three  glottal
cycles of a  normal male  voice. An increase  in  contact  area (upward  deflection) indicates more  contact  of one  vocal fold  to the  other. It  does not
necessarily indicate  greater glottal closure. The  vocal signal generated  by these  glottal cycles is shown below the  EGG. Right: Vocal fold  contact
pat tern  of a  female  speaker with  vocal nodules. The  protrusion of the  relatively compliant  masses causes the  “shoulders” seen  in  the  EGG record.

Fig. 78.2  Sound spectrographic analysis of a normal male  saying  “Joe  took father’s shoe bench out.” It  shows the  intensity of the  speech signal (the
darker the marking, the more intense the sound) as a function of frequency (vertical axis) over time (horizontal axis). Glottal closures, noise elements,
resonant frequencies of the vocal tract, and features of speech timing that are important in the assessment of complex speech and voice problems are
demonstrated.
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79  Laryngovideost roboscopy
Chandra M. Ivey

79.1  Int roduct ion
Videostroboscopy is  a  technique for  evaluating the  vibration  of
the  vocal folds. The  hum an  vocal folds  vibrate  too  fast  for  the
hum an  eye  to  detect  their  m otion . A flickered  (strobed)  light
source  directly over  the vocal folds can  e ectively m om entarily
“freeze” th is m otion  so that  it  can  be  perceived  in  pseudo-slow
m otion.

79.2  Incidence of Disease
Vocal fold  irregularity can  be seen  in  alm ost  anyone, but  video-
stroboscopy  is  used  m ainly  as  a  tool  for  evaluating  the  dys-
phonic patient. Although  visualization  w ith  still light  via  direct
or  indirect  laryngoscopy allow s lesions on  the  vocal cord  to  be
detected, it  does not  provide a su cien t evaluation  of the depth
of an  irregularity or  the  im pact  a  lesion  has on  the  vibration  of
the  vocal  fold. Videostroboscopy  can  assist  in  th is  evaluation,
aid  diagnosis and  surgical planning, and  im prove  the  ability to
predict  outcom es after phonosurgery.

79.3  Applied Anatom y
Evaluation  w ith  videostroboscopy  is  based  on  the  body–cover
principle  of vocal fold  m otion. For  “norm al” phonation, the  vo-
cal  fold  “cover”  (the  epithelium  and  superficial  layers  of  the
lam ina propria) m ust  m ove sm oothly over  the  “body” (the  thy-
roarytenoid  m uscle). The  cover  and  body are  attached  to  each
other  by the  vocal ligam ent  (the  in term ediate  and  deep  layers
of  the  lam ina  propria, w hich  comprise  the  t ransitional  layer;

� Fig. 79.1). The  vocal body shortens  and  lengthens  by relaxa-
tion  or  contraction  of  the  thyroarytenoid  and  cricothyroid
m uscles  in  order  to  achieve  a  dynam ic frequency range. These
relative  changes  in  the  body  result  in  tension  changes  in  the
cover. A short  and  relaxed  body  allow s  a  lax  cover  to  vibrate
w ith  large  am plitude  at  lower  frequency. A long and  sti body
tenses the  cover  and  results in  sm aller-am plitude  vibrations at
higher  frequency. Any disease  process that  a ects the  ability of
the  cover  to vibrate  sm ooth ly should  cause  predictable  phona-
tory changes and be m easurable.

According to Talbot’s law, im ages persist  on  the hum an  retina
for  200  m icroseconds. Any  stim uli  presented  faster  than  th is
are not  perceptible as dist inct  im ages. When  a series of still im -
ages are  presented, each  for less than  200 m icroseconds, an  op-
tical illusion  of m otion  is created. This principle  allow s still im -
ages of m ultiple  cycles of vocal fold  vibration  to be visually per-
ceived  as  one  cycle  in  pseudo-slow  m otion  w hen  the  im ages
are presented sequentially.

In  order  for  videostroboscopy  to  work, vocal  fold  vibration
needs to be fairly periodic in  nature. The flashes of ligh t  can  be
entrained to a frequency sligh tly di erent  from  that of the vocal
folds  to  give  the  perception  of a  m oving  wave. This  is  done  by
catching each  cycle  of vocal fold  vibration  in  a sligh tly di erent
position  so  that  it  appears  to  be  slow ly m oving from  closed  to
open . Although  each  fram e  captured  is  from  an  en t irely di er-
ent  vibratory cycle  of the vocal fold, the perception  on  the  reti-
na  is  that  of a  slow ly  vibrating  vocal  fold. � Fig. 79.2a  depicts
the  di erence  betw een  stroboscopy  and  high-speed  video
im aging of vocal fold  m otion . � Fig. 79.2b displays the averaged
glottic cycle displayed during stroboscopy.

Fig. 79.1  Schematic of the  vocal fold  layers.
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79.4  Videost roboscopic Evaluat ion
79.4.1  Equipm ent
The  basic  equipm ent  necessary  for  videostroboscopy  includes
the follow ing:
1. Laryngoscope: Whether t ransnasal distal ch ip technology fi-

ber-optic laryngoscopy or t ransoral rigid  endoscopy is per-
form ed, consistent  focused im ages of both vocal folds from
the an terior com m issure through the arytenoids are im por-
tant  for evaluation.

2. Video equipm ent: Recording capability allow s m ultiple
screenings of the vocal fold m ovem ent for a m ore complete
evaluation . Som e system s allow  slow ing the replay or playing
the im ages in  a fram e-by-fram e style, w hich  can  assist  in  a
m ore accurate and consistent  analysis.

3. Microphone: Voice recording allow s m easurem ent of the
sound decibel (dB) level during videostroboscopy, as well as
m easurem ent of the voice fundam ental frequency (F0). These
recordings serve as part  of the m edical record and docum ent
vocal changes over the course of t reatm ent.

4. Entrainm ent system : For videostroboscopy to accurately de-
pict  a running im age, the ligh t  m ust  be triggered in  a system -
atic fashion  and relative to the phonatory frequency. The fre-
quency is obtained either by using a laryngeal m icrophone
or by electroglottography (EGG).

5. Strobed light  source: This pulses brigh t ligh t  relat ive to the
frequency of the vocal fold vibration  to create the perceived
slow  m otion vibration  recorded in  videostroboscopy.

79.4.2  Technique
Although  each  physician  m ay have his or her ow n  technique for
videostroboscopy, the  m ost  im portan t  aspect  of the  evaluation
is consistency. A typical exam ination  is show n in � Fig. 79.3.

Docum entation  at  the  patient’s  m odal  (or  natural)  pitch  is
standard, and  the  m odal  pitch  should  be  the  first  pitch  eval-
uated w hen  data are  recorded. The evaluation  encompasses ap-
proxim ately 5  seconds  of vocal fold  vibration  at  th is  pitch  and
at  a  frequency  of  approxim ately  100 Hz  higher.  Observations
are also m ade w hile the patient  slow ly raises h is or her  pitch  to
allow  evaluation  of the  cricoarytenoid  m uscle  contribution  to
phonation.  These  tasks  are  often  recorded  betw een  60  and
80 dB. Im ages taken at louder and softer  voice ranges can  add to
the evaluation  by changing the body–cover dynam ics, w hich  al-
low s irregularit ies or  lesions to  be  m ore  easily identified. Gen-
eral laryngeal biom echanics are also noted.

Videostroboscopy  is  extrem ely  useful  for  the  identification
and  evaluation  of irregular  vocal fold  vibration . Adjunct  evalua-
tion  w ith  voice  recording  and  w ith  acoust ic  and  aerodynam ic
analysis  can  o er  additional  inform ation  for  di cult  cases  or
uncertain  diagnoses.

Fig. 79.3  Laryngovideostroboscopy equipment  and  examination.
(Courtesy of Pentax of America, Montvale, NJ).

Fig. 79.2  (a) High-speed  video of eight  glottal cycles, with  pink
squares indicating  the  videostroboscopy light  flash. Stacking  of the
pink frames results in  a  pseudo-slow motion vibration  of the  vocal
folds. HSDI, high-speed  digital imaging. (Reprinted  with  permission
from  Bless D, Patel RR, Connor N. Laryngeal imaging. In: Freid  M,
Ferlito  A, eds. The  Larynx. 3rd  ed. San Diego, CA: Plural Publishing;
2009.) (b) Videomontage  obtained  with  videostroboscopy.

79.4  Videostroboscopic Evaluat ion
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79.4.3  Term inology
Many term s are  used  to describe  abnorm alit ies of vocal fold  vi-
bration  in  videostroboscopy:
●  Vocal fold edge: The vocal fold should be straight from  the an-

terior com m issure to the vocal process. Any in terruption  in
this is considered an  irregular ity.

●  Glottal closure pattern: Description  of the area betw een the
vocal folds w hen they are fu lly adducted. Norm al vocal folds
are considered to have a complete closure pat tern . Variations
in  th is pattern  that m ay indicate pathology are incomplete,
spindle, hourglass, posterior ch ink, anterior chink, and irregu-
lar chink.

●  Mucosal wave propagation: Descript ion of the excursion  of
the m oving wave over the body of the vocal fold. Typically, a
wave that  propagates across 50% of the superior surface of
the vocal fold is considered norm al. Propagation  is typically
greater w ith  low -frequency vibration  and sm aller in  h igh-fre-
quency vibration. Sim ilarly, the propagation  increases w ith
louder sounds. Areas of epithelial abnorm ality m ay show  al-
tered propagation, and in  cases of severe scarring there m ay
be absence of m ucosal wave altogether.

●  Vocal fold am plitude: The distance the vocal fold edge and
thus the m ass of the vocal fold are displaced from  the m idline
during the glottic cycle. The typical am plitude is again  50% of
the vocal fold w idth .

●  Vibratory behavior: Description  of the vibration  of the vocal
fold cover. In  norm al circum stances, the vibration  of the cover
is in itiated on  the infraglot tic surface of the fold; it  proceeds
perpendicular to the vocal ligam ent and then  across the supe-
rior surface of the vocal fold.

●  Phase sym m etry: Description  of the cover vibration pattern
of one vocal fold w ith  respect  to the other. Typically, each
wave starts inferiorly and proceeds superiorly then  laterally
away from  m idline. When  the vibration  is in  phase, the pat-
terns m irror each  other. When vocal fold pathology is present ,
the wave of one vocal fold m ay be altered in  relation  to the
other so that  they no longer m irror each other, and thus the
vibratory pat terns w ill be out of phase.

●  Periodicity: In  order to use videostroboscopy to evaluate the
vocal folds, they m ust  vibrate w ith  predictable and m easura-
ble rhythm . If a lesion causes the vibration  to vary too m uch
from  cycle to cycle, the strobe w ill not be able to sync w ith
the  frequency of vibrat ion , and  the  vocal fold  vibrat ion  w ill
be  perceived  as  “flicker ing” in stead  of m oving in  a w avelike
fash ion .

79.5  The Disease  Process
79.5.1  Norm al St roboscopic Findings
Under  norm al conditions, each  vocal fold  has the sam e approx-
im ate  tension  and  m ass, allow ing  a  precise, in-phase  m ucosal
wave on  each  side. Each  vocal fold  edge should  be straight, and
the glottic configuration  should  show  complete closure. The vo-
cal  folds  tend  to  be  closed  for  about  40  to  50% of the  glottal
cycle. The m ucosal wave am plitude should  be sim ilar  from  side

to side, and  the  vibration  should  proceed  in  an  organized  fash-
ion  from  the infraglott ic to the superior surface along the en tire
length  of the vocal fold. The m ucosal waves should  be in  phase,
and the vocal folds should  have the sam e periodicity.

79.5.2  Abnorm al Stroboscopic Findings
Any epithelial or subepithelial lesion  m ay disrupt  the sym m etry
of the vocal fold  edges. These lesions m ay also a ect  the  glottic
configuration  because  they m ay prevent  full vocal fold  closure
and cause an  hourglass or irregular closure pat tern .

An  increase  in  the  m ass of one  vocal fold  w ith  respect  to the
other  tends to increase  the heaviness of that  fold. If the  change
in  m ass is generalized, as  in  polypoid  corditis  of the  vocal fold,
it  m ay cause  an  increased  m ucosal wave  am plitude  and  propa-
gation  along the entire m ucosal surface of the vocal fold, as well
as  an  irregular  periodicity. If the  change  in  m ass  is  due  to  the
presence  of a  lim ited  lesion—for  example, a  cyst  or  polyp—the
area a ected  tends to m ove di erently from  the rest  of the fold,
causing a local change in  m ucosal wave and vibration, and likely
a phase sh ift .

An  increase  in  the  sti ness  of one  vocal fold  w ith  respect  to
the other tends to create a reduced m ucosal wave and vocal fold
am plitude. This can  create a phase asym m etry in  w hich one vo-
cal fold  appears  to  be  vibrating less. If a  lesion  a ects  both  the
cover  and  the  ligam ent  in  a  lim ited  area  of one  vocal fold, vid-
eostroboscopy m ay reveal the absence of a m ucosal wave, indi-
cating loss of epithelium  (as w ith  scar), an  inflam ed  subepithe-
lial lesion  (as w ith  a cyst), or infiltration  (as w ith  invasive carci-
nom a) in  that area.

The tension  of each  vocal fold  m ay also a ect  the  param eters
m easured  w ith  videostroboscopy. Because  tension  m ay  a ect
both  the m ass and  the sti ness of a vocal fold, it  is im portan t  to
evaluate  w hether  the  tension  of each  fold  appears  sim ilar. At
tim es, a vocal fold  paresis m ay decrease  the  tension  of one  fold
and  cause  changes  in  m ucosal wave  and  vocal fold  am plitude,
resulting  in  phase  asym m etry.  Di eren tial  tension  is  often
noted w hen  there is a di erence between  the levels of the vocal
folds.

It  is  im portant  to  rem em ber  that  videost roboscopy  is  used
to record  vocal fold  vibration  in  pseudo-slow  m otion, and  then
these  videos are  subjectively analyzed  by the  otolaryngologist .
Consisten t  patterns of evaluation  should  be  developed  for  reli-
able  use.

79.6  Roundsm anship
●  Videost roboscopy m akes possible the evaluation  of vocal fold

vibration.
●  As a consequence of Talbot’s law, still im ages from  m ultiple

cycles of vocal fold vibration  are visually perceived as one
cycle in  pseudo-slow  m otion w hen the im ages are presented
sequentially.

●  Many term s are used to describe vocal fold vibration  in  video-
stroboscopy, including the follow ing: vocal fold edge, glottic
closure pat tern , m ucosal wave propagat ion, vocal fold am pli-
tude, vibratory behavior, phase sym m etry, and periodicity.
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●  Changes in  the m ass, sti ness, and tension of the vocal folds
are associated w ith  predictable changes in  the vibration
characteristics displayed by videostroboscopy.
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80  Laryngeal Elect romyography
Rick M. Roark and Craig H. Zalvan

80.1  Int roduct ion
Since the  1950s, laryngeal elect romyography (EMG) has been  a
useful tool in  the  diagnosis of various neurom uscular  disorders
a ect ing  the  larynx.  The  percutaneous  placem ent  of  needle
elect rodes w ithin  the laryngeal m usculature allow s the m uscles
to be studied  at  rest  and  during voluntary act ivation . The in ter-
pretat ion  of elect rical signals  can  be  useful in  determ ining  the
site  of a  lesion, degree  of neuronal injury, and  prognosis for  re-
innervation . It  can  also  aid  in  di erentiating betw een  paralysis
and  m echanical  fixation  and  can  guide  the  inject ion  of spas-
m odic laryngeal m uscles w ith  botulinum  toxin .

80.2  Technical Inform at ion
Laryngeal  EMG  is  routinely  perform ed  in  the  o ce  sett ing.
Most  laryngeal electromyographers  use  a  sensitive  m ultichan-
nel EMG system . A ground  electrode  is placed  on  the  neck just
lateral and inferior  to the larynx. A reference elect rode is placed
away from  the neck, typically overlying the angle of the m andi-
ble, the posterior  tr iangle near the m astoid, or  the clavicle. Both
elect rodes are am plified and the di erence subtracted to gener-
ate a signal that  best  represents the elect rical activity of the de-
sired  m uscle  and  m inim izes  the  background  noise  from  other
m uscles, power sources, and other electrom agnetic devices.

The  sweep  speed  of  the  EMG display  unit  sets  the  rate  at
w hich  the  signal  is  horizontally  traced  to  the  display  screen,
w ith  a  setting  of  10 m s/cm  used  for  m ost  purposes.  Faster
sweep  settings (e.g., 1 m s/cm ) facilitate  a  m ore  detailed  exam i-
nation  of signal shapes, w hereas a  slower  sweep  o ers  a  m ore
global view  of the composite EMG signal. Gain , or  sensitivity, of
the  EMG display adjusts  the  ver tical extent  to w hich  the  signal
w ill  be  traced  to  the  display  screen  and  is  typically  set  in  the
range  of  50  to  200 m V/cm .  When  a  general  assessm ent  of
m uscle activation  is m ade, the sweep and gain  sett ings are typi-
cally 100 m s/cm  and 1,000 m V/cm , respect ively. To exam ine the
finer  details  of neurom uscular  status  (e.g., h ierarchical recruit-
m ent  of m otor  units  during in itial act ivation), sett ings of 1 m s/
cm  and  50 m V/cm  are  helpful. The  indwelling electrode  (either
a  bipolar  concentric or  a  m onopolar  needle) is  inser ted  at  rest
in to  the  m uscle  of choice, followed  by various  voicing  tasks  to
activate  that  m uscle. Monopolar  needles are  th inner  and  cause
less dam age  to t issue, as well as less pain . They record  circum -
ferentially at  the  site  of in terest  and  are  less  costly. Concentric
needles do not  require  an  external reference  elect rode because
it  is built  in to the  needle  itself;  as such, a  concentric needle  re-
sults  in  less  in terference, w hich  m akes  it  optim al  to  evaluate
the m orphology of the laryngeal EMG results.

80.3  Technique
Laryngeal EMG is perform ed  w ith  the  patient  in  a  sit t ing or  su-
pine  position  (� Fig. 80.1). The head  is slightly extended. Land-
m arks  are  first  palpated:  the  cricothryoid  m em brane, the  thy-
roid  notch , and  the t rachea. Ground  electrodes (and  a reference

electrode, if a  m onopolar  electrode  is  being  used)  are  placed,
and  the  area  is  prepared  w ith  alcohol. Once  the  needle  is  in-
serted  in to  the  skin  and  the  EMG m achine  is  turned  on , sharp
popping/crackling sounds  are  heard  as  the  needle  is  advanced
into  m uscle. The  thyroarytenoid, posterior  cricoarytenoid, and
cricothyroid  m uscles  are  typically  evaluated  w ith  diagnostic
EMG.

80.3.1  Thyroarytenoid
To  access  the  thyroarytenoid  m uscle,  the  needle  is  passed
through  the  cricothyroid  m em brane  just  lateral to  the  m idline
on  the  side  being  tested.  The  needle  is  then  advanced  and
angled  45  degrees  upward  and  20  to  30  degrees  laterally
(� Fig.  80.2).  At  t im es,  the  needle  m ay  penetrate  the  airway,
w hich  w ill  result  in  a  sinusoidal  pattern  on  the  screen  and  a
loud  m onotone  feedback  from  the  speaker;  it  often  w ill  also
elicit  pain  and cough  from  the patient. The needle is w ithdraw n
slightly, repositioned, and  advanced;  w hen  the  needle  is  redir-
ected, it  should  not  be  turned  laterally w hile  w ithin  the  body,
but  rather  w ithdraw n  and  turned  in  the  desired  direction  to
m inim ize  tissue  t raum a. Advancing the  needle  forward  w ill re-
sult  in  auditory evidence of m uscle insertion. Testing of the thy-
roarytenoid  m uscle  involves a  period  of rest  to  assess  baseline
activity  followed  by act ivation  tasks;  these  include  /i/  in  short
bursts, followed by a prolonged  /i/  at  both  h igh  and  low  pitch, a
Valsalva  m aneuver, and  a  cough. These  tasks  adduct  the  vocal
folds and  activate  the  thyroarytenoid  m uscle. In  addition , m ul-
tiple  repeated  sni ng  m aneuvers  test  for  synkinesis  because
the thyroarytenoid  should be relatively quiet.

80.3.2  Posterior Cricoarytenoid Muscle
This m uscle can  be accessed  in  two ways. In  young pat ients, the
needle  can  be  passed  through  the  cricothyroid  m em brane  and

Fig. 80.1  Laryngeal electromyography is comfortably performed in an
office  setting.
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directed in to the airway, then  slightly inferiorly and laterally in-
to the posterior lam ina of the cricothyroid  cartilage. The needle
is  pushed  through  the  cartilage  until brisk  pops  are  heard  and
m otor  unit  act ion  potentials are  seen  on  the  screen . The  poste-
rior  cricoarytenoid  is  activated  by a  sni  m aneuver. When  the
cartilage is ossified or the an terior approach is di cult , the pos-
terior  cricoarytenoid  can  be  approached  from  the  lateral neck.
The larynx is grasped  betw een  the  thum b on  the lateral border
and  the  poin ter  finger  on  the  thyroid  notch  (for  left  posterior
cricoarytenoid testing). The larynx is rotated away from  the side
being injected, and  the EMG needle  is advanced  behind  the lat-
eral border  of the thyroid  cart ilage  at  its lower  border  until the
cricoid  cartilage  is  encountered. At  th is  point, the  needle  is  re-
tracted  sligh tly, and  a  brisk  signal w ill be  heard  w hen  the  pa-
tient  sni s if the  posterior  cricoarytenoid  has been  properly lo-
cated (� Fig. 80.3).

80.3.3  Cricothyroid Muscle
The  cricothyroid  m uscle  is  accessed  by  placing  the  needle
through  the  skin  overlying the  cricoid  slightly lateral to the  cri-
coid  itself. The  needle  is  then  advanced  slightly  m edially  and
along the  superior  boarder  of the  cricoid  until brisk  potent ials
are heard and visualized. Absence of EMG act ivity during a head
turn  or ch in  raise w ill confirm  that  the needle  is not  w ith in  the
strap  m uscles. To obtain  activity of the  cricothyroid  m uscle, the
patien t  is asked  to phonate a sustained  /i/  at  low  pitch  and  then

Fig. 80.2  (a) The needle is place through the cricothyroid membrane just lateral to the midline on the side of interest. (b) The needle is angled upward
and  laterally until the  thyroarytenoid  muscle  is accessed.

Fig. 80.3  Lateral approach to the  posterior cricoarytenoid  muscle.
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at  h igh  pitch . Act ivation  should  increase  substantially  during
high  pitch  phonation .

80.4  Elect romyographic Signal
Interpretat ion
Norm al m otor  unit  act ion  potential (MUAP):  The firing of each
laryngeal m otor  unit  creates a  compound  myoelectr ic potential
called  the  MUAP. Individual  MUAPs  m ay  be  identified  in  the
EMG signal during low -force  activations (� Fig. 80.4) w hen  few
in  num ber, but  as additional m otor  units  are  recruited  and  fir-
ing rates are  increased  during greater  force  dem ands, the  indi-
vidual shapes becom e  confounded. Norm al MUAPs have  a  dis-
tinctive  m ultiphasic  wave  shape  indicating  the  four  phases  of
compound  m uscle  fiber  depolarizat ion.  However, the  specific
MUAP  m orphology  that  is  observed,  w ith  its  distinguishing
shape  and  t im ing characteristics, w ill depend  greatly upon  the
size  and  geom etry  of the  detector(s)  and  the  recording  setup
(m onopolar  or  bipolar). Although  m any of the  im portant  clin i-
cal im pressions can  be obtained w hen  any recording scenario is
used, m ore  refined  observations m ust  often  be  paired  w ith  the
specific elect rodes used, the type of recordings, and  the experi-
ence of the electromyographer.

Recruitm ent: As the volit ional act ivity of a m uscle persists or
increases, adjacent  m otor  units  are  recruited  to  activate  m ore
m uscle fibers and  increase  or  m aintain  the strength  of contrac-
tion. When  recruitm ent  is norm al, so m any MUAPs are  present

that  individual  MUAPs  cannot  be  identified  because  they  are
obscured by one another. When  th is occurs, it  is referred  to as a
full in terference  pattern . In  cases of neural injury, fewer  m otor
units  are  recruited, the  in terference  pattern  becom es  th inned,
and it  is possible to identify individual units.

Insert ional  act ivity:  When  the  needle  enters  the  m uscle,
there m ay be brisk, sharp  insert ional activity due to brisk depo-
larization  of the  cell m em branes. This typically lasts  a  few  sec-
onds. Prolonged insertional activity for longer than  300 m s m ay
be indicative of m uscle m em brane instability from  either a neu-
ropathic or a myopath ic process.

Fibrillation  potent ials/posit ive  sharp  waves:  These  are  in itial
positive  deflect ions  of  the  MUAPs  that  are  typically  sharp,
short, and  repetit ive  (� Fig. 80.5). When  present, they are  indi-
cative of denervated m uscle fibers.

Polyphasic action  potent ials:  A norm al MUAP is  biphasic  or
tr iphasic (phases indicate the num ber of t im es an  MUAP crosses
the baseline). Polyphasic (w ith  four  or  m ore  phases) action  po-
tentials  are  abnorm al (� Fig. 80.6) and  indicate  active  reinner-
vation  by a  dam aged  nerve. Polyphasic action  potent ials  occur
as nerve  endings regrow  to atrophied  m uscle  fibers. The  result
of these  im m ature  synaptic transm issions is  the  appearance  of
MUAPs  of  lower  am plitude  and  longer  duration.  The  fibers
eventually incorporate  m ore  m uscle fiber  units, resulting in  in-
creased  MUAP am plitude  but  continued  polyphasic  m orphol-
ogy (� Fig. 80.7).

Giant  waves:  Muscle  reinnervation  follow ing  nerve  injury
w ill  often  be  accom panied  by  one  or  m ore  nonpolyphasic
waves that  have abnorm ally high  am plitudes in  the EMG signal.
Giant  waves  (� Fig. 80.8)  are  form ed  as  the  axon  branches  in
the  newly reinnervated  fibers of a  m otor  unit  begin  to develop
nodes  of  Ranvier  and  becom e  myelinated,  thus  reducing  the
transport  t im e of the action  poten t ial to the fiber  end  plate  and

Fig. 80.4  Normal motor unit  configuration (600 mV).

Fig. 80.5  Fibrillation  potentials from  partially denervated  thyroaryte-
noid  muscle.

Fig. 80.6  Fibrillation potentials occurring with a polyphasic motor unit
potential in  a  partially denervated  thyroarytenoid  muscle.

Fig. 80.7  Polyphasic motor unit  action  potential with  increased
amplitude  (700 mV; arrow) from  a thryoarytenoid  muscle  after
recurrent  laryngeal nerve  injury during  thyroidectomy.
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so  reducing  the  delay  t im es  of the  fiber  depolarizat ion  poten-
tials to  the  recording electrode. Previously, the  varied  and  pro-
longed  delays that  caused  the  depolarization  potent ials  to  sum
into  a  polyphasic MUAP during early-stage  reinnervation  were
reduced, causing  the  potentials  now  to  sum  support ively  in to
an  MUAP  w ith  a  shorter  durat ion  and  a  greater  am plitude.
Although  giant  waves are  consistent  w ith  m uscle  reinnervation
physiologically, their  presence  is  inconsisten t  w ith  norm al in-
nervation  anatom ically  because  the  bundling  of fibers  consti-
tut ing the  m otor  unit  is  closer  than  in  a  norm al unit , in  w hich
fibers  are  m ore  in terspersed.  Giant  waves  indicate  a  m ature
state  of m uscle  reinnervation. An  absence  of vocal fold  m otion
in  the presence of giant  waves suggests a poor prognosis.

The  duration  of  the  MUAP  reflects  the  num ber  of  m uscle
fibers  innervated  by  the  axon  being  studied. Age  tends  to  in-
crease the  durat ion  as conduct ion  velocity decreases. Tem pera-
ture  also a ects duration, w ith  hypotherm ia resulting in  slower
conduction  and  longer duration . In  addition , chronic myopathic
and neuropathic disease can  increase the durat ion  of the MUAP.
The am plitude of the MUAP can  sim ilarly be a ected  by various
myopathic and  neuropath ic conditions. The  am plitude  directly
reflects  the  num ber  of m uscle  fibers  recorded  per  given  axon.
Thus, conditions  that  dam age  m uscle  or  block  neurom uscular
transm ission  can  result  in  decreased  am plitude. Increased  am -
plitude, conversely, is  seen  w ith  reinnervation  and  inflam m a-
tory conditions.

80.5  Clinical Use
EMG can  be a very useful tool in  identifying neurologic and my-
opath ic  disorders  of the  laryngeal m usculature. Com m on  uses
of laryngeal EMG include determ ination  of the prognosis for re-
covery of a  pat ien t  w ith  vocal fold  paralysis and  EMG guidance
for  botulinum  toxin  inject ion. Other  indications include  testing
for vocal fold paresis, myopathy, m etabolic disorders, fixation  of
the  cricoarytenoid  joint, and  other  neuropathic conditions that
are not covered in  th is chapter.

80.5.1  Vocal Fold Paralysis
EMG can  be a useful tool to assess a patient  present ing w ith  vo-
cal fold  im m obility. EMG does not  predict  the  t im ing of return
of funct ion, nor  does it  guarantee  a  return  of funct ion. EMG is
typically  perform ed  at  least  3  weeks  after  an  injury  to  allow
wallerian  degeneration  to  result  in  denervation  and  to  allow
fibrillation  potent ials  to  arise. Com plete  denervation  is  charac-

terized  by an  absence of recruitm ent  and  the presence of fibril-
lation  potentials. In  cases of neural recovery, polyphasic waves
can  be  detected. EMG is relatively good  at  predict ing the return
of vocal fold funct ion w hen perform ed betw een 2 and 6 m onths
after  injury, and  a  60  to  90% correlation  w ith  clin ical outcom e
has been  observed  in  patients studied. Variability in  these  out-
com es is likely due to tim ing of the study. Early after  injury, the
presence  of  polyphasics  suggests  an  im proved  prognosis.  In-
creasing recruitm ent  on  successive  EMGs suggests an  act ive  re-
innervation  process and  a h igher likelihood  of recovery. EMG is
even  better at  predict ing the lack of return  of vocal fold  m otion.
A lack of m ovem ent  in  the  presence  of giant  waves portends a
poor  prognosis  because  m axim al  neuronal  recovery  has  been
achieved  and  the  vocal fold  is  yet  to  m ove. Synkinetic reinner-
vation  plays a large role in  preventing vocal fold m otion. If there
is EMG evidence  of significant  synkinesis, then  a  return  of m o-
tion  is less likely. Data are lacking to define w hat should  be con-
sidered  significant  synkinesis. Any  synkinesis  seen  during  re-
covery  from  a  neural  injury  can  lead  to  vocal  fold  im m obility
despite  robust  favorable  EMG findings  of  return  of  funct ion .
Synkinesis  is  observed  by  EMG if  there  is  recruitm ent  in  the
thyroarytenoid  during  a  “sni ” procedure, or  in  the  posterior
cricoarytenoid on phonation.

In  addition  to determ ining the prognosis of a patien t  w ith  vo-
cal fold  paralysis, EMG can  be  useful for  identifying the  site  of
neural injury. A norm al EMG of the cricothyroid  m uscle w ith  an
abnorm al EMG of the thyroarytenoid  m uscle suggests a periph-
eral nerve  injury below  the branching of the superior laryngeal
nerve  at  the  nodose  ganglion. If both  the  cricothyroid  m uscle
and  the  thyroarytenoid  m uscle  show  evidence  of neuronal in -
jury, it  is  likely the  injury occurred  above  th is  division  and  in-
volves the vagus nerve along its course from  the brainstem .

80.5.2  Vocal Fold Paresis
Based  on  the  clin ical  h istory  and  physical  exam ination , vocal
fold  paresis m ay be suspected  as the etiology of a patient’s dys-
phonia. It  has been  show n that th is diagnosis is di cult  to m ake
based  on  history  and  physical  exam ination  alone  because
nearly 20% of pat ients  in  w hom  vocal fold  paresis  is  suspected
w ill  have  a  norm al  EMG and  no  paresis.  In  addition,  in  the
nearly  80% of those  w ho  do  have  paresis, identification  of the
paretic vocal fold  based  on  physical exam inat ion  alone  is accu-
rate  only approxim ately 30% of the t im e. Hence, laryngeal EMG
is very helpful in  confirm ing vocal fold  paresis and  in  identify-
ing the side of weakness for possible surgical in tervent ion .

Fig. 80.8  Giant  waves with  amplitude  of more
than 900 mV (arrow).
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80.5.3  Arytenoid Fixat ion
A norm al EMG of the  thyroarytenoid  and  cricothyroid  m uscles
indicates no dam age to the recurren t  laryngeal nerve or superi-
or laryngeal nerve and  can  suggest dislocation  or fixation  of the
arytenoid  join t. When  used  in  th is  situation, EMG can  be  per-
form ed  soon  after  injury  because  there  is  no  need  to  wait  for
wallerian  degeneration  to occur. Causes of fixation  include trau-
m atic dislocation , arthrit is, and posterior glottic scarring result-
ing in  vocal fold im m obility.

80.5.4  Spasm odic Dysphonia
EMG can  be useful in  diagnosing spasm odic dysphonia and  oth-
er  disorders of the  basal ganglia. In term ittent  breaks in  voicing
during connected  speech  associated  w ith  increased  m uscle  fir-
ing is  characteristic of spasm odic dysphonia. In  addition, there
is typically a delay betw een voicing and an  increase in  laryngeal
m uscle activity. The m ain  use of EMG in  th is disorder is to guide
inject ions of botulinum  toxin  in to the  thyroarytenoid  and  pos-
terior  cricoarytenoid  m uscles  for  therapeutic  e ect.  Hollow
needle  electrodes  can  be  attached  to  a  syringe  w ith  appropri-
ately diluted botulinum  toxin , w hich  is injected in to the body of
the  appropriate  m uscle  after  electr ical confirm ation  of proper
needle placem ent in to the m uscle.

80.5.5  Lower Motor Neuron Disorders
Increased  activity on  needle  insertion  associated  w ith  findings
of polyphasic innervation , positive  sharp  waves, and  the  pres-
ence of fibrillat ion  potentials (� Fig. 80.8) are  com m on  findings
in  pat ien ts  w ith  diseases such  as  amyotrophic lateral sclerosis,
degenerative  diseases  of  the  peripheral  nerves,  m ultisystem
atrophy,  post-polio  syndrom e,  and  Guillain-Barré  syndrom e.
Often, there  is  also  decreased  recruitm ent  as  rem aining nerve
fibers cease funct ioning.

80.5.6  Myasthenia Gravis
Initial  EMG of  the  larynx  in  patients  w ith  myasthenia  gravis
usually  reveals  norm al  inser tional  act ivity,  am plitude,  and

duration  of the  MUAP. With  repetit ive  stim ulation, the  am pli-
tude  and  duration  of  the  MUAP, as  well  as  recruitm ent ,  de-
crease progressively over t im e.

80.6  Roundsm anship
●  EMG is easy to perform  in  an  am bulatory sett ing w ith  m ini-

m al discom fort  to the patient. It  can  be used to indicate the
prognosis of a patient  w ith  injury, identify joint  fixation, and
guide the inject ion of botulinum  toxin .

●  EMG for vocal fold im m obility in  cases of iatrogenic t raum a
should be perform ed at least 3 weeks after the in itial injury.

●  EMG is useful in  predicting a poor prognosis for funct ional re-
turn  after  vocal fold paralysis.

●  EMG is a useful tool for guiding inject ions of botulinum  toxin
in to the laryngeal m usculature.

●  Because EMG does require the use of a needle, insertional
pain , bleeding, and rarely a hem atom a can  be encountered.
Caution should  be advised in  patients w ith  a h istory of anti-
coagulation  or coagulopathy; however, sign ificant  m orbidity
from  EMG is very rare.
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81  Diagnost ic Test ing for Dysphagia
Craig H. Zalvan

81.1  Int roduct ion
Like  m ost  diagnostic  m odalit ies,  the  history  and  physical  ex-
am ination  are  crucial in  understanding the  cause  of dysphagia.
A detailed  history w ill point  to  the  area  causing the  particular
problem , w hich  can  then  help  guide  the  physician’s  choice  of
object ive  diagnost ic testing. The  field  of dysphagia  has  experi-
enced  t rem endous grow th  over  the  past  few  decades, and  nu-
m erous diagnostic tests are available that  can  help  pinpoint  the
etiology of dysphagia in  m any, although not  all, cases.

In  addition  to a complete head and neck exam ination , includ-
ing assessm ent of the cran ial nerves, every exam ination  for dys-
phagia  m ust  include  visualization  of the  laryngopharynx  (and
possibly the  t rachea) w ith  a  flexible  laryngoscope. Both  anato-
my  and  funct ion  are  evaluated, including  the  follow ing:  m u-
cosal lesions, velopharyngeal competence, epiglottic  retroflex-
ion  w ith  closure  of the  laryngeal vestibule, vocal fold  m obility,
pharyngeal  squeeze, laryngeal  elevation, and  the  presence  of
pooled  secretions  at  baseline. Based  on  the  history and  results
of th is exam inat ion, object ive testing is then  ordered  if deem ed
necessary. A battery of tests  is  available, each  w ith  advantages
and  disadvantages. An  understanding of how  each  test  is  con-
ducted  and  w hat  inform ation  it  m ay  provide  is  necessary  so
that  a prudent  choice is m ade. If chosen  correctly, these exam i-
nations  m ay confirm  a  suspected  etiology of the  dysphagia, as
well  as  its  location  and  severity. Certain  exam inations  can  be
used  w ith  real-tim e feedback to test  the  e cacy of swallow ing
m aneuvers used in  treatm ent .

81.2  Modified Barium  Swallow
Modified  barium  swallow  (MBS),  or  videofluorography,  has
long  been  the  gold  standard  test  for  evaluating  swallow ing
function . It  is generally obtained  to evaluate  patien ts w ith  sus-
pected  neurologic  comprom ise,  postoperat ive  changes,  upper
esophageal  sphincter  dysfunction ,  or  dysphagia  to  liquid  bo-
luses. This test  is perform ed in  the radiology suite w ith  a radiol-
ogist  and  speech–language pathologist . The patien t  sits upright
in  the fluoroscopy suite and  is fed  a gradation  of barium -coated
boluses w ith  consistencies  ranging from  thin  liquid  to  solid, as
well  as  varying  sizes.  This  is  an  excellen t  test  for  identifying
causes of dysphagia  in  the  oral and  pharyngeal phases of swal-
low ing, as well as dysfunct ion  of the  upper  esophageal sphinc-
ter. The esophageal phase can  also be assessed. Prem ature bolus
spillage, esophageal reflux, adynam ic pharyngeal m usculature,
degenerative changes of the spine, and pooling of secretions are
all assessed. Aspiration  of m aterial is easily detected, even w hen
silent  (absence  of cough  upon  penetration  or  aspiration). In  ad-
dition, the  funct ion  of the  cricopharyngeus and  upper  esopha-
geal sphincter can  be assessed, as well as the presence of a Zen-
ker  diverticulum . The  MBS can  be  used  to assess the  success or
failure  of compensatory  m echanism s  and  strategies  taught  to
the  patient;  patients  swallow  w hile  em ploying  the  compensa-
tory m aneuver, and  its  e ect  is  observed  in  real t im e. The  dis-
advantages of th is test  are the need  for a radiology suite, a large

team  of health  care workers, radiation  exposure, and  the inabil-
ity to directly visualize the structures being assessed.

81.3  Flexible  Endoscopic
Evaluat ion of Swallowing and
Sensory Test ing
Flexible  endoscopic evaluation  of swallow ing and  sensory test-
ing  (FEESST)  allow s  an  evaluation  of the  oropharyngeal  swal-
low ing  m echanism , as  well  as  direct  visualization  of the  oro-
pharynx, hypopharynx, and  larynx. It  is generally em ployed  in
sim ilar  situations  and  as  an  alternative  to  MBS. This  portable
test  is  perform ed  by  passing  a  flexible  laryngoscope  through
the  nasal cavity  in to  the  pharynx  to  the  level of the  t ip  of the
epiglottis.  Baseline  evaluation  of  secretions  w ithin  the  naso-
pharynx,  vallecula,  hypopharynx,  posterior  pharyngeal  wall,
and larynx is perform ed. The t rachea can  also be directly visual-
ized. Vocal fold  m obility  is  assessed, as  is  pharyngeal m obility,
cough  e ectiveness,  and  pharyngeal  squeeze  (dynam ic  m edial
contract ion  of the  pharyngeal  walls  during  a  high-pitched  /i/).
Sensory  testing  is  then  perform ed. A sm all  pu  of air  is  deliv-
ered  to the  arytenoid  m ucosa. When  this is sensed, norm al indi-
viduals  respond  with  an  abrupt  closure  of the  larynx (laryngeal
adductor  reflex). The normal threshold  is less than  4.0 m m  Hg. If
a response is not  elicited, increasing pressure is used  until a con-
tinuous pulse  at  9 mm  Hg is  delivered. The  absence  of reflexive
closure indicates the presence of a severe sensory deficit. Finally,
foods of m ultiple  consistencies m ixed  with  food  coloring are  fed
to  the  patient. The  tim ing of the  swallow, pooling of secretions,
prem ature  spillage, presence  of residual food  material, and  pen-
etration  and  aspiration  before, during, and  after  the  swallow, as
well as the ability to clear  the bolus, are  all recorded.

The FEESST exam inat ion  has m any advantages. It  is very easy
to perform  and  highly portable. There  is no radiation  exposure.
Direct  visualization  from  the  nasopharynx  to  laryngopharynx
allow s a  direct  evaluation  of the  anatomy. Neurologic inform a-
tion  such  as  vocal  fold  m obility  and  sensation  can  be  tested
w ith  FEESST. FEES can  be used  for biofeedback to help  a pat ient
learn  swallow  m aneuvers and protect ive m echanism s.

The prim ary disadvantage is poor visualization  during the ac-
tual swallow, w ith  a  brief period  of “w hite  out” during epiglot-
tic  inversion  and  pharyngeal contraction. The  direct  visualiza-
tion  of penetration  or aspirat ion is not possible during the swal-
low ; the  presence  of either  can  only be  inferred  by the  appear-
ance of food  coloring in  the structures of the larynx or  subglot-
tis  after  the  swallow  has  fin ished. In  addition, the  cricophar-
yngeus, esophagus, and oral phase of swallow are not  visualized
during  th is  procedure. The  pooling  of secretions  in  the  hypo-
pharynx m ay suggest  cricopharyngeal abnorm alit ies indicating
the  need  for  further  investigation . Som e  patients  m ay  not  be
able  to  tolerate  placem ent  of the  laryngoscope, either  because
of discom fort, w hich  is  very rare, or  an  inability  to  part icipate
in  the  procedure  because  of neurologic comprom ise  or  m ental
status deficiencies.

81.3  Flexible Endoscopic Evaluat ion of Swallowing and Sensory Test ing
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81.4  Barium  Swallow
A barium  swallow  (BS) allow s an  investigation  of the  anatomy
and  funct ion  of the  hypopharynx, upper  esophageal sphincter,
esophagus, and  cardia of the stom ach. The patien t  swallow s ap-
proxim ately  20  m L of  th in  barium  liquid,  w hich  is  evaluated
w ith  fluoroscopy. The  barium  distends the  lum en  of the  afore-
m entioned  structures, so  that  they  can  be  evaluated. It  is  or-
dered  predom inantly  for  patien ts  experiencing  dysphagia  to
solids. BS is  helpful  in  the  identification  of m ucosal irregular-
it ies, webs, rings, str icture, extrinsic  compression , divert icula,
foreign  bodies,  upper  esophageal  sphincter/lower  esophageal
sphincter/cricopharyngeal  dysfunct ion,  gast roesophageal  re-
flux,  airway  aspirat ion,  endolum inal  m asses,  and  esophageal
dysm otility.  The  advantages  of  th is  exam inat ion  include  its
noninvasive  nature, low  cost, and  w ide  availability. The  disad-
vantages include the need  for  radiation, relative anatom ical im -
precision, and  lack of inform ation  about  how  foods and  liquids
of various consistencies are handled.

81.5  Transnasal Esophagoscopy
Transnasal esophagoscopy (TNE) has becom e a powerful tool in
the  diagnosis of dysphagia. Perform ed  on  unsedated  pat ients in
an  o ce  setting w ith  the  use  of topical anesthesia, direct  visu-
alization  from  the  nasopharynx  to  the  stom ach  can  be  per-
form ed. Indications for  th is exam ination  include dysphagia, lar-
yngopharyngeal  reflux  disease  (LPRD), chronic  cough, globus,
odynophagia,  sym ptom s  of  gastroesophageal  reflux  disease
(GERD), and  suspected  foreign  body in  the  esophagus. It  is also
used  as  a  screening  tool  for  the  evaluation  of head  and  neck
cancers and  of Barrett  disease. After  the larynx is visualized  for
gross  m obility, pharyngeal squeeze, and  pooling of secretions,
the  patient  is asked  to swallow, and  the endoscope is advanced
through  the  cricopharyngeus.  Cricopharyngeal  opening  and
closure  occur  in  less  than  1  second, but  the  m ovem ent  is  cap-
tured  digitally and  can  be reviewed. Cricopharyngeal relaxation
is assessed. The  scope  is  then  passed  toward  the  stom ach  w ith
m inim al insu ation  of air. Mucosal irregular it ies and  anatom i-
cal abnorm alities, such  as  esophagitis, ulcers, webs, str ictures,
diver ticula, varices, and  m asses, can  be  visualized  as  the  scope
is  passed. Foreign  bodies  can  also  be  identified  and  rem oved.
The gastroesophageal junct ion  is evaluated. Part icular  attention
is paid  to the  Z-line, w here  the  pale  esophageal squam ous epi-
thelium  transit ions to  the  orange  gastric colum nar  epithelium .
It  is  assessed  for  continuity and  regularity. Longitudinal blood
vessels of the esophagus seen  traversing the Z-line as well as Z-
line  irregular ity  m ay  represent  Barrett  esophagus,  w hich  in-
creases a patien t’s risk for  esophageal carcinom a. A brush  biop-
sy or  four-quadrant  cupped  forceps  biopsy of th is  area  should
be  obtained.  The  lower  esophageal  sphincter  is  assessed  for
function, as well as for the presence of a h iatal hernia. The scope
is  then  passed  in to  the  stom ach  and  retroflexed, and  the  flap
valve  (closure  of the  gastroesophageal junct ion  around  the  en-
doscope)  is  assessed  from  below.  A patent  flap  valve  occurs
w ith  a  h iatal hernia  and  can  predispose  to  reflux. Next , water
and  applesauce  dyed  w ith  food  coloring are  swallowed. A nor-
m al swallow  should  allow  pureed  food  to  pass  in  less  than  13
seconds. Clear  water  is  then  given  to  flush  the  esophagus  and

allow  an  assessm ent  of gross m otility and  peristalsis. The scope
is  w ithdraw n, and  the  m ucosal  surfaces  are  again  visualized.
The  advantages of TNE include the  o ce  sett ing, topical rather
than  sedative anesthesia, m inim al t im e lost  from  work, and lack
of post- exam inat ion  nausea or fat igue. In  addition , th is test  can
readily identify pathology along the  ent ire  upper  gastrointesti-
nal  t ract ,  providing  quick  diagnost ic  inform ation . TNE is  also
less expensive w hen  perform ed  in  the  o ce setting. The disad-
vantages include occasional m inor discom fort, the sm all caliber
of the  endoscope’s  operative  port  (w hich  prevents  the  use  of
any equipm ent  other  than  biopsy forceps), and  the lim ited  dis-
tal visualization  to the stom ach.

81.6  pH and Im pedance
Monitoring
In  the  past  few  decades,  laryngopharyngeal  reflux  has  been
noted  to  be  a  significant  cause  of dysphagia  in  m any pat ients.
Reflux testing has evolved and can  be an  important  tool in  diag-
nosing reflux disease. To evaluate laryngopharyngeal reflux, pH
testing  is  perform ed  by  placing  a  dual  pH probe  through  the
nose and in to the esophagus. Ideally, th is is accom panied by im -
pedance testing, w hich  detects the  presence  of liquid  refluxate,
either  acidic or  nonacidic. The  upper  probe  is  placed  approxi-
m ately 1 cm  above the upper esophageal sphincter, either under
direct  vision  or w ith  the use of concurrent  m anom etry. The lev-
el of acidity and  presence  of liquid  refluxate  are  then  recorded
for  a  24-hour  period.  Dietary  in take  and  sym ptom s  are  re-
corded  and  compared  w ith  the  pH and  im pedance  tracing  to
isolate  and  correlate  events w ith  sym ptom s. A newer  pH probe
has  recently  been  created  that  records  pH of the  nasopharynx
only. This new  system  is m ore  com fortable  and  provides infor-
m ation  about  the  acidity of the  naso-oropharynx for  24  hours.
Placem ent  is sim ple, via visualization  of a guiding blinking ligh t
at  the  end  of the  probe, and  a  good  position  is  confirm ed  w ith
the  sip  of an  acidic  beverage. This  new  probe  is  helpful  as  a
screening  tool,  but  it  does  not  provide  the  inform ation  on
esophageal  m otility  that  is  obtained  w ith  m anom etry  (per-
form ed  w ith  the  dual pH probe). pH tests can  help  guide  treat-
m ent  by quantifying the am ount  of reflux present , and  patients
can  be evaluated  w hile  taking proton  pum p inhibitors to deter-
m ine  their  response  to th is m anagem ent. A patient  can  also be
tested  w hile  o  proton  pum p  inhibitor  therapy  w hen  it  is  ex-
pected  that  laryngopharyngeal  reflux  is  not  contributing  the
patien t’s disease and needs to be ruled  out.

Im pedance testing can  be  added  to pH testing to evaluate for
the  presence  of nonacidic  reflux, w hich  can  be  a  cause  of lar-
yngeal sym ptom s but  not  respond  to acid-suppressive  m edica-
tions. This can  be perform ed  at  the sam e tim e as pH testing. An
im pedance  catheter  is placed  w ithin  the  esophagus. A series of
electrodes  detect  changes  in  the  electrical  conductivity  of the
region  of the  esophagus in  w hich  the  elect rodes lie. Liquid  and
gas (refluxate) increase conduct ivity and thus change the impe-
dance of an  electrode, denoting the presence of refluxate.

The advantage of pH and im pedance testing is that it  provides
object ive  inform ation  about  the  role  of LPRD/GERD in  patients’
disorders.  In  addition ,  th is  type  of  testing  has  a  very  h igh
degree  of sensitivity. The  disadvantages include  the  discom fort
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involved  and  the need  to wear  the equipm ent  for  24 hours. The
inform ation  obtained  w ith  th is  type  of testing is  subject  to  in-
terpretation  because  a  consensus  on  the  in terpretation  of pH
and im pedance testing data has not been  achieved.

81.7  Esophageal Manom etry
This  procedure  involves  placing  a  long  catheter  through  the
nose  and  in to  the  esophagus  as  one  would  pass  a  nasogastr ic
tube. The catheter has num erous pressure transducers along its
length . The  pat ien t  is  instructed  to  swallow  both  dry and  w ith
liquids. The  tim ing of pharyngeal and  esophageal contract ions,
the strength  of the contract ions, and the sequencing of pressure
events are recorded by th is m ultichannel transducer. This test  is
usefu l for  determ ining the  strength  of pharyngeal contraction,
cricopharyngeal  dysfunct ion  (both  patulous  and  nonrelaxing),
esophageal m otility disorders, and  problem s related  to the  dis-
coordination  of  pharyngeal  and  esophageal  contraction.  De-
scriptions  of  absolute  pressures  and  m uscular  coordination
w ithin  the  pharynx and  esophagus are  advantages of m anom e-
try. This inform ation  is easily obtained, is relatively inexpensive,
and  helps  guide  future  therapy. The  disadvantages  include  the
discom fort  som etim es involved  during catheter  placem ent  and
the lack of direct  visualization  of structures during the test .

81.8  Manofluorography
This technique  sim ultaneously com bines the  fluoroscopic eval-
uation  of swallow ing  w ith  m anom etry. The  advantage  of th is
test  is that  it  allow s a precise temporal coordinat ion  of pressure
inform ation  w ith  the position  of the bolus. Unfortunately, m ore
equipm ent  and  sign ifican t  expert ise  are  required.  Recent  ad-
vances in  technology are  decreasing the level of expert ise  need
to perform  th is test  w hile  increasing its accuracy, but  the test  is
curren tly prohibitively expensive.

81.9  Scint igraphy
A bolus of food  m aterial coated w ith  a short-lived  isotope is ad-
m inistered  orally  to  the  pat ient.  A gam m a  ray  cam era  then
m easures  the  radioactivity  as  the  bolus  passes  through  the
upper  aerodigestive  tract.  Residue  of  m aterial  and  aspiration
can  be  detected.  Transit  of  the  bolus  through  the  esophagus
w ith  tim ing  and  direct ionality  can  be  assessed. The  reflux  of
contents  from  the  stom ach  and  esophagus  in to  the  larynx can
be assessed  for  hours after  bolus ingestion. The food  m aterial is
then  m onitored  during  its  transit  out  of the  stom ach  in to  the
sm all in testine. This test  is used  prim arily to study gastric em p-
tying. It  is easy to perform , causes no discom fort , and  has m ini-
m al r isk  from  low -dose  radiation. It  is  sensitive  for  aspiration
and  reflux  events. Quantitative  analysis  of  the  port ion  of the
bolus aspirated can  be done. The disadvantages are the need for
low -dose  radioact ive  m aterial, the  need  for  a  gam m a  counter
and experienced technicians, and the lack of direct  visualization
of the structures involved. In  addition, m ultiple  boluses are  not
used, and compensatory techniques cannot be assessed.

81.10  Ult rasonography
Ultrasonography is used  prim arily to evaluate  the  soft  t issue  of
the  oral cavity  and  oropharynx. Movem ent  of the  tongue  and
in tr insic  m usculature, the  gross  m orphology, the  presence  of
tum ors, and  the tim ing of swallow  can  be followed. In  addition ,
m ultiple  swallow ing attempts can  be  assessed. Elevation  of the
hyoid  can  be  tracked  w ith  ultrasonography. Endolum inal ultra-
sonography can  be  used  to study the  esophagus and  cricophar-
yngeal region. Because of the lack of radiation, ultrasonography
is a good technique to assess the oral and oropharyngeal phases
of swallow ing in  children.

81.11  Com puted Tom ography and
Magnet ic Resonance Im aging
When  a m ass is suspected, the appropriate radiographic testing
can  be ordered. These techniques are covered elsew here.

81.12  Conclusion
The  h istory and  physical exam inat ion  should  be  used  to  guide
the choice of diagnost ic testing. In  m ost  cases, the cause of dys-
phagia can  be  pinpointed  to a certain  area of the  upper  aerodi-
gestive tract. Testing is then  ordered to confirm  the area of dys-
function  and/or  elucidate  the  exact  nature  of  the  problem . If
testing is chosen  carefu lly, rarely does a patient  need m ore than
one  test  to  confirm  the  diagnosis  and  in itiate  treatm ent . � Ta-
ble 81.1 outlines the preferred  tests for particular  problem s.

81.13  Roundsm anship
●  Dysphagia evaluation  requires flexible fiber-optic nasophar-

yngolaryngoscopy for  the examination  of the involved anato-
my and its function, including mucosal lesions, velopharyngeal
competence, epiglottic retroflexion  with  closure of the laryng-
eal vestibule, vocal fold  mobility, pharyngeal squeeze, laryngeal
elevation, and the presence of pooled  secretions at  baseline.

●  Modified barium  swallow  is generally used to evaluate
patients w ith  suspected neurologic comprom ise, postoperati-
ve changes, upper esophageal sphincter dysfunct ion, or
dysphagia to liquid boluses. FEESST can  also provide useful
inform ation  in  these situations.

●  Barium  swallow  can  aid in  the diagnosis of m ucosal
irregular it ies, webs, rings, strictures, extrinsic compression,
diverticula, foreign bodies, upper esophageal sphincter/lower
esophageal sphincter/cricopharyngeal dysfunct ion, gastro-
esophageal reflux, airway aspirat ion, endolum inal m asses,
and esophageal dysm otility.

●  Transnasal esophagoscopy can  be used in  patients w ith
dysphagia, laryngopharyngeal reflux disease, chronic cough,
globus, odynophagia, sym ptom s of GERD, and suspected for-
eign  body of the esophagus. It  is also useful as a screening tool
for the evaluation  of head and neck cancers and for Barrett
disease.

81.13  Roundsmanship
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●  pH and im pedence testing is h ighly sensitive can  provide ob-
ject ive inform ation  in  cases of suspected LPRD/GERD.

●  Esophageal m anom etry can  docum ent the strength  of
pharyngeal contraction, hypo- and hyperfunctioning of the
cricopharyngeus, disorders of esophageal m otility, and prob-
lem s related to discoordination  of pharyngeal and esophageal
contraction .

81.14  Recom m ended Reading
[1]  Postm a  GN, Cohen  JT, Belafsky PC et  al. Transnasal esophagoscopy:  revisited

(over 700 consecutive cases). Laryngoscope 2005; 115: 321–323
[2]  Weissm an  JL. The  radiographic evaluation  of dysphagia:  the  barium  swallow

(pharyngoesophagram)  and  the  m odified  barium  swallow.  In :  Carrau  RL,
Murry T, eds. Com prehensive Managem ent of Swallow ing Disorders. San  Die-
go, CA: Singular Publishing Group; 1999:65–74

Table 81.1  Comparison of diagnostic tests demonstrating which tests are better suited to detect  particular symptoms and define location of etiology

MBS  FEESST  TNE  US  Scint igraphy  BS  pH Test ing  Manometry  Impedance

Oral dysphagia  + +  –  –  + + +  +  –  –  –  –

Oropharyngeal dysphagia  + + +  + + +  +  + +  + +  –  –  + + +  –

Esophageal dysphagia  +  –  + + +  +  + + +  + + +  –  + + +  + + +

Cricopharyngeal dysfunc-
tion

+ + +  +  + +  + +  + +  + +  –  + + +  +

Aspiration  + + +  + + +  +  –  + + +  + +  –  –  –

Global swallow function  + + +  + +  + +  +  + + +  +  –  + +  +

Muscular dysfunction  + +  +  +  +  –  + +  –  + + +  –

Laryngopharyngeal reflux  +  +  +  –  +  +  + + +  –  + + +

Abbreviations: BS, barium  swallow; FEESST, flexible  endoscopic evaluation  of swallowing  and  sensory testing; MBS, modified  barium  swallow; TNE,
transnasal esophagoscopy; US, ultrasound.
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82  Evaluat ion and Managem ent  of the Hoarse Pat ient
Seth H. Dailey and Sunil P. Verma

82.1  Int roduct ion
The  ability to  produce voice  relies on  three  m ajor  components.
The  lungs serve  as  a  generator  to  drive  breath . The  vocal folds
serve as a vibrating source to m ake sound. The pharynx and  or-
al cavity act as a filter to alter the sound in to in telligible words.

The  product ion  of  voice  is  in tegral  for  com m unicat ion  and
enables an  individual’s personal and  professional livelihood. As
the  ability  to  produce  voice  is  an  innate  task, m any take  it  for
granted  until  an  actual  problem  occurs. Hoarseness  is  a  com -
m on  problem , a ect ing approxim ately 20 m illion  people  in  the
United States at  any one t im e.

82.2  Descript ion of the Clinical
Disorder
Hoarseness is  a  sym ptom  of altered  voice  quality. Dysphonia  is
a  disorder  of  voice  product ion  that  im pairs  com m unication .
Dysphonia  m ay be  a  result  of anatom ical or  funct ional compo-
nents, and  in  som e  cases  both . Causes  range  extensively  from
benign  conditions such  as m uscle  tension  dysphonia to  serious
conditions such  as a neurologic disease or m alignancy. The keys
to the  diagnosis and  m anagem ent  of dysphonia  include  a  thor-
ough  history  and  physical exam ination  that  includes  excellent
visualization  of the larynx.

82.3  Di erent ial Diagnosis
●  Infect ious causes, such  as viral, fungal, and bacterial in fec-

tions. Fungal in fect ions occur m ost com m only in  patients
w ho use inhaled steroids.

●  Inflam m atory causes, such  as laryngopharyngeal reflux, post-
nasal drip, allergies, and voice overuse.

●  Phonotraum atic lesions, such  as vocal fold cysts, polyps, nod-
ules, and scar. These lesions m ost com m only occur in  the
m id-m usculom em branous sect ion  of the vocal fold, w here
shear stress is the h ighest.

●  Benign  neoplasm s, such as recurrent  respiratory papillom ato-
sis and granular cell tum ors.

●  Prim ary m alignancies, including squam ous cell cancer and
m inor salivary gland tum ors. Secondary m alignancies include
invasive thyroid cancer and t racheal cancer.

●  Neurologic conditions, such as spasm odic dysphonia, trem or,
and Parkinson  disease.

●  Conditions of glottic insu ciency, including vocal fold paraly-
sis, paresis, and presbylarynges. A ected individuals typically
experience vocal fatigue and exhibit  a dim inished m axim um
phonation  tim e.

●  Vascular lesions, such  as hem angiom as, varices, and ectasia.
These m ay result  in  hem orrhage accum ulat ing in  the superfi-
cial layer of the lam ina propria.

●  System ic conditions, including rheum atoid arthrit is and amy-
loidosis. The form er typically causes vocal fold im m obility,
and the latter is a m ultilobulated m ass w ithin  the glottis.

●  Traum atic lesions, including in tubation  injuries and external
blunt or sharp traum a. Post-in tubat ion  hoarseness is a com -
m on phenom enon associated w ith  vocal fold  hypom obility
due to cricoarytenoid joint  fixation  or recurrent  laryngeal
nerve neurapraxia. Blunt or sharp traum a is not  as com m on.

●  Insult  to the vagus nerve or recurrent  laryngeal nerve. This
m ay be due to m ass e ect  from  lesions, iatrogenic injury, or
pathology in  the brainstem , neck, and chest.

●  Iatrogenic injury to the recurrent  laryngeal nerve is the m ost
com m on cause of vocal fold paralysis. Surgeries w ith  a risk for
recurrent  laryngeal nerve injury include in tracranial surgery;
neck procedures, such  as surgery to the carotid  artery, cervi-
cal spine, thyroid, and esophagus; and chest  procedures, in -
cluding pulm onary, cardiac, and vascular surgery.

●  Funct ional voice disorders, such as m uscle tension dysphonia.

82.4  Evaluat ion of the Disorder
82.4.1  History
An  excellent  is  h istory  is  param ount  in  the  evaluation  of
hoarseness. During  the  work-up, the  patient  should  be  ques-
tioned  about the follow ing:
1. Onset: gradual versus sudden. A gradual onset  m ay be asso-

ciated w ith  neurologic conditions or m alignancy. Causes of a
sudden  onset m ay include hem orrhage or even  m uscle ten-
sion  dysphonia.

2. Duration  of hoarseness.
3. Circum stances surrounding the onset.
4. Associated sym ptom s such as di culty swallow ing and

shortness of breath  often  point  to extensive laryngeal
conditions.

5. Mitigat ing factors. Hoarseness that is constant often points
to an  anatom ical lesion .

6. Social h istory, including tobacco or alcohol use.
7. Voice dem ands and use, both  social and professional.

82.4.2  Physical Exam inat ion
All patien ts  w ith  hoarseness  should  undergo  a  complete  head
and  neck  exam ination. Special  care  should  be  taken  w ith  the
cranial nerve  exam ination, specifically exam inat ion  of the  pal-
ate  and  tongue  for  evidence  of paresis, paralysis, or  neurode-
generat ion . Neck  palpation  evaluates  for  the  presence  of neck
m asses, including lymphadenopathy and thyroid  lesions.

Endoscopy  of the  larynx  is  crit ical  to  m ake  a  proper  d iag-
nosis. Endoscopy should  assess for  num erous item s, including
the follow ing:
●  Global evaluation  of the laryngeal structures, including the

epiglottis, arytenoid position , aryepiglottic folds, piriform  si-
nuses, postcricoid area, false (vestibular) vocal folds, and t rue
vocal folds.

●  Vocal fold adduct ion  and abduct ion. Lim itations m ay point  to
a neurologic etiology, such as recurren t  laryngeal nerve dam -
age, or a m echanical etiology, such  as joint  fixation  from
rheum atoid arthrit is or  traum atic scarring.

82.4  Evaluat ion of the Disorder
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●  Vocal fold epithelium . Leukoplakia m ay be a result  of hyper-
keratosis and be associated w ith  dysplasia or m alignancy. Er-
ythroplakia has a stronger association  w ith  m alignancy than
leukoplakia.

●  Vocal fold vasculature. Norm ally, the vocal fold vasculature
runs parallel to the vocal fold m edial edge. Vasculature that
travels perpendicular to th is often  “poin ts” to phonotraum atic
lesions. Tortuous vasculature m ay be associated w ith  papillo-
m a or m alignancy. Ectasia and varices are typically results of
traum a w ith in  the superficial layer of the lam ina propria.

●  Vocal fold sym m etry, including epithelium , vasculature, and
height . It  is im portan t  to exam ine both vocal folds for abnor-
m alit ies because phonotraum atic lesions are often  bilateral.
Specific attention  should be paid to the vocal fold height be-
cause vocal fold  paralysis m ay cause dysphonia w hen  the two
vocal folds di er in  height .

An  indirect  exam ination  of the larynx w ith  a laryngeal m irror is
im portant  for  m any  reasons.  A m irror  exam inat ion  is  a  very
quick procedure that provides a global view  of the laryngophar-
ynx. However, the  exam inat ion  is lim ited  by a  patient’s gag re-
flex, provides only a t ransient  view  of the larynx, and  does not
allow  the photodocum entation  of findings.

Transoral  rigid  exam inat ion  uses  a  70-degree  angled  tele-
scope for laryngeal visualization. Transoral laryngoscopy is best
perform ed in  pat ients w ith  a lim ited gag reflex and m ay be car-
ried  out  w ith  halogen  or  stroboscopic ligh t. Because  of its large
diam eter, a  rigid  telescope  provides  abundant  light  to  illum i-
nate  the  larynx. A transoral  telescope  coupled  w ith  a  cam era
perm its  the  view  to  be  m agnified  and  recorded. Recording  al-
low s the surgeon to review an exam ination  after it  is perform ed
and to compare it  w ith  later exam inat ions during future visits.

Transnasal  flexible  endoscopy  provides  the  advantage  of
being able  to evaluate  the larynx during connected  speech. The
exam ination  is perform ed  w ith  the  patient  in  a  m ore  “natural”
position  than  during t ransoral endoscopy and is thought to pro-
vide a m ore accurate evaluation  of laryngeal m otion . Transnasal
endoscopy  can  be  perform ed  w ith  a  flexible  fiber-optic  lar-
yngoscope  or  a  distal  chip  endoscope.  The  illum ination  and
im age  quality are  superb w ith  the  latter;  however, its availabil-
ity  is  lim ited  by  its  expense.  Transnasal  flexible  endoscopes
m ay be coupled w ith  halogen  ligh t , xenon  ligh t , or stroboscopic
light.

The addition  of stroboscopic ligh t  provides the physician  w ith
the  ability  to  evaluate  the  m em branous  vocal  fold  in  pseudo-
slow  m otion. For  th is to occur, the frequency at  w hich  the stro-
boscopic  light  flashes  is  coupled  to  the  frequency  of  the
patient’s  voice, as m easured  by a  m icrophone  placed  along the
patient’s  neck  external  to  a  thyroid  ala. The  pseudo-slow  m o-
tion  im age allow s an  evaluation of the m ucosal wave, am plitude
of vibration, any adynam ic segm ents, phase  closure, and  perio-
dicity. Laryngovideostroboscopy can  be essential for  the evalua-
tion  of a pat ient  w ith  hoarseness.

82.5  Test ing
82.5.1  Radiography
Com puted  tom ography  (CT)  of  the  larynx  w ith  in travenous
contrast  is  helpful if an  invasive  process  such  as  cancer  is  sus-

pected or if there has been  laryngeal traum a. If vocal fold  m obi-
lity is comprom ised, CT or  m agnetic resonance (MR) im aging is
necessary to  rule  out  pathology im pinging upon  the  recurrent
laryngeal nerve. The exam inat ion  m ust  include the vagus nerve
from  the skull base to the aortic arch.

82.5.2  Elect romyography
Elect romyography  (EMG)  is  helpful  in  prognosticating  the  re-
turn  of vocal fold m otion  in  pat ients w ith  2 to 6 m onths of vocal
fold  im m obility  secondary  to  a  neurogenic  cause. It  m ay  also
distinguish  neurogenic  from  m echanical  causes  of  vocal  fold
im m obility, particularly  after  in tubat ion  traum a. EMG m ay  be
helpful in  the diagnosis of vocal fold paresis as well.

82.5.3  Microbacterial Test ing
Rarely, a culture of the larynx is perform ed if fungal or bacterial
laryngit is  is  suspected  but  is  atypical in  presentation  or  unre-
sponsive to em piric t reatm ent.

82.5.4  Histopathology
A biopsy can  be  perform ed  in  the  o ce  or  operat ing room  for
any suspected neoplasm .

82.6  Treatm ent
The  etiology  of dysphonia  is  often  m ultifactorial, w hich  is  the
reason  for such a thorough  investigation. Because of the num er-
ous causes of dysphonia, it  is di cult  to describe thoroughly all
possible t reatm ent  options. In  general, the  in itial findings often
dictate  the  first  step  in  m anagem ent  and  the  need  for  fur ther
studies. For  example, if a  neurologic disorder  is suspected, con-
sultation w ith  a neurologist  specializing in  m ovem ent disorders
m ay be indicated.

If infect ion  is  suspected, then  an tivirals, antibiotics, or  anti-
fungals  should  be  used  appropriately. Sw ish  and  swallow  anti-
fungal m edications should  not  be used  because they are topical.
Treatm ent  w ith  a  system ic  m edication  such  as  fluconazole  is
recom m ended.

Laryngopharyngeal reflux m ay contribute  to voice  disorders,
causing  sym ptoms  of  m ild  hoarseness,  th roat  clearing,  and
globus  sensation.  Laryngopharyngeal  reflux  is  m anaged  w ith
lifestyle  changes;  dietary  changes  are  em phasized,  including
the  avoidance of acidic foods and  a  decrease  in  m eal sizes. Pro-
ton  pum p  inhibitors  m ay be  in itiated, w ith  patients  instructed
to take their m edication  at least  30 m inutes before m eals.

Rhinitis w ith  postnasal drip  m ay be controlled  w ith  saline ir-
rigation , nasal steroids, an tih istam ines, or  anticholinergic nasal
sprays. A through  a work-up of allergic or chronic rh inosinusitis
m ay be necessary.

Voice  therapy  is  a  key  portion  of the  m anagem ent  of m any
voice  disorders.  Speech  pathologists  m ay  work  w ith  patients
regularly  to  im prove  voicing  technique  and  e ciency.  Voice
therapy is  an  important  tool for  patients  w ith  funct ional voice
disorders as well as those  w ith  lesions requiring surgery. Voice
therapy should  be  used  both  before  and  after  surgery  to  opti-
m ize results.
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Phonom icrosurgery w ill benefit  patients w ith  benign  lesions
that are refractory to voice therapy.

Papillom atosis  often  requires  m ultiple  surgeries  th rough  a
patien t’s  lifetim e. Adjunct ive  treatm ents  include  lasers  and  in-
dole-3-carbinol. Cidofovir m ay benefit  certain  patien ts.

Patien ts w ho have spasm odic dysphonia and occasionally lar-
yngeal trem or can  be helped w ith  botulinum  toxin .

Patien ts  w ith  glottic  insu ciency  m ay  benefit  from  voice
therapy. In  m any  cases, the  vocal  folds  require  augm entation,
w hich  m ay be  perform ed  w ith  inject ion  laryngoplasty or  type I
thyroplasty.

Unilateral type  I thyroplasty  w ith  or  w ithout  arytenoid  ad-
duct ion  is  a  definitive  t reatm ent  for  patients  w ho  have  unilat-
eral vocal fold paralysis.

82.7  Roundsm anship
●  Hoarseness is a sym ptom  of altered voice quality. Dysphonia

is a disorder of voice production.
●  Although laryngopharyngeal reflux is present  in  m any pa-

tients w ith  hoarseness, a full work-up is warranted.

●  The etiology of hoarseness is often  m ultifactorial, and a prop -
er diagnosis relies on  an  excellent  h istory and physical exam i-
nation , especially endoscopy.

●  Laryngovideostroboscopy allow s the evaluation  of m em bra-
nous vocal fold  m otion  in  pseudo-slow  m otion. Mucosal
wave, am plitude of vibration, any adynam ic segm ents, phase
closure, and periodicity can  be evaluated.

●  A proper investigation  for idiopathic vocal fold im m obility in-
cludes CTor MR im aging along the course of the vagus nerve
from  the skull base to the aortic arch.
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83  Laryngit is
Craig H. Zalvan

83.1  Int roduct ion
Laryngitis  by defin ition  refers  only to  in flam m ation  of the  lar-
ynx. The  word  la ryngit is is  com m only used  erroneously by pa-
tien ts  and  physicians  to  describe  sym ptom s such  as  change  in
voice, loss  of voice, and/or  discom fort  in  the  throat. Laryngeal
inflam m ation  can  be caused by a w ide variety of conditions and
associated  w ith  a  myriad  of other  sym ptom s. This  chapter  w ill
explore  the  causes  of inflam m ation  of the  larynx  that  lead  to
sym ptom s referable  to  the  larynx and  pharynx. Noninflam m a-
tory conditions  of the  larynx leading to  sim ilar  sym ptom s w ill
be covered elsew here.

83.2  Incidence
Although  there  are  no  data  on  “laryngitis” specifically, in  1996
there were 23.6 cases of the com m on cold and 36 cases of influ-
enza  per  100  people  in  the  United  States. Most  patients  w ith
upper respiratory tract  infect ions w ill have one sym ptom  or an-
other of laryngitis, and nearly everyone w ill experience laryngi-
tis at  som e point  in  h is or her life.

83.3  Classificat ion
Acute  laryngitis  usually lasts  up  to  7  days and  is  typically self-
lim ited. Subacute  laryngit is  lasts  from  1  to  3  weeks. Laryngitis
lasting for m ore than  3 weeks is considered chronic. In  addition,
patients  can  have  recurrent  bouts  of  laryngeal  inflam m ation
lasting for days to weeks. Laryngit is lasting longer  than  3 weeks
should  be  evaluated  by an  otolaryngologist , and  direct  visual-
ization  of the larynx should be perform ed.

83.4  Applied Anatom y
Laryngitis  is  confined  principally  to  the  m ucosa  of the  larynx,
w hich  is  covered  by respiratory epithelium  except  for  the  t rue
vocal  folds,  w hich  are  covered  by  squam ous  epithelium . The
thin  m ucosa  and  superficial  lam ina  propria  vibrate  together
over  the deeper layers of the lam ina propria and  the underlying
vocalis m uscle. This unique arrangem ent  is easily comprom ised
by edem a, w hich leads to hoarseness.

83.5  The Disease  Process
83.5.1  Et iology
Acute  laryngitis:  Most  cases  of acute  laryngitis  are  temporary.
The vast  m ajority are  virally m ediated  (� Fig. 83.1) and  present
as  par t  of an  upper  respiratory infect ion  w ith  or  w ithout  oth -
er  sym ptom s, such  as  cough, rh inorrhea, nasal congestion , fe-
ver, headache, and  m alaise. Typically, as the  respiratory sym p-
tom s im prove, so  do  the  voice  and  throat  sym ptom s. Bacterial
and  fungal in fect ion  (� Fig. 83.2), although  rare, m ust  also  be
considered.

Fig. 83.1  (a) Normal laryngeal examination. Note the smooth mucosa,
sharply defined  borders of the  arcuate  line, smooth vocal fold  edges,
tan–pale  coloration, and  moist, glistening  surfaces. (b) Viral laryngitis
with  mid-membranous vocal fold  epithelial thickening  as well
erythema, edema, and  hyperemia of the  vocal folds.

Fig. 83.2  Fungal laryngitis. Note the white fungal plaques covering the
entire  surface  of both vocal folds. There  are  also  incidental bilateral
granulomas.
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In  addition  to  infect ion, acute  vocal t raum a from  vocal over-
use, m isuse, or  abuse  is  a  com m on  cause  of acute  laryngitis.
Typically, patien ts w ill detail a vocal event  that  precipitated  the
acute change. Benign  conditions such  as vocal fold  nodules, pol-
yps,  cysts,  and  m uscle  tension  m ay  predispose  a  pat ient  to
acute  voice loss and  discom fort . In  severe  instances, vocal trau-
m a m ay result  in  vocal hem orrhage and lead to significant  vocal
fold inflam m ation  and acute vocal changes.

Underlying laryngopharyngeal reflux m ay be  exacerbated  by
stress, infect ion , m edication, or  dietary  indiscretion.  This  can
cause  acute  laryngeal in flam m ation  and  acute  sym ptom s such
as voice  changes, throat  clearing, globus pharyngeus, increased
glottal m ucus, and coughing.

Medications  can  secondarily  lead  to  acute  inflam m atory
changes  by  altering  laryngeal  hydration.  Inhaled  m edication
m ay directly cause inflam m ation  from  contact  irr itat ion  as well
as  the  in itiation  of a  fungal infect ion . The  increased  use  of in-
haled  steroids has led  to an  increase  in  the  frequency of fungal
laryngit is in  im m unocompetent  individuals.

Allergies  and  environm ental  exposures  can  result  in  acute
changes  in  breathing, respirat ion, m ucosal hydration, and  m u-
cus production , all of w hich can  lead to acute laryngitis.

Most  cases  of acute  laryngitis  are  self-lim ited  and  im prove
over  1  to  3  weeks. Sym ptom s are  often  alleviated  by conserva-
tive m easures. Very rarely are an t ibiot ics and  steroids indicated
for acute laryngitis.

However, som e  cases  of acute  laryngitis  progress  to  chronic
laryngit is  after  the  in itial  acute  phase  has  resolved.  Chronic
sym ptom s  often  prom pt  a  visit  to  a  m edical  doctor.  Patients
w hose  sym ptom s  have  lasted  longer  than  3  weeks  should  be
evaluated  by an  otolaryngologist , w ho can  visualize  the  larynx.
This allow s an  accurate  diagnosis to  be  m ade  and  t reatm ent  to
be directed at  the particular cause of the chronic sym ptom s.

83.5.2  Chronic Laryngit is
Laryngitis  that  persists  m ore  than  3  weeks  is  considered
chronic.  Systemic  diseases  (including  collagen  vascular  disor-
ders), insidious  infect ious  disease, long-term  environm ental ex-
posures,  allergies,  medications,  and  tum ors  are  som e  of  the
m ore  com m on  causes  of chronic  laryngitis. Occasionally, acute
laryngitis  can  cause  secondary  changes  that  result  in  chronic
laryngitis. A careful history in  a  patient  w ith  symptoms of acute
laryngitis  often  reveals  chronic  sym ptom s  that  have  been
present  for  weeks  or  m onths  but  were  recently  exacerbated.
Laryngitis is often  m ultifactorial. For example, viral laryngitis as-
sociated  w ith  a  cough  m ay cause  a  vocal hemorrhage, resulting
in  persistent  hoarseness  despite  resolution  of the  viral  compo-
nent  of  the  illness.  Chronic  laryngitis  usually  presents  insidi-
ously and  progresses slowly over  tim e. Any vocal changes, throat
discom fort, or  otalgia in  a sm oker  requires evaluation  by an  oto-
laryngologist  to rule  out  the possibility of laryngeal cancer.

83.5.3  Natural History
As  stated  above, m ost  causes  of acute  laryngit is  are  virus-re-
lated  and  self-lim ited. Chronic laryngitis, if  left  untreated, can
result  in  perm anent  changes in  the vocal folds, such  as th icken-
ing  of  the  vocal  fold  m ucosa,  polypoid  degeneration  of  the
superficial lam ina propria, and fibrosis or scarring.

83.5.4  Pathogenesis
Laryngitis  is  caused  by acute  or  chronic changes  to  the  larynx
resulting from  an  inflam m atory process. This involves a  com bi-
nation  of hum oral and  cellular  responses to  m ucosal irr itation.
The  B-cell  response  to  antibody–antigen  act ivation  leads  to  a
cascade  of  inflam m atory  m ediator  release,  cytokine  release,
complem ent  act ivation,  and  cellular  activation.  Cell-m ediated
im m unity results in  the act ivation  of m acrophages, natural kill-
er  cells,  and  cytotoxic  T  cells.  Acutely,  t issue  inflam m ation
ensues,  resulting  in  vasodilation  w ith  subsequent  erythem a,
transudat ion  of plasm a w ith  edem a, inflam m atory m ediator re-
lease, and  tissue  destruction. Laryngeal edem a, excess or  insuf-
ficient  m ucus product ion, poor  laryngeal closure, and  m ucosal
sti ness  result  in  the  voice  changes  and  discom fort  associated
w ith  acute  or  chronic inflam m ation . Chronic inflam m ation  can
lead  to localized  fibrosis, scarring of the m ucosa and  superficial
lam ina propria, and a granulom atous react ion  (� Fig. 83.3).

83.5.5  Potent ial Disease Com plicat ions
Acute  laryngit is  prim arily  causes  discom fort  of  the  laryngo-
pharynx  and  dysphonia. This  can  lead  to  m issed  work, m issed
perform ances, and inconvenience for the patient. Rarely is there
su cient  edem a to  cause  airway comprom ise;  however, th is  is
m ay be a concern  in  a patient  w ith  an  abnorm ally narrow  glot-
tis secondary to another disorder. Continued  or excessive use of
the voice during acute or chronic laryngitis can  prolong and  ex-
acerbate sym ptom s, as well as lead to m ucosal tears, acute hem -
orrhage, and  m uscle  strain . Maladaptive  phonatory  behaviors
secondary  to  acute  or  chronic  inflam m ation  can  result  in  be-
n ign  vocal  fold  lesions  such  as  nodules, polyps, and  cysts,  as
well as perm anent fibrotic changes.

83.6  Medical Evaluat ion
83.6.1  Present ing Com plaints
Dysphonia  is  defined  as any change  in  voice:  breathy, raspy, or
rough  voice;  voice  breaks  or  cracks;  change  in  range;  vocal

Fig. 83.3  Chronic laryngitis. Note  the  thickened  mucosa of the  entire
supraglott is, with thick strands of white  mucus; the  smooth character
of the  mucosa is replaced  with  a  rough, corrugated  appearance.

83.6  Medical Evaluat ion
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fatigue or  st rain ;  loss of voice  (aphon ia) or  w h isper  voice. Pa-
t ien ts  m ay describe  a  globus sensat ion  (the  feeling of having
a lum p  in  the  th roat ) or  d iscom for t  in  the  th roat;  sh arp  pain s
or  du ll  ach es, either  un ilateral or  bilateral, are  often  exacer-
bated  by  talking,  sw allow in g,  or  eat ing.  Occasionally,
pat ien ts  w ill  have  referred  otalgia  secondary  to  the  shared
vagal  a eren t  innervat ion  of  the  lar yn x  and  extern al  audi-
tory  can al.  In  add it ion , the  onset  of  laryngit is  can  often  be
accom pan ied  by  other  resp iratory  t ract  sym ptom s,  such  as
congest ion ,  fever,  headache,  cough ,  and  dysph agia.  Airw ay
sym ptom s such  as st r idor, dyspn ea, croupy cough , and  recur-
ren t  pn eum on ia  should  p rom pt  im m ediate  evaluat ion . Addi-
t ionally,  laryngit is  in  th e  set t ing  of  a  p reexist ing  airw ay
abnorm alit y,  such  as  a  tum or,  laryngotracheal  scar ring,  or
vocal paralysis, can  resu lt  in  resp irator y d ist ress w ith  airw ay
com prom ise.

83.6.2  Evaluat ion
Most patients w ith  acute laryngit is do not seek a m edical evalu-
ation. When  sym ptom s are severe or long-lasting or cause func-
tional di cult ies  for  the  patient, a  m edical evaluation  is  often
obtained.

A  thorough  history  is  perform ed.  A  description  of  vocal
changes and  associated  sym ptom s is obtained, including t im ing
and  severity. This is followed  by questions about  vocal hygiene,
dem ands, use, and  abuse, as well as the  environm ent  in  w hich
the  voice  is  being em ployed, in  order  to  obtain  a  sense  of the
patient’s  vocal  behavior.  In  addition ,  in form ation  should  be
acquired  about  prior  treatm ent ,  environm ental  exposures,
laryngopharyngeal  reflux  sym ptom s,  sym ptom s  of  allergy,
m edication  use, h istory of system ic disease, and  history of neu-
rologic disorders or sym ptom s.

A thorough head  and neck exam ination  should  be perform ed,
followed  by  a  laryngeal  exam ination  w ith  a  flexible  laryngo-
scope. In  cases  of dysphonia, laryngovideostroboscopy  should
be  perform ed  as  well, to  assess vocal fold  vibration  and  glottal
function.

Acute  laryngit is  is  often  characterized  by  in flam m ation  of
the  laryngeal structures w ith  edem a  of the  glot t is  and  supra-
glot t is. Hyperem ia  and  surrounding erythem a  are  m ore  com -
m on  in  acute  laryngit is.  Excess  m ucus  product ion  is  also
com m on. Chron ic laryngit is  is  often  associated  w ith  excessive
dryness  of  the  larynx  and  m ucosal  th icken ing,  w ith  de-
creased  m ucosal  w ave  on  videostroboscopy.  In  som e  cases,
granulat ion ,  keratosis,  and  fibrosis,  as  w ell  as  ben ign  vocal
fold  changes such  as a  polyp , cyst , or  nodule, m ay be  seen . Of
course,  the  presence  of  a  m alignan t  lesion  m ust  always  be
considered .

Typically, pat ien ts w ith  acute  laryngit is do not  need  fur ther
w ork-up  un less  the  sym ptom s  becom e  chron ic  or  w orsen
during  t reatm en t .  Pat ien ts  w ho  presen t  w ith  recurren t  ep i-
sodes  of  acu te  laryngit is  should  not  on ly  be  t reated  for  the
acute  ep isode  but  also  fur ther  evaluated  to  determ ine  the
underlying  chron ic  d isorder  that  pred isposes  them  to  these
exacerbat ions.

Most  cases  of laryngit is, especially chronic cases, are  m ulti-
factorial, and  all  the  inciting  and  exacerbating  factors  need  to
be identified  and addressed (� Fig. 83.4).

83.6.3  Test ing
For  patients  w ith  chronic  laryngitis,  fur ther  work-up  is  typi-
cally dictated by the response to m edication, and a definitive di-
agnosis is  determ ined  by the  history and  physical exam ination
(including  laryngeal  videostroboscopy)  and  failure  to  respond
to  treatm ent . This  m ay  include  flexible  endoscopic evaluation
of swallow ing  and  sensory  testing  (FEESST)  for  patients  w ith
dysphagia, pH testing  for  those  w ith  suspected  refractory  lar-
yngopharyngeal  reflux,  m odified  barium  swallow  (MBS),  al-
lergy  testing, and  appropriate  laboratory  testing  for  suspected
system ic  disease:  thyroid  funct ion  tests;  Lym e  t iters;  erythro-
cyte  sedim entation  rate  (ESR);  C-react ive  protein  (CRP);  angio-
tensin-  converting enzym e  (ACE);  an tinuclear  antibody (ANA);
rheum atoid  factor  (RhF);  cytoplasm ic and  perinuclear  an tineu-
troph il  cytoplasm ic  autoantibody  (c-ANCA  and  p -ANCA).
Elect romyography  (EMG)  of  the  larynx  can  be  perform ed  for
suspected  neurom uscular  disease. For  any  suspicious  m ass  or
lesion,  an  unsedated  in-o ce  biopsy  or  direct  laryngoscopy
w ith  biopsy in  the operat ing room  should be perform ed.

83.6.4  Di erent ial Diagnosis
●  Laryngopharyngeal reflux
●  Medications
○  System ic e ects
○  Local e ects

●  Infect ions
○  Viral
○  Bacterial
○  Fungal
○  Syphilis, leprosy, tuberculosis

●  Environm ental exposures
○  Sm oking
○  Ethanol
○  Toxic inhalants

●  Traum a, surgery
○  Vocal fold hem orrhage
○  In tubation
○  Postsurgical inflam m ation

Fig. 83.4  Ulcerative  laryngitis. Note  the  thickened  mucosa with  white
coloration; anteriorly are  bilateral tan–brown plaques that  are
completely stiff on stroboscopy. These  areas can  be  confused  with
squamous cell carcinoma.
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●  Bulim ia, vom iting
●  Caustic ingestion
●  Horm ones
○  Oral contraceptive pills
○  Horm one replacem ent therapy
○  Menopause
○  Menses

●  Allergy
●  Acute and chronic vocal fold m isuse
●  Dehydration
●  System ic disease
○  Amyloidosis, system ic lupus erythem atosus, Wegener

granulom atosis, rheum atoid arthrit is
●  Tum or
○  Benign
○  Malignant
○  Chem otherapy and radiation  therapy

83.7  Treatm ent
83.7.1  Medical Treatm ent
The  vast  m ajority  of pat ients  w ith  acute  laryngit is  need  only
treatm ent  for  sym ptomatic relief. Voice rest  and  m odified  voice
use are instituted w hen  voice changes are  present . Hydration  is
extrem ely importan t  and  can  be provided by having the pat ient
drink at  least  eight  glasses of water  a day, inhale  a cool m ist  via
a  personal or  room  hum idifier, and  use  oral inhalation  agents
free of anesthetics and irr itants (e.g., Entertainer’s Secret Throat
Relief Spray: w w w.entertainers-secret.com ). Anti-inflam m atory
m edications, antitussives, m ucolytics, and  nasal decongestants
can  be  prescribed  to alleviate  acute  sym ptom s. Pat ients should
be  counseled  to avoid  w hispering to prevent  long-term  m alad-
aptive  compensatory behaviors. Rarely are  antibiotics and  an ti-
viral m edications  warranted. For  suspected  laryngopharyngeal
reflux, a  reflux  restricted  diet  is  prescribed  and  proton  pum p
inhibitors  m ay  be  added, depending  on  the  severity  of sym p-
tom s  and  findings  on  exam ination. For  patien ts  w ho  have  se-
vere  dysphonia  associated  w ith  severe  laryngeal  edem a  and
need  rapid  resolution  of their  sym ptoms, oral or  in tram uscular
steroids can  be given . The larynx m ust  be  exam ined  before ste-
roids are  prescribed  to ensure the  absence of vocal fold  hem or-
rhage or  m ucosal abnorm alit ies. The  repeated  use  of steroids is
not  advised and is an  indication  of an  underlying chronic condi-
tion  that  should  be  addressed. In  cases of suspected  fungal lar-
yngitis,  antifungal  m edications  such  as  fluconazole  are  pre-
scribed. Inhaled  steroids  should  be  discontinued;  if th is  is  not
possible  because  of severe  pulm onary  disease, an  aerosolized
steroid  should  be  prescribed  and  adm inistered  w ith  a  spacer  at
the m inim al e ect ive dose.

For  pat ients  w ith  chronic laryngit is, an  extensive  otolaryng-
ology evaluation  should  reveal the underlying disorder or disor-
ders  at  w hich  t reatm ent  w ill be  directed. In  all cases, the  con-
servative  treatm ent  outlined  above  w ill be  usefu l in  alleviating
som e of the sym ptom s.

Although voice rest  m ay be helpful in  acute situations, it  does
not  address  underlying  pathologic  voice  use  pat terns  and  is
therefore  beneficial  only  for  acute  treatm ent .  Voice  therapy
m ay be helpful for  pat ien ts w ith  recurrent  acute  or  chronic lar-

yngitis. An  evaluation  by a speech–language pathologist  w ill di-
rect  th is  aspect  of a  pat ient’s  t reatm ent.  Voice  therapy  helps
identify poor  vocal behaviors  and  targets treatm ent  to  address
these behaviors via vocal retraining and exercise.

Careful follow -up  should  be  arranged  in  cases of chronic lar-
yngitis to optim ize patien t outcom es.

83.7.2  Surgical Treatm ent
Rarely  is  surgery  indicated  for  cases  of laryngitis, either  acute
or chronic. In  acute laryngitis, airway in tervent ion  is rarely nec-
essary but  should  be  considered  for  patien ts w ith  airway com -
prom ise. For  pat ien ts w ith  chronic laryngitis, biopsy of the  lar-
ynx  m ay be  necessary  to  obtain  a  h istopathologic diagnosis  of
an  observed m ass or lesion. This m ay be perform ed in  the o ce
w ith  the  patient  unsedated  or  in  the  operat ing room  via  direct
laryngoscopy w ith  the pat ient  under general anesthesia. Opera-
tive treatm ent  m ay also be warranted  in  cases of laryngitis that
have  led  to  complications  of benign  vocal fold  lesions, such  as
granulom as, fibrosis, nodules, polyps, or cysts.

83.8  Prognosis
The prognosis for  full recovery in  m ost  cases of acute laryngitis
is excellent, typically w ith  complete resolution  of the sym ptom s
w ithin  1  week. In  cases of recurrent  acute  or  chronic laryngitis,
once the  cause  of the  inflam m ation  is diagnosed, the  prognosis
is generally excellen t. In  cases in  w hich laryngitis is complicated
by  laryngeal  fibrosis  and  scar  form ation  involving  the  vocal
folds,  the  prognosis  for  recovery  is  not  as  favorable.  Chronic
sym ptom s of dysphonia and  discom fort  m ay persist  despite nu-
m erous and aggressive treatm ents or surgeries.

83.9  Roundsm anship
●  Laryngitis by definition  refers on ly to inflam m ation  of the lar-

ynx. The word la ryngit is is com m only used (incorrectly) by
patients and physicians to describe sym ptom s such as change
in  voice, loss of voice, and/or discom fort  in  the throat.

●  Most cases of acute laryngitis are virally m ediated and require
only conservative treatm ent  to provide relief of sym ptom s in
a few  days or  weeks.

●  Recurrent acute laryngitis or  the repeated use of steroids is
an  indication  of an  underlying chronic disorder.

●  The etiology of chronic laryngit is is generally m ultifactorial.
●  Once the multiple causes of chronic laryngitis are identified,

the prognosis is excellent, except  in  cases complicated by vocal
fold  fibrosis and  scarring due to severe or  prolonged  laryngitis.

83.10  Recom m ended Reading
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84  System ic Diseases of the  Larynx
Melin Tan

84.1  Int roduct ion
The larynx is a  complex anatom ical organ  w hose  structure  and
function  are  influenced  by  its  cart ilaginous  fram ework,
m uscles, m ucosa, and  cricoarytenoid  joints. Many system ic dis-
eases  alter  the  funct ion  of the  larynx or  infiltrate  the  t rachea,
leading to  a  comprom ised  airway and/or  comprom ised  phona-
tion.  This  section  w ill  review  the  laryngeal  m anifestat ions  of
rheum atoid  ar thrit is, system ic  lupus  erythem atosus, relapsing
polychondrit is, sarcoidosis, Wegener granulom atosus, and amy-
loidosis.  � Table  84.1  sum m arizes  the  incidence  of  laryngeal
findings in  these disorders, in  addition  to their clin ical m anifes-
tations, exam ination  findings, diagnosis, and t reatm ent.

84.2  Rheum atoid Arthrit is
Rheum atoid  arthritis  is  an  autoim m une  chronic inflam m atory
disease  that  a ects  synovial  m em branes, leading  to  bone  and
joint  destruct ion .  It  is  a  system ic  disorder  w ith  num erous
extra-art icular  m anifestat ions, including  serosit is,  nodule  for-
m ation, and  vasculit is. Laryngeal m anifestations of rheum atoid
arthrit is  include  cricoarytenoid  joint  arthrit is, node  form ation
on the t rue vocal folds, and rarely, amyloid deposit ion.

84.2.1  Incidence
Laryngeal  involvem ent  is  com m on  in  RA;  however,  the  t rue
incidence is unknow n.

84.2.2  Clinical Manifestat ions
Inflam m ation  m ay occur  in  the  cricoarytenoid  joint, w hich  is a
t rue  diar th rodial  ar t icu lat ion  form ed  by  the  cricoid  and  ary-
tenoid  car t ilages.  The  sym ptom s  of  cricoarytenoid  join t  in -
volvem ent  are  vague  and  nonspecific. They  include  globus  (a
sensat ion  of  fu lln ess  or  tension  in  the  th roat),  hoarseness,
odynophagia, and  pain  during  speaking or  cough ing. Hoarse-
ness  and  st r idor  w ith  exer t ion  are  m ain ly  sym ptom s  of
chron ic disease, as join t  ankylosis m ay develop  and  cause  air-
w ay obstruct ion . Alternat ively, acute  and  chron ic d isease  m ay
be  com pletely asym ptom atic.

In  addition  to a ect ing the join t, rheum atoid arthrit is m ay af-
fect  the m em branous vocal fold. Cyst ic yellow  nodes m ay devel-
op  in  the  subm ucosal space  at  the  junct ion  of the  anterior  and
m iddle  th irds  of the  vocal  folds. They  were  first  described  in
1993 by Hosacko, w ho called  them  “bam boo nodes” because  of
their resem blance to bam boo joints (� Fig. 84.1 and � Fig. 84.2).
Since  that  t im e, bam boo  nodes have  been  identified  in  several
autoim m une diseases. Pat ien ts w ho have bam boo nodes gener-
ally present  w ith  dysphonia. The nodes are found  m ainly in  pa-
tients w ith  seropositive  rheum atoid  arthrit is and  tend  to recur,
in  contrast  to other laryngeal nodular  or cystic lesions. Amyloid
deposits  are  rare  but  have been  found  in  the  larynx of patients
w ith  rheum atoid arthrit is and other autoim m une diseases.

84.2.3  Exam inat ion Findings
In  the  acute  setting,  direct  laryngoscopy  dem onstrates  in-
flam ed  and  erythem atous cricoarytenoid  joints. The  true  vocal
folds m ay appear  norm al or  sligh tly edem atous. Bam boo nodes
are  rarely present. Findings in  the  chronic phase  include th ick-
ened  m ucosa  over  the  arytenoids,  a  narrowed  glottic  ch ink,
bow ing of the  vocal folds during phonation, and  a  variable  de-
gree  of restricted  m obility. The  diagnosis  is  m ade  by the  clin i-
cal findings and  confirm ed  by serology that  shows an  elevated
erythrocyte  sedim entation  rate,  elevated  rheum atoid  factor
level,  decreased  complem ent  levels,  and  an  abnorm al  lupus
panel.

84.2.4  Treatm ent
Medical m anagem ent  includes steroids or other anti-inflam m a-
tory m edications. Surgical in tervent ions include  local inject ion
of steroids  in to  the  cricoarytenoid  joint  or  m em branous  vocal
fold. Tracheostomy  or  cordotomy  is  perform ed  for  a  compro-
m ised  airway. The  m icrosurgical  excision  of bam boo  nodes  is
controversial because  the  results  are  inconsistent, and  surgery
in  the  face  of such  inflam m ation  m ay lead  to  severe  vocal fold
scarring and increased dysphonia.

84.3  System ic Lupus
Erythem atosus
System ic lupus erythem atosus is  a  com m on  autoim m une  dis-
ease  in  w hich  circu lat ing  im m une  com plexes  cause  dam age
to  blood  vessels,  connect ive  t issues,  and  m ucosal  surfaces,
m ost  often  in  the  skin , join ts,  kidneys, and  lungs. The  m ost
frequen t  otolaryngologic m an ifestat ion  is  the  form ation  of u l-
cerat ive  lesions  of  the  oral  cavity.  The  larynx  is  rarely  in -
volved,  but  the  m ucosa  and  subm ucosa  of  the  laryngeal
structures  m ay be  a ected . When  the  larynx  is  involved , the
glot t is  and  cricoarytenoid  join ts  are  the  m ost  com m only  af-
fected  areas.

84.3.1  Incidence
Laryngeal involvem ent  is  variable, appearing in  from  1  to  30%
of a ected patients.

84.3.2  Clinical Manifestat ions
In  the  acute  phase  of system ic  lupus  erythem atosus, m ucosal
ulceration  and  edem a  and  subm ucosal  hem atom as  m ay cause
hoarseness, dyspnea, and  throat  pain . Late e ects of the disease
include  corditis,  m ucosal  th ickening,  laryngeal  scarr ing  w ith
stenosis, and  laryngitis  sicca  w ith  dry, th ickened  vocal  cords.
The  disease  process  m ay also  lead  to  vocal  fold  fixation, peri-
chondrit is, and cricoarytenoid arthrit is.

Systemic Diseases of the Larynx
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84.3.3  Exam inat ion Findings
The diagnosis of system ic lupus erythem atosus is based on  clin-
ical m anifestations of disease  involving two or  m ore  organ  sys-
tem s. Increased antinuclear antibody (ANA) titers are also sensi-
tive  for  the  disease. Anti-dsDNA (double-stranded  DNA)  anti-
body, a subtype of ANA, is h ighly specific for  system ic lupus er-
ythem atosus and present  in  70% of cases. In  patien ts w ith  an es-
tablished  diagnosis  of  system ic  lupus  erythem atosus, the  lar-
yngeal  exam ination  m ay  be  completely  norm al;  alternatively,
the  larynx m ay be  erythem atous and  edem atous, frank ulcera-
tions  m ay  be  present , and  there  m ay  be  abnorm al  vocal  fold
m otion.

84.3.4  Treatm ent
Medical  therapy  for  system ic  lupus  erythem atosus  includes
high-dose  steroids, nonsteroidal anti-inflam m atory  drugs, and
antim alarial  drugs.  Tracheostomy  or  cordotomy  m ay  be  per-
form ed for a comprom ised airway.

Fig. 84.1  “Joints” seen in “bamboo nodules” in the true vocal folds of a
patient  with  rheumatoid  arthritis.

Fig. 84.2  Distinct  nodes in  rheumatoid  arthritis.

Fig. 84.3  Supraglottic edema in  sarcoidosis.

Fig. 84.4  Thickened  and  inflamed  laryngeal mucosa in  sarcoidosis.

Fig. 84.5  Submucosal supraglottic accumulation of amyloid.

Systemic Diseases of the Larynx

658



84.4  Relapsing Polychondrit is
Relapsing polychondritis  is a  rare  disorder  characterized  by re-
curren t  episodes of inflam m ation  of the  cartilaginous and  con-
nect ive  tissue. Auricular  chondrit is  is  the  m ost  com m on  initial
presentation,  but  episodes  of  inflam m ation  can  occur  in  any
cartilaginous  area. Laryngotracheal involvem ent  is  well  recog-
nized  and  is considered om inous because loss of the supportive
cartilaginous  sca olding of the  upper  respiratory airways  m ay
lead to significant  m orbidity and m ortality.

84.4.1  Incidence
From  21  to  50% of pat ien ts  w ith  relapsing polychondritis  have
sym ptom atic airway involvem ent, w ith  a fem ale predom inance
of 73:1.

84.4.2  Clinical Manifestat ions
Sym ptom s  of  airway  involvem ent  include  cough,  hoarseness,
aphonia,  choking  sensation,  and  dyspnea.  Patien ts  m ay  also
dem onstrate  tenderness over  the thyroid  cartilage  and  an terior
cervical trachea if these cart ilages are  a ected. Airway obst ruc-
tion  can  occur  by  several  m echanism s:  (1)  airway  encroach-
m ent  by  structures  w ith  inflam m atory  swelling  in  the  act ive
stage  of the  disease;  (2) the  form ation  of a  m ass of fibrous t is-
sue  w ith  cicatr icial  cont ract ion  during  the  later  stages  of  the
disease;  (3)  dissolut ion  of the  t racheobronchial cart ilage, w ith
subsequent collapse of the airway during respiration .

84.4.3  Exam inat ion Findings
Laryngoscopy and  bronchoscopy dem onstrate variable findings,
including  glottic  and  supraglot tic  edem a, laryngom alacia, tra-
cheom alacia, bronchom alacia, and subglottic stenosis. The diag-
nosis  of  relapsing  polychondrit is  is  based  on  the  clin ical  in -
volvem ent  of  at  least  three  cart ilaginous  areas.  No  serologic
tests are sensitive or specific for relapsing polychondrit is.

84.4.4  Treatm ent
The  m edical  treatm ent  for  relapsing  polychondrit is  includes
steroids  and  im m unosuppressive  m edications.  In tubation  in
the  pat ient  w ith  relapsing  polychondrit is  m ay be  di cult , de-
pending on  the degree of cartilaginous destruct ion  in  the upper
airway. Dynam ic obstruct ion  from  airway collapse  m ay require
continuous positive airway pressure (CPAP) or sten ting. Trache-
ostomy is  helpful  on ly  for  proxim al airway disease. Distal  air-
way  involvem ent  m ay  lead  to  death  from  obstruct ive  respira-
tory failure if sten ting is unsuccessful.

84.5  Sarcoidosis
Sarcoidosis is a chronic granulom atous disease characterized  by
noncaseating granulom atous inflam m ation. Although it  m ay in-
volve  any  organ  system , it  m ost  com m only  a ects  the  lymph
nodes, lungs, spleen, and  liver. In  the larynx, sarcoidosis gener-
ally a ects  the  supraglot tis, but  it  can  a ect  any subsite  of the
larynx and also cause vocal fold  paralysis via involvem ent of the

recurrent  laryngeal nerve. Chronic inflam m ation  and  granulo-
m a form ation  distort  the involved laryngeal t issues.

84.5.1  Incidence
Laryngeal involvem ent is estim ated to occur in  1 to 5% of cases.

84.5.2  Clinical Manifestat ions
Initially, the laryngeal involvem ent  m ay be relatively benign, ap-
pearing  as  pale  subm ucosal  nodules. These  nodules  eventually
coalesce  to  produce  pale, edem atous tissue  a ect ing m ostly the
epiglott is and  other  supraglottic structures (� Fig. 84.3). Lesions
are  rarely painful, and  the  sym ptom s depend  on  the  site  of in-
volvem ent.  The  typical  presentation  is  partial  airway  obstruc-
tion  from  distortion  of the involved  tissues, as well as dysphonia
w hen  the  glott is  is  involved.  The  clinical  course  varies  from
spontaneous resolution  to relentless progression  and  death.

84.5.3  Exam inat ion Findings
Laryngoscopy dem onstrates edem a of the  epiglottis and  supra-
glottic structures, or  th ickening and  inflam m ation  of the glottic
and  subglottic  m ucosa  (� Fig. 84.4). Chest  X-rays  dem onstrate
h ilar  adenopathy.  The  diagnosis  is  confirm ed  by  the  m icro-
scopic  appearance  of  noncaseating  granulom as,  epithelioid
cells, m acrophages, and  giant  cells w ith  inclusion  bodies on  bi-
opsy.  Alternative  granulom atous  diseases,  such  as  Wegener
granulom atosis,  tuberculosis,  and  fungal  infect ion,  m ust  be
ru led  out. Serologic testing is  notoriously insensit ive  and  non-
specific, although  angiotensin-convert ing enzym e levels can  be
used to t rack the activity of the disease.

84.5.4  Treatm ent
Medical therapy  includes  system ic steroids. Sm all lesions  m ay
benefit  from  intralesional  steroid  inject ion,  and  large  lesions
m ay require surgical debulking. Although  the benefit  is unclear,
inhaled steroids m ay be e ective in  laryngeal disease. Tracheos-
tomy or cordotomy is perform ed for airway obstruction .

84.6  Wegener Granulom atosis
Wegener granulom atosis is a well-defined  syndrom e of necrot-
izing  granulom atous  vasculit is  of the  upper  airway, lower  air-
way, and  kidneys. Alm ost  all  patien ts  w ith  Wegener  granulo-
m atosis  present  w ith  upper  airway sym ptom s, and  m ore  than
90% have involvem ent of the nose or sinuses.

84.6.1  Incidence
Airway involvem ent  a ects 15 to 55% of patients w ith  Wegener
granulom atosis,  and  airway  involvem ent  tends  to  develop  in
patients younger than  30 years of age.

84.6.2  Clinical Manifestat ions
Wegener  granulom atosis results in  the  developm ent  of necrot-
izing  granulom as  and  necrotizing  vasculit is.  In  the  upper

84.6  Wegener Granulomatosis
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airway, it  m anifests as m ucosal abnorm alit ies, subglottic steno-
sis, tracheobronchial stenosis, and  m alacia. Sym ptom s therefore
range  from  hoarseness  and  sore  throat  to  cough, hem optysis,
w heezing, dyspnea, and  str idor. Patients often  have  bloody na-
sal discharge. Stridor can  be the first  m anifestat ion of airway in-
volvem ent, and  the  onset  m ay be  sudden  or  progressive. Sub-
glottic stenosis  is  the  m ost  com m on  cause  of str idor  in  Wege-
ner granulom atosis, and the di eren tial diagnosis in  any patien t
w ith  str idor should  include th is disease.

84.6.3  Exam inat ion Findings
Laryngoscopy and  bronchoscopy dem onst rate  a  w ide  range  of
m ucosal  abnorm alities,  including  edem a,  ulceration,  hem or-
rhage,  stenosis,  granulom as,  and  necrosis.  Additionally,  there
m ay be  cartilaginous deform it ies. The diagnosis is suggested  by
the  clin ical findings  and  by positivity for  cytoplasm ic antineu-
troph il  cytoplasm ic  autoant ibodies  (c-ANCA)  on  serology. The
diagnosis m ay be supported by biopsy of a site of act ive disease.
Upper  respiratory t ract  biopsy dem onstrates acute  and  chronic
inflam m ation,  w ith  granulom atous  features  and  vasculit is  of
the sm all and m edium -size vessels.

84.6.4  Treatm ent
Medical therapy for  Wegener  granulom atosis includes steroids,
cytotoxic agents, antibiotics, and  im m une  m odulators. Surgical
m anagem ent  of the  airway includes in tralesional steroid  injec-
tion, airway débridem ent  and  dilation, sten t  insertion , laryngo-
tracheoplasty,  t racheal  resection,  and  t racheostomy.  Surgical
m anipulation  of the  airway should  be  m inim ized  during active
disease  because  the  inflam m ation  w ill often  respond  dram ati-
cally  to  m edical  m anagem ent,  and  surgical  in tervent ion  m ay
result  in  the exacerbation  of in flam m ation  and stenosis.

84.7  Amyloidosis
Amyloidosis is an  idiopathic disease characterized  by the depo-
sit ion  of fibrillar  proteins  in to  t issues. Prim ary amyloidosis  in -
volves  the  spontaneous  deposit ion  of protein , w hereas  secon-
dary amyloidosis  occurs  in  conjunct ion  w ith  another  system ic
disease, such as rheum atoid arthrit is or m ultiple myelom a.

84.7.1  Incidence
Amyloidosis accounts for  0.2 to 1.2% of all benign  tum ors of the
larynx.

84.7.2  Clinical Manifestat ions
Laryngeal amyloidosis  is  usually a  prim ary  disease  but  it  m ay
be  secondary w ith  laryngeal localization. Pathologically, it  is  a
deposition  of am orphous fibrillar  protein  that  defines amyloid.
Laryngeal deposit ion  m ay  be  secondary  to  system ic processes
including Im m unoglobulin  light  chain  amyloidosis, m onoclonal
gam m opathies  or  react ive  processes  related  to  chronic inflam -
m atory conditions such  as ar thrit is  or  Crohns disease. Alterna-
tively, it  m ay be an  isolated  process in  the larynx or laryngotra-
cheal complex. It  is  im portant  to  distinguish  betw een  prim ary

and  secondary  amyloidosis  because  the  dist inct ion  alters  m a-
nagem ent.  In  the  secondary  form ,  system ic  work  up  is  war-
ran ted  and  the  prim ary  disease  process  is  treated, controlling
the form ation  of serum  amyloid  w hich  then  gets deposited  in to
extracellular  t issue.  In  the  larynx,  amyloidosis  is  m ore  com -
m only a  localized  process; the t rue  and  false  folds are  the  m ost
com m on  sites  of  involvem ent,  followed  by  the  aryepiglottic
folds  and  subglottis  (� Fig. 84.5). Unlike  the  amyloid  in  secon-
dary amyloidosis, amyloid  here  is a proliferation  of m onoclonal
cells  w ith  im m unoglobulin  ligh t  chains  deposited  in to  tissues.
Four  pat terns  of deposition  have  been  described  in  the  larynx:
am orphous  m asses,  deposits  in  vessel  walls,  deposits  in  the
basem ent  m em branes  of  serom ucous  glands,  and  hyalin ized
rings in  adipose  tissue. Managem ent  generally involves conser-
vative  surgery  aim ed  at  m aintaining  airway  patency  and  im -
proving voice.

84.7.3  Exam inat ion Findings
Patien ts  typically  present  w ith  long-standing  hoarseness  or
dyspnea. The  typical  appearance  is  a  sm ooth, pinkish  gray  or
waxy yellow  subm ucosal m ass w ithout  ulceration  of the overly-
ing  m ucosa. There  m ay  also  be  significant  obstruct ion  in  the
subglottic  region . Com puted  tomography  show s  th ickening  of
the involved t issues. The diagnosis is m ade by laryngoscopy and
biopsy.  Light  m icroscopy  dem onstrates  acellular,  am orphous,
hom ogeneous, eosinophilic  m aterial. Classic  Congo  red  histo-
logic stains dem onstrate apple green  birefringence under polar-
ized  ligh t. Additional diagnostic tests, including complete blood
cell count, elect rocardiography, renal funct ion  studies, and  uri-
nalysis, are indicated  in  considerat ion  of potent ially devastating
cardiac and  renal involvem ent. Amyloid  associated  w ith  m ulti-
ple  myelom a  m ust  be  considered  in  pat ients  w ith  bone  pain
and proteinuria. A rectal or abdom inal fat  pad biopsy w ill aid  in
the evaluation  for system ic disease.

84.7.4  Treatm ent
System ic work up  is warranted including laboratory tests of liv-
er  and  kidney  function,  electrocardiography,  chest  x-ray  and
ultrasound  exam ination  of the  abdom en. If system ic disease  is
revealed, the system ic disease process is t reated  and  the larynx
can  be  clin ical  m onitored  for  resolution  and  airway  m ainte-
nance. For  prim ary laryngeal amyloidosis, steroids and  an tim e-
tabolites  have  not  been  found  to  be  helpful. The  treatm ent  for
localized  laryngeal  amyloidosis  is  endoscpic  m icrosurgical  re-
m oval of deposits  that  in terfere  w ith  phonation  or  the  airway.
Radiotherapy has also been  noted to be successful in  addition  to
surgery for  airway m ain tenance. Bronchoscopy is  warranted  to
evaluate for possible exten t of disease in to the trachea.

84.8  Roundsm anship
●  Surgical in tervention  is based on  restoring or preserving

function  in  diseases that often  respond to m edical m anage-
m ent.

●  Surgical in terven t ion  in  an  acutely in flam ed  larynx or  t ra-
chea m ay result  in  an  exacerbat ion  of the  in flam m ation
and  stenosis.
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●  In  the worst case scenario, a t racheotomy m ay be necessary
to secure the airway.

●  A high  index of suspicion  is needed to diagnose system ic dis-
orders present ing w ith  laryngotracheal or esophageal sym p-
tom s and signs.
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85  Unilateral Vocal Fold Im m obilit y
Jamie A. Koufman

85.1  Int roduct ion
Unilateral vocal fold  im m obility m ay be due to laryngeal paraly-
sis or fixation. Paralysis is m uch m ore com mon  than  cricoaryte-
noid  joint  fixation  or  other  structural problem s that  m ay a ect
m obility.  For  phonation,  norm al  vocal  folds  com e  together
along  their  lengths  like  two  hands  clapping  on  a  h inge;  for
swallow ing, they close  t ightly, like  a  sphincter. The  sym ptom s
of unilateral vocal fold  im m obility depend  to  a  great  extent  on
the  position  on  the  vocal fold  and  the  degree  to  w hich  glottal
closure  is  a ected.  Voice  change,  aphonia  (absence  of  voice),
dysphonia, and  diplophonia  (double  tone) are  the  usual sym p-
tom s.  Aspiration  due  to  uncomplicated  (peripheral  neuro-
path ic) unilateral vocal fold  paralysis  is  uncom m on;  aspiration
is seen  m ore frequently w ith  a central nervous system  problem
or concom itantly w ith  superior laryngeal or vagal neuropathy.

85.2  Incidence of Disease
Am ong  pat ien ts  w ith  laryngeal  and  voice  disorders  seen  at  a
voice  t reatm ent  center,  unilateral  vocal  fold  im m obility  ac-
counts  for  1  to  5% of cases, depending  to  som e  degree  on  the
referral patterns of the center. At centers perform ing significant
num bers of skull base  surgeries and  head  and  neck cancer  sur-
geries, for  example, the  rates  of iatrogenic vocal fold  paralysis
are  relatively high. In  addition, unilateral vocal fold  paralysis is
seen  in  as m any as 1% of patien ts w ith  endotracheal in tubat ion .

85.3  Term inology and
Classificat ion of Process
Unilateral vocal fold  paralysis is usually described  by the  posi-
t ion  of the  im m obile  vocal fold:  median  (in  the  m idline), pa r-
amedian  (near  the  m idline),  intermedia te  (par t ly  open),  or
cadaveric  (w ide  open). The  lat ter  posit ion  is  also  som etim es
called  la tera lized. When  the  im m obility is caused  by a  cricoar-
ytenoid  join t  problem , it  m ay be  due  to  fibrosis, ankylosis, or
even  dislocation , although  post t raum atic  cricoarytenoid  join t
dislocation  is uncom m on.

85.4  Applied Anatom y
The  innervation  of the  vocal folds  is  via  the  superior  laryngeal
nerve  (SLN)  and  recurren t  laryngeal  nerve  (RLN). The  SLN is
prim arily a sensory nerve, and the RLN is principally m otor. The
RLN is  so  nam ed  because  of its  unusual course  from  the  skull
base dow n through  the neck w ithin  the vagus nerve (in  the car-
otid  sheath)  and  then  in to  the  chest;  on  the  left  side, it  dips
under  the aorta, and  on  the right  it  courses around the innom i-
nate  artery. Finally, after  sweeping around  their  respect ive  ar-
teries, the  right  and  left  RLNs ascend  back in to the  neck in  the
tracheo-esophageal groove  to  enter  the  larynx posteriorly. It  is
im portant  for  the  clin ician  to  understand  the  anatomy  of the

RLNs because  they m ay be  a ected  by occult  disease  anyw here
along their lengths, including w ithin  the chest.

In  addition  to  the  innervation  of the  vocal folds, it  is  im por-
tan t  to understand  the  anatomy of the  cricoarytenoid  complex.
The arytenoids articulate w ith  the posterior cricoid  by facets on
the  superior  surface. These  are  synovial joints. The  m ovem ent
of the  arytenoids  on  the  cricoarytenoid  facets  is  three-dim en-
sional. Not only do the arytenoids rotate and glide; they also t ip
and  slide  anteriorly, alm ost  o the  facets. The  antagonistic pull
of  the  opposing  in trinsic  and  extrinsic  m uscles  of  phonation
confer  th is  rem arkable  degree  of m obility  on  the  arytenoids,
the  functions of w hich  are  involved  in  both  phonation  and  air-
way protect ion . The height  of the vocal processes of the two ar-
ytenoids m ust  m atch  so  that  the  m em branous  vocals  folds  are
at  the sam e height. If the heights of the vocal processes (and  so
the  m em branous  vocal  folds)  are  asym m etric,  dysphonia  w ill
result . Height  m ism atch  of the vocal folds is an  im portant  indi-
cation  for surgical in tervention  in  unilateral vocal fold paralysis.

85.5  The Disease  Process
85.5.1  Et iology
Para lyt ic  dysphonia  (unilateral  vocal  fold  paralysis)  is  m uch
m ore  com m on  than  cricoarytenoid  joint  fixation. Fixation  m ay
be due to blunt  traum a, endotracheal in tubation, inflam m ation
secondary to reflux disease, and/or  rheum atologic diseases, es-
pecially rheum atoid  arthrit is. In  addition , cartilage tum ors such
as  cricoid  chondrosarcom a  can  lead  to  unilateral  vocal  fold
im m obility due to fixation.

Unilateral vocal  fold  paralysis  is  m ost  com m only  idiopathic,
although  m any pat ients date the onset  of sym ptom s to an  acute
upper respiratory infect ion. After idiopathic vocal fold  paralysis,
the  m ost  com m on  etiologies of unilateral vocal fold  im m obility
are, in  decreasing  order  of frequency, neck  and  chest  surgery
(iatrogenic), neurologic diseases, tum ors of the  neck and  chest,
endotracheal  in tubation,  and  neck  and  chest  t raum a  (� Ta-
ble 85.1).

Am ong  iatrogenic  cases,  the  rank  order  of  occurrence  has
changed  slightly  in  the  last  decade,  w ith  carotid  endarterec-
tomy  (38%)  now  surpassing  thyroidectomy  (30%)  as  a  cause.
Skull  base  and  head/neck  cancer  surgery  accounts  for  14% of
cases, endotracheal in tubat ion  for  10%, and  cardiac surgery and
m iscellaneous causes for  8%. The  m ost  com m on  tum ors associ-
ated  w ith  laryngeal nerve  paralysis  are  apical lung cancer, thy-
roid cancer, esophageal cancer, and hypopharyngeal cancer.

85.5.2  Natural History and Progression
The m ost  com m on sym ptom  of unilateral vocal fold  paralysis or
fixation  is  dysphonia  (hoarseness), although  swallow ing prob-
lem s, cough, and  aspiration  can  occur. In  the  pat ien t’s  h istory,
the  onset  of sym ptom s is  im portant , in  particular  w hether  the
onset  was sudden  or progressive. In  general, a progressive onset
of sym ptom s is m ore likely than  a sudden  onset to be associated

Unilateral Vocal Fold Immobility

662



w ith  tum ors  a ect ing  one  or  m ore  of the  laryngeal nerves  or
w ith  a progressive neurologic disease.

When  the  paralysis is due  to a  know n  cause, such  as surgery
or  traum a, alm ost  half of patients regain  norm al or  nearly nor-
m al voice  w ithin  1  year, even  w ithout  any treatm ent , w hether
or  not  the  paralyzed  vocal fold  regains  m ovem ent. In  th is  sce-
nario,  the  vocal  fold  m ay  be  synkinet ically  reinnervated.
Although  this  does not  result  in  vocal fold  m otion, it  m ay pro-
vide enough m uscle tone to m edialize the vocal fold w ith  signif-
icant  m ass. This, and  norm al funct ion  of the opposite vocal fold,
result  in  closure  of the  glot tal gap, w ith  the  production  of an
adequate  or  even  norm al voice. In  cases in  w hich  the  RLN was

left  in tact, complete  spontaneous  recovery  w ith  norm al vocal
fold  m otion  m ay occur.

85.5.3  Potent ial Disease Com plicat ions
In  addition  to the dysphonia that  results from  vocal fold  im m o-
bility, w hen  the  vocal folds are  incapable  of closing completely,
secondary vocal fold  pathologic lesions can  develop in  the str ik-
ing  zones  (w here  they  im pact)  as  a  result  of the  hyperkinetic
compensatory  processes  of speaking. In  other  words, e ortful
vocal  fold  closure  can  lead  to  the  developm ent  of  vocal  fold
polyps, polypoid  corditis, nodules, cysts, pseudocysts, and  even

Table 85.1  Di erential diagnosis of unilateral vocal fold immobility: paralysis and fixation

Etiology  Percentage  of cases

Paralysis

Sudden onset  95%

Neck/chest  surgery  31%

Idiopathic  23%

Viral neuropathy  16%

Neurologic disorder  9%

Neck/chest  neoplasm  8%

Endotracheal intubation  8%

Neck/chest  trauma  4%

Gradual onset  5%

Central neurologic disease  50%

Multiple  sclerosis  40%

Lyme disease  35%

Brain  tumor  10%

Amyotrophic lateral sclerosis  10%

Shy-Drager syndrome  2%

Peripheral neurologic disease  50%

Benign  and  malignant  tumors of head/neck/chest  (e.g., thyroid  tumors)  50%

Diseases of peripheral nerves (e.g., Lyme  disease)  30%

Nerve  tumors (e.g., vagus, glomus tumors)  10%

Chest  tumors (e.g, apical lung  cancer)  5%

Ortner syndrome  (paralysis secondary to congestive  heart  failure)  2%

Fixat ion

Sudden onset

Blunt  or penetrating  laryngeal trauma with  arytenoid  dislocation

Iatrogenic (e.g., endotracheal intubation, esophagoscopy)

Gradual onset

Rheumatoid  diseases (e.g., arthritis)

Cricoid  cartilage  disease/tumors (e.g., chondrosarcoma)

Granulomatous diseases that  affect  the  larynx (e.g., tuberculosis)

Laryngopharyngeal reflux (interarytenoid  or cricoarytenoid  pericapsular fibrosis)
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vocal process granulom as. In  addition, if the larynx cannot close
during swallow ing, aspiration  (even  aspiration  pneum onia) can
result .

85.6  Medical Evaluat ion
85.6.1  Present ing Com plaints
Hoarseness  (raspiness),  diplophonia  (double  tone),  e ortful
phonation  (speaking), odynophonia (painful speaking), air  hun-
ger, vocal  fat igue, aspirat ion , and  chronic  cough  are  the  m ost
com m on sym ptom s associated w ith  unilateral vocal fold  paraly-
sis.  In  m ost  patients,  the  glottal  closure  sym ptom s  of conse-
quence are hoarseness, vocal fatigue, and e ortful phonation.

85.6.2  Clinical Findings, Physical
Exam inat ion
As  noted  above, the  duration  of the  onset  of the  sym ptom s  is
im portant . To determ ine  the  etiology, it  is also  prudent  to  note
any synchronous events, such  as an  upper  respiratory infect ion
or  head/neck or  cardiothoracic surgery. To understand  how  ur-
gent  the need  for  vocal rehabilitation  m ay be, it  is im perative to
inquire  about  the  presence  of  aspiration,  the  patien t’s  vocal
needs, and how  m uch the dysphonia is impact ing h is or her life.

Before  perform ing laryngeal endoscopy, one  should  listen  to
the voice and  note  its character  and  severity. Is it  a  “wet” voice,
suggesting decreased laryngeal sensation?  Is there enough  pro-
ject ion  for  conversation  in  a  quiet  room  or  over  background
noise?  What  is  the  quality of the  cough?  While  a  full head  and
neck  exam ination  is  perform ed,  special  atten tion  should  be
paid  to an  evaluation  of cranial nerve  funct ion  and  a  search  for
the presence of neck m asses, especially in  the thyroid, to detect
secondary causes of the paralysis.

Ultim ately,  the  diagnosis  of  unilateral  vocal  fold  im m obility
requires a laryngeal exam ination. In  the past, a m irror  exam ina-
tion  was  perform ed, but  this  type  of  screening  technique  has
becom e  obsolete.  Today,  the  laryngeal  exam ination  is  m ost
com m only perform ed  w ith  a  flexible  endoscope  that  allow s  an
assessm ent  of  glottal  funct ion.  Before  the  exam ination,  it  is
worth  teaching the  patient  the  /i/sni m aneuver. Pronouncing a
vowel like  “eeeee” (/i/) brings the vocal folds together  in  adduc-
tion, and  sni ng  causes  brisk  vocal  fold  opening  (abduction).
The  /i/sni  m aneuver  is  an  excellent  vocal  task  for  evaluating
vocal fold  m obility. In  addition  to vocal fold  m otion, the position
of the  folds, evidence  of atrophy  or  bow ing, and  height  of the
vocal processes should  be noted  (� Fig. 85.1 and � Fig. 85.2).

The  m ost  com m on  findings  in  unilateral paralysis  are  hypo-
m obility  and  bow ing of the  involved  vocal fold, as  well as  hy-
perkinetic  laryngeal  biom echanics  w ith  supraglottic  and  pha-
ryngeal squeezing (� Fig. 85.3). During high-pitched  phonation,
axial t ilt  and/or  laryngeal rotation  is  com m on  in  pat ien ts  w ith
unilateral paralysis and/or bilateral paresis w hen  there is signif-
icant  asym m etric tension  betw een  opposing in trinsic laryngeal
m uscles, especially  if one  of the  cricothyroid  m uscles  is  weak.
Axial tilt  and rotation  are due to unbalanced closure of the righ t
and  left  sides  w hen  one  SLN  is  a ected.  (These  findings  are
m ost com m on in  pat ients w ith  bilateral vocal fold paresis.)

With  unilateral  paralysis,  stroboscopy  w ill  show  increased
am plitude  on  the  paralyzed  side,  indicat ing  decreased  vocal
fold  tone.  Stroboscopy  also  allow s  evaluation  of  the  glottal
chink, its size, and w hether it  is predom inantly anterior or both
anterior  and  posterior. The  clin ician  should  look  for  the  vocal

Fig. 85.1  Left  vocal fold  paralysis, with  bowing  and  atrophy.

Fig. 85.2  Right  vocal fold paralysis, with forward-tipped arytenoid and
foreshortened  vocal fold. The  atrophy is less than that  seen  in
� Fig. 85.1.
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process-to-vocal process contact  point  before compensatory bi-
om echanics take over.

Finally, the  presence  of excessive  secretions should  be  noted,
w hether  there  is pooling in  the  piriform  or  postcricoid  area, or
if there  is  penetration  in to  the  glottis  or  trachea. Gross  sensa-
tion  can  be  tested  by palpating the  supraglottis  w ith  the  t ip  of
the  endoscope  in  an  attempt  to  elicit  an  adductor  reflex. Pha-
ryngeal  dysfunct ion  is  identified  by  the  absence  of  a  m edial
squeeze  of the  pharyngeal  walls  on  a  h igh  pitched  /i/  or  the
presence of a dilated piriform  sinus. A com bination  of decreased
sensation,  pharyngeal  dysfunct ion,  and  pooling  secretions
should serve as an  alert  to an  increased  risk for aspirat ion  (even
in  a  patient  w ith  a  negative  h istory  because  the  patien t  could
be experiencing silent  aspiration).

85.6.3  Test ing
The  m ost  im portan t  test  that  di erentiates  vocal fold  paralysis
from  vocal fold  fixation  is  laryngeal electromyography  (EMG),
w hich  is  an  electr ical neurodiagnostic test  perform ed  by plac-
ing a  fine-needle  elect rode  in  the  laryngeal m uscles. Laryngeal
EMG not  only  determ ines  w hich  m uscles  and  nerves  are  af-
fected  but  also  indicates  the  prognosis  for  recovery. When  the
patien t’s prognosis is poor  (between  2  and  6 m onths), one m ay
proceed  to  a  perm anent  rehabilitation  procedure  rather  than
wait  a  full 12  m onths, as  was  done  historically. Other  aerody-
nam ic  and  acoustic  tests  and  elect roglottography  can  also  be
used to assess the severity of glot tal closure problem s.

When  the  etiology  of the  paralysis  is  unclear, most  clinicians
recommend a work-up for peripheral neuropathy, including blood
tests  to  rule  out  vector-borne  neurologic disease  (e.g., Lyme  dis-
ease, West  Nile  virus infection), as well as computed  tomography
(CT)  of the  neck  to  rule  out  a  neoplasm  a ecting  the  laryngeal
branches of the  vagus nerve. At  a  minimum, a  patient  with  a  left
vocal fold  paralysis requires a chest  X-ray to evaluate  the thoracic
component  of the  left  RLN. CT of the  chest  may be  the  preferred
examination  because  it  is more  sensitive  for  masses in  the  aorto-
pulmonary window. If other  neurologic symptoms suggest  a  de-
myelinating  disease,  then  magnetic  resonance  (MR)  imaging  of
the head and a neurologic consultation  may be ordered.

In  cases  of  idiopathic  laryngeal  paralysis, the  author  begins
w ith  laryngeal EMG, w hich  can  help  determ ine the cause of the
paralysis/paresis  and  w hether  it  is  “new ” (of recent  onset)  or
“old” (of rem ote  onset). The  presence  of spontaneous  act ivity
im plies ongoing denervation  (i.e., “new ”). Indeed, the radiologic
work-up  is EMG-guided. If the SLN (tested  in  the  ipsilateral cri-
cothyroid  m uscle)  is  not  involved, CT of  the  neck  (skull  base
through  superior  m ediastinum )  is  obtained.  If  the  SLN is  in -
volved  (abnorm al), then  MR im aging of the brain  and  skull base
is ordered, as well.

If, on  the  other  hand, laryngeal EMG show s an  “old” neuro-
pathic  pat tern  (characterized  by  large  polyphasic  m otor  units
w ith  no evidence of spontaneous activity), radiographic evalua-
tions  m ay be  unnecessary. However, in  case  of doubt, im aging
studies  are  the  safe  choice  to  be  certain  that  the  cause  of the
neuropathy is not  neoplastic or  a pernicious neurogenic patho-
logic process (e.g., m ultiple sclerosis).

85.7  Treatm ent
85.7.1  Medical Treatm ent
Many  patien ts  w ho  have  unilateral  vocal  fold  im m obility  are
able  to  compensate  for  their  glottal  closure  problem  w ith  or
w ithout  voice  therapy. In  these  cases, the  contralateral  vocal
fold  becom es stronger  and  can  be  seen  on  laryngeal exam ina-
tion  to cross the m idline to achieve closure. In  addition , the im -
m obile  vocal fold  m ay have  adequate  tone  and  a  good  m idline
position  secondary  to  nonfunct ional  synkinetic  reinnervation.
As m any as  30  to  50% of pat ients  w ith  unilateral paralysis  w ill
not  require surgical treatm ent . In  addition, voice therapy can  be
very helpful in  allow ing patients to find adapt ive compensatory
laryngeal behaviors.

85.7.2  Surgical Treatm ent
The two basic surgical approaches, inject ion  augm entation  and
m edialization  laryngoplasty  (“Isshiki  thyroplasty”)  w ith  or
w ithout  arytenoid  adduct ion,  have  di erent  advantages  and

Fig. 85.3  Left  vocal fold  paralysis showing  com-
pensatory biomechanics.
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disadvantages. Inject ion  augm entation, w hich  can  be  done  in
the  o ce  setting or  in  the  operat ing room , involves  the  injec-
tion  of an  alloplastic m aterial or  autologous adipose  t issue  in to
the vocal fold  itself. Although  it  requires a skin  incision , m edial-
ization  laryngoplasty  provides  perm anent  voice  rehabilitation
in  the  m ajority  of  cases. Unfortunately,  today  not  m any  sur-
geons are skilled in  th is technique.

Arytenoid  fixation  from  blunt  and  penetrating traum a is un-
com m on. It  m ay also  be  due  to t raum atic endotracheal in tuba-
tion  and  inflam m atory  joint  diseases  such  as  rheum atoid  ar-
thrit its. The  diagnosis  of fixation  can  be  confused  w ith  that  of
paralysis  until a  definitive  diagnosis is  m ade  by laryngeal EMG
and  exam ination  under  anesthesia  w ith  passive  m obility  test-
ing.  Although  som e  laryngologists  believe  that  the  arytenoid
m ay  be  dislocated  and  then  surgically  reduced  (i.e.,  “undislo-
cated”), the  author  has  never  seen  such  a  case  and  does  not
believe that  “dislocat ion” is possible based  upon  the cricoaryte-
noid  anatomy. On  the  other  hand, dam age  to the  join t  can  cer-
tainly occur, and endoscopic arytenoid repositioning is possible,
assum ing that  the a ected arytenoid can  be m obilized.

85.7.3  Tim ing of Surgery and Choice of
Procedure for Unilateral Vocal Fold
Paralysis
Surgical  treatm ent  is  reserved  for  pat ients  w ith  relatively  se-
vere  glottal closure  sym ptom s and/or  aspirat ion. In  the  case  of
paralytic dysphonia, the  term  rela t ively is  im portant . The  need
for  surgery in  each  case  is tempered  by not  only the severity of
the  dysphonia  and/or  aspirat ion  but  also  the  patient-specific
consequences of failure to in tervene surgically.

Patients  w ho have  glottal incompetence  and  obvious clin ical
and  radiographic aspiration , w ith  a  risk for  the  developm ent  of
life-threaten ing pneum onia, should  undergo som e type of glot-
tal  closure  procedure.  Which  procedure(s)  depend(s)  on  the
sym ptom  severity, prognosis  for  recovery, and  overall m edical
status of the patient. Although  it  can  be life-threaten ing, aspira-
tion  is  a  sign ificant  problem  follow ing unilateral vocal fold  pa-
ralysis in  fewer than  10% of cases.

The  prognosis  for  pat ients  w ho  have  aspiration  associated
w ith  laryngeal paralysis is worst  w hen (1) they have undergone
skull base  surgery for  tum ors w ith  sacrifice  of m ultiple  cranial
nerves  (especially  nerves  IX through  XII);  (2)  they  have  pro-
found  degenerative  neurologic  diseases  such  as  amyotrophic
lateral sclerosis; and  (3) they have a h istory of cerebral vascular
accident. For such  patien ts, the surgical procedures m ay include
total  laryngectomy,  tracheotomy  w ith  som e  type  of  feeding
tube,  inject ion  augm entation,  or  laryngoplasty.  For  patients
w ith  m oderate  aspirat ion , even  after  skull base surgery, ipsilat-
eral m edialization  w ith  arytenoid  adduct ion  and  possible crico-
pharyngeal myotomy w ill  usually  su ce  to  allow  norm al oral
feeding. Such  a procedure can  usually be perform ed w ithin  1 to
2  weeks  of the  skull base  surgery. Pat ien ts  w ith  severe  recal-
cit ran t  asp irat ion  m ay require  even  m ore  radical procedures,
including t racheotom y, laryngotracheal separat ion , or  laryng-
ectomy.

The m ost  com m on  concern  of the laryngeal surgeon  is deter-
m ining  the  m ethod  and  t im ing  for  the  t reatm ent  of  patien ts
w ith  di erent  levels of dysphonia, vocal dem ands, and  progno-

ses. Obviously, for  pat ients w ho have m ild  to m oderate dyspho-
nia  and  a  good  prognosis  for  recovery, no  surgery  m ay be  ap-
propriate. But  w hat  about  a  75-year-old  clergym an  w ith  vocal
fold  paralysis  w ho  is  dysphonic?  Such  a  patient  w ill  dem and
that  som ething be done sooner  rather than  later. In  such  a case,
know ing  the  prognosis  m ay  help  answer  the  quest ion. If  the
laryngeal  nerve  has  lit t le  or  no  chance  of  recovery—such  as
after  RLN sacrifice  in  thyroid  cancer  surgery—then  m edializa-
tion  laryngoplasty  w ith  arytenoid  adduct ion  (if  the  posterior
com m issure  is  open  or  if the  vocal folds are  at  di erent  levels)
m ay be  an  ideal solution  to  achieve  excellen t  vocal rehabilita-
tion  in  a t im ely fashion.

When  the  prognosis  is  not  evident, laryngeal  EMG m ay  be
very  helpful. When  perform ed  between  2  and  6  m onths  after
the onset  of paralysis, laryngeal EMG can  predict  the lack of re-
turn  of vocal fold  funct ion w ith  an  accuracy of m ore than  95%. If
such  a  result  is  found  on  EMG, a  perm anent  procedure  can  be
perform ed  at  that  t im e. “Watching and  waiting” or  perform ing
additional  procedures  to  temporarily  rehabilitate  the  voice
would be unwarranted. If the result  of laryngeal EMG is equivo-
cal,  a  temporizing  m easure  is  often  helpful  in  establishing  a
competent  glottis  w hile  the  result  of reinnervation  is  awaited.
Laryngologists  now  have  several inject ion  augm entation  tech-
niques  and  m aterials  w ith  di erent  durability  characteristics:
temporary,  sem iperm anent/durable,  and  perm anent.  Durable
injectables w ill last  from  6  m onths to  2  years. There  is  contro-
versy  as  to  w hether  any  injectable  is  reliably  perm anent . Re-
gardless, the availability of temporary and durable inject ions al-
low s physicians to em ploy a pract ical strategy of achieving early
surgical glottal  closure  w ith  inject ion  augm entation  w hen  the
prognosis  of  a  patient  w ith  vocal  fold  paralysis  is  unknow n.
Watching and  waiting is not  an  appropriate  plan  unless the  pa-
tient  and  surgeon  have  opted  for  th is after  considering tempo-
rary alternatives.

There are five techniques for  perform ing inject ion  augm enta-
tion  and  as  m any  di erent  m aterials. Inject ion  augm entation
can  be done in  the o ce or clin ic setting w ith  an  awake patien t,
or  it  can  be  perform ed  in  the  operating room  w hile  the  pat ien t
is  under  general  anesthesia, w ith  the  benefits  of a  m otionless
patien t  and  m agnificat ion  through  an  operat ing m icroscope. In
truth , fewer than  25% of inject ion  augm entation  procedures are
done in  the operat ing room .

Perform ing  procedures  under  general  anesthesia  is  recom -
m ended  for  patien ts w ho are  unw illing or  unlikely to  be  coop-
erative w hen  an  awake technique is used  (e.g., excessive gag re-
flex, di cult  anatomy). General anesthesia usually allow s m ore
precise  inject ion  augm entation .  If  autologous  adipose  tissue
(lipo-inject ion)  is  the  im plant/graft  of  choice,  then  general
anesthesia is recom m ended.

For  m ost  patients  w ith  severe  dysphonia  and  an  uncertain
prognosis  after  unilateral  vocal  fold  paralysis,  inject ion  aug-
m entation  in  the o ce is recom m ended  w ith  temporary or du-
rable  substances  such  as  the  follow ing:  Radiesse  Voice  Gel
(Merz  Aesthet ics,  San  Mateo,  CA);  Cym etra  (LifeCell,  Branch-
burg, NJ);  or  even  Radiesse Voice (Merz Aesthetics). In  addition,
if  the  paralysis  is  perm anent  but  it  is  unclear  w hether  the
patien t  w ill benefit  from  vocal fold  augm entation , a  temporary
inject ion  can  be used as a tr ial. The advantage of temporary m a-
terials is  that  they last  on ly a  few  to several m onths;  of course,
th is  short  durat ion  is  also  a  potential disadvantage. Neverthe-
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less, repeated  inject ions can  help  a pat ien t  over  the  in itial peri-
od of relative vocal disability.

There  are  four  di erent  o ce-based  techniques for  perform -
ing inject ion  augm entation  in  the awake patien t: (1) percutane-
ous, from  below, through  the  cricothyroid  m em brane;  (2) per-
cutaneous, directly through  the  thyroid  cartilage  (suitable  only
for  relatively young patien ts w ithout  significant  calcification  of
the  thyroid  cart ilage);  (3)  percutaneous, from  above, through
the  thyroid  notch;  and  (4)  peroral.  All  of  these  m ethods  are
done w ith  sim ultaneous endoscopic (transnasal or  peroral) lar-
yngeal visualization  (� Fig. 85.4 and � Fig. 85.5).

Although  som e  surgeons are  proficien t  in  m any or  all of the
above  approaches, the  m ost  popular  technique for  o ce-based
vocal fold  inject ion  am ong contem porary laryngologists  is  the
thyrohyoid  approach  w ith  sim ultaneous transnasal flexible lar-
yngoscopy. This technique has four advantages:
1. Minim al anesthesia is required.
2. It  allow s direct  visualization of needle insertion .
3. It  is well tolerated by patients.
4. There is a relat ively easy learning curve for the surgeon.

For patients in  w hom  vocal fold  recovery is unlikely (e.g., m alig-
nant  invasion  of the  RLN, t ransect ion  or  resection  of the  RLN,
poor  laryngeal EMG prognosis, paralysis for  9  to  12  m onths), a
perm anent  t reatm ent  can  be  o ered. If the  glottal gap  is  very
sm all  or  the  pat ient’s  life  expectancy  is  short,  a  “perm anent
injectable” m ay  be  used. Alternatively, a  type  I laryngoplasty
w ith  or  w ithout  arytenoid  adduct ion  or  an  RLN–ansa cervicalis

reinnervation procedure (ANSA-RLN) m ay be perform ed. ANSA-
RLN has a reported  successful reinnervation  rate  of over  95%; it
provides vocal fold  bulk and  tone, but  not  physiologic vocal fold
m ovem ent. It  takes 3  to  6  m onths for  the  innervation  to  begin
to  take  e ect, so  a  temporary  inject ion  m ust  be  perform ed  to
rehabilitate the voice and  bridge th is t im e gap. In  reality, ANSA-
RLN is the least  com m only perform ed procedure for  perm anent
vocal fold  paralysis  because  of the  excellent  results  and  physi-
cian  fam iliarity w ith  laryngoplasty techniques, as well as the 3-
to 6-m onth waiting period. Alternatively, ANSA-RLN is an  excel-
lent  surgical  option  for  pediatric  patients  because  the  proce-
dure  is  perform ed  w ith  the  patien t  under  general anesthesia;
laryngoplasty is perform ed  w ith  the  patien t  under  in travenous
sedation, w hich is un likely to be tolerated by a pediatric patient.
ANSA-RLN is  also  optim al  for  im m ediate  reinnervation  at  the
tim e of RLN resection  or  transect ion . A successful ANSA-RLN in
th is scenario w ill spare the patient  from  future surgery for vocal
rehabilitation .

Type  I laryngoplasty w ith  or  w ithout  arytenoid  adduct ion  is
the  treatm ent  of choice for  the  m ajority of patients w ith  a  per-
m anent  vocal fold  paralysis;  th is surgery has a 96% success rate
w ith  m inim al m orbidity. The  4% revision  rate  is  usually due  to
placing an  implant  too h igh  and in terrupting the m ucosal wave.
Laryngoplasty  is  perform ed  under  in travenous  sedat ion  to  al-
low  the  patient  to  speak  and  provide  the  surgeon  w ith  vocal
feedback  w hen  the  im plant  is  sized. Generally, a  concom itant
flexible laryngoscopy is perform ed  to allow  visualization  of the
vocal  folds  during  the  procedure, providing  fur ther  feedback.
Im plants  are  generally  m ade  of  e-PTFE (expanded  polytetra-

Fig. 85.4  Typical setup  for in-office  injection  with  transnasal endo-
scopic visualization.

Fig. 85.5  Schematic of the  thyrohyoid  approach  to  injection  for vocal
fold  augmentation.
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fluoroethylene  [Gore-Tex];  W. L. Gore  Associates, Flagsta , AZ)
or  silicone  (Silast ic;  Dow  Corning, Midland, MI).  The  silicone
im plants  can  be  preform ed  or  custom -carved. Aside  from  the
need  for revision, the other significant  complication  is infect ion
of the  im plant . Although  rare, im plant  rem oval is  necessary  if
th is occurs.

Arytenoid  adduct ion  is  an  adjunct  to type  I laryngoplasty. In
this  procedure,  the  m uscular  process  of  the  arytenoid  is  ac-
cessed  by rem oving the  posterior  aspect  of the  thyroid  ala  and
m edializing the piriform  sinus. The process is lassoed w ith  a su-
ture, w hich  is  then  passed  through  the  paraglot tic  space  and
out  through  the  an terior  aspect  of the  larynx. Tension  on  the
suture  rotates  the  arytenoid  and  corresponding  vocal  process
inferom edially. This corrects  height  m ism atch  betw een  the  vo-
cal  folds  and  closes  a  persistent  posterior  glottal  gap,  w hich
cannot  be done w ith  an  im plant  alone. The decision  to perform
an arytenoid adduct ion  is m ade at the t im e of surgery. If the pa-
tien t  has a breathy voice or there is insu cient  project ion  w hile
the  m em branous vocal fold  is  optim ally m edialized, then  m ost
likely a  vocal fold  height  m ism atch  or  posterior  glottal gap  ex-
ists. This can  be  confirm ed  by flexible  laryngoscopy. The  use  of
arytenoid  adduct ion  varies am ong surgeons. Som e m ay em ploy
it  as  m uch  as  30  to  40% of the  tim e, w hereas others rarely use
it . The reason  for th is disparity is unclear, but  it  m ay be due to a
lack of t rain ing and  com fort  w ith  the  procedure, as well as the
increased  operative t im e and  risk. An  arytenoid  adduct ion  adds
approxim ately  30 m inutes  to  the  procedure  and  carries  a  very
sm all risk for  pharyngeal perforation  as the  piriform  is m edial-
ized. The patient  also experiences m ore discom fort  w hen  swal-
low ing in  the im m ediate postoperat ive period. In  those patients
w ho  speak  a  significant  am ount , either  socially or  in  business,
the  vocal im provem ent  provided  by an  arytenoid  adduct ion  is
likely worth  the m inim al risk and discom fort .

85.8  Roundsm anship
●  The m ost  com m on cause of un ilateral vocal fold im m obility is

idiopathic vocal fold paralysis. Som e of these cases m ay ac-
tually be due to a viral neuropathy.

●  Unilateral vocal fold im m obility presenting w ith  progressive
(gradual onset) hoarseness is associated w ith  a relatively om i-
nous di erential diagnosis, including degenerative neurologic
diseases and m alignant  tum ors of the head, neck, and chest.

●  Laryngeal elect romyography is the m ost  useful diagnostic test
to determ ine the presence of neuropathy and the prognosis of
vocal fold  im m obility.

●  The voice sym ptom s of paralytic dysphonia can  usually be
surgically corrected by voice therapy, inject ion  augm entation,
or m edialization  (“Isshiki” type I) laryngoplasty w ith  or w ith-
out  arytenoid adduct ion.
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86  Bilateral Vocal Fold Paralysis
Craig H. Zalvan

86.1  Int roduct ion
Bilateral vocal fold  paralysis  is  part  of a  spectrum  of vocal fold
im m obility  potent ially  resulting  in  airway  comprom ise.
Although  there  are  m any causes, only a  few  are  relat ively com -
m on. The  work-up  and  treatm ent  are  coordinated  to  rule  out
potentially  devastating  disorders  and  ensure  airway  safety.
Most  causes of vocal fold  paralysis are  neurologic in  nature, ei-
ther  direct  neural t raum a  or  a  centrally  m ediated  m echanism .
Contrary to popular belief, patients w ith  bilateral vocal fold  im -
m obility  tend  to  have  norm al vocal quality, and  m ost  patien ts
present  w ith  sym ptom s of airway obstruction:  dyspnea  on  ex-
ert ion,  exercise  in tolerance,  dysphagia,  and  str idor.  Exam ina-
tion  of the larynx dem onstrates bilaterally im m obile vocal folds
w ith  a  resultant  sm all glottic or  in terarytenoid  gap. As the  gap
decreases in  size, respiratory distress increases.

86.2  Incidence
Bilateral vocal fold  paralysis is a very uncom m on finding. Surgi-
cal t raum a to  both  recurrent  laryngeal nerves (RLNs) occurs in
far  fewer  than  1% of thyroidectom ies and  other  surgeries of the
head  and  neck.  Metastatic  or  direct  invasion  of  the  larynx
resulting  in  bilateral  RLN involvem ent  is  also  a  rare  event . In
children , approxim ately  2  to  5% of cases  of bilateral vocal fold
paralysis are congenitally acquired. Arnold-Chiari m alform ation
is one of the m ore com m on causes of bilateral vocal fold  paraly-
sis  in  children . This m alform ation  occurs in  approxim ately 1  in
1,000  live  bir ths.  The  type  II  m alform ation  m ost  com m only
causes bilateral vocal fold  paralysis. Approxim ately one-th ird  of
children  born  w ith  the  type  II m alform ation  w ill  have  brain-
stem  involvem ent  by the age of 5 years. Of these, one-third  w ill
die, m ost com m only of respiratory complications.

86.3  Classificat ion
Paralysis of the vocal folds is classified  as un ilateral or  bilateral.
In  bilateral vocal fold  paralysis, the  position  of the  vocal folds
determ ines the  severity of sym ptom s. The  position  of the  vocal
folds  can  be  described  as  m edial, param edian , or  lateral.  The
m ore  m edial the  vocal folds, the  greater  the  degree  respiratory
comprom ise;  the  m ore  lateral  the  vocal  folds, the  greater  the
degree of dysphonia and dysphagia.

86.4  Anatom y
Key anatom ical relationships of the  RLN along its  en t ire  course
are  importan t  in  determ ining  the  cause  of bilateral vocal  fold
paralysis. The RLN, a branch  of the vagus nerve, exits the brain-
stem  from  the  m edulla  and  courses  through  the  jugular  fora-
m en  to  enter  the  neck. At  the  inferior  (nodose)  ganglion, the
superior  laryngeal nerve  branches  o  from  the  m ain  trunk  to
course adjacent  to the  pharynx and  m edial to the sheath  of the
carotid  artery, further  dividing  in to  the  in ternal  and  external
branches.  The  left  RLN/vagus  nerve  courses  anterior  to  the

carotid  over  the  arch  of the  aorta, w here  the  two  components
divide. The left  RLN then  courses posterom edial to the ligam en-
tum  arteriosum , ascends in  the t racheo-esophageal groove, and
enters posterior  to the  cricothyroid  joint  to innervate  all m otor
components  of  the  laryngeal  m usculature  except  the  crico-
thryoid  m uscle.  The  right  RLN  branches  o  from  the  vagus
nerve  in  the  neck  anterior  to  the  right  subclavian  artery  and
then  w raps  around  the  artery  to  ascend  in  the  right  t racheo-
esophageal groove before  entering posterior  to the cricothyroid
join t. Fam iliarity w ith  these  anatom ical relationships is  impor-
tant  in  understanding  the  causes  of  bilateral  vocal  paralysis.
Any centrally m ediated  process (e.g., stroke, tum or, or hydroce-
phalus)  can  a ect  both  RLNs at  the  level of the  m edulla. In  all
other  cases  of  bilateral  vocal  paralysis,  the  cause  m ust  a ect
both  nerves along their course if bilateral paralysis is to occur.

A detailed  knowledge  of the  glottic space  and  arytenoid  com-
plex  is  also  im portant  in  understanding  airflow  and  vocal  dy-
nam ics. The  posterior  glottis, or  respiratory glottis, creates m ost
of the space for  airflow  to occur. This region  is the space posteri-
or  to the  tip  of the  vocal processes and  is bordered  by both  ary-
tenoids, the  interarytenoid  muscle, and  the  mucosa (� Fig. 86.1).
The  posterior  cricoarytenoid  is  solely  responsible  for  abduction
of the vocal folds. A distance of less than  4 m m  between  the ary-
tenoid  vocal  processes  is  typically  required  to  create  stridor  at
rest  (� Fig. 86.2). Increased  airflow  during increased  activity m ay
result  in  passive adduction  of the vocal folds as a consequence of
the  Bernoulli phenomenon, leading to stridor  in  a  comprom ised
airway that has a diameter slightly larger than  4 m m.

86.5  The Disease  Process
86.5.1  Et iology
The  vast  m ajority  of cases  of bilateral  vocal  fold  paralysis  are
due to surgical t raum a of both  RLNs, typically during thyroidec-
tomy (m ost  often  completion  thyroidectomy in  the  setting of a
preexisting  unilateral vocal fold  paralysis). In  one  series  of 72

Fig. 86.1  Normal larynx with interarytenoid  distance  of approximately
2 cm. Arrows highlight  the  tips of the  vocal processes.
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adults  w ith  bilateral  vocal  fold  im m obility,  surgical  t raum a
(37%), m alignancies (14%), endotracheal in tubation  (13%), neu-
rologic disease (11%), and  idiopath ic im m obility (11%) were the
m ost  com m on  findings. Vocal fold  paralysis is the  second  m ost
com m on  congenital anom aly of the  pediatric airway, constitut-
ing 5  to  10% of congenital laryngeal lesions;  bilateral paralysis
occurs in  30  to  62% of th is  subgroup  of patien ts. Airway in ter-
vention  is  required  in  over  half of these  ch ildren, often  in  the
form  of a  tracheotomy. Arnold-Chiari  m alform ation, hydroce-
phalus, and  myelom eningocele  are  the  m ost  com m on  causes of
bilateral vocal fold  paralysis  in  ch ildren. The  m ajority of other
cases are  due  to  other  neurologic diseases or  are  of idiopathic,
iatrogenic, or t raum atic origin.

86.5.2  Pathogenesis
Bilateral im m obility of the vocal folds is due to system ic neuro-
pathy, direct  injury  to  both  RLNs  or  the  nucleus  am biguus, or
m echanical fixation  of both  arytenoids. Airflow  is  then  deter-
m ined  by  the  final  resting  position  of  the  vocal  folds,  w hich
evolves  over  t im e. When  both  vocal folds  are  im m obile  in  the
m idline  or  a  param edian  position , airway obstruction  is  m ore
likely. When  both  are  in  the lateral position , breathy dysphonia
and  aspiration  are  com m on.  Fixation  of  both  arytenoids  is
rarely encountered but  m ust  be considered after laryngeal trau-
m a  or  prolonged  in tubation , or  in  rheum atoid  arthrit is. Pres-
sure  necrosis,  chronic  inflam m ation  w ith  im m une  complex
deposition, and  fibrosis can  result  in  im m obility of the larynx if
both  arytenoids  are  a ected. Neural in tegrity  is  in tact , but  ef-
fect ively there  is  no  m obility secondary to  the  failure  of aryte-
noid  rotat ion . The Box Causes of Bilateral Vocal Fold  Paralysis in
Adults (p.670) and the Box Causes of Bilateral Vocal Fold Paraly-
sis in  Children  (p.671) sum m arize  the  di eren tial diagnosis for
bilateral vocal fold  paralysis in  adults and ch ildren, respect ively.

Causes  of Bilateral Vocal Fold  Paralysis  in  Adult s
●  Iatrogenic
○  Thyroid and parathyroid surgery

– Complete thyroidectomy
○  Tracheal resection
○  Cervical esophagectomy
○  Neurosurgery

– Brainstem, skull base surgery
– Anterior spinal approach surgery (with preexisting unilat-

eral vocal fold paralysis)
○  Birth trauma
○  Contralateral carotid endarterectomy
○  Endoscopic laryngeal surgery (usually laser)
○  Radiation-induced fibrosis or chondronecrosis

●  Malignancy
○  Laryngeal
○  Metastatic disease to the neck, brainstem, or mediastinum
○  Extension of pulmonary neoplasm
○  Lymphoproliferative disorders

●  Central nervous system disease
○  Arnold-Chiari malformation
○  Neuromuscular disease

– Amyotrophic lateral sclerosis, Shy-Drager syndrome,
myasthenia gravis, Guillain-Barré syndrome, multiple scle-
rosis, Charcot-Marie-Tooth disease

○  Hydrocephalus
○  Cerebral vascular accident

●  Systemic
○  Infectious

– Lyme disease
– Syphilis
– Tuberculosis
– Invasive fungal infection

○  Rheumatologic
– Systemic lupus erythematosus, rheumatoid arthritis, re-

lapsing polychondritis
○  Sarcoidosis
○  Wegener granulomatosis
○  Amyloidosis

●  Metabolic
○  Hypocalcemia, hypokalemia, diabetes mellitus

●  Local factors
○  Bilateral arytenoid dislocation
○  Bilateral arytenoid ankylosis
○  Blunt and penetrating trauma
○  Laryngospasm
○  Intubation injury

●  Idiopathic

Fig. 86.2  Bilateral vocal fold  paralysis in  a patient  with audible  stridor.
Note  the  posterior glottic gap  of less than  4 mm.
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Causes of Bilateral Vocal Fold Paralysis in Children
●  Neurologic
○  Arnold-Chiari malformation
○  Myelomeningocele
○  Hydrocephalus

●  Iatrogenic
○  Cardiac surgery
○  Tracheo-esophageal fistula repair

●  Systemic
●  Traumatic
○  Intubation
○  Birth trauma

●  Idiopathic

86.5.3  Natural History
Spontaneous  recovery  from  bilateral vocal fold  im m obility  oc-
curred  in  13% of adult  cases  in  one  ret rospective  case  series,
w ith  m ost  patien ts  requiring  t racheotomy  for  in itial  m anage-
m ent. Of these  cases, 15% were  due to in tubation  injury, and  of
these, 44% recovered m obility in  one or both  vocal folds. In  con-
trast , 48 to 60% of children  recover.

Tracheotomy is  required  in  fewer  than  50% of adult  patients
w ith  bilateral vocal fold  paralysis. The rate of ch ildren  requiring
tracheotomy varies; study results range from  19 to 68%.

86.5.4  Potent ial Disease Com plicat ions
The  m ost  feared  complication  is  airway obstruction  and  death
from  asphyxiation. Dysphonia, ine ect ive  cough, chronic aspi-
ration , aspirat ion  pneum onia, and  dysphagia  are  also  com m on
complications. Som e  pat ients  experience  chronic  system ic  fa-
tigue due to the e ort  expended on  respirat ion.

86.6  Medical Evaluat ion
86.6.1  Present ing Com plaints
Contrary to popular belief, patients w ith  bilateral vocal fold  im -
m obility  tend  to  have  a  relatively  norm al  vocal  quality. Com -
plaints  are  often  of  diplophonia,  decreased  vocal  project ion ,
vocal  fatigue, vocal  strain , and  compensatory  m uscle  tension.
Breathy dysphonia occurs w hen  there is lateral displacem ent  of
one  or  both  im m obile  vocal folds  w ith  increased, unregulated
airflow. Pat ients m ay also present  w ith  dysphagia, weak cough,
and  pneum onia  secondary to loss of the  laryngeal closure  pro-
tective  m echanism .  The  presentat ion  of  bilateral  vocal  fold
paralysis  is  h ighly  variable. At  one  extrem e, a  person  m ay  be
completely asym ptom atic, w ith  norm al voicing and  respiration
and no distress. This pat ient m ay describe in term ittent episodes
of  feeling  short  of  breath  and  m ild  str idor  or  “w heezing,”
typically  during  an  upper  respiratory  illness;  often , asthm a  is
diagnosed. At  the  other  end  of the  spectrum , the  m ost  typical
presentation  includes  the  onset  of respiratory  distress, short-
ness  of  breath ,  labored  breathing,  and  str idor.  Patien ts  w ill
complain  of  a  “w heeze”  during  inspiration  that  represents
str idor, w hich  tends to be inspiratory early in  the onset  of bilat-

eral  vocal  fold  paralysis  but  m ay  becom e  biphasic  as  the  ob-
struct ion  becom es m ore pronounced  (depending on  the resting
position  of the  vocal folds). Follow ing surgical t raum a  to  both
RLNs, pat ients  m ay becom e  acutely sym ptom atic after  extuba-
tion  in  the  operat ing room  or  recovery room , w ith  str idor  and
distress.  The  sym ptom s  m ay  develop  m ore  insidiously  over
tim e as the vocal folds slow ly m edialize. These  pat ien ts tend  to
adjust  to the  slow  comprom ise  of the larynx and  m ay not  have
sym ptom s of obstruct ion  until there  is an  abrupt  change in  the
larynx. Any cause of laryngeal inflam m ation  (e.g., laryngophar-
yngeal  reflux,  upper  respiratory  infect ion  w ith  laryngitis,
weight  gain)  can  exacerbate  an  already  comprom ised  larynx
and lead to an  acute exacerbation  of sym ptom s.

86.6.2  Physical Exam inat ion
The  exam inat ion  of a  patien t  w ith  bilateral vocal fold  paralysis
begins  w ith  observation  of  the  patient.  Again ,  the  degree  of
airway  comprom ise  dictates  the  degree  and  severity  of  the
physical findings. A pat ient  m ay be completely com fortable and
appear  calm  or  m ay present  w ith  extrem e  anxiety and  a  sense
of im pending doom . The  vocal quality  m ay be  completely nor-
m al or characterized by breathiness, raspiness, and diplophonia.
In  addition, the  pat ient  m ay  exhibit  respiratory  distress  w ith
labored  breathing, str idor, the  use  of accessory m uscles, supra-
clavicular  retract ion, and cyanosis. Flexible laryngoscopy is per-
form ed  in  the  o ce  sett ing, recovery room , or  operating room
if RLN dam age  is  suspected. Laryngeal endoscopy on  the  oper-
ating room  table  after  thyroidectomy or  completion  thyroidec-
tomy in  pat ients w ith  preexisting unilateral vocal fold  paralysis
is  helpful in  identifying a  bilateral paralysis and  allow ing rapid
reintubation  before  the  patient  decompensates. The  position  of
the vocal folds, size  of the glottic airway, and  presence of in ter-
arytenoid  scarring or  any other  m echanically obstructive lesion
are  all noted. Videostroboscopy helps to ascertain  vocal fold  vi-
bration  and glottic closure on  phonation .

86.6.3  Test ing
Diagnostic laryngeal electromyography (EMG) can  aid  in  devel-
oping  a  prognosis  for  recovery  in  cases  of surgical  t raum a  or
neuropathy. Im m ediately  after  surgery, EMG can  di erentiate
betw een  vocal  fold  fixation  (w hich  is  a  very  rare  event)  and
traum atic RLN neuropathy. EMG perform ed 2 to 6 m onths after
injury w ill help  define the prognosis. If there are m ultiple  poly-
phasic  potent ials  and  significant  recruitm ent , the  prognosis  is
favorable. Giant  waves  w ith  no  vocal  fold  m otion, fibrillation
potentials, poor  recruitm ent , and  synkinesis all portend  a  poor
prognosis. In  addition  to aiding in  the  prognosis, EMG can  help
diagnose  certain  neurologic, m etabolic, or  myopathic causes of
bilateral im m obility. For  m ore  details, the  reader  is  referred  to
Chapter 80 (Laryngeal Elect romyography).

Im aging is necessary in  cases of noniatrogenic bilateral vocal
fold paralysis.. A chest  X-ray is typically adequate to assess m ost
tum ors of the chest  and  m ediastinum , although  it  is not  as sen-
sit ive  as  computed  tom ography  (CT)  or  m agnetic  resonance
(MR)  im aging  in  identifying  m asses  in  the  cardiopulm onary
w indow. MR im aging and/or  CT from  the  vertex of the  brain  to
the  inferior  aspect  of the  aort ic  arch  should  be  perform ed  to
look  for  a  lesion  along  the  course  of both  RLNs, Arnold-Chiari
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m alform ation,  brainstem  lesions  (tum ors,  m etastatic  disease,
cerebrovascular anom aly), and other lesions of the brain .

The diagnostic laboratory work-up  is usually lim ited  but  m ay
include  m easurem ents  of  Lym e  titer,  fluorescent  treponem al
antibody absorbed  (FTA-ABS), cytoplasm ic an tineutrophil cyto-
plasm ic  autoantibody  (cANCA),  purified  protein  derivative
(PPD), rheum atoid  factor  (RF), an tinuclear  antibody (ANA), an-
giotensin-convert ing enzym e (ACE), erythrocyte  sedim entation
rate  (ESR), and  C-react ive  protein  (CRP)  during  investigations
for  a  system ic cause  of bilateral im m obility  in  pat ients  w ith  a
suggestive m edical h istory.

Pulm onary funct ion  testing m ay be  ordered  to assess the  de-
gree of upper airway obstruction. The results can  be highly var-
iable, and pulm onary funct ion  testing should  not be used as the
prim ary  diagnost ic  tool. Typically, blunt ing  of  the  inspiratory
curve  is  seen  during forced  inspiration, as  well as  flattening of
the expiratory curve. Most studies show  no correlation betw een
pulm onary  funct ion  testing  results  and  glottic  airway  size;
however, pulm onary funct ion  testing can  be useful for  the eval-
uation  of airflow  after  in tervent ion  to  dem onst rate  increased
airflow.

An endoscopic evaluation  should be perform ed in  the operat-
ing room  in  cases of suspected  in terarytenoid  scar form ation  or
ankylosis  of the  cricoarytenoid  joint. The  latter  does not  occur
often, but  both  should  be  suspected  in  patien ts w ith  long-term
intubation  or  a  h istory of t raum a to  the  neck or  larynx. Palpa-
tion  of  the  joint,  independent  m otion  of  the  arytenoids, and
range of m otion  of the  arytenoids are  assessed. In  addition, the
subglottis and  t rachea should  be  inspected  for  signs of t raum a,
narrow ing, or granulation.

86.6.4  Di erent ial Diagnosis
There  are  m ultiple  causes  of bilateral vocal fold  paralysis, and
the frequencies of each  di er betw een adults (see Box Causes of
Bilateral  Vocal  Fold  Paralysis  in  Adults  (p.670))  and  children
(see  Box  Causes  of  Bilateral  Vocal  Fold  Paralysis  in  Children
(p.671)).

86.7  Treatm ent
86.7.1  Medical Treatm ent
Airway safety  is  the  prim ary concern  in  pat ients  w ith  bilateral
vocal fold  paralysis. Postoperative  pat ien ts m ay develop  str idor
and  respiratory distress im m ediately upon  extubation  or, m ore
com m only,  during  the  few  hours  after  extubation .  Measures
such  as therapy w ith  in travenous steroids, heliox, racem ic epi-
nephrine,  and  hum idified  oxygen  m ay  achieve  a  short-term
resolution  of respiratory distress. If respiratory distress contin-
ues or  oxygen  desaturation  develops, em ergent  rein tubation  is
perform ed.  In  rare  cases,  an  em ergent  tracheotomy  m ust  be
perform ed if the airway cannot be secured by in tubation. A sec-
ond  attem pt  at  extubation  is  m ade  after  the  adm inistration  of
intravenous  steroids,  typically  24  hours  later.  If  a  second  at-
tempt  fails, t racheotomy is then  perform ed  to secure  a  safe  air-
way. A tracheotomy provides  the  m ost  stable  and  safe  airway,
as well as the best  possible vocal result .

Patients w ith  borderline toleration  of their bilateral vocal fold
paralysis  m ay  be  candidates  for  botulinum  toxin  inject ion  of

both  thyroarytenoid  m uscles. This  results  in  im m ediate  vocal
fold  bow ing  and  long-term  atrophy  after  serial  inject ions,  so
that  the glottic airway enlarges slightly. Although  the change in
the airway is m inim al, it  m ay be su cient  to provide a safe  air-
way and  obviate the need  for a tracheotomy in  these borderline
patien ts. The  inject ions  generally  need  to  be  repeated  every  6
to 12 m onths.

Patien ts w ho do not  present  w ith  airway dist ress, significant
dysphonia, or  dysphagia  can  be  m onitored  w ithout  in terven-
tion. Many  patients  w ill recover  funct ion  of at  least  one  vocal
fold.  Others  w ith  persisten t  bilateral  paralysis  rem ain  stable
and  never  require  fur ther  in tervent ion. These  pat ients  should
be caut ioned about  acute respiratory comprom ise in  the setting
of laryngeal edem a. They should  be  instructed  to  contact  their
physician  or  go the nearest  em ergency room  im m ediately upon
having any sym ptom s of airway distress. In  these cases, conser-
vative  m anagem ent  w ith  hum idification ,  oral  steroids,  and
m ucolytics is often  su cient .

86.7.2  Surgical Treatm ent
As  noted  above, a  tracheotomy  provides  the  m ost  stable  and
safest  airway, as well as the  best  possible  vocal result . Unfortu-
nately, tracheotomy rem ains a very di cult  social and  physical
burden  for  the  pat ient. In  addition, a  long-term  tracheotomy is
associated  w ith  the  potent ial complications  of granulation  for-
m ation , tracheal  stenosis, dysphagia, aspirat ion , cellulit is, and
skin  breakdow n.

For those patien ts w ho fail extubation, or have chronic sym p-
tom s of shortness of breath , str idor, exercise  in tolerance, or  re-
curren t  acute  airway  episodes  necessitating  hospitalization ,
procedures exist  to create  a m ore patent  airway. The sam e pro-
cedures are  available  to patients w ho already have a tracheoto-
my  but  desire  decannulat ion. Before  perform ing  a  destructive
procedure, the surgeon  should  be certain  that  recovery w ill not
occur. To that  end, the procedure should  be delayed  until either
1 year after  the  inciting injury or EMG evidence of a poor  prog-
nosis has been  obtained.

The  m ost  conservative  surgery involves  a  carbon  dioxide  la-
ser  posterior  transverse  cordotomy, w hich  is  perform ed  endo-
scopically. An  incision  is  m ade  that  separates the  vocal process
from  the  m em branous vocal fold. This generally done  unilater-
ally but  m ay be done bilaterally if a unilateral procedure fails to
create an  adequate airway (� Fig. 86.3).

Alternatively, an  endoscopic m edial arytenoidectomy can  be
perform ed  w ith  a  carbon  dioxide laser  (� Fig. 86.4). The  m edial
wall  of  the  arytenoid  is  rem oved,  w ith  or  w ithout  a  partial
cordotomy. Traditionally, a complete  arytenoidectomy was per-
form ed  endoscopically  by  ablat ing  the  ent ire  arytenoid  or
transcervically  via  laryngofissure.  Because  of  the  increased
m orbidity  of  these  procedures,  they  have  m ostly  been  aban-
doned.

Laterofixation  of one  vocal fold  can  be  perform ed  via  trans-
cervical  placem ent  of  a  suture  that  w raps  around  the  vocal
process  and  posterior  m em branous  vocal fold. Tract ion  on  the
suture  lateralizes the vocal fold. It  is then  t ied  in  place over  the
strap  m uscles. In  order  to  avoid  a  t racheotomy, laterofixation
can  be  used  as a temporary procedure in  cases of surgical trau-
m a  to  the  RLN in  a  pat ien t  w ith  a  know n  intact  RLN w hose
prognosis for  recovery is good. The suture can  be rem oved once
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function  has  been  restored. This  suture  technique  can  also  be
used  as a perm anent  treatm ent . Although  the technique is gen-
erally seen  as  nondestructive, the  suture  can  saw  through  the
m em branous vocal fold  w ith  an  irreversible  outcom e sim ilar  to
that of a posterior transverse cordotomy.

A new ly  described  technique  is  the  abductor  suture  techni-
que. This technique is t ruly reversible. It  is a m odification  of the
arytenoid  adduct ion  suture  technique, w hich  is  often  used  in
unilateral vocal fold  paralysis. In  the abductor  technique, a per-
m anent  suture  is  placed  through  the  m uscular  process  of the
arytenoid and then  directed posteroinferiorly and tied to the in-
ferior cornu  of the thyroid  cartilage. This procedure abducts the
vocal process, thus  enlarging the  airway. It  also  allow s  adduc-
tion  to  occur  if it  is  present. In  the  sm all series  perform ed, all
six  pat ients  had  an  im proved  airway;  five  were  decannulated.
Four  pat ien ts  had  no  vocal  change,  and  two  had  increased
breath iness.

These  procedures can  all be  perform ed  w ithout  a  tracheoto-
my.  The  pat ien ts  need  to  be  selected  carefully,  w ith  the  full
understanding  of  possible  airway  comprom ise  from  edem a
caused  by  the  procedures. The  procedures  are  also  perform ed
in  patients  w ith  a  t racheotomy  so  that  they  can  be  decannu-
lated after in tervention.

Overall,  the  success  of  these  surgical  procedures  ranges
from  80  to  100% w hen  decannulation  is  used  as  the  m eans  of
comparison.  However,  the  literature  lacks  standardization  of
the success rates, and the results are varied  w ith  regard to com -
plication  rates. When  perform ing  these  procedures, one  m ust
balance  the  benefit  of an  enlarged  airway against  the  potential
complications, w hich  include  aspiration  resulting  from  an  en-
larged unprotected glottis, weak and breathy dysphonia, the ur-
gent  need  for  postoperative  t racheotomy, surgical failure  w ith
the  need  for  revision , or  inability  to  decannulate  the  pat ien t.
The  voice  is  always  weaker  after  these  procedures, excluding
the  arytenoid  abduct ion  procedure. The  larger  the  airway, the
better  the  breath ing  but  the  weaker  the  voice.  This  t radeo 
m ust  be  well  com m unicated  to  the  patien t. The  patien t  m ust
understand  and  accept  it . The  surgeon  m ust  negot iate  th is ten-
tative  balance  w hen  perform ing the  surgery. The  m anagem ent
of each  case is based on  the pat ient’s clin ical needs and physical
findings, and the t reatm ent  is selected is based on  the expert ise
and experience of the surgeon.

Fig. 86.3  Bilateral vocal fold  paralysis (a) before  posterior transverse
cordotomy, (b) immediately after cordotomy, and  (c) after healing  is
complete.

Fig. 86.4  Intraoperative  view of medial arytenoidectomy.
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Because  destructive  procedures  are  irreversible, a  conserva-
tive  approach  should  be  taken  during  surgery. A 20% revision
rate  is to be  expected. A second  or  even  a th ird  procedure w ith
fur ther resection  of the arytenoid or  vocal fold  or surgery of the
opposite  side  is  preferable  to  excessive  resection  result ing  in
dysphonia or aspiration.

Laryngeal  pacing  and  laryngeal  reinnervation  are  potential
treatm ent  options  in  the  near  future. They are  both  in  the  ex-
perim ental phase  and  aim  to  rehabilitate  a  larynx dynam ically
and  restore  vocal fold  m otion . Currently, a  handful of patien ts
have  undergone  these  procedures,  w ith  m ixed  results.  The
standard  of care  still  rem ains  a  tracheotomy  for  acute  airway
comprom ise. Secondarily, and  often  preferred, is  a  destruct ive
procedure  of the  glottis  to  establish  a  larger  airway caliber  in
patients un likely to experience spontaneous recovery of laryng-
eal funct ion  and in  those w ishing to undergo decannulation .

86.8  Prognosis
Depending on  the etiology, m any patients w ith  bilateral im m o-
bility  w ill  recover  at  least  one  funct ion ing  vocal  fold. Patients
w ith  iatrogenic injury to a nerve  or  m alignant  involvem ent  of a
nerve  are  far  less  likely  to  show  recovery. For  those  patients
w ith  lit t le  or  no airway comprom ise, the prognosis is good for a
norm al quality  of life. With  even  m inor  recovery of vocal fold
abduct ion, airway in tervent ion  is  typically not  required. In ter-
m ittent  respiratory distress associated  w ith  laryngeal edem a is
typically treated  m edically and  resolves. Overall, approxim ately
50% of patients  w ith  perm anent  bilateral  vocal  fold  paralysis
w ill need  surgical in tervention. Spontaneous  recovery of func-
tion  in  at  least  one vocal fold w ill occur in  20 to 60%, depending
on the etiology.

86.9  Roundsm anship
●  Many patients w ith  bilateral vocal fold paralysis present  w ith

a norm al voice.

●  Airway comprom ise is the chief concern .
●  Early elect romyography can help  identify patien ts w ith  a poor

prognosis for return  of funct ion  and thus allow  earlier surgi-
cal in tervent ion .

●  Tracheotomy is necessary in  approxim ately 50% of pat ients
w ith  bilateral vocal fold  paralysis.

●  Bilateral thyroarytenoid botulinum  toxin  inject ion  can  result
in  a stable airway and avoid  the need for tracheotomy or oth-
er perm anent surgical procedures in  selected cases.

●  Surgical in tervention  can  result  in  a safe airway, decannula-
tion, and the preservation  of adequate voice and swallow
function.

●  In  destructive surgery to restore the glottic airway, one m ust
balance the size of the airway against  the ensuing dysphonia.
Initial conservative surgery is ideal.
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87  Laryngopharyngeal (Airway) Reflux
Jamie A. Koufman

87.1  Int roduct ion
Reflux is an  expensive, h igh-prevalence  disease, and  it  rem ains
som ew hat  controversial because  neither  standardized  diagnos-
tic tests nor standard treatm ents exist. In  addition, divisions be-
tween  the  m edical  specialties  (otolaryngology,  pulm onology,
gastroenterology), each focusing on  its ow n anatom ical subdivi-
sion, has  led  to  academ ic turf wars  and  fur ther  fragm entation
of the  m edical care  of patients  w ith  diverse  m anifestations  of
reflux. Nevertheless, reflux (particularly laryngopharyngeal re-
flux)  a ects  alm ost  half of  patien ts  w ith  laryngeal  and  voice
disorders, globus, and  dysphagia, so  the  m anagem ent  of reflux
is very im portant  in  the field of otolaryngology.

87.2  Prevalence of Reflux in
Am erica
Today,  physicians  and  their  patients  are  m ore  attentive  to
esophageal  and, to  a  lesser  extent , airway  reflux, particularly
w hen  its  sym ptom s  are  “silent.”  This  term  has  captured  the
public’s  awareness  because  people  w ith  silent  reflux  do  not
have heartburn  and  indigestion , the sym ptom s m ost  com m only
associated  w ith  esophageal reflux. Indeed, it  is  m ore  com m on
to  underdiagnose  or  m isdiagnose  airway  reflux  because  pa-
tients  w ith  laryngopharyngeal reflux usually do  not  have  typi-
cal digestive sym ptom s.

The increased  awareness of reflux diseases am ong physicians
is not just  a m atter of experience and education; it  is also a con-
sequence  of the  fact  that  the  prevalence  of esophageal and  air-
way  reflux  has  skyrocketed  since  the  1970s. A comprehensive
review  of 20 prevalence studies reported  the follow ing:  (1) The
prevalence  of reflux  in  Am erica  has  increased  by  4% per  year
since  1976. (2)  Today, 40% of the  Am erican  populat ion  has  re-
flux, 22% has gastroesophageal reflux, and  another 18% has air-
way  (laryngopharyngeal)  reflux. (3)  Reflux-caused  esophageal
cancer  has  increased  m ore  than  650% in  the  last  two  genera-
tions,  and  esophageal  adenocarcinom a  is  the  fastest-grow ing
cancer  in  Am erica.  (4)  Barrett  esophagus  (a  precancerous
esophageal condition) is  equally com m on  (8%) am ong patients
w ith  esophageal  reflux  and  those  w ith  airway  reflux.  These
trends  have  been  att ributed  prim arily  to  the  obesity epidem ic
and  the  use  of  food  additives;  however,  it  now  appears  that
there  m ay be  m ore  to  the  story. The  Am erican  diet  m ay be  re-
sponsible for the reflux epidem ic.

87.3  Term inology: Classificat ion
of Reflux Disease
Patients call it  sim ply “acid  reflux,” but  m edical specialists have
m any di erent  nam es and  designations for  diseases and  disor-
ders  related  to  the  backward  flow  of gastr ic contents  in to  the
esophagus and  airway. In  fact, di erent  specialists use di erent
term s that  reflect  their  view poin ts (� Table  87.1). For  example,
w hen  describing  reflux,  gast roenterologists  generally  refer  to
gastroesophagea l reflux disea se, w hich  describes their  focus, the
esophagus  and  esophagitis.  However, w hen  the  airway  is  in-
volved, gastroenterologists use  term s like  a typica l, silent, or  ex-
t ra -esophagea l reflux. Airway specialists, such  as  otolaryngolo-
gists, generally  use  the  term  la ryngopharyngea l reflux because
the larynx and  pharynx are the prim ary target  organs w hen  re-
flux escapes above the  esophagus. The term  silent  reflux can  be
erroneous  because  m ost  pat ien ts  w ith  reflux, part icularly  air-
way reflux, do have sym ptom s. Sym ptom s by definition  cannot
be  silent ,  and  the  disease  is  not  “silent”  sim ply  because  the
sym ptom s do  not  include  heartburn  or  abdom inal discom fort.
It  is  worth  noting  that  som e  people  w ith  reflux  actually  have
no sym ptom s. Two groups of patients w ho warrant  esophageal
screening, even  if they are  completely asym ptom atic, are  those
w ho  have  had  heartburn  that  has  abated  and  those  older  than
40  years  of age  w ith  a  fam ily  history  of esophageal  cancer  or
Barrett  esophagus. In  these  two  groups, reflux can  be  truly si-
lent  (no sym ptom s) and  still associated  w ith  significant  clin ical
disease.

Why are there so m any di eren t  term s?  Besides otolaryngol-
ogists and gastroenterologists, m any other specialists, including
allergists, pulm onologists, pediatricians, in ternists, fam ily prac-
tit ioners,  anesthesiologists,  and  crit ical  care  specialists,  regu-
larly  encounter  the  diverse  m anifestations  of  reflux.  Because
th is chapter  on  reflux has been  w rit ten  for  otolaryngologists, it
m akes  sense  to  divide  the  aerodigestive  tract  in to  two  basic
components:  the  airway and  the  esophagus. These  overarching
designations m ake great  sense; th is chapter is en t it led  “Laryng-
opharyngeal  (Airway)  Reflux,”  but  justifiably  the  t it le  could
have  been  “Airway  Reflux” because  the  term  airway  reflux is
m ore encom passing and  descript ive than  laryngopharyngea l re-
flux. In  th is  chapter, the  term s  a irway reflux and  laryngophar-
yngeal reflux are  used  in terchangeably, as are  esophagea l reflux
and  gastroesophagea l reflux disea se. As expected, the m ost  pop-
ular  term s across  the  m edical literature  are  la ryngopharyngea l
reflux and gastroesophagea l reflux disea se.

Table 87.1  Most Common Medical Terms for Acid Reflux

Gastric reflux  Gastroesophageal reflux disease  Laryngopharyngeal reflux

Extraesophageal reflux disease  Supraesophageal reflux disease  Esophagopharyngeal reflux

Gastropharyngeal reflux  Atypical reflux disease  Esophageal erosions

Barrett  esophagus  Reflux esophagitis  Silent  reflux

Esophageal reflux  Airway reflux

87.3  Terminology: Classificat ion of Reflux Disease
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87.4  Applied Anatom y
The  esophagus,  airway, and  lungs  m ake  up  the  aerodigestive
tract  (� Table  87.2).  It  is  im portant  to  recognize  that  these
structures  and  their  functions  are  closely  interrelated. The  nor-
mal swallow  represents a series of highly coordinated neurom us-
cular  activities. After  food  is  chewed  and  a  bolus  is  formed, the
tongue pushes it  back to the oropharynx; the swallow  is then  in-
itiated. After  this, the  swallow  is  an  unconscious, brainstem-di-
rected  sequence. The  tongue  acts  as  a  piston, forcing  the  bolus
into the pharynx. Next, pharyngeal contraction  propels the bolus
downward. Meanwhile, there  is  reflex  inhibition  of respiration,
and  the  larynx  closes  tightly  to  prevent  aspiration.  The  bolus
then  travels the length  of the esophagus, propelled  by peristalsis,
until  it  reaches  the  lower  esophageal sphincter, which, like  the
upper  esophageal sphincter, should  open, allowing  the  bolus  to
pass, and  then  close  behind  it. Once  inside  the  stomach, the  bo-
lus should  rem ain  there, where the process of digestion  proceeds
because of the presence of acid-activated  pepsin.

Gastric reflux occurs w hen one or m ore flaw s in  the anatom i-
cal structures and/or  their funct ions are present. Gastroesopha-
geal  reflux  disease  (GERD)  is  usually  associated  w ith  (1)  low
pressure  in  the  lower  esophageal sphincter  (LES), (2) transient
LES relaxations  (w ith  or  w ithout  increased  in tragastric  pres-
sure), and/or  (3) esophageal dysm otility. In  laryngopharyngeal
reflux  (LPR), the  m echanism s of reflux  are  related  to  transient
LES  relaxations  and  poor  upper  esophageal  sphincter  (UES)
function. Indeed, in  m any  patients  w ith  reflux-related  globus
(the sensation  of a lum p in  the throat), the UES pressure m ay be
too  low, too  high, and/or  poorly  coordinated  w ith  pharyngeal
and upper esophageal funct ion.

One last  anatom ical consideration : the thresholds for acid- or
pepsin-related  t issue  injury are  vastly di erent  for  the  esopha-
gus and for the larynx. Just  looking at  norm ative pH m onitoring
data, 50  episodes  of esophageal reflux  per  day  are  considered
norm al;  by contrast, as few  as three  episodes of reflux in to the
laryngopharynx per  week can  lead  to severe  disease. Addition-

ally, laboratory experim ents have  show n  that  the  threshold  for
peptic injury in  the  esophagus is a  pH below  4, compared  w ith
a pH below  5 for the larynx.

87.5  The Disease  Process
87.5.1  Et iology: Risk Factors
Until 1980, the  prevalence  of obesity in  Am erica  was stable, at
approxim ately 15%. Since then , its rise has been  astonish ing. To-
day, m ore  than  30% of Am ericans  are  obese, w ith  a  body m ass
index (BMI) above 30. Not  surprisingly, the obesity trend  in  the
United  States  parallels  the  rise  of  prepackaged  and  fast  food,
and especially the increased use of saturated fats and h igh-fruc-
tose corn  syrup. In terestingly, patien ts w ith  airway reflux (LPR)
tend  not  to  be  obese. Furtherm ore, the  prevalence  of reflux  in
the 20-  to 29-year-old  age  group  is alm ost  as h igh  (37%) as it  is
in  older people.

For  m ore  than  two  decades,  otolaryngologists  have  recog-
nized  that  the  excessive  consum ption  of carbonated  beverages,
especially ca einated  colas, is associated  w ith  LPR. In  2010, the
Am erican  Beverage Association  reported that  the average 12- to
29-year-old  consum es 160 gallons of soft  drinks annually, or al-
m ost  a half-gallon  of soft  drinks a day. The m ain  problem  is the
acidity. Most  beverages  in  bottles  and  cans  have  a  pH of  less
than 4 and are just as acidic as stom ach acid itself. However, soft
drink consumption  is on ly part  of the picture.

Only in  the past  few  years has the root  cause of the Am erican
“acidity  epidem ic” becom e  know n  and  linked  w ith  the  reflux
epidem ic.  In  1973,  follow ing  an  outbreak  of  food  poisoning
(botulism ), Congress  enacted  Code  of Federal Regulations  Title
21, Part  110, “Current  Good  Manufacturing  Pract ice  in  Manu-
facturing,  Packing,  or  Holding  Hum an  Food,” m andating  that
the FDA ensure the safety of processed  food  crossing state lines.
This was accom plished  through  the  acidificat ion  of bottled  and
canned  foods, w hich  was in tended  to  prevent  bacterial grow th
and  prolong shelf life. Today, alm ost  everything in  a  bottle  or  a
can  has  a  pH of less  than  4, and  it  appears  that  the  acidity  in
food  is  a  m ajor  risk  factor  for  reflux  disease. We  also  believe
that  the  restriction  of dietary acidity can  have  dram atic thera-
peutic  benefits  and  should  be  a  routine  par t  of any antireflux
therapy  program . Ident ified  causes  and  risk  factors  for  reflux
are sum m arized in � Table 87.3.

87.5.2  Pathophysiology
Esophageal reflux m ay occur  during the  n ight  or  day, but  typi-
cally  GERD results  from  night tim e  reflux, w hereas  LPR occurs
during the daytim e.

Table 87.2  Components of the Aerodigestive Tract

Nose, nasopharynx, and sinuses  Oral cavity, oropharynx, and  pharynx

Hypopharynx and  larynx  Trachea and  lungs

Esophagus  Upper esophageal sphincter

Esophageal body  Lower esophageal sphincter

Stomach and  small intestines

Table 87.3  Most Commonly Reported Causes and Risk Factors for Reflux

Ethanol  Chocolate  Tobacco, smoking

Overeating, obesity  Tight  clothing, belts  Carbonated  beverages

Lying  down after eating  Esophageal dysmotility  High-fat  and  fried  foods

Xerostomia (e.g., after irradiation)a  Late-night eating (within 3 hours before bedtime)  Low pressure  in  lower esophageal sphincter
aThe  risk for reflux is extremely high  in  patients with  irradiation-induced  xerostomia, and  reflux-related  esophageal cancer is the  most  common
subsequent  cancer in  patients who have  been  treated  with  irradiation.

Laryngopharyngeal (Airway) Reflux
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The  m ost  com m on  m echanism  of reflux  is  t ransient  LES re-
laxation. Unfortunately, the  actual causes  of th is  are  so  obtuse
and  num erous  that  the  phenom enon  rem ains  rather  mysteri-
ous.  Clearly, increased  in tragastric  and  in t ra-abdom inal  pres-
sure  resulting  from  overeating,  carbonation,  certain  m edica-
tions, and too-t igh t clothing is a factor.

The typical pat ient  w ith  esophageal reflux has hear tburn  and
indigestion , is  obese, and  experiences supine  nocturnal reflux,
esophageal  dysm otilit y  and  LES dysfunct ion .  Conversely,  the
typical  patient  w ith  airway  reflux/LPR has  no  gastrointestinal
sym ptom s, is  not  overweight , has  norm al esophageal m otility,
but  has UES dysfunct ion.

The UES is supposed  to act  as a second  barrier  (in  addition  to
the  LES), and  under  norm al circum stances  it  prevents  esopha-
geal refluxate  from  entering the  throat. The  overlap  of patients
w ho  have  both  LPR and  GERD is  approxim ately  25%. Despite
this, it  is  felt  that  the  pathophysiologic  m echanism s  in  these
two  populations  of patients  w ith  reflux  are  di erent, for  rea-
sons that are unknow n.

The  acid  (pH)  thresholds  for  cell  dam age  of the  larynx  and
esophagus  are  di erent. In  general, esophageal dam age  occurs
at a pH below  4 and laryngeal dam age at a pH below  5. (Because
the  pH scale  is  logarithm ic, a  pH of 4  is  10  tim es  m ore  acidic
than  a  pH of 5.)  This  variable  pH threshold  for  laryngeal  and
esophageal t issue  dam age  has  im portant  im plications  for  both
the  diagnosis and  t reatm ent  of LPR and  GERD. Contrary to tra-
ditional belief, recent  data indicate that  it  is not  acid  but  pepsin
that  produces t issue  injury. The  confusion  com es from  the  fact
that  the activation  of pepsin , the prim ary and  powerful proteo-
lytic enzym e of the stom ach, requires acid. As such, previous fo-
cus  had  been  on  acid, w hich  actually  is  just  the  facilitator  of
pepsin  act ivity. Without  pepsin , acid  itself is not  nearly as dam -
aging.

87.5.3  Cell Biology of Reflux and
Carcinogenesis
The  relationship  betw een  GERD  and  its  progression  from
esophagit is  through  gast ric  m etaplasia  (Barrett  esophagus)  to
dysplasia and finally adenocarcinom a has been  well established.
More  controversial is the  relationship  betw een  LPR and  laryng-
eal cancer. It  has  been  show n  in  hum ans  w ith  LPR, laboratory
anim als, and  cell cultures that  act ivated  pepsin  becom es t issue-
bound, enters  cells  by  endocytosis,  and  then  adversely  alters
protect ive  cell  proteins, including  E-cadherin  (the  m ortar  be-
tween  squam ous epithelial cells), carbonic anhydrase (responsi-
ble  for  m ain taining  adequate  in tracellular  acid–base  balance),
and  stress  proteins  (responsible  for  cell  survival  follow ing
stress).

Notably,  laryngeal  epithelial  dam age  (e.g.,  the  protein
changes  outlined  above)  occur  w ith  activated  pepsin  at  pH 5.
Recent  studies have dem onstrated  that  pepsin  in  laryngeal epi-
thelial cell cultures upregulates all of the  genetic m arkers asso-
ciated  w ith  squam ous cell carcinom a of the  larynx. Clearly, the
relationship  betw een  laryngeal cancer and  reflux rem ains to be
proved.  However,  considering  these  findings,  the  author
strongly recom m ends pH testing and treating pat ients w ith  lar-
yngeal cancer as if they had severe LPR

87.6  Medical Evaluat ion
87.6.1  Sym ptom s and Manifestat ions of
Airway Reflux
Of the  m any reported  sym ptom s and  m anifestat ions of airway
reflux, the  m ost  com m on  are  hoarseness, sore  throat, chronic
throat  clearing, excessive  throat  m ucus, chronic cough, choking
episodes,  shortness  of  breath ,  a  sensation  of  a  “lum p  in  the
throat” (globus), di culty swallow ing (dysphagia), and  asthm a
(� Table 87.4).

87.6.2  Diagnosis
The  sym ptom s and  m anifestat ions  of airway reflux  go  beyond
those typically associated  w ith  esophageal reflux, and  there are
red  flags  that  m ake  airway  reflux  h ighly  likely. Awakening  in
the  m iddle  of the  night  from  a  sound  sleep  coughing and  even
gasping  for  air  “like  a  fish  out  of  water” (i.e.,  laryngospasm ),
chronic cough  for  m ore  than  2  m onths (w ith  a  norm al pulm o-
nary  evaluation), a  chronic  sensation  of a  lum p  in  the  throat
other  than  during an  actual m eal (globus), m orn ing hoarseness,
chronic  in term ittent  hoarseness,  and  di culty  swallow ing
(dysphagia), am ong others, can  all  be  sym ptom s  of LPR (� Ta-
ble 87.5).

At  present, there  are  m any  di erent  ways  to  diagnose  LPR.
Unfortunately, there is still no single  “gold  standard” diagnost ic
test .  The  available  m ethods  are  the  follow ing:  (1)  sym ptom s
(reflux sym ptom  index) and  findings (reflux finding score);  (2)
convent ional  (sedated)  and  transnasal  esophagoscopy;  (3)  re-
flux testing (pH m onitoring and im pedance); (4) biopsy (pepsin
detect ion, h istology, and  other  m arkers);  and  (4) a  “diagnost ic”
therapeutic  tr ial  of antireflux  treatm ent . Im portan tly, esopha-
goscopy cannot  diagnose  reflux;  it  only reveals the  presence  or
absence  of complications  of reflux, such  as  Barrett  esophagus
and  esophageal  erosions, allow ing  the  conclusion  that  patho-
logic  reflux  is  present. However, the  absence  of complications
does  not  allow  one  to  conclude  that  pathologic  reflux  is  not
present;  rather, it  can  only be  concluded  that  if pathologic re-
flux is present, it  has not  resulted in  visible complications.

Table 87.4  Symptoms of Airway Reflux

Regurgitation  Dysphagia (difficulty swallowing)

Chest  pain

Dyspnea  (shortness of breath, difficulty breathing)

Choking  episodes

Vocal fatigue  Globus (sensation of a  “lump in  the  throat”)

Voice  breaks  Food becoming stuck

Chronic throat
clearing

Airway obstruction

Excessive  throat
mucus

Wheezing

Postnasal drip  Chronic cough

87.6  Medical Evaluat ion
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Presently, there  is no one diagnostic reflux test  that  provides
m ore accurate inform ation  than  the com bination  of pharyngeal,
UES, and esophageal m anom etry w ith  am bulatory 24-hour dual
pH probe  (sim ultaneous  pharyngeal and  esophageal) m onitor-
ing.  Im pedance  m onitoring  is,  in  the  author’s  experience,  a
m uch  inferior choice for diagnosing airway reflux, although  it  is
a good supplem ent  to pH testing because it  m ay identify injuri-
ous  nonacid  reflux.  Under  developm ent  are  new  diagnost ic
tests  that  are  specific  for  airway  reflux  and  use  pepsin  as  a
m arker.

87.6.3  Di erent ial Diagnosis
Many conditions can be m isdiagnosed as reflux; likew ise, reflux
in m any cases can be m istaken for som eth ing else (� Table 87.6).

Reflux  should  be  considered  in  the  di erential  diagnosis  of
alm ost  all  in flam m atory  and  neoplastic  conditions  of the  air-
way, but other etiologies m ust be considered, as well.

87.7  Treatm ent
Airway  reflux  (LPR)  can  be  associated  w ith  m inor  sym ptoms
(e.g.,  throat  clearing)  or  w ith  life-threatening  disease  (e.g.,

laryngeal  stenosis,  cancer,  airway  obst ruction).  It  stands  to
reason  that  there  cannot  be  any  “one-size-fits-all” therapeut ic
regim en.  Meanw hile,  lifestyle,  dietary,  m edical,  and  surgical
treatm ent options are available.

87.7.1  Lifest yle  and Dietary Treatm ent
Obesity  and  reflux  go  together,  especially  w hen  the  pat ient
overeats; consum es a lot  of fried  and  fat ty foods, chocolate, and
carbonated  beverages;  and  eats late  at  n ight. Those  are  am ong
the  h igh-risk  behaviors  for  reflux  disease. In terestingly, sm ok-
ing  also  causes  reflux. The  recom m endations  for  lifestyle  and
dietary m odifications are sum m arized in � Table 87.7.

87.7.2  Medical Treatm ent
There  are  several  di erent  approaches  to  m edical  treatm ent:
antacids, acid  suppressants, m ucosal protect ion , and  prom otil-
ity agents. These m ay be used alone or in  com binat ion , depend-
ing on  the patient’s reflux pattern  and disease severity.

Antacids, once  the  cornerstone  of antireflux  treatm ent , are
now  reserved  for  pat ien ts  w ith  m ild  and  in term ittent  sym p-
tom s  or  are  used  as  adjunct ive  therapy  to  alleviate  prim arily
heartburn  in  pat ien ts  w ith  recalcitrant  disease. Today, proton
pum p  inhibitors (PPIs) are  the  m ost  com m only used  antireflux
drugs, followed  by histam ine2  antagonists. Many di erent  PPIs
are  available  on  the m arket  today, and  they account  for  $15 bil-
lion  in  annual sales in  the United States alone.

PPIs  provide  the  best  acid  suppression  of  any  an t ireflux
m edication. However, their  use has becom e m ore  controversial
in  recent  years  because  of concerns  about  rebound  hyperacid-
ity  follow ing drug  cessation  and  side  e ects, as  well  as  short-
and  long-term  complications. When  PPIs  are  used  for  airway
reflux,  they  should  be  taken  in  tw ice-daily  doses  (before
breakfast  and  before  the  evening  m eal). Patien ts  w ith  noctur-
nal  reflux  are  also  usually  given  a  h istam ine 2  an tagonist  at
bedtim e  because  histam ine2 antagonists  work better  than  PPIs
during sleep.

Prokinetic  agents  (including  baclofen,  m etoclopram ide,  er-
ythromycin, and  dom peridone) can  help  im prove  gastric em p-
tying, esophageal funct ion  (peristalsis), and  sphincter  funct ion.
They  should  be  reserved  for  patients  w ho  dem onst rate  poor
esophageal m otility and/or sphincter funct ion . Metoclopram ide
and  dom peridone  should  be  used  w ith  caut ion  because  they
can  cause significant  and perm anent side e ects. The num erous
side  e ects of m etoclopram ide include irreversible  tardive  dys-
kinesia, and  dom peridone is not  approved  by the FDA for  use in
the United States.

Table 87.5  Common Presentations of Airway Reflux

Dental caries and  erosions  Posterior glottis stenosis

Esophageal spasm  Arytenoid  fixation

Esophageal stricture  Paroxysmal laryngospasm

Esophageal cancer  Globus pharyngeus

Laryngeal cancer

Endotracheal intubation  injury

Contact  ulcers and  granulomas  Paradoxical vocal fold  movement

Vocal nodules and  polyps  Recurrent  leukoplakia

Pachydermia laryngitis  Polypoid  degeneration

Laryngomalacia  Laryngospasm

Vocal cord  dysfunction  Sudden infant  death  syndrome

Sinusitis and  allergic symptoms  Sleep  apnea

Asthma

Table 87.6  Di erential Diagnosis of Airway/Laryngopharyngeal Reflux

Paradoxical vocal fold  movement  Laryngospasm  “Vocal cord  dysfunction”

“Irritable  larynx”  Allergic rhinitis  Postnasal drip

Sinusitis  Vasomotor rhinitis  Asthma

Vocal cord  granulomas  Muscle  tension  dysphonia  Vocal nodules and  polyps

Infectious diseases: viral, bacterial, and  fungal  Neoplasms

Laryngopharyngeal (Airway) Reflux
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Many  patients  w ith  airway  reflux  need  long-term  m edical
treatm ent ,  but  m any  also  can  discontinue  their  m edications
after  the  acute  phase  im proves as long as  they rem ain  compli-
ant  w ith  a reasonable m aintenance antireflux diet.

87.7.3  Surgical Treatm ent
The  primary surgical option  for  the  treatment  of reflux  is  a  Nis-
sen  fundoplication,  in  which  the  dome  of  the  stomach  is
wrapped  around  the  esophagus  and  then  sewn  in  place  to  pro-
duce  a  tight  angle  where  the  esophagus enters the  stomach. The
procedure  is  generally  performed  laparoscopically  and  is  by  far
the  single  most  e ective  treatment  for  both  esophageal and  air-
way reflux. There is controversy surrounding which  patients with
LPR are  the  best  candidates  for  a  fundoplication. Surgical  treat-
ment  is  often  recommended  for  patients  with  lung  disease  re-
lated  to reflux and  for  patients who cannot  tolerate  or  fail medi-
cal treatment. When  chosen correctly, the procedure is extremely
e ective, although  the benefit  can  decrease over  time if the wrap
loosens;  this  may occur  in  as  many as  10  to  30% of patients. A
Nissen  fundoplication  can  be  associated  with  dysphagia,  a  gas
bloat  syndrome, dumping syndrome, and vagus nerve injury.

87.8  Roundsm anship
●  LPR (laryngopharyngeal reflux)/airway reflux and GERD (gas-

troesophageal reflux disease) are both  on  the rise and pres-
ently a ect  as m any as 40% of the Am erican population .

●  The increase in  acid  reflux m ay be due to the acidification  of
canned and packaged foods.

●  The action  of pepsin , facilitated by an  acidic environm ent ,
m ay be the prim ary cause of t issue dam age in  LPR.

●  Fragm entation  betw een specialt ies (otolaryngology, gastroen-
terology, and pulm onology) has resulted in  controversy
and confusion  about how  to diagnose and t reat  reflux disease
optim ally.

●  Only pharyngeal pH m onitoring can positively confirm  the di-
agnosis of LPR.

●  When  com bined w ith  a healthy an tireflux diet, m edical treat-
m ent  w ith  antacids, acid-suppressive m edications, and/or
prokinet ic agents is e ective in  m anaging the vast  m ajority of
patients w ith  reflux disease. Surgery (Nissen fundoplication)
should be reserved for those w ho have complications of re-
flux disease and those show n to be suboptim ally m anaged
w ith  m edical t reatm ent.
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Table 87.7  Recommended lifestyle and dietary modifications for reflux

General lifestyle  recommendations  Top  ten  foods and  beverages to  avoid  Ten  best  foods for a  pat ient  with  reflux

Stop  smoking. Smoking  causes reflux.  Onions (may not  affect  all patients)  Bananas (rich, low-acid  fruit, although they are
also  a  trigger food  for 5% of people)

Avoid wearing clothing that is too tight, especially
trousers, corsets, bras, and  belts.

Peppers, hot  sauce  (including  bell and  black
pepper)

Melons (best  fruits for most  patients with  reflux:
watermelon, cantaloupe, honeydew)

Avoid  exercising  right  after eating  (especially
weight  lifting, jogging, and  yoga).

Citrus fruit  and juice (naturally acidic, and more is
added)

Aloe vera (great  thickener and good for digestion)

Do not  lie down right after eating, and do not eat
anything  within  3  hours before  bedtime.

Deep-fried  food  (different  from  sautéed)  Rice and  whole  grains (brown rice, bulgur wheat,
and  whole-grain  bread are  best)

Elevate  the  head  of the  bed  if there  is night time
reflux, with symptoms of hoarseness, sore throat,
and/or cough in  the  morning.

Fat ty meats (bacon, pork, lamb, some fat ty steak
cuts like  rib  eye)

Salads and  vegetables (excluding  onions, toma-
toes, garlic, and  peppers)

An overweight  patient  should  start  a  low-acid,
pH-balanced  diet.

Alcoholic beverages  Oatmeal (one  of the  best  breakfast  foods)

Chocolate  (one  of the  most  common foods that
trigger reflux)

Ginger (spicy, zesty flavor and  good  for reflux)

Almost  all bottled  and  canned  beverages (almost
all are  acidified)

Poultry (baked  or grilled, not  fried)

Carbonated  beverages (Coca-Cola, Pepsi-Cola,
and  all other “soft  drinks”)

Tofu  (coagulated  soy milk is a  vegetarian  staple
protein)

Anything  eaten before  bedtime  is a  “worst  for
reflux” food

Fish (all seafood—raw, grilled, baked, boiled, or
broiled—is good  for reflux)
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88  Neurologic Disorders of the Larynx
Jihad Achkar and Phillip C. Song

88.1  Int roduct ion
Neurolaryngology  is  the  study  and  m anagem ent  of  laryngeal
dysfunct ion  secondary to problem s of neural control and  coor-
dination . Com m on  neurolaryngologic disorders include en t it ies
that  are  specific to the  larynx (e.g., spasm odic dysphonia, vocal
fold  paralysis  and  paresis),  as  well  as  others  associated  w ith
m ore  global neurologic problem s (e.g., stroke, amyotrophic lat-
eral  sclerosis,  basal  ganglia  pathology).  The  laryngopharynx
depends on  complex coordination  betw een  the  cent ral and  pe-
ripheral neural pathways for  the  proper  funct ioning of its m ul-
tiple  tasks. Neurologic  disorders  a ect ing  either  of these  two
pathways, or  both , m ay have  a  significant  im pact  on  breath ing,
airway protect ion, swallow ing, and  phonation. Sensory deficits,
m otor  weakness, or  both  comprom ise  the  funct ion  of the  lar-
yngopharynx, and  the  resultant  dysphagia, aspiration , and  dys-
phonia  are  frequently  presenting  sym ptom s  in  pat ients  w ith
neurologic  disease.  These  problem s  are  best  addressed  in  a
m ultidisciplinary m anner, w ith  coordination  am ong an  otolar-
yngologist , a neurologist , and a speech–language pathologist .

In  th is  chapter, we  attempt  to  h ighlight  specific characteris-
tics  in  the  head  and  neck  exam inat ion  and  laryngeal  testing
that  are germ ane to recognizing neurologic disorders of the lar-
ynx.  We  also  describe  the  presentat ion  and  approach  to  the
treatm ent  of several neurologic disorders that  have a m ajor im -
pact  on  the laryngopharynx. Spasm odic dysphonia is discussed
in  Chapter  89, and  vocal fold  paralysis is covered  in  Chapter  85
and Chapter 86 .

88.2  Classificat ion of the Disease
Process
In  general,  neurologic  diseases  that  a ect  the  larynx  can  be
categorized  according  to  three  broad  them es  of  dysfunct ion:
dyscoordina t ion, hypofunct ion, and/or hyperfunct ion. Dyscoordi-
nation  is a problem  in  the t im ing and sequence of m otor events.
Swallow ing problem s are  often  due to dyscoordination  because
a  very  t ight  and  precise  series  of  m otor  even ts  (sequent ial
con tract ion  and  elevat ion  of the  pharynx  and  larynx  coordi-
nated  w ith  relaxation  of the  cricopharyngeus  and  open ing of
the  upper  esophageal sph incter) occurs after  a  sensory tr igger
(oropharyngeal  and  pharyngeal  sensory  innervat ion).  Often ,
there  is  a  m ixture  of sensory and  m otor  issues, but  the  prob-
lem  is generally not  purely w ith in  the  peripheral nervous sys-
tem . The  classic exam ple  of a  hypofunctional laryngeal disor-
der  is  vocal fold  paralysis/paresis, w hich  can  occur  in  a  purely
m otor  form  (recurren t  laryngeal  nerve  paralysis), in  a  m ixed
m otor  and  sensory form  (h igh  vagal injury), or  as a  m anifesta-
t ion  of  cen t ral  nervous  system  (CNS)  dysfunct ion  (stroke,
m ult ip le  sclerosis,  am yotroph ic  lateral  sclerosis).  Hyperfunc-
t ional  laryngeal  d isorders  are  generally  cen tral in  or igin . The
classic  hyperfunct ional  d isorder  is  spasm odic  dysphonia,
w hich  results  in  spasm  of the  in tr insic laryngeal m uscles dur-
ing vocalizat ion .

88.3  Anatom y
Understanding the  innervation  of the  larynx  is  key to  evaluat-
ing pat ients w ith  throat  sym ptom s related  to neurologic disor-
ders. The  recurrent  laryngeal nerve  (RLN) and  superior  laryng-
eal nerve (SLN) are the two branches of the vagus (10th  cranial)
nerve  responsible  for  proper  functioning  of  the  laryngophar-
ynx. They provide  m otor  and  sensory innervation  to  laryngeal
and  hypopharyngeal  structures  that  allow  breathing,  airway
protect ion, swallow ing, and phonation.

88.3.1  Recurrent  Laryngeal Nerve
The RLN nuclei lie  w ithin  the  nucleus am biguus of the  m edulla
oblongata. Axons exit  w ith  the vagus nerve through  the jugular
foram en  and  descend  w ith in  the  carotid  sheath  to  branch  o 
the vagus low  in  the neck. The righ t  RLN loops around the ante-
rior  aspect  of the  right  subclavian  artery, w hereas the  left  RLN
loops around  the  aortic arch  in  the sam e m anner. Each  ascends
in  the  tracheo-esophageal  groove  and  enters  the  larynx  just
posterior  and  m edial to  the  cricothyroid  joint  to  innervate  the
in tr insic  laryngeal  m uscles.  A well-described  anom aly  of  the
right  RLN has been  found  to  occur  in  approxim ately 5  in  1,000
persons, in  w hich  the  right  RLN branches  o  the  vagus  at  the
level of the cricoid cartilage and enters the larynx directly w ith-
out  looping  around  the  subclavian  artery  (nonrecurrent). This
occurs in  conjunct ion  w ith  an  anom alous right  retroesophageal
subclavian  artery. The  RLN supplies  m otor  innervation  to  the
in tr insic  m uscles  of  the  larynx, including  the  thyroarytenoid,
lateral cricoarytenoid, posterior  cricoarytenoid, and  in teraryte-
noid  m uscles. The  posterior  cricoarytenoid  is  the  only  m uscle
w ith  the  funct ion  of abduct ing the  vocal folds. Although  topo-
graphic dist ribut ion  of the adductor and  abductor  fibers is seen
in  the brainstem  and  the distal port ions of the RLN, in  the m ain
trunk of the nerve, the adductor and  abductor  fibers are  m ixed.
The in tr insic laryngeal m uscles are unilaterally innervated w ith
the possible exception  of the in terarytenoids, w hich have cross-
ing m uscle  fibers and  m ay share  a  bilateral nerve  supply. Neu-
rologic disorders  w ith  resultant  RLN palsies have  the  potential
to a ect  all the m ajor funct ions of the laryngopharynx.

88.3.2  Superior Laryngeal Nerve
The superior  laryngeal nerve  (SLN) branches o from  the  m ain
trunk of the vagus h igh  in  the neck. Its sensory cell bodies lie  in
the  nodose  ganglion  just  superior  to  its  branching poin t. It  de-
scends in  the neck lateral to the pharynx and  m edial to the car-
otid  sheath , and  it  divides  in to  in ternal and  external branches
approxim ately  2  to  3 cm  superior  to  the  superior  pole  of  the
thyroid gland at  the level of the hyoid  bone. The in ternal branch
enters  the  larynx,  along  w ith  the  superior  laryngeal  artery,
through the thyrohyoid m em brane. It  supplies sensory innerva-
tion  to  the  supraglottis. The  external  branch  descends  infero-
m edially on  the pharyngeal constrictors to supply m otor  inner-
vation  to  the  cricothyroid  m uscle. The  cricothyroid  m uscle  is
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the  tensor  of  the  vocal  folds  and  regulates  the  frequency  of
phonation .

Palsies  of  the  SLN  cause  supraglot tic  sensory  dysfunct ion,
leading to  a  significant  increase  in  the  risk  for  aspirat ion. They
m ay also lead  to pitch  alteration  that  can  be  detrim ental to the
function  of professional voice users.

88.4  The Disease  Process
88.4.1  Et iology and Pathogenesis
Neurologic disorders a ect ing the  larynx have  di erent  etiolo-
gies, and  the  sym ptom s  depend  on  the  region  of the  nervous
system  a ected.

Parkinson Disease
Parkinson  disease  is  a  disease  of the  basal ganglia  and  one  of
the  m ost  com m on  neurologic  disorders  to  a ect  the  laryngo-
pharynx. Parkinson  disease is the result  of progressive degener-
ation  of the  basal ganglia, m ainly dopam inergic neurons of the
substantia  n igra  pars  compacta. Recent  research  suggests a  ge-
netic etiology, and ongoing investigation  is under way to identi-
fy specific genes and pathways.

St roke
Stroke  is  caused  by the  sudden  in terruption  of blood  supply to
a  brain  region. The  resultan t  corresponding neurologic deficits
m ay vary in  degree and distr ibution.

Mult iple  Sclerosis
Multiple  sclerosis  is  an  im m une-m ediated  inflam m atory  dis-
ease  of the  CNS that  results in  the  demyelination  of axons. The
subsequent  neurologic  deficits  correspond  to  the  a ected  re-
gions of the brain .

Am yotrophic Lateral Sclerosis
Amyotrophic  lateral  sclerosis  is  an  idiopath ic  neurodegenera-
tive  disease  of  upper  and  lower  m otor  neurons.  It  leads  to
m uscle weakness, atrophy, and spasticity.

Trem or
Essential  trem or  is  a  com m on  m ovem ent  disorder. It  usually
occurs  w ith  voluntary  m ovem ent  (act ion  trem or),  and  to  a
lesser  exten t  w ith  posture holding. The  trem ors generally have
a  characteristic  frequency  of 4  to  10 Hz  and  m ostly  a ect  the
upper  extrem ities,  neck  m uscles,  and  throat.  Essential  voice
trem or  is  believed  to  be  the  phonatory m anifestation  of essen-
tial trem or.

Myasthenia Gravis
Myasthenia  gravis  is  an  autoim m une  disorder  a ect ing  the
neurom uscular  junct ion.  Autoantibodies  target  acetylcholine
receptors, leading  to  a  decrease  in  the  num ber  of receptors  at
m otor end plates, w ith  resultant  weakness and fat igue of volun-
tary m uscles.

88.4.2  Natural History and Progression
The severity of the sym ptom s of Parkinson  disease  vary greatly
am ong individuals. It  is not  possible  to predict  how  quickly the
disorder  w ill  progress. The  disease  itself is  not  fatal, although
secondary complications, such  as  pneum onia, fall-related  inju-
ries, and choking, m ay be.

Stroke is the th ird  m ost  com m on cause of death  in  the United
States, and  alm ost  5% of the population  past  the age of 65 years
is  a ected.  Dysphagia  occurs  in  27  to  50% of  pat ien ts  w ith
stroke. The presence of dysphagia after a stroke significantly in-
creases m orbidity and m ortality rates.

The  course  of m ultiple  sclerosis  varies  am ong  pat ien ts, and
the disease m ay be rem itt ing–relapsing, prim ary progressive, or
secondary  progressive  in  presentat ion. Mult iple  sclerosis, like
other  im m une-m ediated  diseases, is  m ore  com m on  in  wom en
and is estim ated  to have a fem ale-to-m ale ratio of 3:2. Multiple
sclerosis has been  found to a ect  an  estim ated 400,000 individ-
uals in  the  United  States, but  the highly variable  disease  course
and  presentat ion  pose  di culties in  diagnosis, and  thus the ac-
tual num bers m ay be higher.

Respiratory m uscle  a ict ion  is the sym ptom  m ost  detrim en-
tal to  patients  w ith  disease  progression  of amyotrophic lateral
sclerosis;  dependence  on  m echanical  ventilation  ensues,  and
eventual death  follow s, usually at  about  3 years after  the estab-
lishm ent of a diagnosis.

Essential t rem or  is not  life-threatening, although  it  can  m ake
com m unicat ion  di cult .  Most  individuals  w ith  myasthenia
gravis lead a norm al or nearly norm al life w ith  t reatm ent. Occa-
sionally, a myasthenic gravis crisis can  result  in  respiratory fail-
ure, w hich requires im m ediate em ergency m edical care.

88.5  Medical Evaluat ion
The  history of the  present  illness  in  suspected  cases  of neuro-
logic  dysfunct ion  of  the  larynx  needs  to  encom pass  a  w ide
range  of system s  that  m ay be  beyond  the  head  and  neck. The
neurologic h istory, an  assessm ent  of risk factors for  stroke (e.g.,
hypertension, atrial fibrillation, hypercholesterolem ia, sm oking,
patent  foram en  ovale), and  the fam ily history are  importan t  as-
pects of the history that  m ay be relevant. Establishing the clin i-
cal course  in  the h istory is im portant  because  m any neurologic
diagnoses  are  based  on  the  patien t’s  sym ptom s  and  presenta-
tion, and  specific diagnostic tests are not  available. For laryngo-
logic  disorders, the  presentat ion , sym ptom s, and  exam ination
characteristics m ay be subtle, especially at  the onset , and  a h igh
degree  of specificity needs to  be  established  in  order  to  recog-
nize  pathology. Specific  questions  about  vocal  strain , breathi-
ness, vocal fatigue, and  trem ors  m ay  reveal im portant  pathol-
ogy. For  instance, vocal  fatigue, a  com m on  sym ptom  of func-
tional  voice  disorders, m ay  be  a  m anifestat ion  of myasthenia
gravis w hen  it  rapidly follow s m ild  to m oderate voice use. Vocal
trem or  is  com m on  in  the  elderly  and  is  occasionally  subtle
enough  to go unnoticed by physicians if they do not  suspect  the
diagnosis. The findings associated  w ith  these disorders m ay not
be the ones that are the m ost distressing to the patient  and m ay
have to be elicited through  close quest ioning.

Dysphagia  along w ith  hoarseness should  raise  suspicion  of a
deeper  neurologic condition. As previously m entioned, patients
w ith  vagus  nerve  injury experience  m otor  and  sensory conse-
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quences. Motor deficits can m anifest as hypotonicity of the pha-
ryngeal constrictor  m uscles, dilatation  of the  piriform  sinuses,
and  vocal fold  im m obility. This a ects the  pharyngeal phase  of
swallow ing and  causes food  m aterial to pool in  the dilated  piri-
form  sinuses. The  loss  of sensation  and  inability  to  protect  the
airway  from  the  pooled  m aterial puts  the  pat ien t  at  a  serious
risk for aspirat ion.

Am ong the  rare  m anifestations of neurologic diseases a ect-
ing the larynx are str idor and breathing di culties. Bilateral vo-
cal fold paralysis, laryngospasm , and adductor laryngeal breath-
ing dystonia  m ay present  prim arily  w ith  str idor  and  di culty
breathing.

An  accurate  and  thorough  h istory helps direct  the  rem ainder
of  the  evaluation  toward  the  probable  cause  of  the  patient’s
complaints. After  the h istory, a thorough  head  and  neck exam i-
nation  and laryngoscopy are the next steps.

88.5.1  Clinical Features
The  hallm ark  sym ptom s of Parkinson  disease  include  bradyki-
nesia, resting “pill-rolling” trem or, loss of postural reflexes, and
rigidity. Voice  and  speech  dysfunction  can  be  subtle  presenting
sym ptom s  in  the  early  stages. Vocal  sym ptom s  include  a  m o-
notonous, soft , and  breathy voice  that  is  typically perceived  by
patien ts  to  be  of norm al volum e. There  is  often  a  flat  a ect  to
the voice, as well as to the facial features. Parkinson  disease  re-
sults in  a loss of the  “em otional” conveyance of the voice. Other
sym ptom s m ay include  di culty in itiat ing speech, vocal trem -
or, and  sluggish  art iculation . Swallow ing  is  not  particularly  a
problem  in  patients w ith  early parkinsonism . However, altered
voluntary swallow  m ay lead  to  drooling in  som e  patien ts  later
in  the course of the disease.

Manifestations can  vary w idely and  depend  on  the  region  of
the  CNS a ected. Patients  often  present  w ith  a  m ixture  of m o-
tor  and  sensory  deficits,  w ith  or  w ithout  cognitive  impair-
m ents. Generally, patients w ho have had a cerebrovascular acci-
dent  m ay be globally debilitated, w ith  cognit ive deficits in  addi-
tion  to specific problem s encountered  w ithin  the larynx. When
the insult  involves the sensory and/or m otor nuclei of the vagus
nerve,  laryngopharyngeal  dysfunct ion  ensues.  As  previously
m entioned, the  RLN and  SLN branch  out  from  the  vagus to  in-
nervate  the  laryngopharynx  and  allow  norm al  funct ioning.
Therefore,  m ultiple  tasks,  including  swallow ing,  voicing,  and
breathing, are  a ected. If a  patien t  w ith  stroke  presents w ith  a
weak, breathy  voice, vocal  fold  paresis  is  generally  suspected.
Dysphagia  can  result  from  sensory and/or  m otor  deficits  lead-
ing  to  poor  coordinat ion  during  swallow ing.  The  insensate
supraglott is  (SLN, in ternal branch) also  predisposes patients  to
life-threatening  aspiration. Typical sym ptom s  of m ultiple  scle-
rosis  include  lim b  weakness, eye  sym ptom s  (visual acuity and
field  defects),  ver tigo,  and  derm atom al  sensory  dysfunct ion.
Dysphonia  from  glottal  insu ciency  can  occur  as  a  conse-
quence  of vocal fold  im m obility. Dysphagia  and  dysarthria  are
com m on presenting sym ptom s, as well.

In  amyotrophic lateral sclerosis, lower  m otor  neuron  degen-
eration causes m uscle weakness and atrophy, w hereas degener-
ation  of upper  m otor  neurons presents w ith  spasticity and  ab-
norm al  reflexes. Patien ts  can  present  w ith  laryngopharyngeal
dysfunct ion  a ect ing any of the tasks of swallow ing, phonation ,
articulation,  and  breath ing.  Oropharyngeal  sym ptom s  are

present  in  as m any as 25% of patients w ith  amyotrophic lateral
sclerosis.  Involvem ent  of  the  tongue,  palate,  and  pharyngeal
wall  m usculature  can  cause  velopharyngeal insu ciency, dys-
arthria,  and  dysphagia.  Pharyngeal  m uscular  dyscoordination
leads  to  frequent  episodes  of aspiration  pneum onia  that  often
have fatal consequences. The m ixed dysarthria pattern  of amyo-
troph ic  lateral  sclerosis  includes  e ortful, slow, short  phrases
w ith  inappropriate  pauses,  im precise  consonants,  and  a
strained  or  strangled  voice,  as  well  as  decreased  frequencies
and volum e.

It  was form erly believed  that  essential voice  trem or  does not
present  as  an  isolated  ent ity  w ithout  other  signs  of trem or. In
fact, Sulica et  al have  recently show n  that  half of vocal t rem ors
occur  w ith  very subtle  upper  extrem ity sym ptom s that  are  no
m ore  severe  than  those  seen  in  norm al persons of sim ilar  age.
In  addition,  patients  w ith  spasm odic  dysphonia  frequently
present  w ith  a superim posed t rem or component, causing an  er-
roneous  labeling  of essential  trem or  as  spasm odic  dysphonia.
Sulica et  al also reported  that  one-th ird  of the  pat ien ts they re-
viewed had been  given  a diagnosis of spasm odic dysphonia. Vo-
cal sym ptom s include  voice  instability that  is  very rhythm ic in
nature, increased  phonatory e ort , and  decreased  in telligibility.
Voicing worsens w ith  stress and  during public speaking or tele-
phone  use. Alcohol w ill often  relieve  pat ients’ trem ors, adding
further  to the  risks for  m isdiagnosis. The  diagnosis  is  based  on
the clin ical features and laryngoscopic findings. Endoscopy usu-
ally  reveals  involvem ent  of  the  entire  laryngopharynx  w ith
rhythm ic trem ors, albeit  variably am ong individuals.

In  myasthenia  gravis,  the  m ost  com m on  presentat ion  in-
cludes  ptosis  and  diplopia. Otolaryngologic  m anifestations  in-
clude  dysphonia,  dysphagia,  and  weakness  of  the  m uscles  of
m astication. Around  27% of pat ients  report  speech  and  swal-
low ing di culties  as  early sym ptom s. Voice  sym ptom s include
vocal  fatigue,  di culty  sustaining  pitch ,  hypernasality,  in ter-
m ittent  aphonia,  and  rarely  str idor.  A review  of  40  cases  of
myasthenia  gravis  m anifesting  prim arily  in  the  larynx  has  re-
cently been  published. It  details  the  presenting sym ptom s, ex-
am ination  findings, and  treatm ent  options. Dysphonia  m ay re-
sult  in  subtle  changes of voice  (di culty w ith  h igh  frequencies
or inability to project or sustain  volum e or pitch).

88.5.2  Physical Exam inat ion
The  neurolaryngologic  assessm ent  should  focus  prim arily  on
function. Most  th roat  conditions  that  are  related  to  neurologic
im pairm ent  have subtle, funct ional findings that  unless act ively
elicited are easily m issed.

The face  and  neck m uscles should  be  evaluated  for  spasticity
or  asym m etry.  Function  of  the  vagus  and  glossopharyngeal
nerves can  be  inferred  by testing the  gag reflex and  observing
for  palatal deviation. Art iculation  di culties  alm ost  always in-
dicate a neurologic disorder.

Critical listening to the quality of the vocal signal is an  invalu-
able  skill in  the  evaluation  of vocal complaints. An  air  leak dur-
ing  coughing  signifies  glottic  incompetence. Severe  vocal  fold
bow ing  and  th inning  in  Parkinson  disease  m ay  very  well
present  w ith  breath iness  and  hypophonia.  Glott ic  incompe-
tence  m ay  also  reflect  vocal  fold  weakness.  A rhythm ically
trem ulous voice quality during sustained /i/ phonation  is h ighly
suggestive of vocal trem or. A singer’s inability to reach  the high
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notes he  previously hit  easily during a  glissando m ay represent
SLN palsy, and  th is  should  be  included  in  the  di erential diag-
nosis.

88.5.3  Test ing
Laryngoscopy
Laryngoscopy is  the  crit ical component  in  the  physical exam i-
nation  of patien ts w ith  voice  and  swallow ing di culties. Flexi-
ble nasolaryngoscopy provides a general overview  of the larynx
in  a  physiologic position  and  allow s the  larynx to be  exam ined
during a variety of tasks. The  exam inat ion  should  include tasks
that  are  cort ical (speaking and  singing), volit ional (sim ple  /i/  or
/a/), nonvolit ional (spasm s), vegetative  (coughing, throat  clear-
ing, swallow ing, and  breath ing), and  em otional (laughing). Re-
petit ive phonatory tasks m ay induce vocal fat igue and elicit  evi-
dence  of subtle  paresis  and  weakness. Video  recording and  ar-
chiving  the  exam inat ion  allow s  a  serial  review  of m otion  and
function.

Weak adduct ion , vocal fold  bow ing, and  a persisten t  chink in
the  m id-m usculom em branous  region  are  the  m ost  com m on
findings  in  pat ien ts  w ith  Parkinson  disease. During  videolar-
yngoscopy  in  patien ts  w ith  stroke, the  larynx  is  observed  for
gross  asym m etries  in  configuration  or  m ovem ent.  Unilateral
vocal  fold  paralysis  (RLN)  generally  m anifests  as  an  im m obile
vocal fold  lying in  the param edian  position. Hypotonicity of the
lateral pharyngeal wall m uscles  and  the  resultant  dilatation  of
the ipsilateral piriform  sinus are com m only noted. The hallm ark
finding in  myasthenia gravis on  videostroboscopy is fluctuating
im pairm ent  of  vocal  fold  m otion,  bilateral  or  unilateral,  and
glottic incompetence  in  the  absence  of other  structural abnor-
m alities.  Laryngeal  electromyography  (EMG)  should  be  per-
form ed  to confirm  myasthenia  gravis. Tensilon  testing involves
the  adm inistration  of edrophonium  (Tensilon), an  anticholines-
terase, to  patien ts  w ith  suspected  cases. The  test  result  is  con-
sidered positive if EMG dem onst rates im proved strength .

Laryngeal Elect rom yography
Laryngeal EMG evaluates elect rical act ivity in  the  in tr insic lar-
yngeal  m uscles  and  is  a  tool  to  di erent iate  neurologic  vocal
fold  im m obility  from  im m obility  w ith  m echanical causes. Lar-
yngeal m uscle dyscoordination  from  synkinesis follow ing nerve
injury can  cause  vocal fold  im m obility and  airway comprom ise
and  is  accurately  inferred  by  laryngeal  EMG. Laryngeal  EMG
also o ers the  potential to  predict  the  return  of nerve  function
after  a  neurologic insult , and  a  pat ien t  m ay be  directed  toward
early  in tervention  w hen  signs  of a  poor  prognosis  are  elicited
on laryngeal EMG.

Flexible Endoscopic Evaluat ion of Swallowing
Dysphagia  m ay be  evaluated  via  flexible  endoscopic evaluation
of  swallow ing  (FEES).  While  the  exam iner  keeps  the  flexible
scope hovering at  the level of the nasopharynx and looks dow n,
di erent  food  consistencies are  presented  to the  patien t  to ob-
serve bolus clearance. Pooling of secretions in  the hypopharynx,
penetration  (ent ry of food  in to  the  larynx), or  aspirat ion  (pas-
sage  beyond  the  vocal  folds)  m ay  be  observed. The  treatm ent
plan  is determ ined accordingly.

Modified Barium  Swallow
Di erent  food  consistencies are  presented  to the  patient  to test
food  bolus clearance. Swallow ing m aneuvers such  as chin  tuck–
head  turn  and  improvem ents  in  pre-swallow  sensory  input
have show n benefit  in  decreasing the risk for aspirat ion and im -
proving swallow ing.

88.5.4  Di erent ial Diagnosis
The fu ll di erential diagnosis of neurologic disorders that  a ect
the larynx is extensive. � Table 88.1 sum m arizes the di erential
diagnosis  of neurologic disorders  causing dysphagia, and  � Ta-
ble  88.2 lists those causing vocal fold  paresis and  paralysis w ith
dysphonia.

88.6  Treatm ent
The treatm ent  of the laryngeal m anifestations of a  stroke is tail-
ored  according  to  the  nature  of  the  neurologic  im pairm ent .
From  least  invasive to m ost  invasive, in terventions m ay include
the  follow ing:  dietary  m odifications,  swallow ing  m aneuvers,
gastrostomy tube  placem ent, vocal fold  augm entation/m edial-
ization, and pharyngoplasty (open  neck surgery to address a di-
lated  piriform  sinus).  Pharyngoplasty  results  in  a  shallower
pouch  that collects less m aterial and decreases the risk for  aspi-
ration . The  treatm ent  of glottic  insu ciency  in  pat ients  w ith
stroke  should  aim  for  airway  protect ion  and  voice  improve-
m ent. Treatm ent  options  range  from  awake  in-o ce  inject ion
m edialization  to open  type I thyroplasty procedures. Medializa-
tion  laryngoplasty  increases  airway  protect ion  by  im proving
the  valve  e ect  and  producing  a  stronger  cough. Physical and
occupational therapy should  be  a routine  component  of the  re-
covery plan  after a cerebrovascular accident.

Standard  L-dopa t reatm ent  has not  show n  significan t  benefit
for  laryngeal  sym ptom s  related  to  Parkinson  disea se. Inject ion
augm entation  of the  vocal  folds  has  dem onstrated  temporary
vocal  im provem ent  but  requires  repeated  procedures  and  has
lim ited  benefit  in  severe  cases. Bringing  two  nonpliable  vocal
folds together in  the setting of poor lung e ort  and weak power
supply can  som etim es result  in  poorer  voice quality. Behavioral
therapy show s consistent  beneficial results. Lee Silverm an  Voice
Treatm ent  (LSVT), an  in tensive voice therapy program  that  em -
phasizes  the  production  of a  loud  voice  w ith  m axim um  e or t,
has  show n  excellent  results  in  patien ts  w ith  bradykinet ic
speech. It  allow s patients to overcom e the false  perception  that
their  usual-volum e  voicing is  norm al and  leads to volum e  gain
that  is very beneficial. Swallow ing funct ion  appears to im prove
after  the  treatm ent , as  well. It  has  been  show n  that  oral phase
swallow ing abnorm alit ies are reduced by 51% after LSVT.

Steroids have been  show n to be beneficial in  the acute setting
and  are  the  m ainstay  for  the  t reatm ent  of  mult iple  sclerosis.
Plasm apheresis  in  severe  attacks  that  are  unresponsive  to  ste-
roids  has  show n  good  results.  Rehabilitation  of  speech  and
swallow  dysfunction , as  well as targeted  t reatm ent  for  specific
deficits at  the glottic level, is usually recom m ended for  patients
w ith  m ultiple sclerosis.

The  t reatm ent  of  amyotrophic  la tera l  sclerosis  is  generally
support ive, w ith  the  goals  of m axim izing the  strength  and  re-
serve  of the  tongue  and  pharyngeal m uscles  and  reducing the
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risk  for  aspirat ion. Sym ptom -based  approaches  are  adapted  to
target  a ected  organ  system s. Velopharyngeal insu ciency and
hypofunct ion  of the  tongue  can  be  treated  w ith  the  placem ent
of a  palatal  prosthesis. Close  collaborat ion  w ith  a  speech–lan-
guage  pathologist  is  vital  for  voice  rehabilitation , art iculation ,
and swallow ing.

The  first-line  t reatm ent  of essent ia l t remor  is pharm acologic.
Propranolol and prim idone have becom e the m ainstays of treat-
m ent. Propranolol a ects  peripheral β-adrenergic  receptors  in
skeletal m uscle, resulting in  sym ptom at ic relief in  up  to 50% of
patien ts. Prim idone has approxim ately equal e cacy via  a  cen-
trally  acting  m echanism  of  act ion.  Unfortunately,  neither  of
them  has show n a consistent  benefit  in  im proving vocal trem or.
Methazolam ide,  a  carbonic  anhydrase  inh ibitor,  was  recently
show n to be prom ising in  patients w ith  vocal trem ors; however,
the  results  have  not  been  supported  by a  subsequent  blinded

investigation. Botulinum  toxin  treatm ent  has been  tr ied  for  the
treatm ent  of  vocal  trem ors  w ith  variable  results.  Botulinum
toxin  can  be  useful for  reducing the  am plitude  and  velocity of
trem ors.

The treatm ent  of myasthenia  gravis is usually pharm acologic,
typically  w ith  an ticholinesterase  m edication. When  necessary,
im m unosuppressive  agents,  such  as  cort icosteroids,  azath io-
prine, cyclosporine, and  in travenous im m une  globulin , m ay be
included.  Plasm apheresis  and  thym ectomy  m ay  also  be  em -
ployed as im m unom odulating therapies.

88.7  Conclusion
Neurologic disorders of the  larynx comprise  a  diverse  group  of
problem s that  a ect  swallow ing, voice, and  respirat ion. The key

Table 88.1  Di erential diagnosis of neurologic disorders causing dysphagia

Central nervous system  disorders causing  dysphagia  Peripheral nervous system  disorders causing  dysphagia

Delirium  Vocal fold  paresis/paralysis

Dementia  Myasthenia  gravis

Traumatic brain  injury  Amyotrophic lateral sclerosis

Stroke/cerebrovascular accident  Progressive  supranuclear palsy

Wallenberg  syndrome  Post-polio syndrome

Cerebral palsy  Guillain-Barré  syndrome

Neurodegenerative  diseases  Neuropathy: diabetic, HIV infection

Parkinson disease  Myopathy

Huntington disease  Oculopharyngeal muscular dystrophy

Multiple  system  atrophy  Muscular dystrophy

Arnold-Chiari malformation  Dermatomyositis

Wilson  disease  Polymyositis

Multiple  sclerosis  Cricopharyngeal achalasia

Botulism

Lyme disease

Source: Adapted with permission from Blitzer A, Brin M, Ramig LO. Neurologic Disorders of the Larynx. 2nd ed. New York, NY: Thieme Medical Publishers; 2009.

Table 88.2  Di erential diagnosis of neurologic disorders causing vocal fold paresis and paralysis with dysphonia

Central nervous system  disorders causing  vocal
fold  paralysis and  paresis

Peripheral nervous system  disorders causing  vocal fold  paralysis and  paresis

Stroke/cerebrovascular accident  Trauma  May be  surgical, compressive, stretch, penetrat-
ing, or blunt

Brain  or brainstem  neoplasm  Idiopathic

Arnold-Chiari malformation  Neoplasm  Neck, chest, or skull base  tumors

Brainstem  compression  Infection  Lyme, botulism, syphilis

Neurosarcoidosis  Neuropathy  HIV infection, diabetes, viral infection, medica-
tions, hypothyroidism, Guillain-Barré  syndrome

Neurodegenerative  disease  Myopathy  Myositis, myasthenia gravis

Source: Adapted with permission from Blitzer A, Brin M, Ramig LO. Neurologic Disorders of the Larynx. 2nd ed. New York, NY: Thieme Medical Publishers; 2009.
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to  a  correct  diagnosis  is  to  look  comprehensively  beyond  the
anatomy of the larynx and to evaluate funct ion, physiology, and
m otion  w ith  various laryngeal tasks. The neurologic m anifesta-
tions  m ay  be  subtle  and  in term ittent , and  thus  awareness  of
the  di erent  possibilities enables the  correct  diagnosis. Testing
for neurolaryngologic disorders should include perceptual audi-
tory  analysis,  laryngeal  exam inat ion,  neurologic  testing,  FEES
and/or  m odified  barium  swallow, and  EMG. Multidisciplinary
approaches  are  best  suited  for  the  diagnosis  and  treatm ent  of
these complex ent it ies.

88.8  Roundsm anship
●  The laryngopharynx depends on  complex coordination  be-

tween  the central and peripheral neurologic pathways for
proper funct ioning, and neurologic disorders a ect ing either,
or both, m ay have a significant  im pact on  breathing, airway
protect ion, swallow ing, and phonation , w ith  resultan t dys-
phagia, aspirat ion, and dysphonia.

●  The key to a correct  diagnosis is to look comprehensively be-
yond the anatomy of the larynx and to evaluate funct ion,
physiology, and m otion  w ith  various laryngeal tasks.

●  An accurate and thorough history helps to direct  the rem ain-
der of the evaluation  toward the probable cause of the pa-
tient’s complaints.

●  Crit ical listen ing to the quality of the vocal signal is an  invalu-
able skill in  the evaluation  of vocal complaints, along w ith
perceptual auditory analysis, laryngeal exam ination , neuro-
logic testing, FEES and/or m odified barium  swallow, and
EMG.

●  These en tit ies are best addressed in  a m ultid isciplinary m an-
ner, w ith  coordination  am ong an  otolaryngologist , a neurolo-
gist , and a speech–language pathologist .
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89  Spasm odic Dysphonia
Michael J. Pitman

89.1  Int roduct ion
Spasm odic  dysphon ia  (SD)  is  a  neurologic  disorder  of  un -
know n  origin  that  causes  vocal  fold  spasm s  during  speech .
The  spasm s  resu lt  in  either  excessive  glot tal  closure  or  pro-
longed  lateralizat ion  of the  vocal  folds, causing  vocal breaks.
The  disease  w as  first  described  by  Traube  in  1871  but  w as
not  accurately  characterized  as  SD  un t il  1968  by  Aronson .
Originally  though t  to  be  due  to  abnorm alit ies  of  the  basal
ganglia, recen t  evidence  suggests  that  the  et iology  is  not  so
sim ple  or  localized .

89.2  Incidence of Disease
Although  the  exact  prevalence  of  SD  is  unknow n,  there  are
thought  to  be  50,000  to  100,000  pat ien ts  w ith  th is  disorder  in
the  United  States. Of these, 62% are  fem ale. The  typical age  at
onset  is  39  to  45  years, but  the  condition  has  been  know n  to
begin  anyw here  betw een  the  second  and  ninth  decades of life.
Adductor  SD occurs  in  82% of patients, w hereas  17% have  ab-
ductor SD. Patients w ith  adductor breathing dystonia or singer’s
dystonia comprise the rem aining 1%.

89.3  Classificat ion of the Disease
Process
89.3.1  Adductor Spasm odic Dysphonia
In  adductor SD, voice breaks are  due to spasm odic hyperadduc-
tion  of the  vocal folds  that  in terrupt  phonation. As  a  result  of
the  spasm s, w hich  generally  occur  w ith  voiced  vowels,  vocal
fold  closure  in terrupts  phonation ,  causing  a  strained  or
strangled vocal quality w ith  in term ittent  vocal breaks.

89.3.2  Abductor Spasm odic Dysphonia
In  abductor SD, voice breaks are  due to spasm odic hyperabduc-
tion  of the  vocal folds  that  in terrupt  phonation. Patients  have
prolonged  breathy voiceless  breaks  because  of di culties  w ith
voice  onset  follow ing voiceless consonants such  as /h/, /s/, / f/, /
p/, /t/, and  /k/. In  addition , pitch  changes and  uncontrolled  rises
in  vowel  fundam ental  frequency  m ay  m ake  them  sound  as  if
they are on  the verge of crying.

89.3.3  Trem or
SD, like  other  neurom otor  disorders,  is  frequently  associated
w ith  t rem or. In  SD, the  trem or  is  often  localized  to  the  larynx
and  pharynx. If trem or  is  present , then  the  SD is  classified  as
the  predom inant  type  “w ith  trem or”  (e.g.,  adductor  SD w ith
trem or). This is  clin ically significant  because  the  t rem or  aspect
of the disorder does not  respond  as well as the spasm s to treat-
m ent  w ith  botulinum  toxin .

89.3.4  Adductor Breathing Dystonia
and Singer’s Dystonia
Because  of the  infrequency of these  disorders, they w ill not  be
covered  in  depth  here  beyond  being defined. Adductor  breath-
ing dystonia presents as persistent  inspiratory str idor  w ith  nor-
m al  voice  and  cough. Exam ination  reveals  paradoxical  m ove-
m ent  of the vocal folds on  inspirat ion. Singer’s dystonia has the
sym ptom s of adductor SD, but  the sym ptom s occur only during
singing.

89.4  Applied Anatom y
All laryngeal  m uscles  are  involved  in  SD. In  fact, in  these  pa-
tients, the  findings of SD can  be  seen  on  an  electromyographic
(EMG) evaluation  of the  palatal m uscles. It  is the balance of the
SD e ect  on  the  laryngeal m uscles  that  determ ines  w hether  a
patient  w ill have  predom inantly abductor  SD, adductor  SD, or
occasionally  m ixed  sym ptom s. In  adductor  SD, the  thyroaryte-
noid  and  lateral cricoarytenoid  m uscles predom inate. In  abduc-
tor  SD, the  posterior  cricoarytenoid  m uscles  predom inate. Oc-
casionally, the  in terarytenoid  or  cricothyroid  can  play an  influ-
ent ial  role. Determ ination  of w hich  m uscles  are  causing  a  pa-
tient’s  sym ptom s helps  guide  t reatm ent  w ith  botulinum  toxin
inject ions.

89.5  The Disease  Process
89.5.1  Et iology
SD is a  focal dystonia that  a ects laryngeal m uscle  control dur-
ing speech. The term  dystonia  refers to a syndrom e of sustained
m uscle  contract ion . Focal  dystonias  involve  abnorm al  act ivity
in  only a  few  localized  m uscles. The  etiology of SD is currently
unknow n. Idiopathic  dystonias, such  as  SD, are  thought  to  be
due  to  abnorm alities  of neurotransm it ters  in  the  basal ganglia
(putam en, head  of caudate, and  upper  brainstem ). Despite  th is,
it  is clear the etiology of SD is m ore complex. It  m ay be the phe-
notype  of m ultip le  abnorm alities. Although  a  genet ic  basis  of
SD has not  been  established, 12% of pat ients w ill have a relative
w ith  som e type of dystonia.

89.5.2  Pathogenesis
A study by Sim onyan  et  al suggests that  the pathophysiology of
SD m ay be related to specific brain  abnorm alities in  the cort ico-
bulbar  and  cort icospinal  tracts. Both  di usion  tensor  im aging
and  neuropathologic data  show  specific w hite  m atter  changes
along  these  tracts  and  in  the  brain  regions  contributing  to
them . Specifically, the genu of the in ternal capsule was found to
have  a  decreased  quality  and  density  of  axonal  t racts.  These
changes  suggest  a  deficiency  in  the  connection  betw een  the
cort ical and  subcort ical regions, w hich  is essential for  voluntary
voice product ion.

89.5  The Disease Process
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Ali et  al  used  H2
15O positron  em ission  tom ography  (PET) to

exam ine speech-related changes in  regional cerebral blood flow
before  and  after  botulinum  toxin  inject ion. Their  data  dem on-
strated  di erences betw een  patterns of cerebral activity in  pa-
tien ts  w ith  adductor  SD and  patterns  in  neurologically norm al
controls.  Decreased  activity  was  observed  in  sensory  areas
know n  to  play  a  crucial  role  in  coordinating  oral–laryngeal
m ovem ents. Three to four  weeks after botulinum  toxin  therapy,
the  hypoact ivity  in  the  sensory  areas  norm alized, w ith  m otor
and  prem otor  regions  exhibiting an  increase  in  cerebral blood
flow. These changes m ay result  in  the m ore e cient  processing
of sensory signals  and  a  return  of norm al inhibit ion. The  find-
ings of th is study suggest  that  the  pathophysiology of SD is re-
lated  to abnorm alities in  sensory cort ical areas as well as m otor
areas, and  they m ay explain  the e cacy of botulinum  toxin  be-
yond a sim ple weakening of the m uscles injected.

89.5.3  Natural History and Progression
Patients w ith  SD can  associate the onset of their sym ptom s w ith
either an  upper respiratory infect ion  (33%), parturit ion  or preg-
nancy (10%), or  a  m ajor  life  stressor  such  as  divorce  or  a  death
(42%), w hereas the rem ainder cannot  identify an  incit ing event .
The  sym ptom s  are  generally  progressive  over  the  first  few
m onths to years and  then  stabilize. They do not  spontaneously
resolve.  Approxim ately  15% of  patients  w ill  develop  dystonia
elsew here,  m ost  com m only  cervical  tort icollis  or  w riter’s
cram p.

89.5.4  Potent ial Disease Com plicat ions
Com plicat ions  of the  disease  are  m ostly psychosocial and  eco-
nom ic,  caused  by  the  im pact  of  the  dysphonia  on  patients’
psyche and ability to com m unicate.

89.6  Medical Evaluat ion
89.6.1  Present ing Com plaints
Patients present  w ith  dysphonia sim ilar  to that described  in  the
sect ion  on  classification  of the disease process. Their  sym ptom s
are  usually  worse  w hen  they speak on  the  phone, publicly, or
during periods of stress. There m ay be im provem ent  w ith  seda-
tives  such  as  alcohol  and  benzodiazepines. Most  can  w hisper
norm ally, and som e can  sing or yell w ithout di culty. As stated,
SD w ill often  begin  after an  upper respiratory infect ion  or in  as-
sociation  w ith  a m ajor life stressor. Because of th is and the pres-
ence  of norm al-sounding speech  betw een  vocal breaks or  dur-
ing certain  phonatory  tasks, the  sym ptom s are  often  regarded
as  “psychological.”  Often ,  a  pat ien t  w ill  have  visited  m any
physicians  and  m ental health  professionals  over  years  looking
for a diagnosis and cure.

89.6.2  Clinical Findings, Physical
Exam inat ion
Often, the  diagnosis  of SD is  clear  once  the  patient  begins  to
speak. Nonetheless, it  is  vital that  a  complete  h istory  be  taken
and  a  physical  exam inat ion  perform ed, including  a  review  of

system s.  The  physician  should  inquire  about  the  events  sur-
rounding the onset  of the disorder, its duration , and its severity.
One  should  ask  about  the  presence  of other  neurologic disor-
ders  or  sym ptom s, as well as other  areas  of the  body that  m ay
be  a ected  by dystonia. A patien t  m ay have  discom fort  due  to
other  focal dystonias that  he  or  she  is unaware  of until directly
quest ioned. The presence of other neurologic sym ptom s not  as-
sociated  w ith  dystonia  or  t rem or  suggests  that  the  SD m ay be
secondary to another disease process.

A full head  and  neck  and  neurologic exam inat ion  should  be
perform ed, w ith  the  exam iner looking for signs of other  neuro-
logic diseases that  m ay cause SD or be m isconstrued as SD.

The  m ost  per tinent  aspect  of the  physical  exam inat ion  is  a
subject ive evaluation  of the voice. This is perform ed by listening
closely for phonatory breaks during the entire evaluation . In  ad-
dition, the pat ient  can  be asked  to count  from  70 to 90 or  to re-
peat  sentences created  to stim ulate  the  phonatory breaks char-
acteristic of SD (see Box Sentences Constructed to Stim ulate the
Phonatory Breaks of Spasm odic Dysphonia (p.688)). The pat ient
is often  asked  to repeat  the sentences in  a w hisper  to see  if the
breaks  subside, as  would  be  expected  in  SD. Although  th is  is
less  reliable, pat ients  m ay also  be  asked  to  sing a  fam iliar  song
to see if it  can  be done w ithout  phonatory breaks.

Sentences  Const ructed  to  St im ulate  the  Phona-
tory Breaks  of Spasm odic Dysphonia
●  Sentences that elicit adductor breaks when spoken include

the following:
○  “I eat apples and eggs.”
○  “The dog dug a new bone.”
○  “We mow our lawn all year.”
○  “Early one morning, a man and a woman were ambling

along a 1-mile lane, running near Rainy Island Avenue.”
●  Sentences that elicit abductor breaks when spoken include

the following:
○  “How high is Harry’s hat?”
○  “Did he go to the right or to the left?”
○  “When he comes home, we’ll feed him.”
○  “He saw half a shape mystically cross a simple path, at  least

50 or 60 steps in front of his sister Kathy’s house.”

89.6.3  Test ing
Laryngoscopy or laryngovideostroboscopy w ith  a t ransnasal en-
doscope is the prim ary test  perform ed. The exam inat ion  should
be  norm al except  for  vocal fold  spasm s coordinated  w ith  vocal
breaks. Having the  patien t  read  the  sentences listed  in  the  Box
(see  Box  Sentences  Constructed  to  Stim ulate  the  Phonatory
Breaks of Spasm odic Dysphonia (p.688)) w ith  the endoscope in
place  often  stim ulates  breaks. Laryngopharyngeal trem or  m ay
also be evidenced on  exam ination  if it  is part  of the disorder.

EMG is not  typically used  for  the  diagnosis of SD, although  a
typical burst  of act ivity m ay be seen  before a spasm .

When  the  diagnosis of SD is unclear, a t rial inject ion  of botu-
linum  toxin  m ay be used. The inject ion  w ill m itigate SD but  w ill
not  relieve  or  m ay  even  worsen  m uscle  tension  dysphonia
(MTD), helping the  clin ician  to distinguish  betw een  the  two. In
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sim ilar  fash ion, a  t rial of voice  therapy w ill m itigate  the  sym p-
tom s of a  patient  w ith  MTD but  provide  m inim al relief to a  pa-
tient  w ith  SD.

A neurologic consultation, brain  m agnetic resonance im aging,
or  computed  tom ography is  reserved  for  patients  w ith  neuro-
logic sym ptom s inconsisten t  w ith  SD.

89.6.4  Di erent ial Diagnosis
The m ain  di erential of SD is MTD. MTD is a  disorder  in  w hich
m uscle  tension  and  ine cien t  phonation  result  in  dysphonia.
The  sym ptom s  of MTD should  persist  during  w hispering, and
the dysphonia should  be  consistent. This is in  contrast  to SD, in
w hich  norm al  fluent  speech  often  occurs  betw een  phonatory
breaks  and  the  breaks  are  not  present  during  w hispering. The
presentations  of MTD and  SD are  not  always typical, so  it  m ay
be di cult  to distinguish  betw een  the two disorders, especially
w hen  a  consisten t  vocal  strain  is  present .  As  previously
discussed, a  tr ial of botulinum  toxin  or  voice  therapy m ay help
distinguish  betw een SD and MTD.

89.7  Treatm ent
89.7.1  Medical Treatm ent : Botulinum
Toxin
The oral m edications used for dystonia, such  as anticholinergics,
benzodiazepines, and  baclofen, provide m inim al relief and  have
poor side e ect  profiles at  the  doses needed  to a ect  the voice.
Botulinum  toxin  inject ions are  the  curren t  treatm ent  of choice.
Unfortunately, their  e ect  is temporary, and  inject ions m ust  be
repeated  approxim ately  every  3  m onths.  Botulinum  toxin  is
contraindicated  in  a sm all subset  of patients (see  Box Contrain-
dications to Botulinum  Toxin  Inject ions (p.689)).

Cont raindicat ions  to  Botulinum  Toxin  Inject ions
●  Pregnancy: The use of botulinum toxin by women who are

pregnant or lactating is not recommended.
●  Aminoglycosides: The recent use of aminoglycosides inter-

feres with neuromuscular transmission and may increase the
e ect of botulinum toxin therapy.

●  Preexisting neurologic disorders (e.g., myasthenia gravis, Ea-
ton-Lambert  syndrome, motor neuron disease a ecting the
neuromuscular junction): Caution should be used when botu-
linum toxin is administered to patients with these disorders,
especially if large doses are required. Although the amount of
toxin that enters the systemic circulation after injection is mi-
nute, hyperkinetic symptoms can theoretically occur.

Botulinum  toxin  is produced by Clostr idium botulinum. It  causes
a chem ical denervation  by splicing fusion  proteins (SNAP [solu-
ble  NSF attachm ent  protein]-25, syntaxin , synaptobrevin)  and
blocking  the  release  of acetylcholine  at  the  synaptic  junct ion
(� Fig. 89.1). Botulinum  toxin  A and  botulinum  toxin  B are  used
in  hum ans, A m uch  m ore  often. The clin ical e ect  of botulinum
toxin  in  SD is classically thought  to result  from  the inhibit ion  of
acetylcholine release at  the neurom uscular junction, weakening

the  laryngeal  m uscle  and  its  spasm s. Recent  evidence  show s
that  the  toxin  is  found  to  directly  a ect  not  only  extrafusal
m uscle  fibers  but  also  a erent  m uscle  spindle  output. It  m ay
also  alter  cerebral funct ion , although  th is likely a  secondary ef-
fect .  These  alternative  pathways  of  botulinum  toxin  function
are m ore likely to be responsible for  its therapeut ic e ects than
is weakening of the involved m uscles.

To be e ect ive, the botulinum  toxin  m ust  be injected  directly
in to  the  m uscle, the  thyroarytenoid  for  adductor  SD and  the
posterior  cricoarytenoid  for  abductor  SD.  A dosing  protocol
m ust  be  established  for  each  pat ient  individually because  each
person  has a  unique sensitivity. As such, each  patient  is started
w ith  a  standard  low  dose. This  is  then  increased  or  decreased
based on  the patient’s side e ects, sym ptom  response, and indi-
vidual needs. The  onset  of the  botulinum  toxin  e ect  is usually
w ithin  48  to  72  hours, and  the  e ect  lasts  3  m onths  unt il an-
other  inject ion  is  desired. Once  an  optim al dose  is  established
for a pat ient, it  w ill usually rem ain  constan t  for  years.

Dosage
The  dosing  protocols  of  individual  pract it ioners  m ay  vary
slightly;  the  one  presented  herein  is  the  author’s.  Botulinum
toxin  is  reconstituted  w ith  4  m L of preservative-free  0.9% so-
dium  chloride to create a concentration  of 2.5 units/0.1 m L. The
units needed for inject ion  are draw n into a 1-m L syringe. If nec-
essary, additional saline  is  draw n  up  so  that  the  inject ion  vol-
um e  is  0.1  m L to  allow  optim al  dispersion  of the  m edication
through  the  m uscle.  Traditionally,  the  botulinum  toxin  is  in-
jected  w ithin  24  hours  of  reconstitut ion ,  but  recent  studies
show  that  if the  toxin  is frozen , the  potency is stable  for  4  to  8
weeks.

For  the  t reatm ent  of adductor  SD, percutaneous  inject ion  of
botulinum  toxin  in to each  thyroarytenoid  m uscle  is perform ed
at a start ing dose of 0.75 units per m uscle.

For  the  in itial  treatm ent  of  a  pat ient  w ith  abductor  SD,  5
units  are  injected  unilaterally in to the  posterior  cricoarytenoid
m uscle. The patien t  returns 2 weeks later  for  a contralateral in -
ject ion  if the  results  are  not  optim al. Before  inject ion, flexible
laryngoscopy  is  perform ed  to  confirm  that  the  injected  vocal
fold is weakened and  that  adequate abduct ion  is present  so that
airway  comprom ise  w ill  not  occur  after  a  contralateral  injec-
tion. If th is  is  the  case, then  1.25  units  is injected  in to the  con-
tralateral  posterior  cricoarytenoid  m uscle.  Once  the  optim al
dosing  is  established, both  sides  can  be  safely  injected  at  the
sam e visit .

Patients are given  a diary so that  they can  rate their  voice and
toxin  side  e ects  before  the  inject ion ,  then  every  day  for  2
weeks after  the  inject ion, and  then  weekly until the  next  injec-
tion. This diary aids  in  the  assessm ent  of botulinum  toxin  dos-
ing e ect iveness  and  helps  determ ine  the  optim al t im ing  and
dose for the next  inject ion.

Technique
A Teflon-coated  27-gauge  needle  attached  to  an  EMG unit  is
used to inject  the botulinum  toxin . EMG helps to localize the t ip
of the needle w ith in  an  active area of the m uscle for an  optim al
inject ion  of toxin . When  the  needle  is thought  to be  w ithin  the
m uscle, the patien t  is asked  to perform  a task to fire the m uscle
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in  quest ion :  sni  for  the  posterior  cricoarytenoid;  /i/  for  the
thyroarytenoid, lateral  cricoarytenoid, or  in terarytenoid;  glis-
sando or h igh-pitched /i/ for the cricothyroid. If the needle t ip  is
w ithin  the correct  m uscle, the EMG should be activated  accord-
ingly.  Once  crisp  action  potent ials  are  obtained,  the  toxin
should be slow ly injected.

Thyroarytenoid  inject ion :  The  needle  is  passed  through  the
skin  over the superior edge of the cricoid, just  lateral to m idline.
The  needle  is  advanced  through  the  cricothyroid  m em brane
and  then  as superiorly and  laterally as possible  in to the  right  or
left  thyroarytenoid  m uscle. An  attempt  should  be  m ade to per-
form  this  m aneuver  completely  subm ucosally  so  that  airway
stim ulation  and coughing are avoided (� Fig. 89.2).

Posterior  cricoarytenoid  inject ion:  Either  of two  approaches
can  be used, t ranscricoid  or lateral. The lateral approach  is m ore
often  used. For  the  lateral approach, the  larynx  is  grasped  and
rotated away from  the site of the inject ion. The needle is passed
through  the  skin  just  anterior  to  the  sternocleidom astoid
m uscle  at  the  height  of superior  aspect  of the  anterior  cricoid
ring. It  is  advanced  to  the  posterior  border  of thyroid  ala. The
needle  is  then  stepped  posterior  to  the  ala  and  advanced  to-
ward  the  posterior  aspect  of the  cricoid. To  confirm  position,
the  needle  t ip  can  be  balloted  on  the  cricoid  by applying pres-
sure on  the anterior aspect  of the cricoid. The needle t ip  is then
pulled  sligh tly  retrograde, and  the  position  is  confirm ed  w ith
EMG (� Fig. 89.3). For  the t ranscricoid  approach, 2% lidocaine is

injected  in to the trachea for anesthesia via a cricothyroid  m em -
brane  puncture. The  needle  w ith  the  toxin  is  then  passed  over
the top of the cricoid just  lateral to m idline, through  the airway,
toward  and  through  the  lateral aspect  of the  posterior  plate  of
the  cricoid  (� Fig. 89.4). This is done under  laryngoscopic guid-
ance. After  the  needle has passed  through  the  cricoid, the  posi-
tion  of the needle t ip  is confirm ed on  EMG (see � Fig. 89.4).

In terarytenoid  inject ion:  After  the trachea has been  anesthe-
tized  as above, the  needle  is passed  through  the  m idline  of the
cricothyroid  m em brane  and  then  upward  at  45  to  60  degrees
into the  m uscle, w hich  sits above  the  posterior  plate  of the  cri-
coid. The  needle  is  passed  under  laryngoscopic  guidance, and
the in t ram uscular position  is confirm ed w ith  EMG (� Fig. 89.5).

Cricothyroid  inject ion:  The  needle  is  passed  1 cm  lateral  to
m idline  over  the  superior  boarder  of  the  cricoid. It  is  passed
straight  posteriorly so that  it  is directed  toward  the m edial bor-
der  of the  thyroid  ala. Once  the  m uscle  is  entered, a  glissando
or  high-pitched  /i/  is  perform ed  to  confirm  position
(� Fig. 89.6).

Com plicat ions
In  all cases, if a  pat ien t  is  underdosed, the  m itigation  of sym p-
tom s w ill be  suboptim al. After  inject ion  for  adductor  SD, a  pa-
tient  w ho is overdosed m ay have a raspy or a weak and  breathy
voice, and  m ay occasionally  aspirate  liquids. If th is  problem  is

Fig. 89.1  Biochemistry of botulinum  toxin  A. BN, botulinum  neurotoxin; SNAP, soluble  NSF at tachment  protein; SNARE, SNAP receptor.
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Fig. 89.2  Technique  for botulinum  toxin  injection  into the  thyroar-
ytenoid  muscle.

Fig. 89.3  Lateral approach for botulinum  toxin  injection  into the
posterior cricoarytenoid  muscle.

Fig. 89.4  Transcricoid  approach for botulinum  toxin  injection  into the
posterior cricoarytenoid  muscle.

Fig. 89.5  Botulinum  toxin  injection  into the  interarytenoid  muscle.
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severe, the  pat ient  can  be  instructed  to  perform  a  supraglott ic
swallow  until the sym ptom s resolve. It  m ay take days to weeks,
but  the side e ects always resolve because the e ects of botuli-
num  toxin  are  temporary.  Com plicat ions  after  inject ion  for
abductor SD include airway comprom ise. A pat ient  m ay experi-
ence  str idor  or  dyspnea  on  exer tion,  and  airway  obstruction
can  occur. Careful  dosing  at  the  beginning  of treatm ent  w ith
staged  inject ions  to  evaluate  botulinum  toxin  sensitivity  w ill
help  avoid  such a disastrous consequence.

89.7.2  Surgical Treatm ent
Botulinum  toxin  inject ions are  the  first  line  of therapy because
of their  e cacy and  m inim al risk. Because  of the  m orbidity of
surgery  and  risk  for  complications,  they  are  reserved  for  pa-
tien ts w ho fail botulinum  toxin  inject ions, no longer want to re-
ceive them , or have developed resistance to the toxin . The bene-
fit  of these  operations, in  both  the  short  and  long  term , is  in
quest ion. As  a  result , surgery  for  SD is  a  secondary  procedure
and is perform ed consistently at  only a few  institutions in terna-
tionally. Before these procedures becom e m ore w idely accepted,
long-term  follow -up  data  and  reproduct ion  of  the  results  by
other surgeons w ill be needed.

Dedo  p roposed  an d  popu larized  recurren t  lar yngeal n er ve
resect ion  for  SD. Th is  w as  th e  first  an d  on ly  p rocedure  th at
ach ieved  w idespread  use.  Un for tun ately,  over  th e  lon g
term , th e  m ajorit y  of pat ien t s  experien ced  a  retu rn  of their
ph on atory spasm s. For  th is  reason , th e  p rocedure  w as  aban -
don ed .

Issh iki p roposed  the  type  II laryngoplasty  for  adductor  SD.
This  procedure  relaxes  and  lateralizes  the  vocal  folds.  The

anatom ical  alterat ion  preven ts  the  vocal  fold  spasm  from
forcefully  obstruct ing  airflow  and  causing  a  vocal  break.  If
the  surgery is  overdone, a  pat ien t’s speaking voice  can  be  ex-
cessively  raspy  and  breathy. In  Issh iki’s  series  of 41  pat ien ts,
excellen t  resu lts  w ere  repor ted  in  70% after  6  m onths. Con-
flict ing  results  have  been  presen ted  by  surgeons  w ho  could
not  replicate  Issh iki’s success.

Recurrent  laryngeal  nerve  denervation  and  reinnervation
was  first  described  in  1999.  In  th is  procedure,  the  adductor
branch  of the recurrent  laryngeal nerve is t ransected bilaterally.
The  distal branch  is then  reinnervated  w ith  the  ansa cervicalis,
and  a  lateral cricoarytenoid  myectomy is  perform ed. The  ansa
cervicalis  reinnervation  results  in  tone  of  the  thyroarytenoid
and  lateral cricoarytenoid  m uscles  and  prevents  reinnervation
by  the  laryngeal  nerves  a ected  by  SD. A retrospective  study
by  Chhetri  et  al  showed  long-term  (m ean  of 49  m onths)  im -
provem ent  in  both  patien t  subject ive  voice  evaluation  and
expert  perceptual  voice  evaluation .  Of  the  patien ts,  26% had
continued  voice  breaks,  30% had  significant  postoperative
breathiness, 6% resum ed  botulinum  toxin  injections,  and  an-
other  6% were  undecided  w hether  or  not  they  should  return
to  injections. Despite  these  results,  83% of patien ts  said  they
would  recom m end  the  surgery. A Canadian  group  was  able  to
reproduce these  results  in  six patien ts w ho were  treated  w ith-
out  complications. One  patient  required  continued  botulinum
toxin  therapy.

A final surgical option  for adductor SD is a bilateral thyroary-
tenoid  and  lateral  cricoarytenoid  myectomy.  This  procedure
weakens  the  vocal  folds  bilaterally  to  prevent  spasm s.  It  is
staged  and  perform ed  under  local anesthesia, and  the  breathi-
ness  is  t itrated  to  decrease  the  risk  for  overresection.  Short-
term  results  in  five  patients  revealed  im proved  fluency  in  all.
Long-term  studies  are  needed, especially  in  light  of the  failed
history  of  myectomy  for  other  dystonias,  such  as  blepharo-
spasm . After  myectomy for  blepharospasm , not  only did  sym p-
tom s usually recur, but  the  m uscle  often  becam e  dysfunct ional
secondary to fibrosis and scarring.

89.7.3  Voice Therapy
Voice therapy is of m inim al benefit  for  the sym ptom s of SD. It  is
helpful in  resolving the  poor  compensatory behaviors  that  pa-
tients  have  developed  in  attempts  to  decrease  their  spasm s.
Often ,  these  behaviors  spontaneously  resolve  after  inject ions
are begun, but  that  is not  always the  case. Voice therapy is also
helpful  w hen  the  clin ician  is  unsure  about  w hether  a  pat ient
has  SD or  MTD. As  noted, MTD should  respond  well  to  voice
therapy, w hereas SD does not.

89.8  Prognosis
Although  the  prognosis  of surgery  for  SD is  unclear, the  re-
sults  of botulinum  toxin  inject ions  are  w ell  know n. Patien ts
repor t  90% and  71% of norm al  voice  funct ion  after  in ject ion
for  adductor  and  abductor  SD,  respect ively.  Unfor tunately,
the  e ects  are  tem porary,  and  the  inject ions  are  som ew hat
pain fu l. They also  need  to  be  repeated  approxim ately every 3
m onths. It  is  eviden t  the  opt im al t reatm en t  for  SD has  yet  to
be  discovered.

Fig. 89.6  Cricothyroid  muscle  injection.
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89.9  Roundsm anship
●  SD was originally thought to be due to abnorm alities of the

basal ganglia, but  recent evidence suggests that  the etiology is
not so sim ple or localized.

●  Alternative pathways of botulinum  toxin  funct ion  are m ore
likely to be responsible for its therapeutic e ects than  is
weakening of the involved m uscles.

●  Of pat ients w ith  SD, 62% are fem ale. The typical age at onset
is 39 to 45 ears, and 82% of pat ients have adductor SD, w here-
as 17% have abductor SD.

●  The m ost  pertinent  aspect of the physical exam ination  is a
subject ive evaluat ion  of the voice.

●  Botulinum  toxin  dosing m ust be individualized for each  pa-
tient  to optim ize the benefit  and m inim ized the m orbidity of
treatm ent . It  w ill often  take m ultiple inject ion  cycles to iden-
tify the optim al dose.

●  Occasionally, t rad it ional inject ions of the  thyroarytenoid
m uscle  and  posterior  cricoarytenoid  m uscle  are  not  e ec-
t ive, and  the  inject ion  of alternat ive  m uscles m ust  be
con tem plated .

●  Surgical alternatives have show n prom ise as secondary treat-
m ents but  m ust  be viewed skeptically w ithout long-term  fol-
low -up or reproducibility by m ultiple surgeons.
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90  Benign Lesions of the Larynx
Ted Mau

90.1  Int roduct ion
Benign  laryngeal lesions encompass a broad range of abnorm al-
it ies  w ith  disparate  pathophysiologic  characteristics. They  in-
clude  lesions  caused  by  vocal  traum a, congenital  or  acquired
structural  aberrations,  benign  epithelial  proliferations  caused
by hum an  papillom avirus (HPV), and  others. Although  these le-
sions  are  often  grouped  together  in  the  classificat ion  of head
and neck diseases because of their com m on location  and benign
nature, each  m ust  be  understood  as  a  distinct  entity  w ith  re-
gard to pathogenesis, prognosis, and t reatm ent.

90.2  Incidence of Disease
With  the  exception  of papillomas, the  incidence  of benign  lar-
yngeal lesions is  not  precisely known. It  would  be  reasonable  to
infer  that  lesions  of the  vocal  folds  occur  in  a  subset  of people
with  a  self-reported  voice  disorder,  and  it  has  been  estimated
that  6% of the  general public have  a  voice  disorder  at  any given
time. Of patients  who  seek  treatment  for  their  voice  problems,
15  to  30% have  been  found  to  have  benign  vocal fold  lesions  in
large  series. The  incidence  of lesions  caused  by vocal trauma  is
likely  highest  in  individuals  whose  occupations  require  heavy
voice  use:  foremost  in  teachers, followed  by  counselors,  attor-
neys, clergy, singers, call center  workers, and others. Among nod-
ules, polyps, and cysts, the incidence of nodules is the highest.

The  incidence of laryngeal papillom a is likely close  to the  in-
cidence of all form s of recurrent  respiratory papillom atosis, es-
tim ated at 1.8 per 100,000 in  U.S. adults.

90.3  Applied Anatom y
Most  benign  laryngeal lesions  develop  on  the  vocal folds. The
fine  structure  of the  vocal fold  m ucosa  is  crucial to  an  under-
standing of benign vocal fold  lesions and  their surgical m anage-
m ent. The  hum an  vocal fold  has  a  layered  structure  not  found
in  other  vocalizing m am m als, and  it  is th is un ique composition
that  m akes  it  possible  for  th is  seem ingly  sim ple  pair  of t issue
folds to produce the  acoustic range heard  in  speaking and  sing-

ing. The vocal fold m ucosa is m ade up of the epithelium  and the
lam ina propria (� Fig. 90.1).

Histologically, the  lam ina  propria  consists  of three  layers:  a
superficial  layer  containing  loosely  organized  elastin  fibers  in
an  extracellular  m atrix, an  in term ediate  layer  rich  in  longitudi-
nally oriented  elast in  fibers, and  a  deep  layer  m ade  up  of pre-
dom inantly collagen  fibers. The  superficial layer  of the  lam ina
propria  (SLP), also called  the  Reinke space, is the  m ost  relevant
for  vocal fold  surgeons. This layer  im parts to the vocal fold  m u-
cosa its un ique propert ies of self-sustained oscillation. Once lost
through  disease  or  t raum a, it  does not  regenerate. Recognition
of the  importance  of the  SLP in  phonatory  funct ion  has  led  to
the  abandonm ent  of the  vocal cord  str ipping  procedure  in  the
treatm ent  of benign  vocal fold  lesions. Deep  to the  three  layers
of  the  lam ina  propria  lies  the  thyroarytenoid  m uscle,  w hich
tenses and relaxes to adjust  the tension w ith in  the lam ina prop-
ria and so m odulate the frequency of vibration.

90.4  The Disease  Process
90.4.1  Vocal Fold Nodules, Polyps, and
Cysts
Term inology, Et iology, and Pathogenesis
There  is  no  un iversally  agreed-upon  term inology  for  lesions
caused  by  vocal  traum a,  com m only  refer red  to  as  nodules,
polyps, and  cysts. There  is  som e  overlap  in  term inology, and
even  in  the  h istologic appearance  of these  en tit ies. What  fol-
low  are  com m only, though  perhaps  not  un iversally, accepted
defin it ion s.

Nodules are bilateral, sym m etric, or  nearly sym m etric lesions
at  the  m id-m em branous vocal folds (� Fig. 90.2). Nodules tend
to  be  w hite  to  opaque  and  firm . After  reaching  a  certain  size,
they  can  produce  the  classically  described  “hourglass” glottic
closure pat tern  during phonation . Nodules are produced  by vo-
cal traum a  but  can  also  result  from  severe  chronic cough. The
repeated  stress  of  m echanical  im pact  betw een  the  two  vocal
folds  is  m axim ized  at  the  point  of largest  vibratory am plitude
during  phonation, w hich  is  at  the  m idpoint  of  the  m em bra-

Fig. 90.1  Layers of the  vocal fold  mucosa.
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nous  vocal  folds. Nodules  form  as  a  t issue  response  to  injury
and  consist  of th ickened  epithelium  over  a  dense  fibrous stro-
m a  rich  in  collagen. Epithelial keratosis  accounts for  the  w hite
appearance,  and  the  dense  fibrous  strom a  accounts  for  the
firm ness on  palpation.

Polyps are  also  caused  by vocal traum a, so  they also  tend  to
occur  at  the  m idpoin t  of the  m em branous vocal folds. They are
m ore frequently unilateral but can  occur bilaterally. They can  be
broad-based, pedunculated, or  attached  by  a  narrow  m ucosal
stalk to the vocal fold, and they can vary in  size from  subm illim -

eter  lesions to  lesions spanning alm ost  the  ent ire  length  of the
m em branous  vocal  fold.  Polyps  have  been  variably  classified
based  on  their  gross  appearance, as  well as  their  composition .
They  can  be  t ranslucent ,  vascular/hem orrhagic,  fibrotic,  or  a
com bination  thereof (� Fig. 90.3). Like  nodules, polyps form  as
a tissue response to injury. In  th is case, the in itiating event  m ay
be  leakage  from  traum atized  m icrovasculature  that  results  in
focal edem a and eventual organization  in to a hyalin ized strom a.
Hem orrhagic or  vascular  polyps contain  vascular  telangiectasia
and  organized  throm bus, suggesting the key role of vascular  in-
jury,  deranged  repair,  and  proliferation  in  the  persistence  of
these types of polyps.

Cysts  are  ent irely  subepithelial  and  reside  w ith in  the  SLP.
Two types are  com m only acknow ledged (� Fig. 90.4). A m ucous
reten t ion  cyst  presum ably  results  from  an  obstructed  m ucous
gland  duct . An  epiderm oid  inclusion  cyst  can  be  congenital, ia-
trogenic, or  possibly induced by vocal traum a. The cyst cavity is
lined  by squam ous epithelium  and  has a  keratin-rich  and  cho-
lesterol-like  filling.  Finally,  a  superficial,  translucent,  broad-
based  polyp  is referred  to by som e as a  pseudocyst. It  is  “pseu-
do” in  that  it  does not have a squam ous epithelial lin ing.

Natural History and Progression
Because  nodules, polyps, and  som e  cysts  are  caused  by  vocal
traum a, their  fate is in tim ately t ied  to the patient’s vocal behav-
ior. If vocal traum a  rem ains unabated, the  lesions  m ay enlarge
and  plateau  at  a  certain  size. On  the  other  hand, m ost  nodules
w ill im prove  w ith  voice  rest  and  resolve  w ith  the  cessation  of
traum atic vocal use. Som e  m ay not  reverse  completely, leaving
sm aller  nodules  that  m ay  be  functionally  acceptable.  Polyps
and  cysts  are  m ore  variable  in  their  response  to  a  reduct ion  in
vocal traum a. Sm all, hyaline  polyps  are  m ore  likely  to  regress,

Fig. 90.2  Nodules at  the  junction  of the  anterior and  middle  thirds of
the  vocal folds.

Fig. 90.3  Vocal fold  polyps. (a) Translucent. (b) Hemorrhagic.
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w hereas  translucent, hem orrhagic, and  fibrotic/hyaline  polyps
m ay  persist  despite  favorable  m odifications  in  vocal  behavior.
Cysts w ill not  resolve w ith  behavior  m odification , but  the asso-
ciated  edem a  w ill  improve  along  w ith  vocal  funct ion.  In  the
case  of a  cyst, excision  is  generally  required  to  restore  an  ac-
ceptable voice.

Potent ial Disease Com plicat ions
Left  untreated, nodules, polyps, and cysts w ill continue to in ter-
fere  w ith  vocal  funct ion. Over  t im e, nodules  and  polyps  that
m ay have been  am enable  purely to voice therapy m ay progress
so  that  behavior  m odification  alone  is  no  longer  su cien t  for
resolution  of these lesions and the pat ien t’s dysphonia.

90.4.2  Reinke Edem a/Polypoid Cordit is
Term inology, Et iology, and Pathogenesis
Reinke edem a, also know n  as polypoid  corditis or  polypoid  de-
generat ion, is found  alm ost  exclusively in  sm okers and  is m uch
m ore  prevalent  in  fem ales  (� Fig. 90.5). Unlike  polyps, w hich
are discrete m asses, Reinke edem a entails polypoid  t ransform a-
tion  of  the  vibratory  m ucosa  along  the  ent ire  length  of  the
m em branous  vocal  fold. This  reflects  chronic  exposure  of the
vocal  fold  m ucosa  to  sm oke, as  opposed  to  the  localized  m e-
chanical or  vascular  t raum a that  gives rise  to  polyps. Although
Reinke  edem a  is  som etim es  m islabeled  as  sim ply  a  vocal  fold
polyp, the  distinction  betw een  the  two  is  im portan t  because
they di er  in  etiology, anatomy, and  surgical m anagem ent. The
term  edema  is descriptive  of the  gross appearance of the lesion
but  a  m isnom er  at  the  histologic  level. The  SLP is  not  sim ply
edem atous but  is t ransform ed  into a  myxom atous strom a w ith
unfavorable vibratory properties.

Natural History and Progression
Many  sm okers  m ay  have  varying  degrees  of  Reinke  edem a.
They m ay rem ain  asym ptom atic aside  from  a  gradual lowering
of the  pitch  of their  speaking  voice  and  an  increase  in  rough-
ness, two  hallm arks  of the  sm oker’s  voice. As  sm oke  exposure
continues, the  size  and  degree  of  the  Reinke  edem a  m ay  in-
crease, creating  pedunculated  lesions  that  funct ion  like  a  ball

Fig. 90.4  Vocal fold  cyst.

Fig. 90.5  Reinke  space  edema. (a) Mild. (b) Severe.
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valve  at  the  glottis. Because  Reinke  edem a tends to be  bilateral
(but  not  necessarily sym m etric), the  ball valve  component  m ay
cause m ild  to m oderate  airway obstruction . Som e pat ients m ay
seek m edical attention  after  their  voice or breathing has gradu-
ally  deteriorated  to  an  unacceptable  point, or  after  a  discrete
episode of vocal traum a leads to an  acute increase in  the size of
the lesion  and sym ptom  severity. Keratosis m ay also develop  on
the  overlying  epithelium  and  som etim es  leads  to  concern  for
m alignancy and  biopsy. This keratosis, as well as Reinke edem a,
has  not  been  associated  w ith  an  increased  risk  for  vocal  fold
m alignancy. In  fact, persons w ith  Reinke  edem a are  at  a  lower
risk  for  developing  laryngeal squam ous  cell carcinom a. Sm ok-
ing cessation  does  not  reverse  the  tissue  change  or  reduce  the
lesion  size, but  it  does prevent  progression.

Potent ial Disease Com plicat ions
The  deleterious  e ects  of Reinke  edem a  on  the  voice  are  self-
evident  in  the  rough  quality  and  low  frequency  of the  typical
“sm oker’s voice.” The  e ect  of chronic airway obstruct ion  from
significant  Reinke  edem a  on  cardiopulm onary  health  is  un-
know n. Acute  airway obstruction  from  sudden  enlargem ent  of
Reinke edem a due to m echanical traum a is possible.

90.4.3  Granulom as
Term inology, Et iology, and Pathogenesis
Granulom as  in  the  larynx  are  not  the  im m unologically  m edi-
ated  granulom as  referred  to  elsew here  in  m edicine. They  are
akin  to  m asses  of granulation  tissue  and  are  found  m ost  often
at  the  vocal  processes  (� Fig. 90.6). Occasionally, they  are  ob-
served  on  the  m edial surface  of the  arytenoid  body. They occur
as the result  of m echanical injury followed by an  exuberant  and
aberran t  reparative response. Mechanical injury can  result  from
intubation  (in tubation  granulom a)  or  vocal  traum a  (contact
granulom a). Certain  types of vocal behavior involve m ore force-
ful contact  between  the  arytenoids  and  m ay be  m ore  likely  to
cause  contact  granulom as  than  other  hyperfunct ional  vocal
behaviors. Chronic cough  and  throat  clearing fall in to th is cate-
gory. The  vocal hyperfunct ion  that  leads  to  granulom a  form a-
tion  can  be  a  compensatory  response  to  vocal  fold  paresis,
atrophy, or  other  form s  of glottic  insu ciency. In  the  face  of
norm al laryngeal anatomy, granulom as m ay form  secondary to
phonatory  ine ciency  and  hard  glottal  onsets.  Laryngophar-
yngeal reflux (LPR) is  a  com m only accepted  etiologic factor  for
granulom as,  although  there  is  an  obvious  incongruence  be-
tween  the  high  estim ated  prevalence  of LPR and  the  relatively
rare  finding of granulom as. It  is  likely that  LPR is  a  m ajor  con-
tr ibutor  to  the  developm ent  and  persistence  of  granulom as
once  a  m echanical  injury  has  occurred, such  that  the  injured
m ucosa is susceptible  to a level of LPR that  is ordinarily insu -
cient  to cause sym ptom s on  its ow n.

Natural History and Progression
It  is  likely that  m any granulom as develop  and  resolve  on  their
ow n  after  the  in itial  t raum atic  event. It  is  di cult  to  surm ise
w hat  percentage  of those  brought  to  m edical attention  would
regress  on  their  ow n  because  in tervent ion, chiefly in  the  form
of acid  suppression  therapy and  behavioral m anagem ent, is in-

variably  im plem ented. Surgical  excision  alone  carries  a  recur-
rence rate of m ore than  50%.

Potent ial Disease Com plicat ions
When  large enough, granulom as w ill result  in  dysphonia. Acute
enlargem ent  of granulom as  causing  acute  airway  obstruction
has been  reported in  isolated cases.

90.4.4  Papillom as
Term inology, Et iology, and Pathogenesis
Laryngeal  papillom as,  like  their  better-know n  counterpar t  in
the  genital tract, are  “warts” caused  by HPV. Unlike  other  en t i-
ties  described  in  th is  chapter,  papillom as  are  neoplasm s  and
have the  poten t ial (albeit  a  low  one) for  m alignant  t ransform a-
tion. They tend  to develop  at  the  transit ion  betw een  squam ous
epithelium  and  respiratory  epithelium . Because  the  t rue  vocal
folds  are  lined  w ith  squam ous epithelium  w hile  the  surround-
ing structures  are  lined  w ith  respiratory  epithelium , laryngeal
papillom as are  m ost  often  found  on  the  t rue  vocal folds. Papil-
lom as have a distinct , warty appearance, w ith  vascular stippling
due  to  the  fibrovascular  stalks  that  project  to  the  surface
(� Fig. 90.7). More  than  70  types  of HPV have  been  identified.
Som e  are  associated  w ith  m alignancy  in  the  genital  tract  and
are  considered  high-risk  types. The  low -risk  HPV types  6  and
11 account for the vast  m ajority of laryngeal papillom as.

Natural History and Progression
Untreated,  laryngeal  papillom as  grow  and  produce  progres-
sively larger  lesions locally. In  the  populat ion  w ith  an  adult  on-
set, the rate  of grow th  is h ighly variable  am ong individuals and
even  w ith in  individuals  w hen  the  lesions are  followed  for  sev-
eral years. Papillom as  can  also  develop  in  noncontiguous  sites
in  the  proxim al or  distal airway;  the  likelihood  is  estim ated  to

Fig. 90.6  Left  vocal process granuloma.
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be 10%. The soft  palate, another structure w ith  a squam ous–res-
piratory epithelial transit ion, is a potent ial secondary site. More
com m only, poorly controlled  laryngeal papillom as  lead  to  tra-
cheal and even  bronchial disease, presum ably via a com binat ion
of  airborne  and  iatrogenic  seeding.  Papillom as  secondary  to
HPV type  11  are  know n  to  be  m ore  aggressive;  these  patients
have  a  m ore  severe  laryngeal papillom atosis  and  a  h igher  rate
of developm ent of tracheal and bronchial disease.

Potent ial Disease Com plicat ions
The m ost  serious consequence of laryngeal papillom as is m alig-
nant  conversion  leading to squam ous cell carcinom a of the  lar-
ynx or  t racheobronchial tree. The risk for  conversion  is 3  to 7%.
Airway obstruct ion  due to poorly controlled  disease can  be life-
threatening. This  is  part icularly a  problem  w ith  t racheal papil-
lom as, w hich  are  som etim es  overlooked, less  accessible  surgi-
cally than  laryngeal disease, and  so  less  am enable  to  complete
eradication .

90.4.5  Sulcus Vocalis
Term inology, Et iology, and Pathogenesis
A sulcus is a linear indentation, groove, or furrow. Sulcus voca lis
is variably defined, and  the term  has been  used  to describe sev-
eral entit ies  that  share  the  gross feature  of a  linear  depression
along the m edial surface of the vocal fold. This can  range from  a
focal deficiency of the SLP to invagination  of the epithelium  into
the  vocal  ligam ent  (� Fig. 90.8a). Sulci  m ay  be  physiologic  in
that  they do not  a ect  vocal fold  vibration. They can  be congen-
ital, in  w hich  case  they are  often  bilateral. A sulcus can  also  be
acquired  (e.g.,  follow ing  excision  of  a  vocal  fold  lesion  that
leaves a focal defect  of the SLP). Theoretically, a sulcus m ay also
be acquired after the rupture of a vocal fold cyst. Sulcus deform -
ities  have  been  categorized  in to  three  types  by  Ford. Type  I is

physiologic and  includes congenital sulcus w ith  lit t le  voice  im -
pact  and  sulcus due  to vocal fold  atrophy. The  m ucosal wave  is
norm al or  m inim ally altered. Type  II, or  sulcus  vergeture, con-
sists of a contracted  band along the m edial vocal fold  edge w ith
adherence  of  the  epithelium  to  the  in term ediate  and  deep
layers of the  lam ina  propria  and  a  m arkedly reduced  or  absent
m ucosal wave. In  type  III, or  sulcus  vocalis, a  pit-shaped, focal
sti ness involves the  vocal ligam ent, and  the  condition  is asso-
ciated  w ith  severe  dysphonia  (� Fig. 90.8b). The  voice  is  typi-
cally th in  w ith  an  elevated pitch , and pat ients complain  of vocal
fatigue and lack of project ion.

Natural History and Progression
Sulcus vocalis w ill not  change once form ed. Patients m ay devel-
op  poor compensatory phonatory behaviors as they try to opti-
m ize their  voice in  the face of a sulcus.

Potent ial Disease Com plicat ions
No consequence beyond vocal im pairm ent has been  reported.

90.4.6  Saccular Cysts and Laryngoceles
Term inology, Et iology, and Pathogenesis
The  laryngeal saccule  is  a  blind  pouch  that  extends  superiorly
from  the  anterior  roof of the  ventricle. A saccular  cyst  is a  m u-
cus-filled  saccule  sealed  o from  the  laryngeal lum en  and  m ay
be  congenital or  acquired. An  anterior  saccular  cyst  is localized
and  usually  overhangs  the  anterior  glottis.  A lateral  saccular
cyst  tends to  be  large  and  bulges the  m ucosa  of the  false  vocal
fold  and aryepiglottic fold. This is som etim es called  a congenital
saccular cyst  w hen  noted  in  new borns w ith  airway obstruction.
A laryngocele  is  an  air-filled  dilatation  of the  saccule. It  is  be-
lieved to form  after prolonged exposure to elevated in tralaryng-
eal pressure in  the sett ing of congenital weakness of the saccule
lin ing. A laryngocele  can  be  thought  of as  a  large  saccule  that
has  becom e  sym ptom atic. An  in ternal  laryngocele  is  confined
w ithin  the  cart ilaginous laryngeal fram ework and  appears as a
subm ucosal swelling of the aryepiglottic fold. A m ixed  laryngo-
cele  is one that  extends through  the thyrohyoid  m em brane, lies
lateral or  external to the  thyroid  lam ina, and  can  m anifest  as a
lateral  neck  m ass. A m ixed  laryngocele  has  both  in ternal  and
external components.

Natural History and Progression
Saccular  cysts  and  laryngoceles  m ay  en large  over  t im e. They
m ay also  rem ain  relatively  stable  for  long  periods  of tim e  but
suddenly enlarge in  response to m ucosal in flam m ation.

Potent ial Disease Com plicat ions
Saccular  cysts  and  laryngoceles  m ay  cause  voice  change, dys-
phagia, and  airway obstruction. They also m ay be  secondary to
a m alignant  neoplasm  in  the ventricle obstruct ing the  in troitus
of the  saccule. In  th is  case, the  m ass  would  be  the  etiology of
the  saccular  cyst  or  laryngocele. Isolated  cases of sudden  death
due to rapid expansion of a saccular cyst causing airway distress
have been  reported.

Fig. 90.7  Massive  laryngeal papilloma obstructing  the  airway around
an endotracheal tube.
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90.5  Medical Evaluat ion
90.5.1  Present ing Com plaints
The  m ost  com m on  presenting  complaints  of benign  laryngeal
lesions  relate  to  voice. The  patien t  m ay  describe  a  decline  in
voice  quality—for  example, an  increase  in  roughness  or  raspi-
ness. Som etim es, the complaint  can  be less tangible, such  as the
developm ent  of vocal fat igue or  the lack of ability to raise  vocal
volum e. The  onset,  duration, and  progression  of vocal  sym p-
tom s  are  useful  elem ents  of the  history. For  example, lifelong
dysphonia suggests a congenital lesion , such  as a sulcus vocalis,
w hereas  a  steady  progression  of dysphonia  m ay  be  due  to  a
neoplastic process. Patients  w ith  a  benign  vocal fold  lesion  are
unlikely  to  have  any  periods  of norm al  voice, unlike  patients
w ith  funct ional voice disorders.

Certain  lesions  have  the  potent ial  to  enlarge  su ciently  to
cause  airway obstruct ion. Most  of the  t im e, however, progres-
sion  is gradual, and  patients present  for  their  dysphonia  before
the  developm ent  of dyspnea. Large  saccular  cysts  or  laryngo-
celes  m ay  cause  swallow ing  discom fort  or  frank  dysphagia  if
they im pede epiglot tic inversion  during the swallow  cycle.

90.5.2  Physical Exam inat ion and
Test ing
A dysphonic voice quality should  be noted. The relative severity
of the  overall dysphonic quality can  be  recorded  as m ild, m od-
erate, or  severe and  serves as a basis for comparison  during fol-
low -up  exam inations  or  after  in tervent ions.  Subject ive  scales
such  as the  GRBAS scale  m ay be  used  to evaluate  the  voice. Pa-
tients’ voices  are  evaluated  on  a  scale  of 0  to  3, w ith  0  norm al
and  3  severe. The  overall grade, roughness, breathiness, asthe-
n ia, and  strain  are scored according to th is scale. Object ive voice
m easures  such  as  acoust ic  param eters  can  be  obtained.  Any
str idor  should  be  noted. The key part  of the  evaluation  consists
of laryngoscopy, w hich  can  be  considered  an  extension  of the
physical exam ination.

90.5.3  Laryngoscopy
Laryngoscopy  can  be  carried  out  by  indirect  visualization
w ith  a  m irror,  transorally  w ith  a  rigid  angled  endoscope,  or
transnasally w ith  a  flexible  laryngoscope. Under  m ost  circum -
stances, th is  should  su ce  to  identify  Reinke  edem a, granulo-

Fig. 90.8  Sulcus vocalis. (a) Bilateral sulci can be
seen. (b) Sulcus vocalis classification. The  sche-
matic is only intended  to  illustrate  the  depth  of
involvement  and  not  the  size  or shape  of the
defect.
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m a, papillom a, and  subm ucosal bulges from  saccular  cysts  and
laryngoceles.  Reinke  edem a  involves  distort ion  of  the  ent ire
norm al straight  edge of the m em branous vocal fold  and  m ay be
bulky enough  to  produce  a  pedunculated  m ass  w ith  a  sm ooth
m ucosa. Granulom as  are  distinguished  m ainly  based  on  their
location  at  the  vocal  processes  or  on  the  m edial  arytenoid
bodies. Papillom as  have  a  wartlike  appearance  w ith  a  distinct
vascular stippling that  m ay be discernible if the im age quality is
good.  Som e  sulcus  vocalis  lesions,  as  well  as  som e  nodules,
polyps, and  cysts, m ay be  su cien tly pronounced  to  be  clearly
visualized on  routine laryngoscopy. Unilateral hem orrhagic pol-
yps, for  example, are  easily  identifiable. It  m ay  be  di cult  to
discern  sm aller,  bilateral  vocal  fold  lesions  as  nodules  versus
polyps, or  a  sm ooth  unilateral lesion  as  a  polyp  versus  a  cyst.
For these situations, as well as to identify finer sulcus vocalis le-
sions and  their  e ect  on  vocal fold  vibration , videostroboscopy
is recom m ended.

90.5.4  Videost roboscopy
The  vocal folds  are  visualized  under  stroboscopy  to  produce  a
pseudo-slow  m otion  video  of vocal fold  vibration  (see  Chapter
79  for  m ore  details  on  videostroboscopy). This  allow s  the  le-
sions  to  be  seen  at  slightly di erent  angles  as  they rock  along
the  m edial surface  of the  vocal fold  if they are  so  located. This
procedure  also  provides an  assessm ent  of the  im pact  of the  le-
sions on  m ucosal wave  propagation, vibratory am plitude, glot-
tal closure, and  vibratory phase  sym m etry. Alterations in  these
param eters  help  di eren tiate  lesions, as  well  as  prognosticate
potential surgical complexity and  voice  outcom e. Nodules m ay
cause  a  sm all  to  m oderate  decrease  in  the  vibrational  am pli-
tude. Polyps, depending on  their  size, cause variable  alterations
in  vocal fold  am plitude  and  the  m ucosal wave  sim ply by m ass
e ect .  The  m ucosal  wave,  although  altered,  is  generally
present  or  som ew hat  reduced.  In  contrast,  cysts  are  distin-
guished  by  a  significant  reduct ion  in  the  m ucosal  wave. This
stroboscopic di erence  stem s from  the  depth  of the  lesion  and
its  adherence  to  the  vocal  ligam ent. As  such , the  pliability  of
the  vocal fold  cover  is  decreased, and  m ucosal wave  propaga-
tion  is  severely retarded  by the  presence  of the  cyst . Although
a polyp  m ay be  as large  as or  larger  than  a  cyst, it  involves the
SLP and  is  not  coupled  to  the  vocal  ligam ent . It  therefore  im -
pacts  the  wave  less. Videostroboscopy is  also  crucial in  the  as-
sessm ent  of sulcus  vocalis. It  reveals  the  im pact  of the  lesion
on  m ucosal wave  propagation  and  estim ates  the  depth  of the
sulcus.

90.5.5  Radiographic Im aging
Im aging has lit t le  role  in  the work-up  of m ost  benign  laryngeal
lesions except  in  the  case  of saccular  cysts and  laryngoceles. In
these  cases,  computed  tom ography  or  m agnetic  resonance
im aging of the  neck  is  used  to  determ ine  their  anatom ical ex-
ten t and aid in  surgical planning.

90.5.6  Di erent ial Diagnosis
Laryngeal  m alignancies  can  m im ic  benign  lesions.  The  m ost
com m on  laryngeal m alignancy is squam ous cell carcinom a and
its  variants. Much  less  com m on  are  salivary  or  m ucous  gland

tum ors,  cartilaginous  tum ors,  sarcom as,  and  neuroendocrine
tum ors. Lym phom as have also been  reported.

Various  autoim m une  and  connective  t issue  disorders  can
m anifest  in  the larynx. Bam boo nodules or  rheum atoid  nodules
are  subm ucosal  m asses  found  at  the  m id-m em branous  vocal
folds. Because of their location, they can  be m istaken  as nodules
caused  by vocal traum a. Bam boo  nodules  have  been  described
in  isolated  case  repor ts  of rheum atoid  arthrit is, system ic lupus
erythem atosus, progressive  system ic sclerosis, Hashim oto  thy-
roidit is, Sjögren  syndrom e, relapsing polychondrit is, and  m ixed
connective  tissue  disease. Sarcoidosis causes a  pale, pink swel-
ling of the  supraglot tic m ucosa  prim arily. Amyloidosis is  a  dis-
ease of abnorm al protein  deposit ion  and  can  be localized  to the
larynx.  Amyloid  deposits  in  the  false  vocal  folds,  ventricular
floor, and  t rue  vocal folds can  have  a  m ass e ect  on  the  airway
and  cause  dysphonia.  The  typical  lesion  is  a  m ultilobulated,
irregular,  sm ooth  subm ucosal  m ass  w ith  an  orange–yellow
discolorat ion.

A h istory of prior  vocal fold  inject ion  in  the setting of a vocal
fold  abnorm ality should  raise  the  possibility of a  Teflon  granu-
lom a  or  superficial injectate  in  the  SLP. These  m ay not  present
as  discrete  lesions. Part  or  all  of  the  m em branous  vocal  fold
m ay appear sti , w ith  a convex contour.

90.6  Treatm ent
90.6.1  Medical Treatm ent
With  the  except ion  of  papillom as,  m ost  benign  laryngeal  le-
sions m ay not  require  treatm ent  sim ply by vir tue  of their  pres-
ence. Treatm ent  is  often  implem ented  w ith  the  goal of sym p-
tom  reduct ion, rather  than  lesion  elim ination . Most  often , the
treatm ent  is surgical in  nature.

Voice  therapy  plays  several  roles  in  the  m anagem ent  of se-
lected  benign  laryngeal  lesions. Voice  therapy  is  the  first-line
treatm ent  for  nodules and  certain  types of polyps that  m ay re-
verse  w ith  the  cessation  of  phonotraum atic  vocal  behavior.
Voice  therapy m ay be  adjunct ive  in  the  t reatm ent  of laryngeal
granulom as.  For  lesions  that  require  excision,  perioperative
voice therapy m ay decrease  the  likelihood  of persistence  of the
hyperfunct ional  vocal  m echanism  that  contributed  to  lesion
form ation. Finally, if excision  is expected  to lead  to a  decline  in
voice quality because of necessary sacrifice of the vibratory m u-
cosa, postoperative voice therapy serves to extract  the best  pos-
sible voice from  a deficient  sound source.

Acid  suppression  therapy  w ith  proton  pump  inhibitors  is
com m only used  in  the m anagem ent  of benign  laryngeal lesions
if LPR is thought  to be a contributing factor. LPR is certainly not
a factor in  the developm ent  and  propagat ion  of all benign  vocal
fold  lesions, and  it  is  likely  that  it  is  curren tly  being overdiag-
nosed.  It  is  w idely  accepted  that  acid  suppression  therapy  is
central to the treatm ent of laryngeal granulom as. Acid  suppres-
sion  therapy  is  com m only  em ployed  postoperat ively  to  m ini-
m ize the likelihood of exposure of the surgical site in  the larynx
to acid.

Several  adjunct ive  therapies  have  been  used  in  addition  to
the  surgical  rem oval  of  papillom as.  They  are  indicated  w hen
disease  is  extensive  or  a  rapid  return  of  papillom as  requires
frequent surgical extirpation. Generally, m ore than  four surgical
treatm ents  per  year  w ill  prom pt  a  discussion  of  the  use  of
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adjuvant  therapies. Oral indole-3-carbinol is  a  nutr it ional sup-
plem ent  found  in  high  concentrations in  cruciferous vegetables
such  as broccoli, cabbage, brussels sprouts, and  cauliflower. In-
dole-3-carbinol is thought  to m odulate  the  proliferation  of epi-
thelial  cells  indirectly  by  altering  estrogen  m etabolism .
Although  its  benefit  in  controlling recurrent  respiratory  papil-
lom atosis  has  only  been  suggested  in  a  relat ively  sm all  study,
indole-3-carbinol  has  vir tually  no  side  e ects.  A cyclooxyge-
nase-2  (COX-2)  inhibitor, celecoxib, is  currently  being  investi-
gated  for  its e ect iveness against  recurrent  respiratory papillo-
m atosis  in  a  Phase  II m ulticenter  random ized  controlled  t rial.
COX-2  is  overexpressed  in  papillom as, and  celecoxib  has  been
show n  to  reduce  papillom a  cell proliferation  in  cell lines. Pre-
lim inary  data  seem  to  support  the  e cacy  of  celecoxib  in
achieving  disease  regression  in  a  sm all  group  of patients. Re-
sults from  the  Phase  II tr ial are  pending. Cidofovir  is a  selective
inhibitor  of the  herpesvirus  DNA polym erase. It  is  com m only
used  o label as  a  surgical adjunct  in  an  in tralesional m anner.
Data  on  e cacy  show  an  overall  trend  suggestive  of benefit,
although a large-scale random ized controlled tr ial is lacking. Ci-
dofovir  has  also  been  adm inistered  in travenously  in  severe
cases w ith  lower airway involvem ent. In terferon  alfa m odulates
the  host  im m une  response  to increase  antiviral act ivity. Its use
in  treating  recurren t  respiratory  papillom atosis  has  been  lim -
ited  by a  significant  side  e ect  profile. Finally, an  angiogenesis
inhibitor  (bevacizum ab) has show n  som e prom ise  as a  surgical
adjunct  w hen applied in t ralesionally.

Inhaled  cort icosteroids  have  been  used  in  com binat ion  w ith
proton  pump inhibitors to treat  laryngeal granulom as, although
their  e cacy as a  single  agent  is  unknow n. Inject ion  of botuli-
num  toxin  type  A into  the  vocal fold  adductors  has  also  been
used  as  a  treatm ent  for  granulom as  resistan t  to  convent ional
m anagem ent. In  addition, patients  w ho  have  granulom as  sec-
ondary to  laryngeal hyperfunct ion  used  to  compensate  for  vo-
cal fold  atrophy m ay benefit  from  bilateral vocal fold  inject ion
augm entation  to decrease the need for such  hyperfunct ion.

90.6.2  Surgical Treatm ent
All techniques are  carried  out  under  general anesthesia  via  di-
rect  laryngoscopy w ith  an  operating m icroscope  unless  other-
w ise noted.

Cold Knife  Excision
Polyps and cysts that fail to resolve after adequate voice therapy
and  rem ain  sym ptom atic  are  typically  excised  w ith  m icro  in-
strum ents  in  a  m icroflap  technique,  described  in  Chapter  93
(Instrum entation  and  Techniques  of Phonom icrosurgery). Cold
knife excision  can  also be used to reduce the size of Reinke ede-
m a  by  debulking  the  diseased  strom a  in  a  sim ilar  m icroflap
fash ion.  Com plications  w ith  the  cold  knife  technique  relate
m ainly  to  excessive  rem oval  of  the  norm al  vocal  fold  lam ina
propria or epithelium , leading to vocal fold sti ness and perm a-
nent dysphonia.

Powered Laryngeal Microdébrider
The  ch ief advantage  of the  m icrodébrider  is  rapid  debulking of
lesions  in  cases  in  w hich  m ucosal  preservation  is  not  war-

ranted. The  m ain  application  is  in  papillom a rem oval, in  w hich
the  toothed  Tricut  version  of the  débrider  blade  allow s  rapid
debulking (Medtronic, Minneapolis, MN). The flat  Skim m er ver-
sion  of the  blade  (Medtronic, Minneapolis, MN) m inim izes the
destruct ion  of  norm al  vocal  fold  m ucosa  and  the  underlying
SLP. The  m icrodébrider  can  also be  used  to debulk large  granu-
lom as. As w ith  the  cold  knife technique, the  m ain  complication
of  m icrodébrider  use  is  the  loss  of  norm al  vocal  fold  lam ina
propria and epithelium , leading to perm anent dysphonia.

Coblator
The  Coblator  (ArthroCare  ENT, Austin , TX) is  also  excellen t  for
debulking large  am ounts of papillom a. Com pared  w ith  the  m i-
crodébrider,  it  has  the  advantage  that  coblat ion  m inim izes
bleeding. In  contrast , it  cannot  be used  near  the epithelial base-
m ent  m em brane  of the  vocal fold  because  it  does  not  provide
enough  control  to  precisely  rem ove  papillom a  w ithout  exces-
sive dam age to the SLP or surrounding norm al epithelium .

Carbon Dioxide Laser
The  carbon  dioxide  laser  can  be  used  in  an  ablative  fashion  to
rem ove  papillom a. It  can  also  be  used  in  an  excisional m anner,
akin  to  a  hot  kn ife, to  rem ove  large  am ounts  of papillom a or  a
laryngocele. Both  the  in ternal and  external parts  of a  laryngo-
cele  can  be  excised  t ransorally  w ith  a  carbon  dioxide  laser.
Although  the  technique  is rare, som e  authors use  the  laser  at  a
low -power setting to assist  in  the dissection  of vocal fold polyps
or  cysts.  In  all  cases,  the  laser  settings  and  technique  used
should  be  optim ized  to  m inim ize  irreversible  therm al dam age
to the t issue adjacent  to the target  lesion. The m ost  feared  com -
plication  of  laser  use  is  an  airway  fire. Safety  precautions  in-
clude  the  avoidance  of  flam m able  inhalational  anesthet ic
agents, the avoidance of flam m able endotracheal tubes, protec-
tion  of  the  endotracheal  tube  balloon  w ith  a  saline-soaked
pledget, the  use  of an  FiO2  (fraction  of inspired  oxygen) below
30%, and  the  application  of m oist  towels  to  cover  the  patient’s
head and face.

Angioselect ive Lasers
The  pulsed  dye  laser  (PDL)  and  the  pulsed  potassium  t itanyl
phosphate  (KTP)  laser  have  found  increasing  use  in  the  treat-
m ent  of benign  vocal fold  lesions. Both  have  wavelengths  that
coincide  w ith  the  absorption  peaks of oxyhem oglobin . Because
of their angioselect ivity, there is a theoretical advantage in  their
use  for  the  t reatm ent  of  lesions  associated  w ith  rich  vascula-
ture, such  as  papillom as. Their  use  has  been  extended  to  the
treatm ent  of Reinke  edem a, granulom as, som e  polyps, dyspla-
sias, and  lim ited  m alignancies. The m ain  advantage  of these la-
sers  is  that  they are  delivered  via  a  fiber  that  can  be  placed  in
the  working channel of a  flexible  laryngoscope, allow ing treat-
m ent  to be carried  out  in  an  unsedated  fashion  in  the o ce set-
t ing and  avoiding the  need  for  general anesthesia. In  addition ,
their select ive absorption  by oxyhem oglobin  decreases collater-
al  dam age  to  surrounding  nonvascular  t issue, such  as  the  SLP.
During direct  laryngoscopy, these lasers can  be  used  for  the se-
lect ive  photoablation  of  vessels  feeding  hem orrhagic  polyps,
m inim izing bleeding and optim izing the surgical field. They can
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also  be  used  to  t reat  the  residual papillom a that  is  not  excised
at  the  an terior  aspect  of one  of the  vocal folds in  order  to  pre-
vent  a  glottic web w hen  papillom a has been  excised  anteriorly
from  the  other  vocal fold. The  papillom a t reated  w ith  the  pho-
toangiolytic  laser  w ill  slow ly  involute  from  ischem ia  w ithout
risk for  the  form ation  of an  anterior  glottic web. Like  all lasers,
photoangiolytic lasers are  associated  w ith  a  risk for  airway fire
w hen  used  in  conjunct ion  w ith  an  endotracheal  tube, and  all
safety precautions m ust  be applied.

90.7  Prognosis
Because the lesions discussed in  th is chapter are of a benign  na-
ture, the overall prognosis is excellent. The likelihood that  vocal
fold  nodules, polyps, and  cysts w ill resolve  w ith  a  com bination
of behavioral and  surgical in tervent ion  is excellent. Reinke ede-
m a  can  be  surgically  reduced  to  achieve  an  acceptable  vocal
outcom e. Granulom as alm ost  always resolve, although  the t im e
and  in tervention  required  m ay  vary  considerably. Focal, early
laryngeal papillom as m ay be eradicated, but  pat ien ts w ho have
di use  disease  m ay  require  long-term , episodic  m aintenance
w ith  surgical procedures. Vaccination  against  HPV should  lead
to  a  greatly  reduced  incidence  of  disease  in  the  decades  to
com e. Sulcus  vocalis  has  been  a  challenging  ent ity  to  correct
surgically. Advances  in  the  treatm ent  of sulcus vocalis  m ay re-
quire  novel techniques and  m aterials  to  restore  lam ina  propria
defects. Finally, saccular cysts and  laryngoceles can  be m anaged
successfully w ith  surgery.

90.8  Roundsm anship
●  The superficial layer of the vocal fold lam ina propria is crit ical

in  norm al vibratory funct ion  and m ust  be m axim ally pre-
served in  the surgical treatm ent of benign  lesions. It  does not

regenerate once lost  through  disease or traum a. Vocal cord
str ipping is no longer an  acceptable surgical procedure.

●  Videost roboscopy should be perform ed in  the assessm ent of
vocal fold  polyps, cysts, and sulcus vocalis to assess their im -
pact on  the m ucosal wave, estim ate the depth  of their in-
volvem ent, and enhance diagnostic accuracy.

●  Benign-appearing laryngeal lesions w ith  an  atypical appear-
ance should  raise the possibilit ies of m alignancy and of auto-
im m une, in fect ious, or connect ive tissue disorders.

●  Voice therapy is the first-line treatm ent  for pat ients w ith  vo-
cal fold nodules and som e polyps. For patients w hose lesions
require excision, voice therapy still has a role in  addressing
the hyperfunct ional vocal behavior that  resulted in  the devel-
opm ent of such lesions in  the first  place.

●  Acid suppression  therapy and behavioral m anagem ent, not
excision , should  be the first-line treatm ent  for laryngeal gran-
ulom as.
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91  Adult  Laryngotracheal Stenosis
Amanda Hu and Tanya K. Meyer

91.1  Int roduct ion
Adult  laryngotracheal  stenosis  is  one  of the  m ore  challenging
disease  ent it ies faced  by the  airway surgeon. There  is no treat-
m ent  strategy  that  can  be  uniform ly applied  to  all patients  to
guarantee  excellen t  results.  The  larynx  and  trachea  are  both
sem irigid  tubular  structures. When  injury  occurs  and  wound
healing  progresses, circum ferential scar  contracture  can  cause
narrow ing of the airway. Furtherm ore, the larynx funct ions as a
sphincter, opening to allow  airflow  and  closing to allow  phona-
tion  and  facilitate swallow ing. Scarr ing of the larynx m ay cause
fixation  of the vocal folds w ith  airway comprom ise. Surgical at-
tempts to open  the airway statically m ay subsequently compro-
m ise  phonation  and  swallow ing. The  plethora  of surgical tech-
niques available attests to the complexity of th is problem .

91.2  Incidence of Disease
The  true  incidence  of adult  laryngotracheal stenosis  is  di cult
to estim ate. Prolonged in tubat ion  constitutes the m ost com m on
cause  of  adult  laryngotracheal  stenosis  in  the  m odern  era
(� Fig.  91.1).  The  population  incidence  of  laryngotracheal
stenosis as a  result  of prolonged  in tubation  is estim ated  at  1  in
200,000  adults  per  year. In  the  1970s, Whited  estim ated  that
approxim ately 12% of patients in tubated  for  m ore  than  12 days
would  develop  significant  posterior  glottic  injury.  This  land-
m ark  art icle  has  led  to  changes  by  w hich  m any  preventative
m easures are  used  in  in tubated  patients to prevent  laryngotra-
cheal injury and has contributed to the pract ice of recom m end-
ing a tracheostomy after 7 to 10 days of in tubation.

91.3  Classificat ion
There  are  several  classification  system s  for  laryngotracheal
stenosis. These  staging  system s  categorize  the  severity  of dis-
ease  to  im prove  com m unicat ion,  help  prognost icate  the  out-
com es of surgery, and  compare di erent  m ethods of treatm ent .
One  com m only  used  classificat ion  system  is  the  Cotton-Myer
system  (� Fig. 91.2), in  w hich  stenosis is graded  on  a scale from
I to  IV based  on  the  degree  of subglottic  lum inal  obstruction.
This is  the  sim plest  system ;  it  is  used  m ore  often  in  the  pedia-
tr ic  population  and  only  for  subglott ic  stenosis. A system  for
grading the  extent  of posterior  glot tic stenosis  was  created  by
Bogdasarian  and  Olson  in  1980  (� Fig.  91.3).  There  are  four
types, based on  the degree of injury and arytenoid m obility and
on  the  prognosis. A th ird  clin ical staging system  is  the  McCaf-
frey system  (� Table  91.1  and  � Fig. 91.4). This system  is  based
on  the  location  and  length  of the  stenosis;  the higher  the  stage
num ber, the worse the prognosis for decannulat ion.

91.4  Applied Anatom y
The  adult  trachea  is  approxim ately  10  to  13 cm  in  length  and
2.0  to  2.5 cm  in  diam eter. It  star ts  at  the  inferior  border  of the
cricoid  cartilage  and  extends  to  the  bifurcation  of the  carina.

The fibrom uscular  tube of the trachea is supported  by cartilagi-
nous  rings. These  rings  occupy  the  anterior  two-thirds  of the
tracheal  circum ference  and  are  incomplete  posteriorly.  There
are approxim ately 14 to 20 tracheal rings.

The  blood  supply  of the  trachea  is  the  sam e  as  that  of the
esophagus. The upper trachea is supplied by the inferior thyroid
artery  and  tracheo-esophageal  branches  of  the  subclavian
artery. The  lower  t rachea  is  supplied  by branches from  the  in-
tercostal  and  in ternal  m am m ary  ar teries.  Because  the  blood
supply approaches the  tracheo-esophageal groove laterally, cir-
cum ferential dissect ion  of the t rachea should be avoided to pre-
vent devascularization.

The  larynx  is  divided  in to  the  supraglottis, glottis, and  sub-
glottis. The  supraglott is  is  defined  as  the  area  above  the  vocal
cords  and  includes  the  ventricular  folds, epiglottis, and  aryte-
noids. The glottis includes the t rue vocal cords and  the anterior
and  posterior  com m issures. It  extends  inferiorly  from  the  t rue
vocal fold  edge  1 cm  anteriorly and  5 m m  posteriorly. The  sub-
glottis  extends  from  the  lower  border  of glottis  to  the  inferior
border  of the  cricoid. The  glot tis  is  the  narrowest  part  of the
adult  airway, w hereas  the  subglottis  is  the  narrowest  part  of
the pediatr ic airway.

91.5  The Disease  Process
91.5.1  Et iology and Pathogenesis
Before  the  advent  of prolonged  in tubat ion, m ost  cases  of  lar-
yngeal  stenosis  resulted  from  an  infect ious  disease  such  as
syphilis, diphtheria, tuberculosis, or  typhoid  fever. After  World
War II, w ith  the  advent  of m odern  antibiotics and  vaccinat ions,
th is  etiology  waned  and  was  replaced  by  blunt  traum a  to  the
neck through  m otor  vehicle  accidents. Since  the  1950s and  the
poliomyelit is  epidem ic, there  has  been  a  dram atic  increase  in
the  use  of endotracheal tube  in tubation  and  m echanical vent i-
lation  w ith  prolonged  in tubation. Correspondingly, prolonged
in tubation  becam e  and  rem ains the  predom inant  cause  of lar-
yngotracheal stenosis. Other  etiologies  are  less  com m only  en-
countered  and  include  iatrogenic  injury, autoim m une  and  in-
flam m atory conditions, and  follow ing radiotherapy. Som e cases
of  laryngotracheal  stenosis  are  idiopathic. Com m on  etiologies
of  adult  laryngotracheal  stenosis  are  listed  in  � Table  91.2.
Som e etiologies of in terest are h ighlighted below.

Traum a
The m ost com m on cause of laryngotracheal stenosis is m echan-
ical  traum a  from  endotracheal in tubation. This  usually  results
in  posterior  glottic stenosis because the tube rests in  the poste-
rior  com m issure, applying  pressure  to  the  in terarytenoid  area,
vocal  processes  of the  arytenoids, and  posterior  cricoid  plate.
This  pressure  causes  ischem ic necrosis  of the  m ucosa, leading
to  m ucosal  ulceration,  bacterial  in fect ion,  perichondrit is  and
chondrit is,  and  cartilage  resorption  (see  � Fig.  91.1).  As  the
phases  of wound  healing  progress, subm ucosal fibrosis  occurs
w ith  scar contracture. Because the larynx and  trachea are sem i-
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rigid  tubes, th is causes stenosis of the airway. Factors related  to
the risk for stenosis include the follow ing: tube size and compo-
sition ,  num ber  of  in tubat ions,  length  of  in tubat ion,  elect ive
versus  urgent  in tubat ion, concom itant  nasogastr ic  tube  place-
m ent, laryngeal m otion  during in tubat ion, and concom itant  lar-
yngopharyngeal  reflux  disease.  High-pressure  cu s  can  also
contribute  to  laryngotracheal  stenosis.  Modern  pract ices  use
low -pressure  cu s, and  cu pressures  are  routinely m onitored
in  pat ien ts w ho are chronically in tubated or t racheotom ized.

Tracheostomy  can  contribute  to  m ultiple  airway  abnorm al-
ities. A tracheostomy placed  too high  m ay cause cricoid  erosion
and  subglottic narrow ing. Excessive  tracheal cartilage  rem oval
during fenestration  at  the t im e of tracheotomy can  cause desta-
bilization  of the  an terior  t racheal wall. As  healing occurs  after
decannulation , an  “A-fram e” stenosis  can  develop, often  w ith
associated  m alacia  (� Fig. 91.5). Finally, stom al granulation  tis-
sue  can  develop  and  m ature  in to  cicatrix, and  cu  and  distal
tube tip  injury can  occur.

Fig. 91.1  (a) Endoscopic view of typical posterior glottic injury resulting  from  prolonged  intubation. Notice  that  the  mucosa covering  the  posterior
glottis is absent, with  cricoid  cartilage  exposure  (asterisk), granulation  at  the  cricoarytenoid  joint, and  irritation  and  granulation  at  the  site  of
endotracheal tube pressure on the distal anterior tracheal wall. (b) Schematic of areas of injury due to intubation: posterior glot tis, subglott is, cuff, and
distal endotracheal tube tip. (c) Schematic of areas of injury due to tracheotomy: subglott is (if a high tracheotomy), tracheotomy site, cuff, and distal
endotracheal tube  tip.
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System ic Disease
Am ong  the  system ic  diseases  that  can  cause  laryngotracheal
stenosis, granulom atosis  w ith  polyangiit is, t raditionally  know s
as Wegener  granulom atosis, is  the  m ost  com m on. Granulom a-
tosis w ith  polyangiit is is a  m ultisystem  autoim m une disease  of
unknow n  etiology.  Its  hallm ark  features  include  necrotizing
granulom atous  inflam m ation  and  pauci-im m une  vasculit is  in
sm all and  m edium -size  blood  vessels. Com m only  involved  or-
gans  include  the  upper  and  lower  airways, lungs, and  kidneys.
Specific  otolaryngologic  findings  include  serous  otit is  m edia,
ocular  inflam m ation ,  epistaxis,  sinusitis,  nasal  inflam m ation,
saddle  nose  deform ity, septal perforat ion, oral ulcerat ion, pal-
pable  purpura, and  skin  ulceration. About  one-fifth  of patien ts
w ill have subglott ic stenosis.

Granulom atosis  w ith  polyangiitis  is  usually  associated  w ith
the  presence  of  di usely  staining  cytoplasm ic  antineutrophil
cytoplasm ic autoantibodies  (c-ANCA) directed  against  the  ser-
ine proteinase 3 antigen  (PR3-ANCA). Serum  testing for c-ANCA
and  perinuclear  an tineutrophil cytoplasm ic autoant ibodies  (p -
ANCA) should  be  considered  for  patients  w ith  idiopathic  sub-
glottic stenosis. c-ANCA is 90% specific for  granulom atosis w ith
polyangiit is and varies w ith  disease act ivity. p -ANCA is less spe-
cific.  A negative  c-ANCA does  not  elim inate  the  diagnosis  of
granulom atosis  w ith  polyangiit is. Lim ited  granulom atosis  w ith
polyangiit is is often  m ore di cult  to diagnose than  generalized
form s, and  serologic m arkers and  biopsy m ay not  be diagnostic.
The  m edical treatm ent  of granulom atosis  w ith  polyangiit is  in-
volves cyclophospham ide, prednisone, and  tr im ethoprim /sulfa-
m ethoxazole.  Surgical  treatm ent  should  ideally  be  pursued
after m edical m anagem ent has led  to disease rem ission.

Relapsing  polychondrit is  is  another  autoim m une  disease
w ith  airway  involvem ent. It  generally  presents  w ith  m ultiple
areas of cart ilage involvem ent, such as auricular and nasal carti-
lage inflam m ation. This results in  a seronegat ive, nonerosive in-
flam m atory polychondrit is. Serum  testing show s an  increase  in
the  erythrocyte  sedim entation  rate,  and  a  cartilage  biopsy
should  be  perform ed. Treatm ent  options  include  cort icostero-
ids, nonsteroidal anti-inflam m atory drugs (NSAIDs), colchicine,
dapsone, m ethotrexate, and azathioprine.

Sarcoidosis is an  idiopathic system ic disease characterized  by
the  form ation  of noncaseating granulom as. It  is  m ore  com m on
in  African-Am erican  wom en. Sarcoidosis  m ay  cause  epiglottic
swelling  and  subglottic  stenosis. Other  otolaryngologic  m ani-
festations  include  cervical  lym phadenopathy,  Heerfordt
syndrom e  (uveoparotid  fever),  septal  perforation,  pulm onary
hilar  lymphadenopathy,  and  cranial  neuropathies  (e.g.,  facial
paralysis  and  sudden  sensorineural  hearing  loss).  Diagnostic
investigations  include  m easurem ent  of angiotensin-converting
enzym e  (ACE) and  calcium  levels, chest  radiography, and  puri-
fied  protein  derivative  (PPD) testing (negative  result). Medical
treatm ent  includes corticosteroids for  acute  exacerbations  and
conservative surgery.

Idiopathic Subglot t ic Stenosis
Idiopathic subglottic stenosis is  a  rare, nonspecific, progressive
inflam m atory  disorder  that  causes  subglottic  and  proxim al

Fig. 91.2  Cotton-Myer classification of subglott ic
stenosis in  the  pediatric population.

Fig. 91.3  Bogdasarian and Olson classification of adult  posterior glottic
stenosis. (a) Type I, vocal process adhesion or interarytenoid  synechia.
(b) Type  II, posterior commissure  stenosis with  scarring  in  the
interarytenoid  plane  and  internal surface  of the  posterior cricoid
lamina. (c) Type  III, posterior commissure  stenosis with  unilateral
cricoarytenoid  joint  ankylosis. (d) Type  IV, posterior commissure
stenosis with  bilateral cricoarytenoid  joint  ankylosis.
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Table 91.1  McCa rey classification of laryngotracheal stenosis

Stage  Descript ion  Prognosis for  decannulat ion

1  Lesions are  confined  to the  subglott is or trachea and  are  less than  1 cm  long.  90%

2  Lesions are  subglott ic stenoses longer than  1 cm  within  the  cricoid  ring  without  extension
into the  glottis or trachea.

90%

3  Lesions extend  into the  upper trachea but  do  not  involve  the  glottis.  70%

4  Lesions involve  the  glottis with  fixation or paralysis of one  or both vocal folds.  40%

Source: Adapted from  McCaffrey TV. Classification of laryngotracheal stenosis. Laryngoscope  1992;102:1335 and  McCaffrey TV. Management  of
laryngotracheal stenosis on the  basis of site  and  severity. Otolaryngol Head  Neck Surg  1993;109:468.

Fig. 91.4  McCaffrey classification of laryngotra-
cheal stenosis. Stage  1: Lesions are  confined  to
the  subglott is or trachea and  are  less than 1 cm
long. Stage  2: Subglottic stenoses longer than
1 cm are within the cricoid ring without extension
into the  glot tis or trachea. Stage  3: Lesions
extend into the upper trachea but  do not  involve
the  glottis. Stage  4: Lesions involve  the  glottis
with  fixation  or paralysis of one  or both vocal
folds.
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tracheal stenosis. This  disease  a ects  m iddle-aged  wom en  (30
to  50  years  of age)  and  is  a  diagnosis  of exclusion  m ade  after
other  etiologies  have  been  ruled  out.  It  has  been  speculated,
although  not  proved,  that  laryngopharyngeal  reflux  disease
m ay contribute to idiopathic subglott ic stenosis.

91.6  Medical Evaluat ion
91.6.1  Present ing Com plaints
Sym ptom s often  develop  gradually and  pat ients compensate, so
airway narrow ing can  be  quite  advanced  at  the t im e of presen-
tation. Presenting  complaints  include  dyspnea  (on  exertion  or
at  rest), exercise  in tolerance, inability  to  lie  supine, and  cough.
Hoarseness m ay indicate  glottic involvem ent. A m isdiagnosis of
refractory asthm a m ay be m ade. A past  m edical h istory of in tu-
bation, tracheostomy, neck surgery, neck traum a, laryngophar-
yngeal reflux disease, or autoim m une disease is im portant . Pre-
vious  operative  reports  of dilations  or  reconstructions  should
be obtained.

91.6.2  Clinical Findings, Physical Exam i-
nat ion
Initially, stridor, patient  discom fort  or  fat igue, use  of accessory
m uscles, supraclavicular  contractions, and  vocal quality should
be  noted  to  assess  the  acuity of the  airway and  severity of the
dyspnea, as well as the urgency or em ergency of the situation .

The  secondary goal of the  clin ical exam inat ion  for  a  pat ient
w ith  suspected laryngotracheal stenosis is to determ ine the na-
ture  of airway dysfunct ion  at  all levels. The  surgeon’s choice  of
in tervention  is significantly a ected  by the  ability to safely m a-
nipulate  the  pat ient’s  airway during  general anesthesia  and  in
the perioperative period. The physical exam ination  should  spe-
cifically include factors that a ect ease of in tubation  and airway
exposure,  including  m outh  opening,  Mallam pat i  score,  neck
size, cervical m obility, laryngeal position, and cervical scars.

Because in tubat ion  can  cause airway injury at  m ultip le levels
and  is the m ost  com m on cause of airway stenosis, it  is essential
to  survey  the  entire  airway  for  structural and  funct ional defi-
cits. Flexible  laryngoscopy and  bronchoscopy are  crit ical in  the
assessm ent  of dynam ic  airway  funct ion.  The  upper  airway  is
evaluated  for  signs  of sleep  apnea, the  larynx  is  inspected  for
appropriate  neurologic  function  (sensation  and  vocal  fold
m ovem ent)  and  evidence  of  cicatrix,  and  the  subglott is  and
trachea  are  exam ined  for  stenosis and  m alacia. It  is im por tan t
to evaluate  the  airw ay w hile  the  pat ien t  is awake  and  spon ta-
neously  ven t ilat ing  because  m alacia  is  often  elicited  on ly
w hen  the  patien t  is  asked  to cough  volit ionally. Most  pat ien ts
can  tolerate  bronchoscopy in  the  clin ic w ith  top ical lidocaine,
but  th is  can  also  be  perform ed  in  the  operat ing  room  under
ligh t  sedat ion .

Direct  laryngoscopy and  t racheobronchoscopy are perform ed
under general anesthesia. The larynx is palpated  to di erentiate
cricoarytenoid  join t  ankylosis from  paralysis, and  also to m eas-
ure  any areas  of stenosis  or  abnorm ality. With  a  Hopkins  rod-
lens  telescope, the  distance  of the  stenosis  from  the  superior

Table 91.2  Etiologies of adulty laryngotracheal stenosis

Trauma  Infect ion  Neoplast ic lesions  Idiopathic

Endotracheal intubation  Syphilis  Benign  Laryngopharyngeal reflux

Tracheotomy  Diphteria  Malignant

External laryngotracheal injury  Tuberculosis

Iatrogenic injury  Typhoid  fever

Following  radiotherapy  Systemic disease, granulomatosis
with  polyangiitis (Wegener granulo-
matosis)

Relapsing  polychondritis

Sarcoidosis

Fig. 91.5  (a–c) Evolution of an  “A-frame” steno-
sis. Cross-sectional diagrams of the trachea at  the
stoma site. After the  tracheotomy tube  is
removed, the anterior tracheal wall is destabilized
(arrows), causing an A-frame stenosis, often with
associated  malacia.
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surface  of the  vocal cords and  the  length  of the  stenosis can  be
determ ined.  A sm all  needle  can  be  inserted  in to  the  airway
through  the  cricothyroid  space  and  at  the  sternal notch  to  de-
term ine the relation  of the stenosis to these structures.

91.6.3  Test ing
Test ing  includes  serologic  stud ies  for  autoim m une  disorders,
pulm onary funct ion  tests, chest  rad iography, and  t issue  biop -
sy. Fine-cut  com puted  tom ography from  the  hyoid  to the  car-
ina  w ill  show  subglot t ic  or  tracheal  narrow ing  but  w ill  not
give  any  in form at ion  regarding  glot t ic  fun ct ion  or  dynam ic
airw ay collapse.

91.6.4  Di erent ial Diagnosis
The  di erential  diagnosis  of  adult  laryngotracheal  stenosis  is
listed in � Table 91.3.

91.7  Treatm ent
91.7.1  Medical Treatm ent
Com orbidities such as obstructive sleep apnea, diabetes, laryng-
opharyngeal reflux, and obesity should be optim ized before any
surgical in tervent ion. System ic inflam m atory disease should  be
m anaged  by an  appropriate specialist . Inhaled, topical, and  oral
cort icosteroids can  be  used. The  prolonged  use  of oral steroids
can  have  significant  side  e ects,  including  cushingoid  body
habitus, hyperglycem ic react ion, exacerbation  of anxiety or  de-
pression, acne, increased  in traocular  pressure, gastrointestinal
irr itation, and  avascular  necrosis of the  h ip. Racem ic epinephr-
ine and  heliox m ay be helpful in  temporarily stabilizing the pa-
tient  in  situations of acute  exacerbation  of airway comprom ise.
Voice  and  breathing  retraining  therapy  adm inistered  by  a
knowledgeable  speech–language  pathologist  can  significantly
help pat ien ts cope w ith  their airway and voice lim itations.

91.7.2  Surgical Treatm ent
When  a  surgical option  is  chosen, several factors m ust  be  con-
sidered: the location, length , and  quality (soft  vs fibrous) of the
stenosis;  dynam ic m alacia;  associated  im pairm ent  of vocal fold
m otion;  extent  of funct ional impairm ent;  and  m edical com or-
bidities of the pat ient.

Endoscopic  surgery  is  the  m ethod  m ost  com m only  used  to
treat  all levels of laryngotracheal stenosis. The m ajor disadvant-
age  is that  laser  incision  or  ablation  of scar  necessarily leaves a
raw  operative bed, potentially allow ing the  re-form ation  of cic-
atrix and  a  need  for  repeated  procedures. About  three-quarters
of patients t reated  w ith  endoscopic dilation  as prim ary therapy
w ill have recurrent  stenosis and  require  subsequent  treatm ent .
Patien ts w ho are  good  candidates for  endoscopic treatm ent  in-
clude  those  w ith  supraglott ic or  glottic  stenoses, Cotton-Myer
grade  1  or  2  subglottic stenoses, and  soft  or  im m ature  tracheal

Table 91.3  Di erential diagnosis of laryngotracheal stenosis

Etiology of
stenosis

Different ial diagnosis

Congenital  Tracheomalacia, laryngomalacia, laryngeal cleft, con-
genital cysts

Infection  Laryngotracheobronchitis (croup), bacterial tracheitis

Trauma  Vocal cord  paralysis, foreign  body, external compres-
sion

Neoplasm  Benign: recurrent  respiratory papillomatosis, subglot-
tic hemangioma
Malignant: squamous cell carcinoma of the  larynx,
chondrosarcoma

Systemic disease  Asthma, paradoxical vocal fold  motion

Table 91.4  Surgical approaches to the treatment of laryngotracheal stenosis

Locat ion  of stenosis  Surgical approach

Supraglottic  a)  Endoscopic
b)  Open

Glottic  Anterior  a)  Endoscopic
b)  Open: laryngofissure

Posterior  a)  Endoscopic
●  Carbon  dioxide  laser lysis of the  interarytenoid  synechia
●  Advancement  of a  posteriorly based  mucosal flap
●  Posterior cordotomy/cordectomy
●  Arytenoidectomy

b)  Open posterior cricoid  split  with  graft

Subglottic  a. Endoscopic (radial incision  and
dilation)
b. Anterior cricoid  split
c. Anterior–posterior laryngotracheoplasty
d. Cricotracheal resection

Tracheal  a)  Endoscopic (radial incision  and  dilation)
b)  T-tube  and  stents
c)  Segmental resection
d)  Augmentation
e)  Slide  tracheoplasty
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stenoses  of  m in im al  th ickness  (< 1 cm ).  An  endoscopic  ap -
proach  is  often  used  in it ially, follow ed  by an  open  procedure
after  recurrence.

Open  surgical  procedures  can  be  broadly  divided  in to  two
categories:  laryngotracheal  resection  and  laryngotracheal  ex-
pansion . Laryngotracheal resection  rem oves the  area  of steno-
sis,  w hereas  laryngotracheal  expansion  enlarges  the  area  of
stenosis by split t ing the  airway and  inserting a graft—often  au-
tologous rib cart ilage.

Supraglot t ic Stenosis
Supraglot tic stenosis is rare and  can  be caused by t raum a, caus-
tic  injury, or  in fect ion. Endoscopic  laser  ablation  of abnorm al
tissue is occasionally successful. If restenosis occurs, an  external
open  approach  is  used, either  via  a  t ranshyoid  pharyngotomy
or laryngofissure. E orts are  m ade to rem ove scar and  preserve
m ucosa  to  cover  denuded  areas  w ith  m ucosal  flaps. If  neces-
sary, a buccal graft  can  be harvested  for  further coverage. A lar-
yngeal sten t  is used  during the healing process. Alternatively, a
supraglott ic laryngectomy can  be perform ed.

Glot t ic Stenosis
Anterior Glot t ic Stenosis/Web
An  anterior  glottic  web  can  be  congenital  or  traum atic.  In
adults, it  is m ost  often  iatrogenic, resulting from  bilateral vocal
fold  surgery causing  scarring at  the  anterior  com m issure. This
disease can  be m anaged by an  endoscopic or an  open  approach.
If the anterior glottic web extends less than  5 m m  infraglottally,
then  endoscopic lysis of the web can  be  perform ed  w ith  a  laser

or  cold  steel  instrum entation. Lysis  alone  is  rarely  successful.
Adjunct ive  procedures  include  inject ion  of cort icosteroids  in to
the  area  of lysis, topical application  of m itomycin  C, and  endo-
scopic placem ent of a Silast ic keel w ith  rem oval at  2 to 4 weeks.

If there  is significant  in fraglot tic extension  of cicatrix, an  an-
terior  laryngofissure  w ith  resection  of scar  t issue, resurfacing
w ith  m ucosal grafts, and  placem ent  of a  soft , m olded  laryngeal
stent should be perform ed.

Posterior Glot t ic Stenosis
Posterior  glottic  stenosis  m ay also  be  m anaged  endoscopically
or  by open  surgery. The  surgical choice  is guided  by the  extent
of posterior  glottic  involvem ent, as  described  in  the  classifica-
tion  of Bogdasarian  and  Olson . Type  I is  m anaged  w ith  endo-
scopic lysis of the in terarytenoid  synechia (� Fig. 91.6). Patien ts
w ith  type  I posterior  glottic stenosis have an  excellent  progno-
sis  for  decannulation,  and  m any  regain  norm al  vocal  fold
m otion . Types II and  III can  be  m anaged  w ith  endoscopic laser
resection  of posterior  scar  t issue and  advancem ent  of a posteri-
orly based m ucosal flap from  the posterior cricoid  m ucosa. Type
IV stenosis  is  the  m ost  severe, defined  by bilateral cricoaryte-
noid  joint  ankylosis w ith  scarring and  contracture  of the  in ter-
arytenoid  space. An  endoscopic laser  posterior  cordotomy can
statically  en large  the  posterior  respiratory  glottis  (� Fig. 91.7)
w hile  m ain tain ing  som e  phonatory  funct ion  of  the  anterior
glottis. An open  or endoscopic arytenoidectomy can  rem ove ad-
ditional t issue, although  patients  m ay have  postoperative  dys-
phagia after resection  of the lateral lam ina of the arytenoid. It  is
im portant  to  counsel  pat ients  considering  these  procedures
that  they  w ill be  trading  som e  voice  and  swallow ing funct ion

Fig. 91.6  Development  of posterior glottic stenosis type I: interarytenoid synechia. (a) Endotracheal tube in place showing the development  of florid
posterior glottic granulation tissue  and  subglott ic edema. (b) When the  tube  is removed, the  granulation tissue  prolapses into the  airway. (c) If the
granulation  fronds fuse  together, an  interarytenoid  synechia  can  develop.

Fig. 91.7  (a) Preoperative  and  (b) postoperative
views of a  posterior cordotomy/cordectomy.
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for  airway im provem ent. Open  approaches  include  a  posterior
cricoid  split  w ith  insert ion  of a  rib  cart ilage  expansion  graft  to
separate  the  in terarytenoid  space. Alternatively, if the transcer-
vical approach  allow s the  restoration  of arytenoid  m otion  after
scar  resection , then  the  posterior  glottis  can  be  covered  w ith  a
buccal graft  or an  advanced  pharyngeal flap  to prevent  resteno-
sis and  restore glottal competence w ithout  a perm anent deteri-
oration  of voice or swallow ing funct ion .

Subglot t ic Stenosis
Endoscopic Management
Endoscopic  radial  incision  and  dilation  is  the  procedure  m ost
com m only  used  for  subglott ic  stenosis  (� Fig. 91.8). The  sten-
otic area is incised w ith  either sharp  instrum entation  or a laser.
Dilation  can  be  perform ed  pneum atically or  w ith  rigid  instru-
m entation. Theoretically, the  radial incisions  allow  the  preser-
vation  of in tervening areas of m ucosa, w hich  w ill then  epitheli-
alize the dilated area and retard the re-form ation  of scar.

Adjunct ive  procedures include  the  topical application  of m i-
tomycin  C to the  dilated  area. Mitomycin  C is  an  antineoplastic
antibiotic derived  from  Streptomyces caespitosus that  preferen-
tially inhibits fibroblast  proliferation . One study showed  a stat-
istically  significant  increase  in  the  success  rate  of endoscopic
treatm ent  of acquired  upper airway stenosis from  less than  20%
to  75% w hen  topical m itomycin  C was  added  to  the  t reatm ent
regim en. Unfortunately, the  e cacy  of m itomycin  C has  been
quest ioned  in  other studies, and  possible  complications include
eschar  form ation  (w hich  can  acutely  obstruct  the  airway)  and
risk for m alignancy. Other adjuncts that have been  used include
intralesional and  system ic cort icosteroids, perioperative  antibi-
otics,  and  antireflux  m edications.  Despite  these  m easures,
restenosis unfortunately com m only occurs.

Anterior Cricoid Split
Anterior  cricoid  split  is  a  type  of laryngotracheal expansion. It
was first  used  in  prem ature  infants as an  alternative  to trache-
otomy in  the  m anagem ent  of acquired  subglottic stenosis. The
anterior  cricoid  cartilage  is  divided  in  the  m idline,  and  the
upper  first  and  second  tracheal rings are  also  split . This proce-
dure allow s the cricoid  ring to expand. The patient  m ay need  to
rem ain  in tubated  for  up  to  10  days  after  the  procedure, but  a
tracheostomy is ideally avoided.

Anterior and Posterior Laryngotracheoplasty
Anterior  laryngotracheoplasty  and  posterior  laryngotracheo-
plasty  are  laryngotracheal  expansion  procedures  used  in  type
III or  IV subglottic  stenosis  or  w hen  an  endoscopic procedure
has failed. A laryngofissure is used  to gain  exposure, the an teri-
or  and/or  posterior  cricoid  ring  is  divided  in  the  m idline, and
cartilage  grafts are  placed  to m aintain  expansion  of the laryng-
otracheal fram ework. Cartilage grafts can  be harvested  from  rib
or  nasal  septum . This  procedure  requires  a  tracheostomy and
usually  placem ent  of  an  endolum inal  sten t  to  support  the
grafts.

Cricotracheal Resect ion
When  the  stenosis  involves  the  subglottic  area  but  spares  the
vocal  folds  and  leaves  a  sm all  “antrum ” of norm al  subglott is,
the  pat ient  is  a  candidate  for  a  cricotracheal  resection
(� Fig.  91.9).  In  th is  procedure,  the  stenotic  t issue  associated
w ith  the  anterior  cricoid  ring can  be  resected  and  norm al tra-
chea inset  in to the  dem ucosalized  posterior  cricoid  plate. Som e
surgeons choose  to  place  a  “Grillo  suture” from  the  chin  to the
presternal skin  to encourage pat ien ts to rem ain  in  cervical flex-
ion  and  prevent  unnecessary  tension  on  the  anastom osis.  In
properly  selected  pat ients,  the  success  rate  can  be  over  90%.
Most  of  these  pat ients  w ill  develop  som e  postsurgical  voice
change that m ay be perm anent .

Tracheal Stenosis
Endoscopic Management
The endoscopic m anagem ent  of tracheal stenosis is very sim ilar
to  that  of  subglottic  stenosis.  Laser  or  sharp  instrum entation
can  be used  for  the incision  or resection  of cicatrix. Dilat ion  can
be perform ed w ith  rigid or pneum atic instrum entation . Adjunc-
tive  m easures  include  m itomycin  C, in tralesional and  system ic
cort icosteroids, perioperative  antibiotics, and  an tireflux  m edi-
cations.

T-Tube and Stents
In  patients  w ho  have  isolated  tracheal  or  subglott ic  stenosis
and  norm al  laryngeal  funct ion ,  airway  stenting  can  be  judi-
ciously considered. The  role  of airway stents is controversial in
benign  tracheal stenosis. Although  the stent  w ill provide im m e-

Fig. 91.8  (a–c) Radial incision and  dilation  of idiopathic subglott ic stenosis.
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diate  relief of the  airway narrow ing, the  risks  for  the  develop-
m ent  of  m ucous  plugs  or  granulation,  sten t  m igration ,  and
long-term  propagation  of  the  dam aged  tracheal  segm ent  are
serious considerations. Sten ts are  m ost  often  selected  for  use in
patien ts  w ith  m alignant  airway  obstruct ion  or  inoperable  le-
sions, and  occasionally for  the  temporary support  of a  surgical
repair.

For  properly  selected  patients  w ho  require  an  airway appli-
ance  but  cannot  speak  around  a  tracheotomy  tube  or  w hose
tracheotomy tube  cannot  be  capped  because  of suprastom al or
subglottic  stenosis,  a  T-tube  can  be  used  for  airway  support
both  inferior  and  superior  to the stom a. This appliance is placed
through  an  exist ing tracheal stom a and  extends over  the length
of the  stenot ic or  m alacic segm ent. The  external lim b of the  T-
tube  anchors  the  appliance  in  the  proper  position  w ithin  the
trachea to prevent  m igration, and  it  also allow s access to the lu-
m en  for  suct ion  and  the  instillation  of saline  or  m edications.
The  external lim b  is  not  to  be  used  as  an  airway but  rather  is

kept  capped  to  allow  the  pat ien t  to  breathe  and  phonate
through  the  glottis. This appliance  does not  have  an  inner  can-
nula and  is prone to m ucous plug occlusion, especially if the ex-
ternal lim b  is  left  open  and  the  natural process  of hum idifica-
tion  of inspired air in  the upper airway is bypassed.

Segmental Resect ion
If the stenosis or  malacic segm ent  is isolated  to the trachea, then
a  sim ple  resect ion  with  an  end-to-end  anastom osis can  be  per-
formed  w ith  a  better  than  90% success  rate  (� Fig. 91.10). Grillo
et  al reported  on  a  series of 503  patients who underwent  surgi-
cal  treatm ent  for  post-intubation  tracheal  stenosis.  A total  of
471 patients reported  good  (87.5%) or  satisfactory (6.2%) results.
Com plications included  granulation, dehiscence, laryngeal nerve
injury, airway obstruction, m ediastinit is, hem orrhage, infect ion,
myocardial  infarct ion,  tracheo-esophageal  fistula,  pneum otho-
rax, deep venous throm bosis, recurrent  stenosis, and  death.

Fig. 91.9  Cricotracheal resection. (a–c) The
stenotic tissue  and  anterior cricoid  ring  are
resected, and  normal trachea is advanced and
inset  into the  demucosalized  posterior cricoid
plate. (d) Intraoperative view. A, thyroid cartilage.
B, posterior cricoid  plate  with  mucosa removed.
The  anterior arch of the  cricoid  has been
resected. C, normal trachea, to  be  inset  into the
cricoid  bed.
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Augmentat ion
Augm entation  t racheoplasty can  be perform ed w ith  autologous
m aterial  such  as  rib  cartilage,  periosteum ,  pericardium ,
pedicled  m uscle  flaps, composite  grafts, esophagus, om entum ,
or  solvent-preserved  dura. Cartilage  is com m only used  as graft
m aterial for several reasons. It  is a rigid  autologous tissue. It  de-
rives its  nutrit ion  through  di usion  and  as a  result  can  survive
w ithout a direct  vascular supply. The surgical procedure follow s
the sam e principles as those  used  for  other laryngotracheal ex-
pansion  procedures.

Slide Tracheoplasty
A slide  tracheoplasty can  be  used  w hen  segm ental resection  is
not  possible  because  of  the  length  of abnorm al  t rachea. This
procedure  is  usually  used  for  congenital  stenosis  in  children
and  is  not  routinely  applied  in  cases  of  traum atic  stenosis
(� Fig. 91.11).

91.8  Conclusion
This chapter  has briefly reviewed  key aspects in  the  evaluation
and  m anagem ent  of  laryngotracheal  stenosis.  Treatm ent  op -
tions are based on  the severity and position  of the stenosis. This
is a  challenging disease  to m anage, and  patients need  to be  ap-
propriately  counseled  regarding  the  risks  and  expectations  of
intervention.

Fig. 91.10  (a) Segmental resection  and  (b) primary anastomosis of
segments for isolated  tracheal stenosis.

Fig. 91.11  (a–c) Slide  tracheoplasty for congen-
ital stenosis or other scenarios with  limited
tracheal length.
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91.9  Roundsm anship
●  The m ost  com m on cause of laryngotracheal stenosis is

prolonged endotracheal in tubat ion; other causes include
system ic inflam m atory disease, infect ion , and neoplasm . Idio-
pathic subglottic stenosis is a diagnosis of exclusion.

●  Airway obstruct ion  m ay initially be m isdiagnosed as asthm a
refractory to convent ional treatm ent .

●  Three im portant  classifications for laryngotracheal stenosis
are the Myer-Cotton, Bogdasarian  and Olson , and McCa rey
system s.

●  The surgeon’s choice of in tervention  is significantly a ected
by the pat ien t’s underlying m edical conditions, the ability to
safely access the airway, and the nature of the airway deficits.

●  Endoscopic incision  and dilation  can  be used successfully to
treat  subglot t ic and  t racheal stenosis. The  m ain  disadvan -
tages are  the  risk for  restenosis and  the  need  for  repeated
procedures.

●  Stents and T-tubes should  be used judiciously in  carefully se-
lected pat ients. They both  carry a significant  risk for m ucous
plug form ation  and fatal airway obstruction.

●  Open surgical procedures can be broadly divided in to two cat-
egories: laryngotracheal resection  and laryngotracheal ex-
pansion. Laryngotracheal resection  rem oves the area of
stenosis, w hereas laryngotracheal expansion  enlarges the
area of stenosis by split t ing the airway and insert ing a graft .

●  Placem ent of a tracheotomy tube is a t im e-honored option  for
patients w ith  significant  m edical com orbidities or compli-
cated m ultilevel stenosis.
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92  Laryngeal Traum a
Steven David Schaefer

92.1  Int roduct ion
External  laryngeal  injuries  are  rare,  accounting  for  only  1  in
30,000  em ergency  room  visits. Early  and  careful m anagem ent
of these injuries has a profound consequence on  the im m ediate
probability  of the  patien t’s  survival  and  long-term  quality-of-
life. Our  approach  to these  injuries has  been  to  apply the  basic
principles  of laryngeal m echanics  to  repeated  observation  and
to  the  refinem ent  of m edical  and  surgical  t reatm ent  over  the
past  25 years.

92.2  Applied Anatom y and
Physiology
The hum an  larynx is a h ighly evolved  respiratory sphincter. The
laryngeal skeleton , w hich  is  a  derivative  of the  second  through
sixth  branchial arches, consists  of the  hyoid  bone, three  single
cartilages  (the  thyroid,  cricoid,  and  epiglottic  cart ilages),  and
three  paired  cartilages  (the  arytenoid, corniculate, and  cunei-
form  cartilages). The  car t ilages  are  suspended  together  by  fi-
brous  ligam ents  and  m em branes. Phonat ion  is  the  product  of
chest  compression  of subglottic air  overcom ing the  elastic and
m uscular  forces of vocal fold  closure. Act ing as a  sound  source,
the  larynx  cycles  betw een  these  two  forces  to  produce  a  tone
that  is m odulated by the vocal tract  (broadly, the vocal tract can
be  defined  as  extending  from  the  diaphragm  to  the  lips). The
complex  in teract ion  betw een  vocal  fold  tension, m ass, length ,
and  m ucosal  covering  and  subglottic  air  pressure  is  best  de-
scribed  by  the  myoelastic–aerodynam ic  theory. as  we  seek  to
repair  the t raum atized  larynx, we m ust  em ploy an  understand-
ing of laryngeal anatomy and physiology to guide us in  deciding
betw een  m edical and  surgical m anagem ent, and  the  extent  of
surgical treatm ent  (see  Chapter  74  for  a  detailed  discussion  of
laryngeal anatomy and physiology).

92.3  The Disease  Process
92.3.1  Et iology and Pathogenesis
External laryngeal injuries  are  now  uncom m only seen  in  m ost
em ergency  departm ents  for  several  reasons. First , the  overall
incidence  of neck  t raum a  adjusted  for  the  populat ion  has  de-
clined  in  comparison  w ith  the  incidence  in  the  early 1990s, re-
flecting  safer  designs  in  autom obiles  and  decreasing  violent
crim e  in  the  United  States. Second, the  m ost  severely  injured
pat ien ts d ie  at  the  seen  of the  acciden t  or  assault  and  are  not
coun ted  in  est im ates of laryngeal t raum a. Th ird , the  larynx is
a orded  par t ial p rotect ion  by its posit ion  in  the  neck. An teri-
orly, the  in ferior  project ion  of the  m andible  par t ially  sh ields
the  larynx  from  direct  t raum a;  poster iorly, the  rigid  cervical
spine  protects the  larynx. Nonetheless, in juries occur, and  the
resu ltan t  dam age  to the  larynx is  usually characterist ic of the
m echan ism  of  in jury. The  m echan ism s  of external  laryngeal
injury  can  be  divided  in to  blun t  t raum a  (including  clothes-

line,  crush ing,  and  st rangulat ion  injuries)  and  penetrat ing
traum a.

Anterior  blunt  injuries are  m ost  com m only the  result  of m o-
tor  vehicle  accidents. If no seat  belt  is worn  or  if only a  lap  belt
is  used, the  driver  is  th rust  forward  during  rapid  deceleration
w ith  the  neck  hyperextended. This  position  rem oves  the  bony
protect ion  of  the  m andible,  exposing  the  larynx  to  an terior
crushing forces. If the larynx then  strikes the  steering w heel or
dashboard, it  m ay  be  compressed  betw een  these  objects  and
the cervical spine.

Clothesline injuries occur  w hen  the rider  of a vehicle, such  as
a m otorcycle  or  snow m obile, encounters a  fixed  horizontal ob-
ject , such  as  a  clothesline  at  neck level. This type  of injury im -
parts  the  full m om entum  of the  rider  and  the  vehicle  over  the
relatively  sm all  anterior  neck,  result ing  in  m assive  t raum a.
Many of these  injuries lead  to im m ediate  death  from  a crushed
larynx or  separation  of the  cricoid  from  the  thyroid  or  tracheal
cartilage. The latter  injuries are frequently accom panied  by dis-
rupt ion of one or both  recurrent  laryngeal nerves. Strangulation
injuries  occur  from  m anual  compression ,  from  assaults  w ith
strangulation  by  a  soft  object , or  from  attempted  suicides  by
hanging.  Typically,  the  in itial  finding  m ay  be  hoarseness  or
abrasions on  the  overlying skin  of the  neck. However, these  in-
juries  m ay later  (in  12  to  24  hours) be  associated  w ith  m arked
edem a  of the  larynx  and  resultant  loss  of airway. The  m agni-
tude  of the  force  sustained  to the  anterior  neck should  be  con-
sidered  in  the  m anagem ent  of  such  patien ts  to  avoid  subse-
quent  potent ial  loss  of the  airway. Overall, in  blunt  traum a  to
the  an terior  neck, fractures of the  thyroid  cartilage  occur  m ore
frequently than  of all other airway cartilages com bined.

Injury from  gunshot  wounds depends on  the type of weapon
used, the  e ect ive  range  of the  weapon, and  the  am m unition.
Gunshots  at  close  range  impart  in tense  energy  to  the  soft  t is-
sues  and  are  usually  fatal. Low-velocity  handguns  (com m only
used  in  dom estic assaults) generally have only a m oderate blast
e ect  on  surrounding t issue. These  injuries m ay be  m isleading
on  in itial exam ination  because  of the  bullet’s  erratic course  in
soft  t issues. High-velocity weapons, such  as  hunting rifles  and
m ilitary assault  weapons, im part  a significant  am ount of kinetic
energy to the  tissues. In  these  injuries, t issue  viability is w idely
comprom ised,  and  in itial  im pressions  as  to  the  extent  of
wounding are  frequently  inadequate. Knife  injuries  do  not  de-
stroy tissue  distan t  to  the  path  of injury, and  their  course  m ay
be accurately estim ated from  the ent rance and exit  wounds.

The  pediatric larynx  is  injured  less  often  than  the  adult  lar-
ynx.  Situated  higher  in  the  neck  than  the  adult  larynx,  the
child’s  larynx is  a orded  greater  protect ion  by the  caudal pro-
ject ion  of the  m andible. However, the  pat tern  of injury reflects
a dynam ic betw een  the loose attachm ents of the overlying m u-
cous m em branes and  ligam ents  and  the  increased  elasticity of
the  cartilaginous  fram ework. Furtherm ore, the  cross-sectional
area of the pediatric larynx compared w ith  that of the adult  lar-
ynx is decreased. The com bination  of potentially increased soft-
t issue  injury  and  edem a  w ith  decreased  cross-sect ional  area
m akes the  pediatr ic airway especially vulnerable  to em barrass-
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m ent. These  injuries  m ay  be  di cult  to  recognize  because  of
the lack of obvious cartilaginous fractures.

92.4  Medical Evaluat ion
92.4.1  Acute Medical Evaluat ion and
Managem ent
When  a  pat ien t  w ith  a  neck  injury presents  to  the  em ergency
departm ent , the first  prior ity is to establish  an  airway. This m ay
be  very  di cult  and  often  requires  em ergent  tracheotomy  or
cricothyroidotomy. Care should  be  taken  to avoid  m anipulation
of the  neck. Until a  cervical spine  injury has been  excluded, no
extension  of the  neck  should  be  allowed  during either  orotra-
cheal  in tubation  or  tracheotomy. After  the  airway  is  secured,
venous access  should  be  obtained  w ith  at  least  two  large-bore
cannulas. Isotonic  fluids  are  adm inistered  as  needed  to  m ain-
tain  circulation. The  pat ient  is  then  disrobed  and  exam ined  for
other  injuries. If the  pat ient  is  unstable  after  these  m easures,
im m ediate  surgery  is  needed. However, if  the  patien t  is  rela-
tively  stable  after  these  m easures, diagnostic  assessm ent  m ay
proceed. The  m inim um  radiographic  evaluation  consists  of  a
cervical  spine  series  and  a  chest  radiograph. After  fu ll  assess-
m ent  of all injuries, the  various physicians involved  should  de-
term ine the order of m anagem ent and proceed accordingly.

92.4.2  Secondary Medical Evaluat ion
The  presentat ions  of external laryngeal  traum a  vary  from  ob-
vious open  fractures to subtle aberrations of laryngeal funct ion.

History
Understanding the m echanism  of wounding is im portant  to de-
ciding on  the im m ediate course of t reatm ent and predict ing the
potential injuries. A patien t  arr iving in  the  em ergency depart-
m ent  after  str iking  the  steering  w heel w ith  the  an terior  neck
m ay appear  stable  w ithin  the  first  m inutes  after  the  accident.
Within  the  next  several hours, the  in itially  norm al findings  of
the  exam ination, including laryngoscopy, m ay evolve  in to  life-
threaten ing endolaryngeal edem a  and  hem atom as. In  such  an
example, the history of significant energy being im parted to the
neck should  aler t  the  physician  to the  potential for  an  evolving

catastrophic event . In  contrast , a  low -energy accidental blow  of
the  fist  or  other  less  in tense  blow  to  the  larynx can  result  in  a
displaced  thyroid  cart ilage  fracture. In  penetrating t raum a, the
type  of weapon  and  am m unition  used, the  range  at  w hich  the
injury occurred, and  the  anatom ical site  of the  wound  m ust  all
be considered. Having seen  all of these events, we advocate that
any  pat ient  w ith  a  h istory  of  traum a  to  the  central  compart-
m ent  of the  neck  be  considered  to  have  a  potential airway in-
jury until proved otherw ise.

Physical Examinat ion
In  our  experience, on ly  respiratory  dist ress  seem s  to  correlate
w ith  the severity of blunt  injury (� Table 92.1). Visual exam ina-
tion  of the  neck m ay reveal an  open  fracture  or  laryngocutane-
ous fistula, or  m ore  often  nothing in  the  case  of blunt  t raum a.
The  larynx  should  be  palpated  for  crepitus. Tenderness  to  pal-
pation, although  not  specific, is  often  present  in  significant  in -
jury. The  skin  of the  neck  m ay  reveal contusions  or  abrasions
from  blunt  t raum a or a line pat tern  indicat ive of a strangulation
injury. Penetrating  injuries  are  exam ined  for  an  entrance  and
an  exit  wound, and  the  m ost  likely path  of travel of the  projec-
tile  should  be  determ ined. Open  wounds are  not  explored  w ith
instrum ents, nor are they probed  to avoid  dislodging a hem ato-
m a and  in itiating further bleeding. The cervical spine should  be
palpated for any bony step-o fractures, dislocations, or tender-
ness. Hem optysis m ay reveal an  injury to the  upper  aerodiges-
tive  system , but  it  is  often  di cult  to  di erentiate  from  bleed-
ing caused by associated facial t raum a.

External laryngeal injuries are  often  associated w ith  a change
in  voice. A patien t  w ith  severe t raum a m ay be entirely aphonic.
More  com m only, a  dysphonic voice  is  present  secondary to  al-
terat ions  in  the  larynx, or  the  voice  is  m u ed  secondary  to
supraglott ic or  upper  vocal tract  injury. Hem atom as of the true
vocal folds add m ass to these vibratory units and lower the fun-
dam ental frequency of vibration. Paresis  of the  vocal fold  from
dam age  to  the  recurren t  laryngeal  nerve  or  from  m echanical
dislocation  of  the  cricoarytenoid  join t  m ay  cause  a  weak,
breathy voice. Finally, any injury to the larynx that  changes the
airflow  patterns has the potential to alter the voice.

Am ong the  m ost  serious  alterat ions  of laryngeal function  is
the abnorm al flow  of air  through  the upper airway. In  instances
of cricotracheal separation, the  partially transected  airway m ay

Table 92.1  Presenting symptoms of 68 patients with laryngeal trauma

Present ing  symptoms  Type  of injury

Group  Hoarseness  Pain/tender-
ness

Hemoptysis  Dysphagia  Subcutaneous
emphysema

Impaired
respirat ion

Hematoma  MVA  Blunt  Penetrat ing

I  8  7  1  1  1  1  0  7  3  1

II  10  2  2  2  5  18  3  7  9  19

III  4  1  1  1  5  8  1  2  2  8

IV  3  0  0  1  2  6  0  2  2  6

Abbreviation: MVA, motor vehicle  accident.
Source: From  Schaefer SD, Close  LG. Acute  management  of laryngeal trauma. Update. Ann Otol Rhinol Laryngol 1989;98(2):98–104.
Note: Groups I through IV refer to the  form  of management  and are  discussed in  � Table  92.2. In group IV (patients with the  most  severe injuries), the
severity of injury did  not  correlate  with  the  presenting  symptoms.
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be m aintained solely by a bridge of m ucous m em brane betw een
the  cricoid  and  trachea.  In  gunshot  wounds,  the  path  of  the
m issile serves as a laryngocutaneous fistula and  allow s respira-
tion  despite  obstruct ion  at  the  glottic  or  supraglott ic  level. In
this  instance, airflow  from  the  wound  w ill be  obvious, and  no
attempt  should  be  m ade  to  cover, compress, or  otherw ise  m a-
nipulate  such  a wound  until the  surgeon  is  ready to secure  the
airway. Str idor  m ay be  caused  by bilateral vocal fold  paresis or
disruption  or m ay result  from  any com bination  of unilateral im -
m obility and  subglott ic, glottic, or  supraglottic edem a or hem a-
tom a. If  severe  enough, edem a  alone  w ith  healthy  vocal  fold
m ovem ent  m ay cause  str idor. As  discussed  above, in  som e  pa-
tien ts  the  edem a  or  hem atom a  can  evolve  over  a  few  hours,
w hich  m ay perm it  a recognition  of subglottic, glottic, or  supra-
glottic airway comprom ise. In  m any other  pat ients, the  airway
comprise is too rapid  to perm it  a distinct ion  am ong inspiratory,
expiratory, and  m ixed  str idor. A th ird, m ore  subtle  form  of lar-
yngeal dysfunct ion  is aspiration , w hich  is usually caused  by im -
m obility  of one  or  both  vocal folds. Although  not  im m ediately
clin ically apparent  after  injury, aspiration  m ay present  later  as
pneum onia.

After  the  in itial exam ination  and  securing of the  airway, ex-
am ination  of  the  endolaryngeal  anatomy  is  attempted.  Since
the  1980s,  flexible  fiber-optic  laryngoscopic  exam inat ion  has
m ade  possible  an  im proved  nonoperative  evaluation  of the  in-
jured  larynx.  After  careful  inser t ion  of  the  laryngoscope
through  the nares, the oropharynx and hypopharynx are exam -
ined  for  injury. The larynx is exam ined  for hem atom as and  lac-
erations, and  their  size  and  location  are  noted. The  arytenoids
are  evaluated  for  full  range  of  m otion  during  phonation  and
respiration.  Part ial  lim itation  of  range  of  m otion  indicates  a
structural  deform ity  or  dislocation  of the  arytenoids, w hereas
complete  im m obility is  m ore  suggestive  of recurrent  laryngeal
nerve  injury. Failure  of the t rue  vocal folds to m eet  in  the sam e
horizontal plane m ay indicate a structural change in  the laryng-
eal fram ework or superior laryngeal nerve injury. In  m inor inju-
ries w ith  su cient  glottic closure to tr igger a strobe, videostro-
boscopic laryngoscopy is helpful to reveal sm all alterations sec-
ondary  to  either  m uscle  or  m ucosal  injuries. Finally, exposed
cartilage  is  recorded, along w ith  the  in tegrity of the  surround-
ing m ucous m em brane.

92.4.3  Test ing
Laryngeal Im aging
Plain  film s  m ay  identify  gross  fractures  but  are  lim ited  to  a
two-dim ensional im age  of the  relevant  anatomy. Magnetic res-
onance  im aging  o ers  superior  soft-t issue  defin ition  but  does
not  perm it  visualization  of  the  laryngeal  hard  tissue. In  con-
trast , computed  tomography (CT) perm its  an  evaluation  of the
laryngeal skeletal and  soft  t issue  in  a  noninvasive  m anner. We
recom m end  reserving CT for  patients  in  w hom  laryngeal t rau-
m a is suspected  by history but  in  w hom  the  extent  of injury is
not  obvious  on  physical  exam ination. Such  patients  are  those
w ho have  only one  sign  or  sym ptom  of laryngeal traum a, such
as  hoarseness,  and  m inim al  physical  findings  suggestive  of
laryngeal injury. In  th is  instance, CT m ay allow  the  surgeon  to
confirm  the  lack  of  injury  in  a  noninvasive  m anner  w ithout
direct ,  operat ive  laryngoscopy  and  the  concom itant  need  for

general anesthesia. CT m ay also  be  used  to identify the  pat ien t
w ith  m inim ally  displaced  m idline  or  lateral  thyroid  cartilage
fractures  that  are  otherw ise  unrem arkable  and  m inim ally
sym ptom atic. Such  unrepaired  lateral displacem ent  of the  thy-
roid  cartilage  impairs  phonation  by  disrupting  complete  vocal
fold  closure or laryngeal valving. In  a relatively sm all num ber of
patien ts  w ith  m assive  edem a  or  hem atom as  w ithout  lacera-
tions, direct  laryngoscopy has been  insu cien t  to visualize  the
laryngeal  fram ework.  In  these  patien ts,  CT  is  em ployed  to
search  for  laryngeal fractures. If none  are  detected, the  pat ient
undergoes  a  tracheotomy  to  preserve  the  airway  and  is  ob-
served, so that open  exploration  is avoided.

The  m anagem ent  of  injuries  to  the  larynx  is  based  on  the
m echanism  and  exten t  of injury found during the in itial assess-
m ent. The first  priority is always securing the airway. The long-
term  priority is the restoration  of norm al laryngeal funct ion. To
m eet  these  goals, the  in itial m anagem ent  can  be  encompassed
in  four quest ions. First , does the patient  have a tenuous airway?
Given  the  propensity  for  central compartm ent  neck  traum a  to
comprom ise  the  laryngeal  skeleton,  th is  question  should  be
caut iously  answered.  Second,  how  can  the  extent  of  injury
best  be  evaluated?  These  options  can  include  fiber-optic  lar-
yngoscopy, CT, or  direct  laryngoscopy. Third, after  the first  two
quest ions have been  satisfied, is the injury likely to heal sponta-
neously w ith  a result  equal to or  better  than  that  of surgical in-
tervention?  Forth , if the  outcom e of the  injury is in  doubt  or  so
severe  as  to  require  surgical  t reatm ent, w hich  procedures  are
indicated? The answers to the last  two quest ions require a thor-
ough  knowledge  of  laryngeal  m echanics  and  experience
(� Fig. 92.1). The latter  is increasingly di cult  to acquire, given
the rarity of these injuries.

92.5  Treatm ent
92.5.1  Medical Managem ent
Medical m anagem ent assum es that  the patien t does not  require
a t racheotomy and has an  otherw ise stable airway. If the patient
has  only  the  follow ing injuries, we  recom m end  close  observa-
tion  w ithin  the  first  24  hours after  injury and  head-of-bed  ele-
vation. These  injuries include  (1) m inor  endolaryngeal m ucosal
lacerations w ithout  involvem ent  of the  an terior  com m issure  or
free m argin  of the t rue vocal fold; (2) single, nondisplaced, non-
angulated  fractures  of the  thyroid  cart ilage  w ithout  overlying
m ucosal  lacerations  or  exposed  cart ilage;  (3)  nonobstruct ing
endolaryngeal edem a; and (4) sm all, stable hem atom as that are
not  causing respiratory em barrassm ent . Cort icosteroids m ay be
usefu l if given  early after injury.

92.5.2  Surgical Managem ent
Surgical t reatm ent  is  indicated  in  injuries that  w ill not  sponta-
neously  recover  and  therefore  require  surgical  restoration  of
the  t raum atized  larynx. These  injuries  are  those  (1)  involving
the  an terior  com m issure  or  free  m argin  of the  t rue  vocal fold,
(2) result ing in  exposed cart ilage, (3) leading to m ultiple or dis-
placed  fractures  of the  thyroid  cartilage  or  any  fracture  of the
cricoid  cartilage,  (4)  causing  vocal  fold  paralysis  or  su cient
airway  comprom ise  to  require  in tubat ion  or  tracheotomy, (5)
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resulting in  glottic or  transglot tic lacerations, and (6) associated
w ith  t raum a to  another  area  of the  neck  that  requires surgical
in tervention. Repair  of the  larynx  should  be  coordinated  w ith
all  surgical  team s  involved  and  w ith  the  anesthesiologist. The
person  responsible for the airway at each stage of the procedure
should  be  designated  before the  patient  is brought  to the  oper-
ating room . Plans  for  em ergently  obtaining an  airway and  the
instrum ents required for surgery should also be established.

The m ost  conservative, reliable m ethod of securing an  airway
in  a pat ient  w ith  laryngeal injury is local tracheotomy w hile the
patien t  is  awake. Endotracheal in tubation  m ay further  dam age
the  larynx, be  exceedingly  di cult , in terfere  w ith  subsequent
exam ination  and  repair  of  the  larynx, and  convert  an  urgent
procedure  to  an  em ergent  one. Endotracheal in tubation  is  ac-
ceptable  w hen  (1) the  endolaryngeal m ucous m em brane  is  in -

tact , (2)  the  laryngeal skeleton  is  m in im ally  displaced, and  (3)
the in tubat ion  is perform ed by one highly skilled  in  such  proce-
dures.

After  local  tracheotomy  or  the  selective  use  of  in tubation,
general anesthesia  is  induced  followed  by operative, direct  lar-
yngoscopy. The larynx is exam ined for exposed car tilage, hem a-
tom as, lacerations, and  range  of m otion  of the  t rue  vocal folds.
The subglott is is evaluated  for  injury to the  cricoid  and  trachea.
Rigid  esophagoscopy  is  perform ed  to  rule  out  injury  to  the
esophagus.

Managem ent  of  the  traum atized  pediatric  airway  presents
special problem s. Endotracheal in tubation  in  the  injured  pedia-
tr ic larynx has all of the sam e risks outlined above for the adult .
The  option  of local t racheotomy is  not  feasible  in  a  frightened,
injured  ch ild. The  t im e  m argin  of error  is  also  less  because  the

Fig. 92.1  Management  protocol for the  acutely injured  larynx. CT, computed  tomography. (Source: Adapted from  Schaefer SD. The  treatment  of
acute  external laryngeal injuries. Arch  Otolaryngol 1991;117:35.)
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arterial oxygen  saturation  drops m ore  rapidly than  in  an  adult .
In  th is  instance, rigid  bronchoscopy is perform ed  to  secure  the
airway under  direct  visualization. A tracheotomy m ay then  be
perform ed over the bronchoscope.

After an  airway has been  obtained and endoscopy perform ed,
and  follow ing review  of the  CT findings, the  need  for  open  ex-
ploration  and  repair  is  reevaluated.  In  patients  w ith  edem a,
hem atom as,  nondisplaced  fractures  of  the  thyroid  cartilage,
healthy  t rue  vocal  fold  m otion , and  no  injury  to  the  anterior
com m issure  or  free  m argin  of the  true  vocal  fold, no  fur ther
surgery  is  usually  indicated.  Anesthesia  is  discontinued,  the
head  of the  bed  is  elevated, and  the  patient  is  observed  care-
fully. Serial flexible  fiber-optic laryngoscopic exam inations  are
perform ed  to ensure  proper  healing, and  the t racheotomy tube
is rem oved as soon as rem oval can  be tolerated.

In  pat ients  w ith  m ore  severe  injuries, surgical exploration  is
perform ed. In  the  past,  cont roversy  existed  as  to  the  optim al
tim e for  repair. Som e authors had  advocated  delay of repair  for
3 to 5 days to allow  edem a to subside, m aking it  easier  to iden-
tify m ucosal lacerations. We believe that  the best results are ob-
tained w ith  early repair, avoiding the m orbidity of leaving open
wounds in  a  contam inated  field. Follow ing exposure  of the  en-
dolarynx via a thyrotomy, m ucosal lacerations are  m eticulously
repaired  w ith  5–0  or  6–0  absorbable  sutures. Dislocated  aryte-
noids are  reduced. In  m ost  injuries, wounds can  be  closed  w ith
adjacent  m ucosa. In  cases  involving m ilitary weapons  or  other
instances  in  w hich  the  loss  of t issue  is  large, regional m ucosal
flaps  or  skin  grafts  m ay  be  used  to  complete  the  lin ing  of the
larynx.  After  repair  of  the  injured  m ucous  m em brane  and
m uscle, the  anterior  com missure  is  reconstituted  by  sutur ing
the anterior m argin  of the true vocal fold  to the outer perichon-
drium . Regardless  of the  need  for  sten ting, as  is  discussed  be-
low,  reconst itut ing  the  anterior  com m issure  is  essential  to
m ain tain  the  scaphoid  shape  of th is site  and  to preserve  a  nor-
m al  voice.  The  thyrotomy  is  closed  w ith  perm anent  sutures,
w ire, or fixation plates.

The  advantages  of using  a  stent  should  be  weighed  against
the risk for additional dam age to the m ucosa. Sten ts are recom -
m ended for injuries involving the anterior com m issure, m assive
lacerations, com m inuted  fractures of the  thyroid  cart ilage, and
cases in  w hich  the  architecture  of the larynx is not  m ain tained
by open  fixat ion  of the  fractures. The  advantages of stent ing in
these  instances  are  decreased  web  form ation  at  the  an terior
com m issure,  decreased  synechiae  from  extensive  lacerations,
and  better support  of the laryngeal arch itecture during healing.
The  placem ent  of an  endolaryngeal stent  w ithout  open  reduc-
tion  and  in ternal  fixat ion  of fractures  and  w ithout  closure  of
lacerations  is  unsat isfactory  because  both  the  injuries  and  the
larynx  are  too  complex  to  benefit  from  the  placem ent  of a  lu-
m en  keeper. The  choice  of stents ranges from  finger  cots  filled
w ith  foam  rubber  to com m ercially m anufactured  polym eric sil-
icone  stents. If preform ed  sten ts  are  not  available, a  finger  cot
sten t  can  be  m ade  by packing it  w ith  gauze, or  a  silicone  sten t
can  be m ade from  an  endotracheal tube. This endotracheal tube
sten t  is  created  by clapping the  tube  and  then  placing it  in  the
autoclave for heating and reshaping (� Fig. 92.2).

All should  be  roughly in  the shape of the larynx and  m ade of
soft  m aterial to avoid further m ucosal dam age. The stent should
extend  from  the false  vocal fold  to the first  t racheal ring to add
stability and prevent  endolaryngeal adhesions. Ideally, the sten t
should  be  secured  in  such  a  m anner  as  to  be  easily  rem oved
w ith  endoscopic  techniques. Follow ing  repair  of the  laryngeal
wounds, the strap  m uscles are  reapproxim ated, and  the wound
is closed over a drain .

Various  other  injuries  m ay  also  be  encountered  during  sur-
gery. As  m uch  as  one-third  of the  anterior  cricoid  or  trachea
can  be repaired  by using the sternohyoid  m uscle and  its overly-
ing fascia. Loss  of the  anterior  th ird  of the  thyroid  cart ilage  or
hem iglottis  can  be  repaired  by  the  closure  of m ucosal  lacera-
tions  over  a  sten t. If open  reduct ion  and  in ternal fixat ion  w ith
stenting are unsuccessful in  restoring the laryngeal architecture
because  of  m assive  t issue  loss,  partial  or  total  laryngectomy
m ay be necessary. The decision  for partial or total laryngectomy
should  be based on  the defect , according to the sam e guidelines
used  in  oncologic reconstruct ion. However, total laryngectomy
has not  been  necessary in  large series of cases of laryngeal trau-
m a and  is m ore likely to be considered  acceptable m anagem ent
for m ilitary wounds.

Fig. 92.2  Examples of a  finger cot  and  a shaped  endotracheal tube.
These  can be  used  as laryngeal stents if preformed  stents are  not
available.
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92.5.3  Postoperat ive Care
We prescribe  postoperative  antibiotics  for  5  to  7  days in  an  ef-
fort  to reduce infect ion  and  the form ation  of granulation  tissue.
However, we are unaware of published verification  of th is prac-
tice. The  head  of the  bed  should  be  elevated, as  tolerated, to
m inim ize  edem a. The  patient  should  be  encouraged  to  am bu-
late  as soon  as am bulation  can  be  tolerated. If a  tracheotomy is
present, routine  care  is  provided. Stents  placed  at  the  tim e  of
surgery should  be  rem oved  as soon  as possible  to  prevent  fur-
ther  m ucosal dam age, usually 10  to 14 days after  surgery. Dec-
annulation  m ay be  perform ed  as soon  as the  sten t  is  rem oved.
Follow -up  exam inations should  be scheduled  for  at  least  1  year
to  assess  the  return  of true  vocal fold  funct ion  and  to  m onitor
the  developm ent  of subglottic stenosis. Proton  pum p  inhibitors
should  be  routinely  used  to  prevent  reflux, w hich  m ay  cause
increased scarr ing of laryngeal t issues. When  possible, nasogas-
tr ic tubes are  avoided  to reduce reflux and  prevent  the posteri-
or cricoid m ucosal erosion  associated w ith  their use.

92.6  Com plicat ions
Com plicat ions after  the  repair  of external laryngeal t raum a in-
clude  im paired  vocalization, respirat ion, and  deglutit ion. Post-
operative  granulation  tissue  m ay  be  seen  after  rem oval of the
stent. This is best  m anaged  by prevent ion  w ith  m eticulous clo-
sure  of all m ucosal lacerations at  the  t im e  of surgery. Postope-
rative antibiotics and  early rem oval of the stent  m ay reduce the
am ount  of  granulation  t issue.  Profuse  granulation  tissue  that
persists m ay be debulked w ith  the use of endoscopy.

Vocal fold  imm obility m ay cause a weak voice if unilateral;  bi-
lateral vocal fold  involvement  m ay result  in  aphonia and  respira-
tory  comprom ise.  Unless  the  recurrent  laryngeal  nerve  was
know n to be severed at  the tim e of surgery, medialization  proce-
dures should  be  delayed  for  at  least  6  months to permit  delayed
recovery. If after  6  months no  m obility is  present, electromyog-
raphy  is  recomm ended.  This  perm its  di erentiation  between
laryngeal denervation  and  arytenoid  fixation, as well prognosti-
cation  of the  return  of vocal fold  function. At  6  to  12  months in
the  patient  w ith  a  unilaterally  denervated  larynx, a  m edializa-
tion  procedure  m ay  be  performed  to  strengthen  the  voice  or
prevent  aspiration. Further  treatm ent  of the  denervated  larynx
and of laryngeal and/or  tracheal stenosis is discussed elsewhere.

92.7  Prognosis
The  outcom e  after  laryngeal traum a  depends  on  the  exten t  of
the original injury and the quality of subsequent  repairs. For pa-
tients w ho do not  require  operative in tervent ion, the prognosis
for a full return  of funct ion  is excellent. Patients requiring surgi-
cal in tervention  have  an  excellent  chance  of eventual decannu-
lation  w ith  an  adequate to good voice. Long-term  complications
after  repair  are  uncomm on. In  our  series  of 139  patients  w ith
acute  laryngeal traum a  m anaged  as  presented  in  th is  chapter,
only 2  patients were  left  w ith  a  poor  airway, as defined  by the
inability to be  decannulated  (� Table  92.2). Tim e to decannula-
tion  in  the  patients undergoing tracheotomy along w ith  explo-
ration  ranged  from  14  to  35  days, w hereas  those  w ith  stents
(usually  reserved  for  m ore  severe  injuries)  needed  35  to  100
days to decannulat ion . All but  13  of the  115  evaluable  patients
achieved  a  good  voice;  those  13  were  classified  as having a  fair
voice. In  conclusion , the goal of the acute treatm ent of laryngeal
injuries  is  preservation  of the  airway  and  the  m aintenance  of
laryngeal funct ion.

92.8  Roundsm anship
●  The early diagnosis and m anagem ent of acute external lar-

yngeal traum a are essential to optim al preservation  of the air-
way and voice.

●  Any individual w ith  significant  traum a to the anterior neck
should be considered to have a laryngeal injury until proved
otherw ise.

●  Flexible fiber-optic laryngoscopy is the cornerstone of the di-
agnosis of laryngeal injuries. Injuries m ay evolve over hours
after the in itial exam ination  of the larynx and neck, and their
potential airway complications m ay not fully m anifest at  first .

●  Com puted  tom ography should  be  em ployed  w hen  the  find-
ings can  best  d irect  the  course  of t reatm en t , rather  than
rout inely.

●  Surgery is reserved for patien ts w ith  thyroid and cricoid
cartilage fractures and w ith  m ucosal lacerations. Laryngeal
sten ting is useful for unstable thyroid and cricoid fractures,
large endolaryngeal lacerations, and disruption  of the anteri-
or com m issure.

Table 92.2  Voice and airway results in evaluable patients by treatment group

Group  Voice  Airway  Total (N = 115)

Good  Fair  Poor  Good  Fair  Poor

I  20  0  0  20  0  0  20

II  38  3  0  40  1  0  41

III  18  3  0  21  0  0  21

IV  22  10  0  31  0  2  33

Source: From  Schaefer SD. The  acute  management  of external laryngeal trauma. A 27-year experience. Arch  Otolaryngol Head  Neck Surg  1992;118
(6):598–604.
Note: Group I patients had no airway compromise and were judged to have reversible injuries. They were managed by observation only. Group II patients
had airway compromise and were  considered to have  reversible  injuries. They were  managed by tracheotomy, direct  laryngoscopy, esophagoscopy, and
observation. Group III patients were judged to have irreversible laryngeal fractures and/or lacerations that  required management  by open reduction and
fixation of disrupted cartilage and/or mucous membrane. Group IV patients had more severe injuries, as discussed, and management differed from group
III in  that  endolaryngeal stents were  used.
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93  Inst rum entat ion and Techniques of Phonom icrosurgery
Corbin D. Sullivan and Jonathan M. Bock

93.1  Int roduct ion
Phonom icrosurgery  is  a  h igh ly  specialized  m icrosurgical
techn ique  designed  to  restore  a  patien t’s  norm al  voice.  Im -
proved  understanding  of vocal  fold  h istology, the  innovat ion
of  m icroflap  surgery,  and  the  developm ent  of  m icro  instru-
m ents  has  allow ed  surgeons to  successfully restore  vocal fold
funct ion  after  the  surgical  t reatm ent  of  m ost  ben ign  vocal
fold  lesions.

93.2  Pert inent  Anatom y
Successful surgery depends on  a thorough  understanding of vo-
cal fold  surgical anatomy. Hirano described  the histology of the
vocal fold  as a  complex layered  structure  w ith  an  outer  epithe-
lium , three layers of lam ina propria, and  the  underlying vocalis
m uscle  (� Fig. 93.1). The  superficial layer  of the  lam ina propria
(SLP) is  crit ical to  m ain tain ing norm al vocal fold  vibratory m e-
chanics.  Before  Hirano’s  description,  vocal  fold  str ipping  was
com m only  perform ed,  essentially  rem oving  all  layers  of  the
lam ina propria and epithelium  above the m uscle. The technique
was im precise and required  healing of the ent ire vocal fold  m u-
cosa  by  secondary  in ten t. After  such  an  injury, epithelium  re-
generates, but  the  SLP does  not  have  th is  capacity. This  disor-
dered  and  incom plete  healing results in  scarr ing and  vocal fold
sti ness. The  m ore  nuanced  understanding of vocal fold  histol-
ogy in troduced by Hirano led  to the discovery that  preservation
of  as  m uch  of  the  or iginal  arch itecture  of  the  vocal  fold  as
possible  resu lted  in  im proved  voice  outcom es.  Th is  led  di-
rect ly to  the  cen tral tenet  of the  m icroflap  procedure:  restor-
ing  norm al  vocal  fold  vibratory  m echan ics  w hile  preserving
as  m uch  norm al t issue  arch itecture  as  possible. Most  ben ign
lesions  involve  on ly  the  epithelium  and  the  SLP, just  deep  to
the  vocal  fold  ep ithelium ,  and  are  therefore  am enable  to
m icroflap  excision .  The  m icroflap  lim its  the  incision  to  the

epithelium ,  and  the  ben ign  lesion  is  then  d issected  free  of
the  SLP w ith  m axim al t issue  preservat ion  and  subsequen t  ex-
cellen t  voice  outcom es.

93.3  Indicat ions for
Phonom icrosurgery
Successful  phonom icrosurgery  begins  w ith  proper  patient  se-
lect ion. This  includes a  complete  work-up  and  careful decision
m aking regarding m edical versus surgical m anagem ent. Video-
stroboscopy  is  crucial  to  evaluate  the  e ect  of  the  lesion  on
vocal fold  m ucosal wave propagation, to diagnose the type of le-
sion, and  to identify areas of possible scarring or  sulcus. Conser-
vative  m anagem ent  m ay  be  warranted  initially  because  m any
phonotraum atic lesions  resolve  w ithout  surgery. Such  m anage-
m ent  w ill likely  include  voice  therapy as  well as  the  treatm ent
of any underlying disorders contributing to the  patient’s pathol-
ogy. Occasionally, a  trial of strict  vocal rest  and  steroids m ay be
indicated. Indications  for  phonom icrosurgery of benign  phono-
traum atic lesions include failure  of conservative  m easures to re-
solve the dysphonia to a point  at  which  the voice returns to nor-
m al  or  has  im proved  enough  that  the  patient’s  m orbidity  is
m inim al. Other  indications  m ay  include  biopsy  of surgical  dis-
eases  such  as  papillom a  and  suspected  carcinom a. When  sur-
gery  is  recom m ended, a  thorough  discussion  of  the  operative
indications, risks  (oral and  dental injury, tongue  num bness  and
pain, taste  changes, perm anent  hoarseness and  airway compro-
m ise, need  for  fur ther  surgeries, inability  to  achieve  exposure),
benefits  (diagnosis, im proved  voice), and  alternatives  (observa-
tion, m edical treatm ent , possible  in-o ce biopsy or  laser  proce-
dure)  is  completed  w ith  the  patient  to  ensure  proper  patient
education  regarding  the  planned  procedure. Patients  should  be
counseled  to discuss stopping any blood  thinners w ith  their  pri-
m ary care physician  before surgery if at  all possible.

Fig. 93.1  Vocal fold  microanatomy. Knowledge
of vocal fold  anatomy is crucial to  perform
successful phonomicrosurgery.
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93.4  Phonom icrosurgery
Technique
93.4.1  Anesthesia and Perioperat ive
Considerat ions
Appropriate  com m unication  w ith  the  anesthesiologist  is essen-
tial th roughout  the  process of m icrolaryngoscopy. Short-act ing
paralytic agents are generally used  to allow  easier laryngeal ex-
posure. The  anesthesiologist  is asked  to use  the  sm allest  allow -
able endotracheal tube, typically a 5.0- or 5.5-m m  tube. Jet  ven-
tilation w ith  100% oxygen is used w hen adequate surgical expo-
sure is not  possible w ith  an  endotracheal tube or  w hen  surgery
w ithin  the trachea or bronchus is anticipated. When  laser use is
a  possibility,  the  endotracheal  tube  should  be  laser-safe,  the
FiO2 should be kept below  30% to avoid airway fire, the pat ient’s
eyes  should  be  protected  w ith  wet  gauze,  and  wet  towels
should  be  placed  over  the  pat ient’s  face. The  patient’s  bed  is
generally turned 90 degrees away from  anesthesia to allow  easy
interact ion  betw een  the  operating surgeon  and  the  anesthesia
team  w hile  a ording complete  access to the  airway, w ith  room
for  placem ent  of operating room  equipm ent  (� Fig. 93.2). Uni-
versal  precautions  should  also  be  observed  by  all  operat ing
room  personnel, including  wearing  protect ive  glasses, and  ap-
propriate  warning  signs  should  be  posted  for  those  w ho  m ay
enter  during  the  laser  portion  of the  procedure. A rigid  bron-

choscopy set  should  be  im m ediately available  to secure the  air-
way if necessary, and a tracheotomy set  should  also be available
for the possible em ergent airway.

93.4.2  Inst rum entat ion
Excellen t surgical exposure of the larynx is crucial for successful
phonom icrosurgery, and  num erous laryngoscopes are  available
to  facilitate  success  (� Fig.  93.3).  The  laryngoscopes  used  in
phonom icrosurgery  allow  w ide  endolaryngeal  exposure  w ith
binocular  vision  and  bim anual  instrum entation;  often , a  suc-
tion  port  is  built  in to  the  laryngoscope  for  the  clearance  of
sm oke  plum e during laser  procedures or  for  direct ing jet  anes-
thesia. The  authors  prefer  to  start  w ith  either  a  regular  Dedo
(Pilling,  Teleflex  Medical,  Research  Triangle  Park,  NC;
� Fig. 93.3a) or  laser  Dedo laryngoscope  (� Fig. 93.3b) for  m ost
patien ts  because  the  w ider  posterior  aperture  and  square  cor-
ners  provide  excellent  working  space  and  instrum ent  support
during  phonom icrosurgery.  The  Osso -Pilling  laryngoscope
(� Fig. 93.3c)  is  useful  because  it  has  a  sm aller  endolaryngeal
profile  and  often  allow s  exposure  of an  anterior  larynx  w hile
still perm it ting binocular  vision  and  binocular  instrum entation.
The  larynx of nearly every patien t  can  be  exposed  w ith  one  of
these  two  laryngoscopes  w ith  experience.  The  Osso -Karlan
laryngoscope  (Pilling) has a  t riangular  back port, suct ion  appa-
ratus, and  w ide  endolaryngeal posterior  opening, w hich  allow s
facile  surgical  exposure  and  laser  use  in  the  posterior  larynx

Fig. 93.2  Intraoperative room arrangement  for phonomicrosurgery. The operating room table is generally turned 90 degrees away from anesthesia to
allow room  for the  microscope, laser, surgeon’s chair, and  endoscopic towers.
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(� Fig. 93.3d). The Zeitels Universal Modular Glott iscope (Endo-
craft , Providence, RI)  is  also  w idely used  and  o ers  a  true  gal-
low s  suspension  exposure  of the  larynx  (� Fig. 93.3e). A w ide
range of other laryngoscopes is available depending on  surgeon
experience and preference.

Microsurgical instrum ents are  also crit ical to the  success of a
phonosurgical procedure. A variety of instrum ents  are  needed,
including  0-  and  90-degree  blunt  probes  for  laryngeal  palpa-
tion, a  sickle  knife  to  m ake  m ucosal incisions, flap  elevators  of
various  sizes  to  elevate  m ucosal  flaps  (� Fig. 93.4), m icro  cup
forceps  (� Fig.  93.5),  basket  graspers,  and  m icrosuct ions
(� Fig. 93.6).  A variety  of  laryngeal  inject ion  devices  are  also

available, including a  but terfly needle, a  Xom ed  injector  (Med-
tron ic  Xom ed, Jacksonville,  FL),  and  a  Zeitels  injector  for  the
subepithelial infusion  of saline  or  epinephrine  in to  the  Reinke
space  or  the  inject ion  of steroids or  cidofovir. Steiner  laryngeal
suct ion  cautery  devices  are  also  available  if  larger  am ounts  of
hem orrhage  are  anticipated. Photo  docum entation  is  essential
in  laryngology,  and  m odern  technology  allow s  exceedingly
high-quality  im aging.  Both  0-  and  70-degree  operat ing  tele-

Fig. 93.3  Various laryngoscopes can  be  used  for proper laryngeal
exposure. (a) Dedo laryngoscope. (b) Laser Dedo laryngoscope. (c)
Ossoff-Pilling laryngoscope. (d) Ossoff-Karlan laryngoscope. (e) Zeitels
Universal Modular Glottiscope.

Fig. 93.4  Laryngeal microsurgical instrumentation. (a) From  top  to
bottom: sickle  knife; flap  elevators (large, medium, small); ebonized
straight  blunt  probe; ebonized  5-mm, 90-degree  blunt  probe;
interchangeable  handle  for micro  instruments. (b) Close-up  view of
instruments: sickle  knife, medium  60-degree  flap  elevator, and  small
30-degree  flap  elevator.

Fig. 93.5  Microlaryngeal instrumentation (Pilling). (a) Microlaryngeal
scissors: left  curved  (top  left), right  curved  (top  right), up-angled
(bottom  left), and  straight  (bottom  right) blades. (b) Microlaryngeal
grasping  forceps: straight  “alligator” grasping  (left) and  medium  and
small up-angled  grasping  (right) forceps. (c) Microlaryngeal cup
forceps: left  (top  left), right  (top  right), up-angled  (bottom  left), and
straight  (bottom  right).
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scopes assist  in  the physical exam inat ion  of the endolarynx, an-
terior com m issure, and subglottis.

Proper  surgical  positioning  starts  w ith  the  precise  support
and  position ing of the  operating surgeon. Adequate  support  of
the surgeon’s arm s is crucial for  successful surgery because  any
m ild  t rem or  in  m ovem ent  is hugely m agnified  under  the surgi-
cal m icroscope. In  addition , proper  surgeon  position ing w ith  a
neutral shoulder and  neck position  allow s com fortable working
during  prolonged  surgical procedures  and  decreases  the  long-
term  incidence of neck and  shoulder  injuries. Chairs w ith  finely
adjustable  arm  supports  are  m uch  preferred  over  the  use  of a
Mayo  stand,  and  m any  excellent  versions  are  available
(� Fig. 93.7).

93.4.3  Pat ient  Posit ioning
The pat ient  is placed  in  the  prone position  on  the operating ta-
ble,  often  w ith  the  table  rotated  180  degrees  to  allow  m ore
room  for the surgeon’s legs under the head of the table. The op-
erating room  table is then  turned 90 degrees from  anesthesia to
allow  the  laryngologist  the  m ost  freedom  of access  and  m ove-
m ent  around  the  patient’s  head  (see  � Fig.  93.2).  An  upper
tooth  guard  m ust  be  used  unless  the  patient  is  edentulous, in
w hich  case  dentures should  be rem oved, and  wet  gauze should
be  used  to protect  the  upper  alveolus. If the  patient  is partially
edentulous, the  rem aining  teeth  are  at  particular  risk  during
suspension  laryngoscopy because of the uneven  pressure that  is
applied  over  their  surface  during  suspension. Unrolled  m oist
gauze can  be used to pack the open  spaces between  the teeth  to
disperse  th is  pressure  and  add  stability  to  the  m axillary  teeth
during suspension  laryngoscopy.

93.4.4  Operat ive Exposure
The approach  to the in itial exposure should  be relatively consis-
ten t. The  endotracheal  tube  is  secured  to  the  one  side  of the
m outh ,  and  the  teeth  or  gum s  are  protected.  The  patient  is
placed in  the sni ng position  w ith  flexion  of the lower cervical
vertebrae  and  extension  of  the  head  at  the  atlanto-occipital
joint. The laryngoscope is advanced  dow n  the  side  of the  phar-
ynx opposite  the  endotracheal tube. The  laryngoscope  is  care-
fully  placed  underneath  the  epiglot tis  and  advanced  dow n  to

the  level of the  true  vocal cords under  direct  visualization. Be-
fore  suspension, the  oral cavity is  inspected  to  ensure  that  the
scope  is  adequately  supported  and  that  the  lips  are  not  being
pinched. The  posterior  glottis  can  be  exam ined  by placing  the
laryngoscope behind  the endotracheal tube and  lift ing forward,
or  by sw itch ing to jet  anesthesia if indicated. Once the laryngo-
scope  is  properly  positioned, the  suspension  apparatus  is  em -
ployed  to expose  the  larynx and  provide  hands-free  support  of
the  patient’s  t issues  for  surgery.  The  suspension  apparatus
should  be  directly attached  to the  operating room  table, not  to
a Mayo stand  on  the floor, because  th is allow s easy adjustm ent
of table  angle  during surgery and  prevents inadvertent  pat ien t
injury  due  to  m ovem ent  of the  suspension  gallow s  independ-
ently of the  patien t. Photo  docum entation  w ith  0-  and  70-de-
gree  operating  telescopes  can  then  be  accom plished, and  fur-
ther  refinem ent  of the laryngoscope position  can  be  completed
based on  endoscopic im aging of the larynx.

The  surgeon  can  often  anticipate  di culty  w ith  exposure
based  on  the  patien t’s exam ination  and  history. A pat ient  w ith
a Mallam pati score of III or  IV, poor  m outh  opening, a  retrusive
m andible, tr ism us, significant  obesity, prom inent  incisors, pre-
vious  cervical spine  fusion, poor  head  extension/chest  flexion,
or  radiation  edem a  m ay  pose  a  challenge  for  exposure. There
are  m any adjustm ents  in  exposure  technique  than  can  be  em -
ployed  w hen  laryngeal exposure  is di cult . A shoulder  roll in -
duces neck extension  and  is counterproduct ive to obtaining the
optim al neck flexion  angle for laryngeal exposure. Elevating the
head  w ith  folded  blankets or  clicking the  table  head  up  can  as-
sist  in  exposing the  anterior  larynx by increasing neck flexion.
To enhance laryngeal exposure, anterior  laryngeal counterpres-
sure  can  also  be  applied  w ith  an  assistan t’s  hand, or  w ith  tape
carefully  placed  from  one  side  of the  operat ing  room  table  to
the  other  across the  patient’s  neck over  a  gauze  pad  to  protect
the  skin  (� Fig. 93.8). If the  epiglottis is retroflexed  or  “floppy,”
gauze  can  be  w rapped  around  the  tongue  to  protrude  the
tongue and pull the epiglottis upward and  out  of the field  w hile
the  laryngoscope  is  in troduced. A perforat ing towel clamp  can
also  accom plish  th is sam e  purpose. Alternatively, the  epiglot tis
can  be  directly  grasped  and  elevated  w ith  a  large  alligator  as
the  laryngoscope  is  passed  beneath . At  t im es, a  sm aller  tooth

Fig. 93.6  Microlaryngeal suctions. From  top to bottom: 7F, 5F, and  3F
open-tip  suctions; 5F and  3F velvet-eye  (blunt  tip, side  port) suct ions.
Inset: close-up  view of 5F and  3F velvet-eye  suctions.

 Fig. 93.7  Carl Zeiss Meditec (Dublin, CA) microsurgical chair with
individual full arm  supports and  powered  vertical height  refinement,
allowing total arm  support  and neutral ergonomic surgeon positioning
during  prolonged  microsurgical cases.
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guard can  also be useful, especially if the patient  has prom inent
incisors. This m ay increase  the  risk for  dental injury unless the
guard  has  been  m ade  specifically  for  the  patient. The  best  or
m ost e cient  m ethod to attain  exposure ultim ately depends on
the  skill level and  experience  of the  surgeon, but  excellen t  ex-
posure is necessary before the operat ion is continued..

93.4.5  The Microflap Surgical Procedure
Evaluation  of the vocal fold  lesion  is begun  by palpating the vo-
cal fold  w ith  a straight or right-angle probe and not ing the plia-
bility of the lesion  and  its in tracordal depth , any associated  sul-
cus  deform ity, glottic  webs, feeding  vasculature, and  possible
extension  in to  the  subglott is  or  laryngeal  ventricle.  Vasocon-
str ict ive  agents are  an  essential component  of phonom icrosur-
gery  because  they allow  a  dry  operative  field  and  obviate  the
use of elect rocautery for hem ostasis. Three com m only used vas-
oconstr ict ive  agents,  in  order  of  decreasing  potency,  are  co-
caine, diluted  epinephrine  (generally  1:10,000  concentration),
and  oxym etazoline. Each  is  considered  adequate  for  m ost  pro-
cedures, and  the  choice  is largely based  on  surgeon  preference.
Cocaine  is  the  m ost  potent  vasoconstrictor  and  has  the  added
advantage  of conferr ing a  topical anesthetic e ect, but  it  does
have  som e  system ic  absorpt ion  and  can  also  t rigger  positive
urine  drug testing postoperat ively. Both  cocaine  and  epinephr-
ine  can  have  powerful cardiovascular  e ects, including  hyper-
tension  and  tachycardia. Oxym etazoline  has  the  least  system ic
toxicity but  is also the least  e ect ive  vasoconstrictor. The agent
of choice is applied via pledget  for  at  least  1 to 2 m inutes before
incision  to  ensure  adequate  t issue  penetration  and  vasocon-
str ict ion .  If  epinephrine  is  used,  it  m ay  also  be  applied  via
subepithelial in fusion, w hich  has the  dual benefits  of vasocon-

str ict ion  and augm entation  of the subepithelial or Reinke space.
Augm entation  increases  the  distance  betw een  the  epithelium
and  vocal  ligam ent, decreasing  the  risk  for  injuring  the  vocal
ligam ent  during incision. It  m ay also clearly define  a  sulcus de-
form ity or  invasive  lesion  w here  the  epithelium  is  adherent  to
the  underlying vocal ligam ent. If laser  use  is  an ticipated, a  sal-
ine-soaked  pledget  is  placed  in to  the  subglott is  to  protect  the
endotracheal tube cu before surgery.

The  position  of  the  incision  for  the  m icroflap  is  recom -
m ended based  on  the nature and position  of the surgical lesion.
Generally, a  m edial incision  is  m ade  for  vocal fold  polyps  and
str iking zone lesions such  as nodules;  a  lateral incision  is m ade
for  in tracordal  cysts  that  are  m ore  adherent  to  the  vocal liga-
m ent  or  for  the  excision  of di use  polypoid  corditis  (Reinke
edem a).  Before  incision,  if  the  vasoconstrictive  agents  were
topically  applied, a  subepithelial  infusion  w ith  saline  m ay  be
perform ed  to augm ent  the  Reinke space. Incision  in to the  vocal
fold  is  m ade  under  m icroscopic  guidance  w ith  a  sickle  knife,
w ith  care  taken  to  incise  only  the  vocal  fold  epithelium  (see
� Fig. 93.4). The kn ife is often  stabilized w ith  both  hands during
incision . Any bleeding is then  stopped  by using a  a large  or  m i-
cro  pledget  to  repeat  the  application  of vasoconstr ictor. These
agents are reapplied throughout  the case as needed. Anterior or
posterior  extension  of the  incision  can  be  easily accom plished
w ith  an  up-biting scissor (see � Fig. 93.5).

The  flap  elevator  is  then  used  in  the  ipsilateral hand  w ith  a
laryngeal m icrosuct ion  in  the opposite hand to define the surgi-
cal plane under the epithelium . The flap elevator is angled to al-
low  the  atraum atic  “heel” of the  elevator  to  ride  on  the  vocal
ligam ent, thereby stabilizing the  instrum ent, avoiding injury to
the  ligam ent, and  ensuring m axim al SLP preservation. Meticu-
lous  blunt  and  sharp  dissection  is  often  necessary  to  separate
fibrosis  surrounding  the  lesion  from  the  epithelium  and  vocal
ligam ent. This is often  the  case  in  chronic inflam m atory condi-
tions or  a vocal fold  cyst. Retract ion  of the  epithelium  w ith  the
velvet-eye  m icrosuct ion  allow s the  evacuation  of any bleeding
or serous fluid that m ay obstruct  the field w hile keeping the vo-
cal fold  t issues on  light  tension. Using th is  instrum ent  is  m ore
di cult  than  grasping the  flap, but  it  is  advantageous  because
of the  constant  fluid  evacuat ion  and  the  decreased  risk for  flap
tearing  as  the  suct ion  w ill  fall  out  of  the  surgical  field  if  too
m uch  retract ion  is  applied. Flap  elevation  proceeds in  a  lateral
to  m edial  direct ion  until  the  ent ire  lesion  is  freed  from  any
scarring to the  deeper  vocal fold  structures. Firm ly adherent  or
particularly dense  scarr ing m ay need  to be  incised  or  t rim m ed
w ith  a laryngeal m icroscissor.

When  the lesion  has been  fully m obilized, it  is grasped w ith  a
m icro  cup  or  basket  grasper. The  grasper  is  placed  in  the  con-
tralateral hand, and  the surgical assistant  guides the flap  eleva-
tor  or  appropriate  scissors—up, left , or  right  cutt ing—into  the
laryngoscope  in  the  ipsilateral hand. The  lesion  is  delivered  as
the  final dissect ion  is  perform ed. It  is  rem oved  in  one  piece  if
possible. If the  epithelium  w ill be  clearly redundant , as is often
the case w ith  a polyp, the lesion  does not  need to be completely
dissected  out  because it  can  be  rem oved  w hile  still adherent  to
the redundant component of the epithelium . The rem aining vo-
cal fold  epithelium  is  then  redraped, and  if there  is  rem aining
redundant  epithelium , it  is excised  to allow  the  closest  possible
approxim ation  of the  epithelial  edges  for  a  “straight  line” clo-
sure.  At  the  completion  of  the  resection ,  the  surgical  site  is

Fig. 93.8  Optimal patient  positioning  for microlaryngoscopy requires
flexion at  the neck and extension of the head to allow the best possible
exposure. To assist  with  exposure, anterior laryngeal counterpressure
can  be  applied  with  tape  carefully placed  from  one  side  of the
operating table to the other across the patient’s neck over a gauze pad
to  protect  the  skin.
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again  inspected  w ith  0-  and  70  degree  endoscopes to  evaluate
the  surgical  outcom e.  Postoperative  photo  docum entation  is
then  perform ed. Topical  lidocaine  (4%)  is  often  applied  at  the
end  of the  case  to  decrease  the  incidence  of laryngospasm  on
em ergence,  and  the  laryngoscope  is  then  carefully  rem oved
from  the oral cavity. The teeth  and lips are inspected for injury.

93.4.6  Postoperat ive Care and Voice
Rest
Postoperative  care  follow ing  phonom icrosurgery  involves  pain
m anagem ent  and vocal rest , both  to varying degrees depending
on  the  indicat ions for  and  extent  of surgery. Postoperative  pain
is usually m inim al, and acetam inophen  alone is often  su cient .
The  use  of  vocal  rest  after  surgery  varies  m arkedly  betw een
practit ioners, and  som e do not  use  it  at  all. Most  laryngologists
recom m end  roughly 1  week of str ict  voice  rest  follow ing pho-
nom icrosurgery. After  the  first  postoperative  visit  on  approxi-
m ately day 5 to 7, the pat ient  is placed on  “m odified  voice use,”
m eaning  that  the  patien t  should  not  speak  in  a  voice  louder
than  can  be heard at arm ’s length  (the  “arm ’s-length  rule”). As a
general guideline, the patien t  is allowed to speak for 10 m inutes
that day, then  the allowance is doubled  each day thereafter. The
patien t  should  refrain  from  significant  phone  use  during  the
first  few  weeks, cont inue  to  use  voice  rest  in  noisy  situations
(bars,  restaurants,  concerts),  and  avoid  singing,  shouting,  or
scream ing. Professional vocalists are  often  restricted  from  sing-
ing for at  least  3 to 4 weeks postoperatively and  are encouraged
not  to  return  to  full  perform ance  for  2  to  3  m onths  after  sur-
gery. Postoperative voice therapy and a m easured return  to per-
form ance  or  work  requirem ents  are  crit ical  for  patients.  Pa-
tients  are  generally exam ined  w ith  repeated  videostroboscopy
before a fu ll return  to work is allowed. The utilit y of these post-
operative  exam inations lies in  the  careful inspection  for  the  re-
turn  of the  m ucosal wave, any untoward  complications, or  the
return  of signs of vocally abusive behavior. They can  help  guide
the  laryngologist  in  counseling the  patien t  on  a  vocal behavior
as  well  as  postponing  the  return  to  work  should  healing  be
slow.

93.5  Risks and Adverse E ects of
Phonom icrosurgery
Severe complications during phonom icrosurgery are rare. Many
practit ioners place their  pat ien ts on  perioperative proton  pum p
inhibitor  therapy to prevent  laryngeal inflam m ation  if they are
concerned about laryngopharyngeal reflux. Most of the discom -
fort  follow ing  phonom icrosurgery often  involves  tongue  swel-
ling and  tenderness due to prolonged  pressure from  suspension
laryngoscopy. Many pat ien ts w ill note  som e lingual paresthesia
and  dysgeusia  follow ing  surgery  that  generally  resolve  w ith in
several weeks. Rarely, erosions  along the  lingual surface  of the
m andible  and  tooth  pain  can  present  postoperat ively and  war-

ran t careful clin ical follow -up. Dental injuries are a rare but  pre-
dictably  unfortunate  consequence  of  the  laryngeal  exposure
process despite  the  use  of tooth  guards, and  all patients should
be  counseled  about  th is  before  surgery.  Edentulous  patien ts
m ay also  have  erosions  of the  m axilla  from  direct  pressure  of
the  laryngoscope. Oral and  pharyngeal lacerations  can  also  oc-
cur  during exposure  and  are  usually m ild  in  nature. Postopera-
tive str idor and  airway comprom ise due to laryngospasm  or re-
dundant  laryngeal t issue  (from  the  excision  of large  polyps  or
stenosis surgery) can  result  in  a requirem ent for em ergency air-
way  m anagem ent, and  all  patients  are  counseled  on  th is  risk
before surgery. Lastly, in  som e patients, it  is sim ple not  possible
to  achieve  proper  direct  laryngoscopic  exposure  because  of
anatomy, cervical spine  fixation , poor  m outh  opening, or  other
confounding  factors.  For  these  patients,  in-o ce  flexible  lar-
yngoscopic surgical techniques m ay be m ore appropriate.

93.6  Roundsm anship
●  Phonom icrosurgery is predicated on  the anatom ical structure

of the vocal fold. Mucosal dissect ion  and resection  can  be per-
form ed under m icroscopic guidance w hile the important
underlying tissues of the vocal fold are carefully preserved.

●  Proper instrum entation is essential for successful phonom i-
crosurgery, including laryngoscopes that provide binocular
m icroscopic vision  and bim anual instrum entation, operat ing
telescopes that allow  a thorough and exact  laryngeal exam i-
nation, and m icrosurgical instrum ents that facilitate vocal
fold incision, dissection, and lesion  excision .

●  Laryngeal exposure can  be challenging, and the surgeon
needs to be prepared to try di eren t laryngoscopes and pa-
tient  position ing strategies to facilitate an  adequate surgical
view.

●  Meticulous dissection  of the epithelium  away from  the under-
lying vocal ligam ent is param ount in  m icroflap elevation,
m axim ally preserving the superficial lam ina propria w hile re-
m oving the epithelial or in tracordal lesion  that  is in terfering
w ith  vocal fold vibratory m echanics.
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94  Voice Therapy
Amy L. Cooper

94.1  Int roduct ion
Voice therapy is an  approach  to treating voice disorders that  in -
volves  vocal  and  physical  exercises  coupled  w ith  behavioral
changes. The purpose  of voice therapy is to help  patients attain
the best  possible voice and the m ost  relief from  the vocal sym p-
tom s that are bothersom e. Patients are referred to voice therapy
w hen  they have a voice disorder  that  does not  warrant  surgical
in tervention, w hen  behavioral  m odification  m ay  decrease  the
likelihood  of the  need  for  surgical in tervention, or  w hen  they
require  postoperative  rehabilitation . The  therapy  is  alm ost  al-
ways  in itiated  by  referral  from  an  otolaryngologist .  It  is  ex-
trem ely im portant  for  the  otolaryngologist  to  strongly encour-
age voice therapy candidates to follow  through  w ith  the recom -
m ended  treatm ent;  patients are  som etim es put  o by the  t im e
com m itm ent  therapy  m ay  entail  (weekly  sessions  for  up  to  2
m onths). In  a retrospective review of 294 charts at  two voice in-
stitutions  in  Atlanta,  38% of  patien ts  did  not  adhere  to  the
physician’s  recom m endation  to  attend  voice  therapy. Of those
w ho  in itiated  follow -through, 47% did  not  return  after  the  in i-
t ial  speech–language  pathology  evaluation  session. Not  unlike
other  therapies in tended  to change health  behavior, voice ther-
apy involves structured  t reatm ent  sessions and  follow -up work
to  be  completed  outside  the  therapy  sessions  to  reinforce  the
behavior  change. Also, not  unlike  other  health  care  professio-
nals, voice therapists m ust  deal w ith  the problem s of resistance
to  change  and  lack of patient  follow -through  outside  the  ther-
apy sessions.

94.2  Indicat ions for Voice Therapy
The  goal of voice  therapy  is  to  restore  the  best  voice  possible.
The  therapy  program  w ill vary  from  pat ient  to  patien t, but  in
all  cases  the  goal is  a  voice  that  is  funct ional for  em ploym ent
and  social  com m unication. Voice  therapy  is  conducted  to  ad-
dress  one  of three  types  of disorders:  hyperfunct ional, hypo-
functional, or  dysfunctional. In  each  of these  cases, a  vocal fold
lesion  and/or  neurologic  abnorm ality  m ay  contribute  to  the
voice disorder.

The  m ost  com m only observed  voice  problem s are  related  to
vocal hyperfunct ion. Hyperfunct ional voice  disorders  are  char-
acterized  by increased perilaryngeal and/or supralaryngeal ten-
sion.  A decrease  in  these  types  of  tension  is  targeted  during
voice  therapy in  order  to  im prove  glot tal e ciency. Benign  le-
sions, including  nodules  and  polyps, are  often  present  in  con-
junct ion  w ith  vocal  hyperfunction.  In  these  cases,  therapy  is
geared  not  only at  im proving vocal e ciency but  also  at  facili-
tating the healing of benign  lesions.

Hypofunctional voice disorders result  from  incomplete  or  in -
consistent  glottal  closure. Com m on  diagnoses  associated  w ith
vocal  hypofunct ion  include  vocal  fold  paralysis  or  paresis  and
Parkinson-related  dysphonia. Therapy techniques w ill typically
consist  of exercises  to  im prove  glottal closure, or  to  m axim ize
resonance for im proved vocal quality.

Patients w ho do not  fit  in to either of the above categories are
characterized  as having a  dysfunct ional voice  disorder. In  these
cases, the  vocal m echanism  is  in tact , but  the  patient  is  incapa-
ble  of using the  m echanism  in  an  appropriate  m anner  to attain
adequate  voice. Relevant  diagnoses include  puberphonia, para-
doxical  vocal  fold  m ovem ent,  psychogenic  dysphonia,  and/or
conversion  disorders. In  general, these diagnoses are  well m an-
aged  w ith  voice  therapy, although  som e  pat ients  m ay  require
psychological counseling, as well.

94.3  Evaluat ion
Voice  therapy  should  be  recom m ended  only  after  a  thorough
exam ination  of the vocal folds, preferably via videostroboscopy,
as  well as  an  analysis  of vocal funct ion . Videostroboscopy is  a
technique  that  allow s  a  detailed  visualization  of not  on ly  the
patient’s laryngeal anatomy but  also the pat ient’s phonatory bi-
om echanics.  During  laryngovideostroboscopy,  the  extrem ely
rapid  vibration  of the vocal folds appears as a pseudo-slow  m o-
tion  event  (see  Chapter  79  for  a  m ore  in-depth  discussion  of
laryngovideostroboscopy). An  evaluation  of vocal  funct ion  in-
cludes a detailed  history and  perceptual evaluation  of the voice,
as well as the  collection  of aerodynam ic and  acoust ic data  (see
Chapter 78 for m ore inform ation  on  voice evaluation). Pertinent
inform ation  to  be  collected  includes  the  m edical  h istory, any
vocal  m isuse, and  signs  and  sym ptom s  of  laryngopharyngeal
reflux.

94.4  Treatm ent
A particular  therapy  regim en  is  individually  developed  based
on  each  patient’s  (1)  vocal fold  pathology, (2)  vocal dem ands,
(3)  baseline  vocal  behavior,  and  (4)  compliance.  Therefore,  a
voice  therapy  program  for  an  80-year-old  retiree  is  likely  to
vary  significantly  from  the  voice  therapy  program  for  a  20-
year-old  college  student .  Uniform ly,  the  individualized  voice
therapy program  w ill incorporate the follow ing:
●  Application  of the principles of vocal hygiene to the daily use

of the voice
●  A series of therapeutic vocal exercises aim ed at altering vocal

fold vibration  and increasing the e ciency of the system
through a balancing of the four subsystem s of voice: respira-
tion , phonation, resonat ion, and articulation

Both  vocal hygiene and  vocal exercise  are  importan t  for  success
in  voice  therapy. Vocal  hygiene  consists  of  reducing  environ-
m ental and behavioral factors that m ay cause dam age to the vo-
cal folds, including inadequate hydration, sm oking, excessive al-
cohol in take, exposure  to  chem icals/fum es, excessive  talking at
loud volum es, and laryngopharyngeal reflux.

Managem ent  strategies  di er  am ong voice  patients  depend-
ing on  w hether  their  problem s are  related  to vocal fold  hyper-
function  or  hypofunct ion. The  m ost  com m only observed  voice
problem s  are  related  to  vocal  fold  hyperfunct ion.  Num erous

94.4  Treatment
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exercises are geared  at  reducing the am ount  of “work” required
for  speaking. A voice  therapy  program  for  an  individual  w ith
vocal  hyperfunct ion  would  be  selected  from  a  variety  of  ap -
proaches, depending on  the  individual’s causative  and  sustain-
ing  influences. For  example, a  trial  law yer  w ho  uses  frequent
glottal attacks m ay benefit  from  learning to  reduce  her  rate  of
speech, adopting a  sm oother  or  m ore  legato  vocal style, open-
ing  her  m outh  m ore  w idely, and  varying  her  in tonat ion. The
voice  therapist  is  expected  to  select  those  therapy approaches
that facilitate an  easy, sm ooth  style of voicing.

In  the  case  of a  patien t  w ith  vocal fold  hypofunct ion , t reat-
m ent  m ay  be  geared  at  increasing loudness  or  im proving ar-
t iculatory  precision .  A com m on  neurologic  voice  disorder  is
Parkinson-related  dysphon ia. The  Lee  Silverm an  Voice  Treat-
m ent  has  been  dem onstrated  to  be  e  ect ive  for  t reat ing  th is
kind  of  dysphon ia.  The  purpose  of  the  t reatm ent  is  to  in -
crease  loudness, but  it  often  results  in  im proved  respiratory
output , decreased  glottal incom petence, and  overall im proved
in telligibility.

The vocal exercise  regim en  is developed  on  an  individual ba-
sis  to  address specific biom echanical problem s associated  w ith
particular  voice disorders. � Table 94.1 provides examples of 25
voice therapy facilitators and  the vocal param eters a ected. Se-
lected therapy techniques facilitate a “target,” or a m ore optim al
vocal response by the patien t. A part  of voice therapy is search-
ing  w ith  patients  to  find  the  selected  therapy  technique  that
seem s to  help  them  produce the  desired  vocal response. In  the
case  of  patien ts  w ith  degenerative  organic  pathology,  voice
therapy  m ay  be  conducted  to  m aintain  the  current  level  of
function  as  long as  possible  and  reduce  ine ective  compensa-
tory  behaviors.  Therapy  m ay  be  perform ed  preoperatively  or
postoperat ively. Preoperative voice therapy m ay be  undertaken
in  an  e ort  to  elim inate  vocally  abusive  behaviors  and  begin
m odeling  postoperat ive  voice  product ion. Postoperative  voice
therapy is designed to help patients adjust  to structural changes
and to optim ize healing in  the postoperat ive period. It  is of par-
am ount  im portance that  patien ts be  m ade aware that  restoring
the  voice  to  a  previous  or  idealized  level m ay not  be  possible.

Table 94.1  Voice therapy facilitators

Voice  therapy approach  Pitch/frequency  Loudness/intensity  Qualit y

Auditory feedback  *  *

Varied  loudness/intensity  *  *  *

Chanting  *  *

Chewing  *  *  *

Confidential voice  *  *

Counseling/explaining  problem  *  *

Digital manipulation  *  *

Elimination of vocally abusive  behaviors  *  *

Establishing  new conversational pitch  *  *

Tonal focus  *  *  *

Elimination of glottal fry  *  *  *

Posture  *  *

Hierarchy analysis  *  *  *

Inhalation phonation  *  *

Laryngeal massage  *  *

Masking  *  *

Nasal/glide  stimulation  *

Open-mouth  approach  *  *

Varied  intonation  *

Redirected  phonation/imagery  *  *  *

Tension reduction  exercises  *  *  *

Respiration training  *  *

Tongue protrusion during  vowel production  *  *

Visual feedback  *  *  *

Yawn, sigh  *  *  *

Voice Therapy
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There  are  cases in  w hich  the  voice  m ay never  return  to its pre-
vious state. An  important  component  of voice  therapy is  coun-
seling  pat ients  during  th is  dram atic  realization  and  m anaging
their expectations.

The  optim al voice  for  a  particular  patient  should  be  reliably
achieved  in  the  clin ical sett ing;  otherw ise, it  is  alm ost  certain
that  the  patien t  w ill  fall  short  of  the  target  voice  in  the  real
world. Carryover  in to  everyday  speech  is  essential. Skill  drills
should  rem ind  the  patien t  of w hat  he  or  she  should  be  doing
w ith  his  or  her  voice  throughout  the  day. The  clin ician  w ill fo-
cus  on  rebalancing respirat ion, phonation, and  resonance;  th is
is  m ore  im portan t  than  individual skill drills. The  clin ician  w ill
also explicit ly describe  the  need, purpose, and  funct ion  of each
therapeutic activity. It  m ay be necessary to help  a patient  find a
good  voice  despite  the  presence  of pathology. This m ay involve
developing  the  safest  voice  possible  before  the  completion  of
m edical or surgical treatm ent .

94.5  Special Considerat ions
There  are  som e  di erences in  the  overall m anagem ent  of voice
disorders in  children  versus those  in  adults. The age  of the  per-
son, physical size of the laryngeal structures, and cognit ive abil-
ity to  understand  the  goals of therapy w ill dictate  w hat  can  be
done. As in  all patients, heavy em phasis is placed on  the evalua-
tion  in  young children  because certain  pathologies, such  as pol-
yps, cysts, and  recurrent  respiratory  papillom a, m ay  be  better
m anaged  surgically.  Voice  therapy  for  school-age  children  is
usually geared at  reducing hyperfunct ional behaviors. The clin i-
cian  w ill  identify  the  situations  in  w hich  the  child  is  doing
things that  are vocally abusive and  w ill work w ith  teachers and
fam ily  m em bers  to  identify  tr iggers  and  sustain ing  factors. A
heavy burden is placed on  fam ily m em bers to t rack vocally abu-
sive behaviors outside the clin ic setting. Children  are often  w ill-
ing to reduce target  behaviors w hen  m otivated  by rewards and
attention  from  caregivers. Obviously, a child  m ust  know  that  he
or  she  has  a  voice  problem  before  anything can  be  done  about
it. This  is  a  m ajor  challenge  because  the  child  m ay rem ain  un-
aware  that  there  is  a  problem  despite  the  best  attempts  of the
physician,  clin ician,  and  parents.  Therapy  attempts  are  often
deferred unt il the ch ild  m atures enough  to understand  the pro-
blem  m ore  fully and  to  be  an  act ive  par ticipant  in  the  therapy
process.

A person  of particular  in terest  is the  “professional voice user.”
This term  can  be used to describe any individual w ith  heavy vo-
cal dem ands, but  in  th is case  it  is used  to refer  specifically to a
perform er. To  achieve  a  better  understanding  of the  dem ands
that  a  perform er  m akes on  the  vocal m echanism , it  is useful to
know  som eth ing about  the m usic or  type of theater  w ith  w hich
the  perform er  is  fam iliar. The  goals  of therapy are  slightly dif-
feren t  from  those  for  a  nonperform er. With  a  perform er, there
are no degrees of freedom  w ith  respect  to the desired  outcom e,
w hereas w ith  other  voice patien ts, there is m uch  m ore latitude

in  the  range  of  vocal  behaviors  that  constitute  an  acceptable
outcom e. Speech  pathologists are always concerned about envi-
ronm ental contributors to voice disorders, but  conditions in  the
perform er’s  world  m ay  be  som ew hat  unfam iliar. Studios, con-
cert  halls, rehearsal  spaces, and  practice  room s  m ay  be  filled
w ith  dust,  fum es,  and  am bient  noise,  and  the  tem peratures
m ay  be  variable. Additionally, stage  direct ion , set  design, and
costum e  design  m ust  be  considered. Another  m ajor  source  of
pressure  is  that  the  professional voice  user  is  constan tly being
judged  by  audiences,  crit ics,  conductors,  m anagers,  agents,
coaches,  and  teachers.  Rehabilitation  professionals  working
w ith  a perform er need  to be prepared  for in tense em otional re-
actions w ith  regard  to voice  di culties. The  ongoing education
and  counseling, both  a  part  of a  voice  therapy program  for  any
patient, m ust  be handled  w ith  special thoroughness and  exqui-
site sensitivity in  the case of the professional voice user.

Voice  therapy  should  be  perform ed  only  by  a  licensed
speech–language  pathologist  w ho  has  t raining  in  voice  disor-
ders. Referr ing a  pat ient  to  a  clin ician  w ith  lit t le  experience  or
in terest  in  voice is not advisable because the odds of success de-
crease  dram atically. In  sum m ation, voice  therapy is  individual-
ized  and  is  an  essential component  of treatm ent  for  m any pa-
tients w ith  voice disorders.

94.6  Roundsm anship
●  Voice therapy is an  approach to treating voice disorders that

involves vocal and physical exercises coupled w ith  behavioral
changes.

●  Voice disorders are hyperfunct ional, hypofunct ional, or dys-
functional.

●  Voice therapy m ay be conducted as part  of a conservative
treatm ent  plan , or it  m ay be undertaken pre- and postopera-
tively w hen surgical m anagem ent  is deem ed necessary.

●  Voice therapy is best adm inistered by a licensed speech–lan-
guage pathologist  w ho has a particular expert ise in  the area
of voice disorders.
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95  Lasers in Laryngology
Philip A. Weissbrod

95.1  Int roduct ion
Lasers  have  been  used  in  laryngeal  surgery  since  the  1970s.
Originally used  only in  the operat ing room , they have becom e a
m ainstay  in  both  o ce-  and  operat ing  room –based  laryngo-
logic surgery. The  original surgical laser, the  carbon  dioxide  la-
ser, is coupled  to an  operating m icroscope by way of an  ar t icu-
lated arm  and directed w ith  a m icrom anipulator. More recently,
w ith  im proved  laser  and  fiber  technology, a  variety  of  lasers
have  been  developed  that  deliver  energy  via  fibers  passed
through  the  operat ing channel of a  flexible  laryngoscope. This
has revolutionized  the use of lasers in  laryngology by m aking it
possible  to apply them  in  the  awake  o ce  patient  as well as in
an  operating room  sett ing.

Lasers  used  in  the  operating  room  have  great  precision  be-
cause  of the  stable  surgical  field  provided  by  a  pat ient  under
general  anesthesia.  However,  as  a  consequence  of  the  afore-
m entioned  advances, an  increasing  num ber  of procedures  can
be  e ectively  done  in  the  o ce.  The  benefits  of  o ce-based
procedures  include  avoidance  of general anesthesia, decreased
cost  to  the  patient  and  the  m edical  system , decreased  proce-
dure  tim e,  and  few  complications.  For  patients  w ith  disease
processes  that  require  m ultiple  procedures,  o ce-based  sur-
gery  provides  a  safe  and  e ect ive  alternative  to  m ultiple  tr ips
to the operating room .

Despite  im provem ents in  technology, there are still instances
w here  an  operating room  based  approach  is  advantageous, es-
pecially  in  oncologic  resections,  situations  w here  bleeding  is
expected, and  w here  bulky or  di use  disease  w ill m ake  awake
treatm ent di cult  to complete in  the o ce secondary to lim ita-
tions in  anesthesia.

95.2  Laser Term inology, Princi-
ples, and Mechanism  of Act ion
The term  la ser  is an  acronym  that  stands for  light  am plification
by stim ulated  em ission  of radiation . There are som e fundam en-
tal physics principles and  term inology that  m ust  be understood
to  fully appreciate  how  lasers  work and  how  lasers di er  from
one  another. Photons, the  basic unit  of light  and  radiation, are
integral to  laser  funct ion. Photons  have  no  m ass, can  act  as  a
wave or a particle, and  can  be either absorbed  or  em itted  by an
atom . The basic unit  of em ission  from  a laser  is a photon; there-
fore, we  can  discuss lasers as having certain  characteristics of a
wave, such  as frequency, am plitude, and wavelength . Frequency
is the num ber of t im es a wave repeats in  a second and  is m eas-
ured  in  hertz  (Hz). Am plitude  is  the  height  of a  wave. Wave-
length  is the  distance betw een  waves and  determ ines the  color
of a laser (� Fig. 95.1).

Lasers use  the  excitability of atom s or  m ore  specifically elec-
trons to create photons. When  an  atom  absorbs energy, its elec-
trons enter  in to  an  excited  state. When  the  electrons return  to
their  ground  state, energy is released  in  the form  of a photon, a
process called  spontaneous em ission. When  an  excited  elect ron
interacts w ith  a photon  equal to the energy di erence betw een

the  elect ron’s  ground  state  and  excited  state, the  photon  w ill
encourage  the  elect ron  to release  a  photon , return ing the  elec-
tron  to its ground state. The released  photon  w ill be identical to
the  original  photon  in  wavelength , frequency, and  phase. Be-
cause the original photon  is not absorbed by the atom , there are
now  two  identical  photons.  This  process  is  called  stim ulated
em ission.  Lasers  take  advantage  of  th is  principle  to  produce
m ultiple photons w ith  the sam e characteristics.

During  the  operation  of  a  laser,  absorption,  spontaneous
em ission, and  stim ulated  em ission  are  all taking place. In itially,
atom s are  energized  from  the  ground  state  to the  excited  state
by a  process called  pumping. These  atom s decay via  spontane-
ous  em ission  and  em it  photons, w hich  are  reflected  back  in to
the  laser  m edium . Som e of the  photons are  absorbed  by atom s
in  the ground state, and others collide w ith  atom s in  the excited
state. When  photons collide w ith  atom s in  the excited state, th is
results  in  stim ulated  em ission  and  increases  the  total num ber
of photons. Optical  am plification  occurs  w hen  the  num ber  of
photons  being em itted  is  greater  than  the  num ber  of photons
being absorbed, resulting in  a  continuously increasing num ber
of photons. In  order  for  optical am plification  to occur, it  is nec-
essary to have  m ore  atom s in  an  excited  than  in  a ground  state
so that em itted  photons w ill not  sim ply be absorbed  by another
atom  in  its  ground  state. This  crit ical  m ass  concept  is  called
population  inversion .

The  external  energy  source  that  in itially  excites  the  atom s
from  the  ground  state  is called  the  pum p  source. The  source  of
the  atom s  that  are  pum ped  is  term ed  the  gain  m edium . The
gain  m edium  determ ines  the  laser’s  wavelength ,  or  color.
Gain  m edium s are  housed  in  a  space  called  the  opt ical cavit y
and  can  be  a  gas, solid , or  sem iconductor  depending  on  the
type  of laser.

In itially, w hen  photons  are  produced, they are  traveling in  a
m ultitude  of direct ions. In  order  to encourage them  to travel in
a  unified  direct ion, they are  reflected  o m irrors (optical reso-
nators)  placed  on  either  side  of the  optical cavity. One  m irror
has the capability to allow  photons to leave the optical cavity in
the  form  of a  laser  beam , or  elect rom agnetic  radiation , w hen
triggered. The  output  can  be  in  the  form  of a  cont inuous wave
of radiated energy or in  a pulsed form  (� Fig. 95.2).

The  settings for  m ost  types of m edical lasers  include  power,
on–o in terval, pulse w idth , and laser spot  size or shape. Power

Fig. 95.1  Wave  characteristics.
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is the  am ount  of energy that  a device em its and  is m easured  in
watts (W). The  m easure  of em itted  or  received  energy is called
radiant  energy.  It  is  m easured  in  joules  (J)  and  accounts  for
power delivered over t im e.
●

When  energy  delivered  to  t issue  is  considered, the  area  over
w hich  the  energy is  delivered, or  spot  size, is  of relevance. The
spot  size  of a  carbon  dioxide  laser  can  be  adjusted  by m anipu-
lating  the  depth  of focus  of the  m icroscope  or  by altering  the
laser  spot  size  directly. With  a  fiber-based  laser, m oving the fi-
ber  closer  to  the  field  can  decrease  the  spot  size. Irr idance  is
power  divided  by area. Sim ilarly, fluence, the  total energy ab-
sorbed by a cross-sect ional area, accounts for  the distr ibution  of
energy over area.
●

In  the  case of a circular  spot, the  equat ion  would  be the follow -
ing:
●

Therefore, as the fiber  m oves closer  to the t issue, the radius de-
creases, and  the irr idance and  fluence increase significantly. Ul-

tim ately, the  reason  w hy  these  concepts  are  im portant  at  the
tissue  level is that  light  energy is  transform ed  in to heat, w hich
alters  cellular  structures. The  degree  to  w hich  tissue  is  heated
determ ines the extent of dam age (� Table 95.1).

Aside from  adjustm ents to the power and  spot  size, the pulse
w idth , or  length  of t im e  in  w hich  a  single burst  of power  is de-
livered, can  alter  the  way  in  w hich  t issue  responds  to  a  laser.
Running a  laser  in  continuous  m ode  m eans  that  the  energy at
any given  point  in  the  “on” m ode  is constant. Alternatively, en-
ergy can  be  delivered  in  discrete  pulses to  m inim ize  the  trans-
ference  of  heat  to  surrounding  tissue.  The  pulse  duration
should  be  less  than  the  t im e  necessary  for  heat  to  be  con-
ducted  away from  a  laser-heated  region. The  tim e  required  for
heat  to  dissipate  is  know n  as  the  therm al  relaxation  tim e.
Therm al  di usion  tim e, or  the  tim e  that  it  takes  for  heat  to
flow  in to  the  t issue, is  determ ined  by  characteristics  specific
to  certain  t issues, such  as  density, water  conten t, and  specific
heat. If the  pulse  w idth  is less than  the  di usion  tim e  or  relax-
at ion  t im e, therm al  confinem ent  exists. By  keeping  the  pulse
w idth  shorter  than  the  therm al  di usion  or  relaxation  tim e,
the  zone  of necrosis  (� Fig. 95.3), or  extraneous  tissue  injury,
can  be  m inim ized.

Fig. 95.2  Schematic of a  laser unit.

Table 95.1  Correlation of tissue temperature with cellular injury

Tissue  temperature  (°C)  Cellular injury and  t issue  response

42–25  Beginning of hyperthermia, conformational changes, shrinkage of collagen

50  Reduction  of enzymatic activity

60  Denaturation of proteins, coagulation  of collagens

100  Tissue  drying  and  formation of vacuoles

> 100  Beginning  of vaporization  and  tissue  carbonization

300–1,000  Thermal ablation, photoablation, and  disruption

95.2  Laser Terminology, Principles, and Mechanism  of Action
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95.3  Laser Applicat ions in
Laryngology
The  clin ical  culm ination  of the  above  equat ions  and  term s  is
represented  by  the  concept  of  select ive  phototherm olysis.
When  lasers  of  di erent  wavelengths  are  used  (� Fig.  95.4),
specific  t issues  w ill absorb  energy select ively  according  to  the
concentration  of water  or  the  presence  of pigm ent, as in  blood
or  m elanocytes. Therefore, the  select ion  of a  suitable  laser  re-
lates to the inherent qualit ies of the laser and the characteristics
of  the  t issue  being  t reated.  Although  m any  lasers  have  been
used  over  the  past  20  years, a  few  have  com e  to  the  forefront

for  application  in  t reating  diseases  of  the  larynx.  In  general,
they can  be  separated  in to lasers that  target  the  wavelength  of
oxyhem oglobin  and those that target  water (� Table 95.2).

The 585-nm  pulsed dye laser and the 532-nm  pulsed potassi-
um  t itanyl  phosphate  (KTP)  laser  are  two  examples  of  lasers
that  target  oxyhem oglobin  and em body the concept of selective
phototherm olysis. The  absorbance  peaks of oxyhem eglobin  are
541  and  571 nm . When  th is  chrom ophore  is  targeted, energy
can  be  directed  specifically  to  the  subepethelial m icrovascula-
ture that  supplies a lesion, w here it  w ill cause involut ion. Com -
bining  th is  directed  therapy  w ith  pulsed  energy  delivery  re-
duces  collateral  dam age  to  surrounding  tissues  by  respecting
the  therm al relaxat ion  tim e  of laryngeal t issue. Inadverten t  la-
sering  of healthy  t issue  during  procedures  has  m inim al  voice
im plications, and  studies have  show n  no  long-term  fibrotic in-
jury  from  the  use  of these  lasers. In  the  case  of the  true  vocal
folds,  th is  is  of  vital  importance  because  preservation  of  the
superficial lam ina  propria  and  m ucosa, the  vibratory elem ents
of the  vocal fold, is  m axim ized. Both  the  pulsed  dye  laser  and
the  KTP laser  are  used  to  t reat  laryngeal papillom as, granulo-
m as, Reinke  edem a, vocal fold  polyps, leukoplakia, vascular  le-
sions,  ectasia,  varices,  dysplasia,  and  early  glottic  carcinom a.
Given  that  these  are  fiber-delivered  lasers, they are  suitable  for
use  in  the  operating  room  or  o ce  setting  w hen  directed
through  the operat ing port of a flexible laryngoscope.

As  m entioned  previously,  o ce-based  procedures  have  a
num ber  of benefits for  patients;  avoidance  of anesthesia  risk is
the m ost  substan tial, especially for  those w ho have m edical co-
m orbidit ies such  as cardiopulm onary disease. Other benefits in-
clude  a  shorter  recovery  from  anesthesia,  shorter  procedure
tim es, and  reduced  cost  to  the  m edical system . Disadvantages
of  o ce-based  procedures  include  patient  discom fort ,  in-
creased  di culty  in  treating  the  vocal  fold  because  of m ove-
m ent, decreased  reliance on  biopsy for  operat ive decision  m ak-
ing, a potent ial increase  in  the total num ber of procedures for  a
given  pat ient  as a consequence of the ease of procedure adm in-
istration,  and  perhaps  decreased  e cacy  in  comparison  w ith
operating room –based procedures.

The  lasers  in  the  other  broad  class  used  in  laryngology  are
those that target  water, such  as the carbon dioxide laser and the
thulium  laser.  These  are  better  cut ting  instrum ents  and  have
better  hem ostatic properties. They tend  to generate  m ore  heat ,

Fig. 95.3  Tissue  alterations as a  distance  from  incident  laser.

Fig. 95.4  Wavelengths of common laryngeal lasers. Nd:YAG, neodymium:yt trium-aluminum  garnet; UV, ultraviolet.
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w hich  causes tissue  ablation  instead  of involution. Although  at
tim es  desirable, th is  feature  can  lead  to  greater  heat  transfer-
ence  and  an  increased  therm al  e ect  on  surrounding  tissues,
w ith  the potential for increased scarring and fibrosis after treat-
m ent  in  comparison  w ith  the  pulsed  500-nm  lasers  discussed
previously.

The  lasers  that  target  water  serve  as  excellen t  tools  for  the
treatm ent  of diseases  such  as  recurren t  respiratory papillom a-
tosis and  stenosis of the larynx or  trachea, and  for  the resection
of benign  and m alignant neoplasm s. The m ost  w idely used laser
in  th is class is the  carbon  dioxide laser. It  is still used  prim arily
in  the operating room  and  delivered  via a m echanical arm  w ith
articulating  m irrors. Because  it  is  in  the  invisible  spect rum , a
second  coaxial  helium -neon  laser  is  used  as  an  aim ing  beam .
The  beam  is  aim ed  w ith  a  m icrom anipulator  hand  piece  at-
tached  to  the  m icroscope. This  allow s  the  precise  delivery  of
carbon  dioxide  laser  energy to a  given  lesion. The  carbon  diox-
ide laser  is an  excellen t  tool for  laryngeal surgery but  is lim ited
in  that  it  m ust  be  delivered  in  the  direct  line  of sight . Recently,
a  new  m irrored  fiber  delivery system  has been  developed  that
allow s “fiber”-based delivery of the carbon  dioxide laser.

Another  recent  advancem ent  in  carbon  dioxide  technology
has com e in  the form  of the AcuBlade (Lum enis, Yokneam , Isra-
el), a robotic delivery system  for carbon  dioxide laser  m icrosur-
gery. The  device  enables  the  surgeon  to  create  an  incision  of
varying length , shape, and  depth , so  that  energy can  be  deliv-
ered  in  a  uniform  distr ibution  along  the  length  of an  incision
and  a  user  is prevented  from  inadvertently incising too deeply.
Proponents  cite  reduced  surgical  t im es,  improved  precision ,
less  collateral t issue  dam age, and  pat ient  safety  as  benefits  of
the AcuBlade.

The thulium  laser  has e ects on  tissue sim ilar  to those of the
carbon  dioxide  laser, but  there  is  som e  experiential  evidence
that  hem ostasis is im proved  because of a greater  therm al e ect
on  tissue  adjacent  to  ablated  regions. The  thulium  laser  is  an
extrem ely  e ect ive  device  for  t issue  ablation  and  cutt ing. Be-
cause  it  is  delivered  via  a  fiber, it  can  be  used  in  the  o ce  as
well as in  the operating room .

95.3.1  Laser Safet y, Risks, and Adverse
Events
The  use  of lasers in  both  the  o ce  and  the  operating room  re-
quires  that  protect ive  m easures  be  taken  for  patients,  physi-
cians, and  sta . All lasers require  that  sta and  patien ts protect
their  eyes w ith  glasses or  goggles that  are  specific to the wave-
length . For  patients undergoing general anesthesia, all exposed
skin  in  the  perioral  and  facial  region  should  be  covered  w ith
m oist  towels, and  eye  protect ion  should  include the  placem ent
of m oistened eye pads, ideally covered by paper tape.

Lasers have  the  poten tial to  ign ite  com bustible  gas and  plas-
tic polym ers. For th is reason , to prevent  fires, a laser-safe endo-
tracheal tube  should  be  used  that  consists  of a  m etal-guarded
tube  or  a  polym er  tube  w rapped  in  m etallic foil. The  endotra-
cheal  tube  balloon  should  be  protected  by  placing  a  saline-
soaked  pledget  in  the  subglott is, and  the  FiO2  should  be  kept
below  30% during  laser  applications. Should  a  fire  occur, sur-
geons  m ust  be  fam iliar  w ith  appropriate  airway  fire  m anage-
m ent. The  procedure  should  be  halted, gases  shut  o , and  the
endotracheal  tube  rem oved. If possible, direct  visualization  of
the  region  allow s the  rem oval of rem aining burn ing debris and
flam m able  m aterial. Saline  should  be  flushed  in to  the  airway,
and  rigid  bronchoscopy, reintubation,  or  t racheotomy  should
be considered to secure the airway.

95.4  Roundsm anship
●  Lasers rely on  photons to deliver energy to t issue.
●  Optical am plification  is necessary to achieve stim ulated em is-

sion  of radiation .
●  Relevant chrom ophores in  laryngology include oxyhem oglo-

bin  and water.
●  The concept of select ive phototherm olysis is key in  choosing

lasers for laryngology procedures.
●  In it ial m anagem ent of an  airway fire includes turning o the

gas and rem oving the endotracheal tube.

Table 95.2  Common laryngeal lasers

Laser  Wavelength  (nm)  Target  chromophore  Delivery system

Potassium  titanyl phosphate  (KTP)  532  Oxyhemoglobin  Fiber-optic

Pulsed  dye  585  Oxyhemoglobin  Fiber-optic

Neodymium:yt trium-aluminum  garnet  (Nd:YAG)  1,064  Oxyhemoglobin  Fiber-optic

Thulium  (Tm)  2,013  Water  Fiber-optic

Holmium  (Ho)  2,150  Water  Fiber-optic

Carbon dioxide  (CO2)  10,600  Water  Mechanical arm  or photonic mir-
rored  fiber
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96  Tracheo-Esophageal Puncture
Melda Kunduk and Andrew J. McWhorter

96.1  Rat ionale  and Goals
Total laryngectomy is the definitive operat ion  for m alignancy of
the  larynx. It  has  evolved  since  its  in troduct ion  by  Billroth  in
1873  but  rem ains  challenged  by  the  funct ional  deficits  that  it
en tails. Loss of oral com m unication  is the greatest  and m ost  iso-
lating of these deficits. Restoration  of voice requires re-creation
of a  system  w ith  a generator, vibrator, and  resonator. The three
com m only used  system s today are  esophageal speech, artificial
laryngeal  speech , and  tracheo-esophageal  speech. In  all  three
approaches,  the  pharyngoesophageal  segm ent  is  used  as  the
vibratory tissue to replace the vocal folds, and  the resonator re-
m ains  the  pharynx, m outh ,  and  nose.  Esophageal  speech  re-
quires regurgitation  of air  as the  generator. It  is a  di cult  tech-
nique to m aster and  often  requires extensive rehabilitation . The
artificial  larynx  uses  an  external  vibratory  source  such  as  an
electrolarynx. It  is lim ited  by its m echanical sound  quality w ith
poor  pitch  m odulation . Tracheo-esophageal speech  has the  ad-
vantage of restoring lung-driven  speech  that follow s the norm al
cadence  of  respirat ion . There  is  typically  greater  volum e  and
m ore  voice  m odulation  w ith  tracheo-esophageal  speech  than
w ith  the other two m ethods.

Multiple procedures were originally developed by Conley and
m any others to  create  a  m ucosal shunt  from  the  tracheostom a
into  the  esophagus, but  none  was  reliable  enough  to  becom e
w idely  used.  Sim ilarly,  early  attempts  to  deliver  air  in to  the
esophagus w ith  a  diverse  array of prostheses  m et  w ith  lim ited
success. Draw ing  on  an  original description  by  Guttm an, w ho
reported  a  butcher  w ho had  fistulized  him self w ith  an  ice  pick
and  m ain tained  a  tracheo-esophageal  fistula  directly  through
the par ting wall, Singer and Blom  developed a technique as well
as a prosthesis to create  a safe fistu la that  restored  voice in  90%
of their  patients. This  technique  was  fur ther  enhanced  by  the

developm ent  of m ore  technologically advanced  prostheses that
provided  a  well-tolerated  pathway  and  protected  the  airway
from  esophageal contents. Many developm ents have  expanded
on  the original description  of Singer and  Blom , but  all are based
on  the  sam e  principle  in  regard  to  both  the  procedure  and  the
prosthesis.

96.2  Technique
The  posterior  m em branous tracheal wall is  visible  through  the
stom a  and  lies  below  the  level  of the  cricopharyngeus  in  the
proxim al cervical esophagus. The  tracheo-esophageal puncture
is  a  controlled  fistula  through  th is  parting  wall. It  can  be  per-
form ed  at  the t im e of laryngectomy (prim ary) or  at  a later  date
(secondary). The  prim ary puncture  is  perform ed  follow ing re-
m oval of the  larynx and  before  closure  of the  pharynx. A fine,
right-angle  clamp  is  placed  in to  the  proxim al cervical esopha-
gus  through  the  open  pharynx  from  the  laryngectomy  defect .
An  incision  is m ade over  the clamp 1 to 1.5 cm  below  the supe-
rior  border  of the  posterior  t racheal wall in  the stom a. A 14F to
16F red  rubber  catheter  is  then  inserted, passed  inferiorly, and
secured (� Fig. 96.1). Alternatively, kits are available w ith  w hich
a m easurem ent  is m ade and the prosthesis is placed.

The  original  technique  described  by  Singer  and  Blom  was  a
secondary  puncture.  As  originally  described,  rigid  esophago-
scopy is perform ed, and  ballot tem ent  of the posterior  m em bra-
nous  wall  of the  trachea  is  perform ed  at  the  planned  site  for
puncture  w ithin  the  stom a. After  the  position  has  been  con-
firm ed  by visualization  through  the  scope, the  scope  is  turned
180 degrees so that  the m ore distal lip  sits posteriorly and  pro-
tects the  posterior  esophageal wall. A needle  is placed  through
the  m em branous  tracheal  wall  in to  the  esophagoscope.  This

Fig. 96.1  Primary tracheo-esophageal puncture.
(a) Incision  over right  angle  passed  through
pharynx into  proximal cervical esophagus. (b)
Right-angle  tips visible  1.5 cm  below superior
margin of the  posterior tracheal wall. (c) Passing
the  catheter into the  esophagus. (d) Advance-
ment  of the  catheter into the  pharynx. (e)
Redirection of the  catheter inferiorly into the
distal esophagus. (f) Completed  puncture  with
the  catheter in  position. (Courtesy of A. M. Pou
and  R. C. Hamaker.)
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tract  is then  enlarged, and  a  catheter  or  prosthesis is placed. In
a patient  w ho has been  irradiated  or  a patient  w ith  di cult  ac-
cess, rigid  esophagoscopy  can  be  di cult  to  perform . Flexible
esophagoscopy can be used in  a sim ilar m anner, w ith  care taken
to avoid  injury to the  posterior  esophageal wall as the  scope  is
not  protecting  it .  Koch  described  using  a  Seldinger  technique
w ith  a  peel-away  catheter,  like  those  used  in  vascular  access
procedures. This facilitates placem ent  of the  catheter  inferiorly,
and it  is rapid and easy to perform .

Alternatively, a  secondary puncture  can  be  perform ed  in  the
o ce  in  an  awake  pat ien t. Som e  instrum ents have been  devel-
oped  to  facilitate  th is, but  none  has  had  a  greater  im pact  than
the transnasal esophagoscope. The procedure was originally de-
scribed  in  2003 by Bach  et  al. It  has the  advantage  of visualiza-
tion  sim ilar  to that  of the  operat ing room  approaches, but  w ith
the  added  benefit  of the  pat ient  being awake  and  upright. This
prevents  gravity  from  collapsing  the  esophagus, and  air  insuf-
flation  and  pat ient  swallow ing  open  the  esophagus  for  im -
proved visualization. The patient  is seated upright  in  the exam i-
nation  chair, and  the  posterior  m em branous trachea  is injected
w ith  local  anesthetic  at  the  planned  puncture  site  w ithin  the
stom a. Typically, 1  to  2  m L of 1% lidocaine  w ith  1:100,000  epi-
nephrine  is  used. The  technique  is  otherw ise  the  sam e  as  the
secondary puncture  in  the  operating room , w ith  either  a  nee-
dle  or  a  stab  incision  perform ed  follow ing  ballottem ent  and
confirm ation  of position  w ith  the  transnasal esophagoscope  in
the  proxim al esophagus. Again , either  a  catheter  or  a  prosthe-
sis  can  be  placed  at  th is  t im e  (� Fig. 96.2). This  technique  has
proved  to  be  a  successful and  reliable  way to  create  a  tracheo-
esophageal  puncture.  It  is  even  applicable  in  patien ts  w ith
complex  pharyngoesophageal  defects  repaired  w ith  free  flap
and  gastr ic  pull-up  reconstructions.  � Fig.  96.3  dem onstrates
the  step-by-step  perform ance  of  the  procedure  as  seen  from
the  esophageal lum en.

Successful  tracheo-esophageal  voice  creation  does  not  de-
pend  only  upon  the  puncture;  it  can  be  enhanced  w ith  other

recom m ended  preparatory  steps  for  alaryngeal  voicing.  The
perform ance  of a  unilateral  pharyngeal  plexus  neurectomy or
an  inferior  constr ictor–cricopharyngeal myotomy at  the tim e of
laryngectomy has been  popularized by Ham aker and repeatedly
dem onstrated  to  be  very  beneficial  in  the  acquisit ion  of good
tracheo-esophageal  voice. Both  of these  procedures  allow  the
patient  to have better  reflux of air  w ith  less resistance for  voic-
ing. A neurectomy should  not  be  perform ed  bilaterally because
it  w ill result  in  an  adynam ic pharynx w ith  increased  dysphagia
and  a  hollow  voice. If a  myotomy and  a  neurectomy are  both
perform ed, they should  be  ipsilateral. Sim ilarly, the  creation  of
an  accessible  stom a  enhances  the  acquisit ion  of  hands-free
speech  by  facilitating  the  use  of  an  appliance  for  hands-free
speech  as  well  as  finger  occlusion. Suspending  the  t rachea  to
the  sternal  or  clavicular  periosteum  helps  by  reducing  dow n-
ward pull on  the stom a. Release of the sternal heads of the ster-
nocleidom astoid  m uscle  flattens  the  anterior  neck, e ect ively
bringing  the  stom a  forward. Addressing  the  pharynx  and  the
stom a  w ith  these  importan t  steps  is  the  key  to  the  successful
acquisit ion  of  tracheo-esophageal  speech;  they  are  m ore  im -
portant  than  the puncture itself.

96.3  Risks and Adverse  E ects
The only contraindication  to perform ing the procedure as a pri-
m ary puncture is separation  of the parting wall. Separation  can
be  suture-bolstered  but  carries  an  unwarranted  increased  risk
for  leak and  infect ion . There  are  no contraindications to secon-
dary puncture  as long as the  stom a and  esophagus are  accessi-
ble and  patent. Microstom ia and  esophageal str icture should  be
addressed  before  puncture. There  are, however, patien ts  w ho
are poor candidates for  t racheo-esophageal speech. Lack of dex-
terity or  visual acuity m ay lim it  the  patient’s ability to  care  for
the  prosthesis. Sim ilarly, poor  cognition  or  unfavorable  social
circum stances m ay prevent  the patien t  from  m anaging the con-
tinued care required for prosthesis and voice m aintenance.

Fig. 96.2  Secondary tracheo-esophageal punc-
ture with transnasal esophagoscope. (a) Patient is
seated  with  the  esophagoscope  in  position  and
the  hemostat  dilating  the  fistula  puncture. (b)
Patient  with  the  prosthesis in  place  after sizing,
visible  at  the  stoma and  in  the  esophagus on
video monitor.
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Controversy in itially existed  as to the tim ing of the  puncture.
It  was  generally  accepted  that  prim ary  puncture  had  a  better
voice outcom e, but other authors have dem onstrated that  w hen
planned  for  properly, secondary puncture  is  equivalent  to  pri-
m ary  puncture. There  are  pros  and  cons  to  both  approaches.
Pr im ary puncture  can  provide  access for  a  feeding tube  w ith -
out  the  need  for  a  nasogastr ic or  gast ric tube. It  does  require
addit ional  procedures  aside  from  prosthesis  p lacem en t .  The
prosthesis  length  is  m ore  likely  to  change  w ith  prim ary than
w ith  secondary puncture  as  the  t issues m ature  in  the  healing
process.  Alternat ively,  secondary  puncture  allow s  exact
placem en t  of the  fistu la  follow ing  healing  and  m aturat ion  of
the  stom a, especially in  the  set t ing of postoperat ive  rad iat ion .
Som e  studies  have  suggested  that  after  chem oradiat ion  and
salvage  total  laryngectomy,  t racheo-esophageal  puncture
should  be  perform ed  secondarily  because  of  the  poten t ially
increased  r isk  for  pharyngocutaneous  fistu la  w ith  prim ary
puncture.

In  the  per ioperat ive  per iod , the  r isks  of the  procedure  are
low.  The  m ost  dangerous,  although  thankfu lly  rare,  risk  is
m ediast in it is. In fect ion  at  the  puncture  site  w ith  par t ing w all
abscess  has  been  described , bu t  the  m ost  com m on  com plica-
t ion  is d islodgem ent  of the  prosthesis or  catheter  w ith  loss of
the fistu la.

More  significant  are  the  problem s  associated  w ith  voice  ac-
quisit ion  and  m ain tenance  of the  fistula  on  a  long-term  basis.
Close teamwork w ith  the speech–language pathologist  is essen-
tial  in  assisting  patients  w ith  both  voice  and  prosthesis  m a-
nagem ent. Pharyngoesophageal spasm  is the greatest  barrier  to
the  acquisit ion  of fluent  speech . This  should  be  a  rare  occur-
rence  and  is  typically  avoidable  w ith  the  perform ance  of  a
prim ary pharyngeal plexus neurectomy or cricopharyngeal my-

otomy. The  spasm  is  clin ically suspected  but  can  be  confirm ed
through  fluoroscopy or  endoscopy w hile  the  patien t  is  voicing.
Secondary  neurectom ies  and  myotom ies  can  be  perform ed. A
less invasive  alternative  is  botulinum  toxin  A inject ion  in to the
pharyngoesophageal segm ent. This  is  h ighly e ect ive, and  the
result  m ay be perm anent . Most  com m on are problem s w ith  the
prosthesis, such  as dislodgem ent , potential foreign  body aspira-
tion , and prosthesis failure, w hich  is usually secondary to fungal
overgrow th. The pat ien t  should  be t rained  to m anage dislodge-
m ent  w ith  replacem ent of a prosthesis or a catheter in to the fis-
tula. A foreign  body is easily m anaged  through  the im m ediately
accessible stom a. Fungal overgrow th  is the m ost  com m on cause
of prosthesis  failure  and  leak  due  to  loss  of the  valve  compe-
tence (� Fig. 96.4).

Most  troublesom e are the problem s associated w ith  the fistu-
la  itself, especially th inning of the  part ing wall or  enlargem ent
of the  fistu la  tract, creating peri-prosthesis leakage  and  aspira-
tion . Close  teamwork w ith  the  speech  pathologist  is invaluable.
Dow nsizing  the  tract  w ith  a  sm aller  catheter  or  a  prosthesis
w ith  a larger  posterior  flange  is the least  invasive  m anagem ent
alternative. Suture tigh ten ing of the fistula tract  can  be success-
ful, as can  the inject ion  of collagen  around the prosthesis. These
problem s can  be  di cult  to m anage and  m ay require  closure of
the fistula w ith  repuncture after healing.

Tracheo-esophageal  puncture  provides  a  safe  and  reliable
m ethod  for  voice  restoration  follow ing  total  laryngectomy.
Although  m ultiple  adjustm ents  are  necessary  for  the  pat ient
w ithout a larynx, e ect ive com m unicat ion  is m ost  im portan t  to
quality of life. Rehabilitation  w ith  the  speech–language  pathol-
ogist  eases th is transit ion  and should  be in itiated in  the preope-
rative period. Prim ary versus secondary puncture is less impor-
tant  in  voice acquisit ion  than  are  pharyngoesophageal segm ent

Fig. 96.3  Secondary tracheo-esophageal puncture with transnasal esophagoscopic view. (a) Proximal cervical esophagus. (b) Confirmation of position,
with  indentation visible. (c) No.  11 blade  incision. (d) Placement  of hemostat  through incision. (e) Dilation of tract  with  spread  of hemostat. (f)
Placement  of dilator through fistula. (g) Measurement  of length  of fistula  tract  with  sizer. (h) Prosthesis in  position.
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preparation  w ith  myotomy  or  neurectomy  and  appropriate
stom a creation.

96.4  Roundsm anship
●  Tracheo-esophageal puncture can  be perform ed as a prim ary

or secondary procedure w ith  equal success.

●  Prim ary puncture has the advantage of providing alternative
access for feeding, but  the prosthesis length  is likely to
change.

●  The only contraindication  to prim ary puncture is separation
of the par ting wall at  the t im e of surgery.

●  Secondary t racheo-esophageal puncture can  be perform ed
easily in  the o ce under local anesthesia w ith  transnasal
esophagoscopy.

●  The key to successful tracheo-esophageal voice acquisit ion  is
appropriate patient  preparation w ith  pharyngoesophageal
myotomy or pharyngeal plexus neurectomy and appropriate
stom a creation.
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Fig. 96.4  Fungal overgrowth (arrow) on a  tracheo-esophageal pros-
thesis causing  valve  failure  from  incomplete  closure, as seen on
transnasal endoscopy.
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97  Evaluat ion and Managem ent  of Esophageal Disorders
Catherine Rees Lintzenich and Kristin K. Marcum

97.1  Int roduct ion
Esophageal  disorders  are  com m on  in  the  general  population,
and  pat ien ts  w ith  associated  sym ptom s  frequently  present  to
the  otolaryngologist . Sym ptom s m ay include  dysphagia, th roat
pain ,  globus  sensation,  heartburn,  and  regurgitation.  Esopha-
geal  disorders  account  for  the  m ajority  of  swallow ing  com -
plaints  in  young  adults  and  a  large  proportion  of swallow ing
complaints in  older adults.

97.2  Esophageal Anatom y
The esophagus is a m uscular conduit  connecting the pharynx to
the stom ach  for  the t ransport  of food. The norm al esophagus is
approxim ately 26 cm  in  length . It  begins at  the lower  border  of
the  cricoid  cartilage  opposite  the  t ransverse  process  of C6  and
ends at  the level of T10. At an  early period in  fetal developm ent ,
the  stom ach  is  separated  from  the  pharynx  by  the  esophagus,
w hich  begins  as  a  foregut  structure.  The  future  esophagus
extends  from  the  pharyngeal  tube  as  far  caudally  as  the  liver
outgrow th. By  the  end  of the  th ird  week  of developm ent , the
prim itive  foregut  develops  a  ventral  diverticulum  from  w hich
the  tracheobronchial tree  develops. As  a  result  of ingrow th  by
two  lateral  septa,  the  tracheo-esophageal  septum  gradually
partit ions th is diver ticulum , resulting in  the form ation  of an  an-
terior  respiratory prim ordium  and  a  posterior  esophagus. Dur-
ing  the  fourth  and  fifth  weeks  of developm ent , grow th  of the
heart  and  liver  allow s the  esophagus to stretch. As the  esopha-
gus  elongates, its  lum en  is  nearly  completely  obliterated, and
recanalization  occurs by week 8 to 10.

The  m ature  esophagus  is  a  collapsed  tube  beginning  at  the
upper  esophageal sphincter  (UES) and  coursing through  the  di-
aphragm atic  h iatus  at  the  lower  esophageal  sphincter  (LES).
The  UES is  m ore  aptly  described  as  the  pharyngoesophageal
segm ent  because  it  is  m ade  up  of the  cricopharyngeus m uscle,
part  of the inferior pharyngeal constrictor, and the m ost  superi-
or  portion  of the  longitudinal esophageal m uscular  fibers. The
cricopharyngeus  m uscle  is  a  sling-shaped  m uscle  arising  from
the posterior cricoid cartilage; it  is tonically contracted, opening
for  swallow ing and  belch ing. The LES has a norm al resting tone
of 10  to 40 m m  Hg and  is norm ally positioned  at  or  just  below
the  diaphragm . The  LES is  not  a  t rue  anatom ical sphincter  and
is  reinforced  by  the  crura  of  the  diaphragm .  The  esophagus
comprises  four  layers:  the  m ucosa,  including  stratified  squa-
m ous epithelium , the lam ina propria, and the m uscularis m uco-
sae; the subm ucosa; the m uscularis propria; and the advent it ia.
The m uscularis propria consists of proxim al skeletal m uscle and
distal  sm ooth  m uscle,  w hich  are  arranged  as  inner  circular
m uscle  and  outer  longitudinal m uscle. The  cervical esophagus
is  composed  prim arily  of str iated  m uscle, and  the  distal  two-
thirds  of the  esophagus  is  composed  of sm ooth  m uscle. A sec-
tion  consisting of m ixed  str iated  and  sm ooth  m uscle  betw een
these areas is known  as the transit ion  zone. The innerm ost  m u-
cosal  layer  changes  from  nonkeratin ized  stratified  squam ous
epithelium  to  colum nar  epithelium  at  the  squam ocolum nar

junct ion.  The  squam ocolum nar  junct ion  can  be  recognized
from  the  irregular  Z-line  separating  the  ligh t  pink  esophageal
squam ous m ucosa and  the  darker  pink colum nar gastric m uco-
sa (� Fig. 97.1). The gastroesophageal junct ion  is defined  by the
proxim al m argin  of the  gastric folds and  the  term ination  of the
esophageal linear  blood  vessels. The  squam ocolum nar  junct ion
and gast roesophageal junct ion  are norm ally located at the sam e
level;  however, the  two  are  not  one  and  the  sam e. In  patients
w ith  Barrett  esophagus, the  squam ocolum nar  junct ion  is  m ore
proxim al in  the  esophagus than  the  gast roesophageal junct ion,
and  in  pat ients w ith  a h iatal hernia, the  gastroesophageal junc-
tion  is m ore proxim al than  the diaphragm atic indentation.

The  esophagus  is  innervated  by both  sym pathetic and  para-
sym pathetic  chains. There  is  also  in tr insic  innervation  of  the
esophagus via nerve plexus. The Auerbach  (myenteric) plexus is
found  betw een  the  circular  and  longitudinal m uscles and  func-
tions  to  m ediate  in tr insic m otor  control of the  esophagus. The
Meissner  plexus  is  w ithin  the  subm ucosa  and  innervates  the
m uscularis m ucosae and secretory glands.

Swallow ing  begins  w hen  a  food  bolus  is  propelled  in to  the
pharynx from  the m outh. The in itiat ion  of the swallow  is volun-
tary, but  the  pharyngeal and  esophageal phases that  follow  are
involuntary. During  ingestion  of a  m eal,  the  pharyngeal  con-
str ictors contract, the  UES relaxes, and  distention  of the  proxi-
m al str iated  m uscle  in itiates prim ary peristalsis. A rapidly pro-
gressing  pharyngeal  contraction  then  transfers  the  bolus
through  the relaxed UES in to the esophagus, coordinated by the
m edullary  swallow ing center. As  the  UES closes, a  progressive
circular  contract ion  begins  in  the  upper  esophagus  and  pro-
ceeds  distally  along  the  esophageal  body  to  propel  the  bolus
through  the  relaxed  LES. Peristalt ic pressures norm ally ranging
from  30  to  180 m m  Hg  are  generated.  The  LES subsequently
closes  w ith  a  prolonged  contract ion ,  prevent ing  m ovem ent
back in to the  esophagus. The  m echanical e ect  of peristalsis  is
a str ipping wave, so called because it  str ips the esophagus clean
from  its proxim al to its distal end. Esophageal distention  signals

Fig. 97.1  Normal squamocolumnar junction.
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secondary peristalsis to clear  any rem aining food. Finally, ter t i-
ary  peristalsis  consists  of nonperistalt ic contractions  that  m ay
occur spontaneously or after swallow ing.

Both  the  UES and  LES are  ton ically  contracted  at  rest.  The
closed  state  of  the  UES is  prim arily  the  result  of  cont inuous
neural excitation. The resting state of contraction  of the UES as-
sists  in  prevent ing  regurgitation  and  aspirat ion. It  is  believed
that  the tonic contract ion  of the  LES is a funct ion  of the  m uscle
itself and  not  dependent  on  neural e ects. The  stim ulation  of
inhibitory  fibers  results  in  LES relaxat ion. The  resting  tone  of
the  LES is  typically betw een  15  and  45 m m  Hg and  is  a ected
by a  w ide  array of events, foods, drugs, and  horm ones. LES re-
laxation  occurs  not  only in  response  to  swallow ing but  also  in
response to esophageal distention.

97.3  Divert icula
Esophageal  diver ticula  are  sm all  pouches  or  sacs  in  areas  of
weakness  created  by herniation  of the  lin ing of the  esophagus
through  the  m uscular  wall.  True  diverticula  include  all  three
layers of the esophagus, w hereas in  false divert icula, the m uco-
sa  and  subm ucosa  hern iate  th rough  the  m uscular  wall.  The
m ost  com m on  type  of diver ticulum  is  a  Zenker  diverticulum ,
w hich  is  a  (false)  pharyngoesophageal  pulsion  diver ticulum
typically associated w ith  an  underlying m otility disorder and/or
cricopharyngeal  dysfunct ion.  A  Zenker  diverticulum  occurs
proxim al to  the  UES in  the  hypopharynx and  involves the  Kill-
ian  triangle betw een the cricopharyngeus m uscle and the raphe
of the  inferior  pharyngeal constrictor  m uscles. A Killian-Jam ie-
son  diver ticulum  protrudes through  a m uscular  gap  (Killian-Ja-
m ieson  tr iangle) in  the anterolateral wall of the cervical esoph-
agus  inferior  to  the  cricopharyngeus, superior  to  the  circular
m uscle  of the  esophagus, and  lateral to the longitudinal m uscle
of the  esophagus. Killian-Jam ieson  divert iculum  also  has  been
called  lateral cervical esophageal divert iculum . Zenker divert ic-
ulum  is felt  to  be  associated  w ith  chronic cricopharyngeal dys-
function  and/or  reflux. Sym ptom s include dysphagia, regurgita-
tion, m alodorous breath , cough, and aspirat ion . Zenker divert ic-
ulum  is  m ost  readily  diagnosed  on  fluoroscopic  esophagram
(� Fig.  97.2),  although  it  m ay  be  seen  on  esophagoscopy  at
tim es. For  sym ptom atic  divert icula, endoscopic or  open  treat-
m ent  can  be  perform ed, including a  complete  cricopharyngeal
myotomy. For  endoscopic diver ticulotomy, the  cricopharyngeal
m uscle is divided  completely w ith  a laser or surgical stapler de-
vice, e ectively  m arsupializing  the  pouch  so  that  it  no  longer
collects  food  or  saliva. In  an  open  diverticulectomy, complete
excision  of the  pouch  is perform ed  along w ith  a  cricopharyng-
eal myotomy (see  Chapter  98  for  fur ther  discussion  of Zenker
diver ticulum ).

97.4  Em bryologic Disorders
Several esophageal disorders are  a  direct  result  of em bryologic
developm ent  disorders. The  m ost  com m on  congenital anom a-
lies  are  esophageal  atresia  and  tracheo-esophageal  fistula,
w hich  often  present  together as a result  of failure of recanaliza-
tion  of the em bryonic esophagus. The m ost com m on scenario is
a  distal t racheo-esophageal fistula  and  proxim al atresia. Other,
less  com m on  congenital  abnorm alities  include  esophageal

duplication  cyst, w hich  m ay present  as  a  neck  m ass, and  dys-
phagia  lusoria, w hich  is  caused  by compression  of the  esopha-
gus  by  an  anom alous  retroesophageal  right  subclavian  ar tery.
Dysphagia  lusoria  is  often  associated  w ith  a  nonrecurrent  lar-
yngeal  nerve, and  it  m ay  not  present  until  m iddle  age, w hen
vessel elasticity is comprom ised. Children  w ith  tracheo-esopha-
geal fistula  m ay present  very early in  life  w ith  feeding di cul-
ties, drooling, or  respiratory dist ress. These  ch ildren  need  to be
evaluated  for  com orbidities  because  as  m any  as  50% of them
m ay  have  a  cardiac  or  other  abnorm ality.  Radiographs  m ay
dem onstrate  a large am ount  of air  in  the stom ach  and  proxim al
intestine. There m ay be inability to pass a nasogastr ic tube  past
9  to  13 cm  from  the  nares. Treatm ent  for  t racheo-esophageal
fistula  or  atresia  is urgent  surgical repair  in  the  new born  child.
Dysphagia lusoria m ay be diagnosed by esophagram  revealing a
pulsatile horizontal bar at  the obstruct ion  site.

97.5  Cricopharyngeal Dysfunct ion
Cricopharyngeal dysfunct ion  results  from  abnorm al relaxation
of the  cricopharyngeus  m uscle  and/or  abnorm al  coordination
betw een  the pharynx and  cricopharyngeus. Laryngopharyngeal

Fig. 97.2  Zenker diverticulum  esophagram.

Evaluat ion and Management  of Esophageal Disorders

740



reflux  m ay  contribute  to  cricopharyngeal  dysfunct ion  w hen
chronic acid  irr itation  t riggers  a  neural reflex  to  increase  UES
pressure. The sym ptom s can  be hard  for  patients to localize but
are typically at the level of the cricoid cartilage or the supraster-
nal notch. Globus sensation  and  the sensation  of e or tful swal-
low  or food sticking in  the throat  are com m on. Patients m ay de-
scribe a “choking” sensation, as well. It  is very im portan t  to rule
out  distal  esophageal  problem s  in  the  presence  of cricophar-
yngeal abnorm alities  because  the  cricopharyngeal dysfunct ion
m ay be the result  of compensation  for  a m ore distal esophageal
problem .  On  fluoroscopic  studies,  the  cricopharyngeus  m ay
appear  prom inent,  looking  like  a  “bar”  during  deglutit ion
(� Fig.  97.3).  Cricopharyngeal  m anom etry  is  the  best  test  for
confirm ing cricopharyngeal dysfunct ion. The  treatm ent  of th is
region  includes  swallow ing  therapy, dilation , botulinum  toxin
inject ion, or  cricopharyngeal myotomy (see  Chapter  98  for  fur-
ther discussion  of cricopharyngeal dysfunct ion).

97.6  Infect ious and Inflam m atory
Disorders
There  are  m any  causes  of  nonspecific  esophagitis  that  m ay
present  as heartburn  or odynophagia. The m ost  com mon  infec-
tious  cause  of  esophagit is  is  Candida  a lbicans.  Patients  often
present  w ith  pain  and dysphagia and are at  increased risk if im -
m unocomprom ised  or  on  long-term  antibiotics. Exam ining the
oral cavity is  not  su cient  because  esophageal candidiasis  can
present  w ithout  findings  of fungus  in  the  oral cavity  or  phar-
ynx. The fungal infect ion  is suspected w hen w hite plaques w ith
an  erythem atous base  are  seen  on  esophagoscopy (� Fig. 97.4).
Treatm ent  includes  topical  or  system ic  an tifungals.  Topical
treatm ent  m ay  begin  w ith  nystat in  sw ish  and  swallow
(400,000  to  600,000  units  four  t im es  daily  or  clotrim azole
troches  (one  10-m g  troche  dissolved  slow ly  five  t im es  daily).
With  topical  agents,  successful  therapy  depends  on  adequate
contact  t im e  betw een  the  agent  and  the  oral  m ucosa.  If  the

patient  does not  respond  to these local m easures, the  preferred
therapy is oral fluconazole, A m inim al start ing dose is a 200-m g
loading  dose,  then  100  to  200 m g  daily  for  14  to  21  days.
When  this treatm ent  fails, biopsy w ith  fungal culture should  be
perform ed.

Pill-induced  esophagitis  can  cause  punctate  ulcerat ions  that
form  as a result  of prolonged  contact  of the  esophageal m ucosa
w ith  m edications. The m echanism  of pill-induced esophagit is is
felt  to  involve  delayed  t ransit  of  the  m edication  through  the
esophagus and local chem ical irr itation. Som e of the m ore com -
m on  o enders include  tet racyclines, potassium  chloride, doxy-
cycline, aspirin ,  and  bisphosphonates. Risk  factors  for  pill-in-
duced  esophagit is  include  improper  adm inist ration  of m edica-
tions (e.g., ingestion  of the pill w ith  inadequate volum es of fluid
and/or  taking m edications  just  before  lying dow n). The  extent
of  injury  caused  by  pill-induced  esophagitis  can  range  from
superficial  inflam m ation  to  deep  ulceration  and  str icture  for-
m ation. In  general, pill-induced  esophageal injuries  heal w ith-
out  in tervent ion  w ithin  a  few  days, but  avoiding the  injurious
drug  is  param ount . All  m edications  should  be  converted  to  a
liquid  form ,  if  possible,  w hile  the  esophagus  is  healing.  Acid
suppression  m ay be  a  useful adjunct  t reatm ent . A suspension
of  sucralfate  m ay  serve  to  layer  a  protect ive  coat ing  on  the
esophageal  m ucosa  and  prom ote  healing. Pat ien ts  should  be
instructed  to rem ain  uprigh t  and  to drin k copious am ounts of
w ater  after  taking the  m edicat ion . For  the  pat ien t  w ho  is  un-
able  to  eat  or  drink  because  of severe  odynophagia, a  tem po-
rary  period  of  paren teral  hydrat ion  or  alim en tat ion  m ay  be
required .

Eosinophilic esophagit is is an  uncom m on disorder of esopha-
geal inflam m ation . According to an  Am erican  Gastroenterologi-
cal Association  (AGA) consensus panel, eosinophilic esophagitis
is a clin icopathologic disease characterized by the follow ing: (1)
sym ptom s  including  but  not  restricted  to  food  im paction  and
dysphagia  in  adults;  (2)  feeding  in tolerance  and  sym ptom s  of
gastroesophageal reflux disease (GERD) in  ch ildren; and  (3) the
presence  of  15  or  m ore  eosinophils  per  h igh-power  field  on
esophageal  m ucosal  biopsy.  The  cause  of  the  disorder  is  un-
know n, but  it  is  increasingly diagnosed  and  has been  linked  to
allergies. Two m ain  hypotheses  have  been  proposed  to  explain
the pathogenesis of eosinophilic esophagitis. The first  holds that

Fig. 97.3  Cricopharyngeal bar.

Fig. 97.4  Candida  esophagitis.
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a response to a food or an  allergen  tr iggers cytokine product ion.
Recent studies exploring elem ental diets in  children  have found
that  these diets can  lead  to a complete  resolution  of esophageal
eosinophilia, confirm ing that  food  allergies are  related  to  eosi-
nophilic  esophagitis  in  at  least  som e  patients.  The  second
theory holds that  GERD causes peptic dam age  to the  epithelial
t ight  junct ions, w hich  leads to increased  perm eability and  sub-
sequent  recruitm ent  of  inflam m atory  cells,  especially  eosino-
phils. One of the consensus diagnost ic criteria is the presence of
15  or  m ore  eosinophils  per  h igh-power  field  on  biopsy.  The
esophageal m ucosa  is  unique  in  the  gut  because  it  is  norm ally
devoid  of any resident  eosinophils. However, eosinophils  accu-
m ulate  in  disease  states such  as  GERD, Crohn  disease, collagen
vascular  disease,  connective  t issue  diseases,  and  drug-associ-
ated  esophagitis. Therefore, a  careful work-up  to rule  out  exist-
ing  conditions  m ust  be  m ade  before  eosinophilic  esophagitis
can  be diagnosed. The di eren tial diagnosis in  these cases m ust
take  in to  consideration  the  patient’s  h istory, clin ical presenta-
tion, endoscopic features, and  precise  enum eration  of eosino-
phils per h igh-power field. Adults w ith  eosinophilic esophagitis
usually  do  not  have  elevated  eosinophil  or  im m unoglobulin  E
levels  in  peripheral  blood  sm ears.  Adults  classically  present
w ith  dysphagia  to  solids, food  im paction , or  str ictures. Endos-
copy m ay reveal t rachealization  of the esophagus w ith  a ringed
appearance;  however,  the  esophagus  m ay  look  norm al,  and
therefore  a  h igh  index  of  suspicion  is  warran ted.  The  endo-
scopic features of eosinophilic esophagitis  include  longitudinal
furrow ing, friability, edem a, longitudinal shearing, raised  w hite
lesions,  w hitish  exudates,  “crepe  paper  m ucosa,”  a  narrow
esophagus, and  transient  or  fixed  rings (� Fig. 97.5). In  the  re-
view  by  the  AGA panel,  86% of  patients  were  found  to  have
rings, str ictures, or a narrow  esophagus. Although none of these
features can  be  classified  as pathognom onic, in  the  appropriate
clin ical context, the presence of m ore than  one of these findings
is strongly suggestive  of the  diagnosis. After  endoscopy and  bi-
opsy, the treatm ent  options include ingested or  topical steroids,
allergy  evaluat ion ,  and  elim ination  tr ials.  Caution  is  advised
during  esophagoscopy  because  patients  w ith  eosinophilic
esophagit is are  prone to superficial lacerations and  are  at  h igh-
er risk for esophageal perforation .

Polymyositis  is  a  type  of m uscle  weakness due  to  inflam m a-
tion  and  degenerat ive  changes  in  str iated  m uscle.  Proxim al
m uscle weakness in  the shoulder and  hips is the m ost  com m on
presenting  sym ptom .  When  associated  w ith  skin  rashes,  the
disorder  is  term ed  derm atomyositis.  Peristalsis  is  dim inished
and  poorly  coordinated,  and  the  esophagus  m ay  be  dilated.
Manom etry  reveals  decreased  UES pressure  and  reduced  peri-
stalt ic  waves.  The  goals  of  treatm ent  are  to  im prove  m uscle
strength  and  to  avoid  the  developm ent  of extram uscular  com -
plications. In  patien ts  w ith  derm atomyositis, resolution  of the
cutaneous  m anifestat ions  is  an  additional  goal.  Pat ients  w ith
polymyositis  are  generally  referred  to  rheum atology  for  an
im m unologic work-up and t reatm ent. Treatm ent generally con-
sists  of  glucocort icoids;  other  t reatm ent  options  can  include
azathioprine  or  m ethotrexate. Pat ients m ay be on  system ic ste-
roid therapy for as long as a year.

GERD is the backward flow of gastr ic contents in to the esoph-
agus  and  overall  the  m ost  com mon  cause  of  inflam m atory
esophagit is. Further  backward  flow  into the  pharynx is know n
as  laryngopharyngeal  reflux  (LPR), or  extraesophageal  reflux.
Typical  sym ptom s  of  GERD  include  regurgitation ,  heartburn,
and  chest  pain . Sym ptom s  of LPR include  dysphagia, in term it-
tent  dysphonia,  throat  clearing,  globus  sensation,  and  cough.
The  m echanism  of GERD is  related  to  t ransient  inappropriate
LES relaxat ions and gastr ic distention . The m echanism  of LPR is
less well understood but  m ay involve inappropriate UES relaxa-
tion, as  well. Refluxate  m ay consist  of food, gas, stom ach  acid,
bile  acids  (bile  reflux), or  esophageal contents  (esophagophar-
yngeal reflux). Esophageal injury  from  reflux  m ay m anifest  as
erosive  esophagit is  (� Fig. 97.6) or  peptic str icture. Endoscopic
changes  in  the  m ucosa  of the  esophagus  are  not  required  for
the diagnosis of reflux (nonerosive reflux disease). Reflux is fre-
quently seen  in  the  setting of a  h iatal hernia. Prolonged  GERD
predisposes  to  Barrett  esophagus  and  adenocarcinom a. How -
ever, the  “spectrum  of disease” approach  has  been  challenged
by the view  that  GERD m ay be a disease w ith  “categories,” such
as nonerosive  disease, erosive  esophagitis, and  Barrett  esopha-
gus, and  that  conversion  from  one  disease  state  to  another  is
distinctly unusual. Data  suggest  that  although  GERD m ay prog-
ress  in  severity, the  reported  rates  of progression  are  relatively
low  over  a  20-year  period. GERD is often  evaluated  w ith  am bu-
latory pH m onitoring and  m anom etry. Manom etry m ay confirm
that  the  pH probe  is  in  the  correct  location, as  well as  evaluate
for  m otility disorders. All proton  pum p inhibitors should  be held
before  the  am bulatory  pH  m onitoring.  The  AGA recom m ends
that  endoscopy  w ith  biopsy  be  perform ed  for  patients  w ith
GERD and  dysphagia w ho have  not  responded  to an  em piric tri-
al of tw ice-daily proton  pum p  inhibitor  therapy. The  treatm ent
of  reflux  includes  lifestyle  m odifications  and  acid-reducing
m edications, such  as  proton  pum p  inhibitors. Proton  pum p  in-
hibitors  do  not  physically  stop  reflux;  instead, they  reduce  the
acidity of the  refluxate  (increase  the  pH). Unfortunately, weakly
acidic refluxate  or  even  refluxate  with  a  neutral pH m ay be  in-
jurious to the esophageal lining and  cause reflux sym ptom s.

Barrett  esophagus  is  a  potentially  serious  complication  of
long-standing GERD. It  occurs w hen  the norm al stratified  squa-
m ous epithelium  of the  distal esophagus has been  replaced  by
intestinal colum nar  epithelium  (m etaplasia). Barrett  esophagus
is  the  m ost  significant  outcom e  of  chronic  GERD and  a  risk
factor for esophageal adenocarcinom a. Thus, it  is recom m ended

Fig. 97.5  Eosinophilic esophagitis. Note  the  mucosal edema, longitu-
dinal furrows, “crepe  paper mucosa,” and  white  exudate.
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that  patien ts  w ith  prolonged  GERD sym ptoms, especially m id-
dle-aged  w hite  m en, undergo endoscopic screening for  Barrett
esophagus. If Barrett  esophagus is confirm ed, these patients re-
quire  cont inued  endoscopic surveillance  to detect  the  develop-
m ent  of dysplasia and  adenocarcinom a. The risk for  esophageal
adenocarcinom a in  Barrett  esophagus is approxim ately 0.5% an-
nually, but  the  risk increases substantially in  patients w ith  lon-
ger  (> 3 cm ) a ected  esophageal segm ents  and  with  high-grade
dysplasia. The  goal of surveillance  is  to  detect  cancer  at  an  ear-
lier and  potentially curable stage. Endoscopic surveillance guide-
lines suggest  four-quadrant  biopsies at  2-cm  intervals  along the
entire  a ected  length  of the  esophagus  at  varying tim e  periods
depending on  the presence or severity of dysplasia.

97.7  Traum a
Esophageal  injuries  m ay  be  iatrogenic  or  induced.  Mallory-
Weiss tear  is an  incomplete  tear  of the  esophageal m ucosa and
laceration  of subm ucosal arteries  resulting from  increased  ab-
dom inal pressure. It  is com m only associated w ith  retching in  al-
coholics and  m ay present  as upper  gastrointestinal bleeding. In
Boerhaave  syndrom e, increased  abdom inal pressure  causes  all
three  layers  of the  esophagus  to  rupture;  patients  have  severe
sym ptom s of hem atem esis, chest  pain , and  hypovolem ic shock.
Esophageal perforations, w hether  due  to t raum a or  instrum en-
tation,  including  endoscopy  and  nasogastr ic  tube  placem ent,
should  all  be  considered  otolaryngologic  em ergencies.  In  pa-
tients at  risk for esophageal perforat ion, tachycardia, chest  pain ,
dysphagia, or dyspnea should be im m ediately evaluated.

97.8  Foreign Body Ingest ion
Foreign  body  ingestion  is  m ost  com m on  in  children .  Foreign
bodies tend to lodge at  three areas of natural constr ict ion  in  the

esophagus:  the  level  of  the  cricopharyngeus,  the  aort ic  arch ,
and  the  LES.  Pat ients  w ho  have  esophageal  foreign  bodies
present  w ith  drooling, dysphagia, or dyspnea from  compression
of the  adjacent  m em branous  posterior  tracheal wall. Com m on
esophageal  foreign  bodies  include  coins,  food,  toys,  and  disc
batteries.  Upon  the  patient’s  presentation  to  the  em ergency
departm ent , both  lateral  and  anteroposterior  film s  should  be
obtained. If there is a concern  for foreign  body ingestion  by his-
tory,  physical  exam inat ion,  or  im aging  findings,  the  patient
should  undergo endoscopy. Disc bat teries can  often  be di eren-
tiated  from  coins  by the  appearance  of a  sm all double  ring on
an  anteroposterior  film  or  a  slight  “step-o ” on  a  lateral  film
(� Fig. 97.7). Disc battery dam age is predom inantly from  an  ex-
ternal curren t  that  causes elect rolysis  of t issue  fluids, generat-
ing  hydroxide.  Any  patient  w ho  has  ingested  a  disc  battery
should  be  taken  urgently  to  the  operat ing room . Airway com -
prom ise  from  esophageal edem a  has been  reported  as early as
3  hours  after  ingestion, and  esophageal injury  has  occurred  in
patients w ith  a battery lodged  for  less than  2  hours. The longer
the battery has been  in  the esophagus, the m ore edem atous the
m ucosa  becom es  and  the  m ore  t igh tly  the  bat tery  adheres  to
the  m ucosa, m aking extract ion  m ore  di cult  and  dangerous. If
the battery rem ains in  place, ulceration  and  perforation  can  oc-
cur. Treatm ent  depends  on  the  extent  of  injury  and  parallels
that  for  ingested  caustic m aterials, discussed  below. In  the  case
of any  suspected  esophageal  foreign  body, general  anesthesia
w ith  endotracheal  in tubation  is  recom m ended  to  protect  the
airway. The otolaryngology team  should perform  the in tubat ion
in  the case of a second foreign  body in  the oropharynx or hypo-
pharyx.  After  rem oval  of  the  foreign  body,  the  esophagus
should  be  assessed  for  underlying pathology, such  as  str icture.
Com plicat ions  from  the  rem oval of foreign  bodies  are  uncom -
m on  but  m ay include esophageal perforation  and  delayed  str ic-
ture form ation.

Fig. 97.6  Erosive  esophagitis.
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97.9  Ingest ion of Caust ic Materials
Ingestion  of caustic  m aterials  generally  occurs  in  children  but
m ay occasionally also  occur  in  adults, m ost  com m only in  psy-
chot ic  persons,  the  elderly,  or  prisoners.  Alkaline  ingestion
causes  liquefact ion  necrosis  and  m ore  severe  dam age  than
acidic ingestion, w hich  causes coagulation  necrosis. The  coagu-
lum  that  form s in  acid  ingestion  m ay help  to lim it  the  depth  of
penetration  of the  caustic substance. The  severity of orophary-
geal and  external injury does not  always correlate  w ith  the  se-
verity of esophageal injury. Sym ptom s include drooling, m outh
pain , str idor, chest  pain , and  abdom inal  pain . The  oral  cavity
m ay appear norm al, and  a norm al appearance does not  ru le out
esophageal  injury. Injury  occurs  in  stages;  w ith in  the  first  24
hours,  a  dusky  edem a  develops  and  ulceration  m ay  appear;
then, subm ucosal inflam m at ion  occurs over  the  next  few  days,
followed  by a  sloughing of the  superficial layer  at  5  to  7  days.
Fibrosis of the  deep  layers w ith  scar  and  stricture  m ay develop
in  1 to 4 weeks. The general consensus recom m ends endoscopy
w ithin  the first  24 to 48 hours of presentat ion. Delayed  evalua-
tion  m ay increase the risk for  perforation  on  endoscopy. Esoph-
ageal injury is graded  at  the  t im e  of endoscopy. Grade  1  injury
consists of edem a and  erythem a, and  patients w ith  grade  1  in-
jury can  usually be fed  norm ally and  discharged  hom e. Grade 2
esophageal  injury  consists  of  linear  ulcerat ions  and  necrotic
tissue  w ith  w hitish  plaques  of  necrosis.  These  lesions  rarely
progress  to  esophageal  stenosis, although  som e  pat ients  m ay
require  esophageal dilation. Grade  3  esophageal injury is  char-
acterized  by  circum ferential  injury, w hich  m ay  be  t ransm ural
w ith  m ucosal  sloughing. Pat ients  w ith  grade  3  injury  require

placem ent  of a  feeding tube  under  direct  vision  or  in travenous
nutr it ion. Grade 3 injuries carry a h igher risk for stricture in  the
future. The  feeding tube  not  only provides a  m ethod  for  nutr i-
t ion  but  also serves as a stent  to m aintain  a lum en  during str ic-
ture  form ation . Pat ients w ith  evidence of grade 4 injury (perfo-
ration  seen  on  radiology or  endoscopy) have  a  very poor  prog-
nosis  and  a  h igh  fatality  rate  due  to  system ic  complications.
Som e grade 3 and  m ost  grade 4 injuries w ill require  temporary
diversion  or  esophagectomy. Long  esophageal  str ictures  have
been  reported  in  up  to  40% or  m ore  of pediatric patients  w ho
have  grade  2  or  grade  3  injury follow ing an  alkali ingestion. In
80% of the  pat ien ts  in  w hom  strictures ultim ately develop, the
str ictures  develop  w ithin  8  weeks  after  the  ingestion. Cortico-
steroids  are  controversial;  som e  authors  report  benefit  for
grade  2  or  3  injuries, but  m ost  authors  opine  that  steroids  do
not  decrease  the  rate  of  str icture.  Charcoal,  gast ric  lavage,
and  em et ics are  con t raindicated. The  induct ion  of vom it ing is
con traindicated  because  vom it ing  m ay  lead  to  addit ion al
esophageal in jury if the  gast ric con ten ts com e in  con tact  w ith
the  esophageal  m ucosa.  Dilu t ing  or  neutralizing  agen ts  are
not  e ect ive  in  preven t ing esophageal in jury and  m ay lead  to
vom it ing.

97.10  Esophageal Mot ilit y
Disorders
Motility  disorders  m ay  be  classified  as  hypo-  or  hyperkinetic
disorders.  Hyperkinetic  m otility  disorders  include  nutcracker
esophagus and  distal esophageal spasm , both  of w hich  usually
present  w ith  noncardiac chest  pain . The diagnostic work-up in-
cludes m anom etry w ith  an  assessm ent  of esophageal pressures
along the  pharynx  and  esophagus. Manom etry  reveals  norm al
peristalsis  w ith  high-am plitude  esophageal  contractions  in
nutcracker  esophagus  versus  nonperistalt ic  contractions  (w ith

Fig. 97.8  Corkscrew esophagram.

Fig. 97.7  Note  the  double  ring  of a  disc bat tery on  anteroposterior
view.
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norm al or  elevated  pressure)  in  esophageal sm ooth  m uscle  in
distal  esophageal  spasm .  Newer  testing  includes  im pedance,
w hich  exam ines  bolus  t ransit  along  the  esophagus.  In  distal
esophageal  spasm , the  esophagram  m ay  show  a  “corkscrew ”
appearance,  but  it  is  m ore  com m only  norm al  (� Fig.  97.8).
Treatm ent  consists  of n it rates, calcium  channel  blockers, anti-
cholinergics, and possibly dilation  or botulinum  toxin  inject ions
in  advanced  cases. Nutcracker esophagus is treated  w ith  an tire-
flux  therapy, calcium  channel  blockers, and/or  n itrates  to  de-
crease the am plitude of the contractions.

Hypokinetic m otility disorders include achalasia and progres-
sive  system ic sclerosis. In  achalasia, degeneration  of the  Auer-
bach  plexus  results  in  aperistalsis  and  a  poorly  relaxing  LES.
Sym ptom s  m ay  include  progressive  dysphagia,  vom it ing,
m alodorous breath , chest  pain , and weight  loss. Progressive sys-
tem ic sclerosis is an  autoim m une disease that causes sm all-ves-
sel  vasculit is,  w idespread  collagen  deposition,  and  fibrosis  of
sm ooth  m uscle  in  the  lower  two-thirds  (sm ooth-m uscle  por-
tion)  of  the  esophagus. Sym ptom s  include  severe  GERD, dys-
phagia, and tight  sclerotic skin . The work-up includes m anom e-
try  and  barium  swallow. In  achalasia, m anom etry  m ost  often
reveals an  esophageal am plitude of less than  30 m m  Hg and  an
increased  LES pressure  w ith  poor  relaxat ion. Diagnosis  by  ba-
rium  swallow  m ay reveal a poin ted  “bird’s beak” appearance at
the  LES, air–fluid  levels, and/or  aperistalsis  (� Fig. 97.9).  Pro-
gressive system ic sclerosis is also diagnosed by barium  swallow.
The  flaccid, dilated  esophagus is sim ilar  to  that  seen  in  achala-
sia;  however, the  LES is  paten t. Manom etry  w ill  show  norm al
UES pressure, loss  of tone  of the  LES, and  aperistalsis  because
only sm ooth  m uscle  is  a ected. The  treatm ent  of achalasia  can
include serial dilation; a Heller  myotomy of the esophagus, LES,
and  cardia;  botulinum  toxin  A inject ions  to  the  LES;  and  calci-
um  channel blockers to decrease  LES pressure. Progressive  sys-
tem ic sclerosis has a h igher risk for  reflux because the LES is in-
competent . Treatm ent  includes  antireflux  m edication , calcium
channel blockers, and system ic steroids.

97.11  Esophageal Stenosis
Esophageal  stenosis  m ay  be  due  to  a  m ultitude  of conditions,
including  str icture,  esophageal  rings,  and  uncomm only
Plum m er-Vinson  syndrom e. Esophageal str ictures m ay develop
from  a  m ultitude  of causes, including  reflux, radiation  injury,
and  caustic ingestion, am ong others. The proxim al esophagus is
particularly  susceptible  to  radiation-induced  stricture  after
treatm ent for head and neck cancer because of its m ore tenuous
blood  supply.  An  esophageal  lum en  narrowed  to  less  than
13 m m  generally w ill cause sym ptom s of dysphagia. Esophageal
rings include both  type A and type B rings. Type A rings uncom -
m only develop from  m uscular hypertrophy at  the proxim al LES.
Type  B rings, or  Schatzki  rings, occur  at  the  squam ocolum nar
junct ion  and  are  associated  w ith  reflux  and  hiatal  hernias
(� Fig. 97.10). Plum m er-Vinson  syndrom e m ay occur in  patients
w ith  a  long h istory of iron  deficiency and  is  m ore  com m on  in
m iddle-aged  wom en  of  Scandinavian  descent .  Pat ients  m ay
present  w ith  m icrocyt ic  anem ia,  cheilit is,  splenom egaly,  and
dysphagia  due  to  a  degeneration  of  esophageal  m uscle  that
leads  to  the  form ation  of  cervical  pharyngoesophageal  webs.
Because  of an  increased  risk for  esophageal carcinom a, patients

warrant  close  follow -up. Other  treatm ents include  cautious di-
lation  and  iron  supplem entation. Esophageal  str icture  is  usu-
ally treated  by serial dilation  w ith  balloons, bougies, or  Savory
dilators. Type  A esophageal rings are  often  treated  w ith  botuli-
num  toxin  A inject ion, w hereas  type  B Schatzki  rings  can  be
treated  w ith  dilat ion .  Antireflux  therapy  is  advisable  to  pre-
vent  recurrence.

97.12  Esophageal Neoplasm s
Neoplasia  in  the  esophagus  is  relat ively  uncom m on  but  w hen
present  is typically m alignant . In  2012, there  were  17,460 new
cases of esophageal carcinom a in  the  United  States and  15,070
deaths. The two m ain  pathologies are  squam ous cell carcinom a
and  adenocarcinom a. For  m ost  of  the  20th  century,  the  vast
m ajority of esophageal cancers were squam ous cell carcinom as.
In  the 1960s, squam ous cell carcinom a accounted for m ore than
90% of  all  esophageal  tum ors  in  the  United  States,  w hereas
esophageal  adenocarcinom as  were  considered  so  uncom m on
that  som e  authorities  questioned  their  existence. For  the  past
three  decades,  however,  the  frequency  of  adenocarcinom a  of
the  esophagus, esophagogastr ic junct ion, and  gastric cardia  has
increased  dram atically in  Western  countries, so  that  adenocar-
cinom a now  occurs w ith  greater  frequency than  squam ous cell
carcinom a.  Risk  factors  for  squam ous  cell  carcinom a  of  the
esophagus  include  alcohol and  tobacco  abuse, and  it  is  usually
found  in  the thoracic esophagus. The incidence rates for  esoph-
ageal squam ous cell carcinom a were  highest  in  blacks (8.8  per
100,000 per year) and Asians (3.9 per 100,000 per  year). In  con-
trast , adenocarcinom a  presents  in  the  distal  esophagus  at  the
gastroesophageal  junct ion  and  is  associated  w ith  GERD  and
Barrett  esophagus. Adenocarcinom a is largely a  disease  of Cau-
casians  and  m ales, w ith  the  incidence  in  m ales  outnum bering
that  in  fem ales by as m uch  as 6:1. Barrett  esophagus is  usually

Fig. 97.9  Achalasia  “bird’s beak” esophagus.
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discovered  during  endoscopic  exam inations  of  m iddle-aged
and older adults, w hose m ean age at the t im e of diagnosis is ap -
proxim ately 55  years. Pat ients  w ho  have  an  esophageal m alig-
nancy typically present  w ith  dysphagia  and  weight  loss due  to
m echanical obstruction. Under  m ost  circum stances, esophageal
cancer  is  identified  at  a  late, incurable  stage. Endoscopic resec-
tion  is  considered  appropriate  therapy  for  neoplastic  lesions
lim ited  to  the  superficial m ucosal layers  because  these  tum ors
have  low  rates  of  lymph  node  m etastasis  (< 3%). There  is  less
consensus, however, w ith  regard  to  lesions  that  extend  to  the
m uscularis  m ucosae. Most  centers  consider  endoscopic  treat-
m ent  for  th is  early  neoplasia  acceptable, although  others  dis-
agree. Esophagectomy  is  preferred  for  lesions  that  invade  the
subm ucosa, given  the  sign ificantly h igher  rates  of lymph  node
m etastasis  associated  w ith  these  lesions.  There  is  som e  hope
that  w ith  increased  screening  and  surveillance  for  Barrett
esophagus in  patients w ho have GERD, adenocarcinom a w ill be
detected  at  an  earlier and  potentially curable stage. However, at
th is  t im e, palliative  care  rem ains  a  h igh  priority  for  patients
w ith  advanced disease.

97.13  Roundsm anship
●  Esophagitis due to infectious, caustic, m edical, or irr itant

causes should be evaluated in  patients w ith  throat  pain .
●  Reflux m ay cause esophagitis, w ith  sequelae of str ictures, m o-

tilit y disorders, and in testinal m etaplasia.
●  Eosinophilic esophagitis should be considered in  adults w ith

a h istory of food im paction , persistent dysphagia, or gastro-
esophageal reflux disease (GERD) that fails to respond to
m edical therapy. In  children, sym ptoms that  m ay be associ-
ated w ith  eosinophilic esophagitis vary by age and include
feeding disorders, vom iting, abdom inal pain , dysphagia, and
food im paction.

●  Esophageal foreign  bodies should be im aged w ith  two views;
disc batteries lodged in  the esophagus m ust  be em ergently
rem oved by endoscopy.

●  Esophageal m asses are predom inantly m alignant. Adenocar-
cinom a is increasing in  frequency to becom e the m ost com -
m on esophageal neoplasm  in  the United States.
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98  Managem ent  of Oropharyngeal Dysphagia
Neel Bhatt and Stacey L. Halum

98.1  Int roduct ion
There  are  m any  diverse  and  frequently  occurring  pathologies
that  lead  to  oropharyngeal dysphagia. Although  the  presenta-
tions  of dysphagia  m ay often  appear  sim ilar, careful investiga-
tion, including a thorough  clin ical h istory and  selective im aging
m ethods,  can  help  identify  the  underlying  pathology.  In  th is
chapter, im portant  causes of oropharyngeal dysphagia  are  out-
lined, w ith  part icular  em phasis  placed  on  the  evaluat ion  and
treatm ent  of each  disorder. Topics discussed  in  th is  chapter  in -
clude  the  m anagem ent  of aspirat ion, cricopharyngeal dysfunc-
tion, Zenker  divert icula, neurogenic  dysphagia, and  dysphagia
follow ing therapy for head and neck cancer.

98.2  Evaluat ion and Managem ent
of Aspirat ion
98.2.1  Descript ion of Dysphagia with
Aspirat ion
Aspiration  is characterized by the im proper passage of orophar-
yngeal  or  hypopharyngeal contents  in to  the  larynx  and  lower
respiratory tract, beyond  the  level of the  true  vocal folds. Aspi-
ration  m ay occur  throughout  any age  group, but  its  frequency
appears  to  be  greatest  am ong  the  elderly  because  of  the  in-
creasing  incidence  of dysphagia  w ith  aging. Aspiration  occur-
ring w ith  deglutit ion  or  secondary to laryngopharyngeal reflux
events is often  related  to a m ultitude of reasons, such  as a weak
cough  reflex, lack of m otor  coordinat ion/function, or  im paired
laryngeal sensation. Many of the causes are discussed in  greater
detail throughout th is chapter.

The  risk  for  developing  aspiration  pneum onia  from  inhaled
oral contents  necessitates  the  proper  and  e ect ive  prevention
of recurren t  aspiration. The  oropharyngeal bacteria  w ithin  the
aspirated  contents  are  believed  to  be  the  nidus for  infect ion  in
the  developm ent  of  aspiration-related  pneum onia.  The  ch ief
pathogens  responsible  for  pneum onia  are  Streptococcus  pneu-
moniae  and  Haemophilus  influenzae, w hich  norm ally  colonize
the  nasopharynx  and  oropharynx.  Chem ical  pneum onitis,
w hich  m ay occur acutely or chronically, is irr itation  and dam age
of  the  lung  parenchym a  after  the  aspiration  or  inhalation  of
noninfect ious agents. Many studies suggest  that  approxim ately
half of healthy adults aspirate sm all quantit ies of oropharyngeal
contents. However, as a  consequence  of low  bacterial counts in
the oropharyngeal contents, a vigorous coughing reflex, epithe-
lial ciliary t ransport , and  both  cellular  and  hum oral im m unity,
the aspirated contents typically do not  lead  to the developm ent
of pneum onia in  healthy individuals.

98.2.2  Di erent ial Diagnosis of
Dysphagia with Aspirat ion
The di erential diagnosis of dysphagia w ith  aspirat ion  is impor-
tan t  to  consider  because  populations at  h igh  risk for  aspirat ion

tend  to  have  a  m ultitude  of cardiac and  pulm onary com orbid-
it ies. Pulm onary edem a, often  seen  am ong individuals w ith  de-
compensated  heart  failure  or  fluid  overload, m ay present  sim i-
larly to aspiration  pneum onia w ith  shortness of breath , dyspnea
on  exertion, and  tachypnea. Unlike  aspirat ion  pneum onia, pul-
m onary  edem a  tends  to  present  w ith  crackles  on  pulm onary
auscultation. A chest  radiograph  w ill  generally  show  bilateral
opacities, compared  w ith  dependent  lobe  opacification  in  aspi-
ration  pneum onia. Leukocytosis  tends  to  be  absent  in  pulm o-
nary edem a. A beta-natriuretic peptide (BNP) test  and  echocar-
diography  can  further  clarify  the  etiology  of a  patient’s  com -
plain t.

In  the diagnosis of aspiration  pneum onia, the possibility hos-
pital-acquired  or  com m unity-acquired  pneum onia  m ust  be
considered. Atypical organism s, not  norm ally observed  in  aspi-
ration  pneum onia, m ay  be  detected  w ith  appropriate  antigen
testing, serology, or  culture. Finally, fluoroscopic or  endoscopic
evaluation  can  help  in  determ ining  w hether  aspiration  is  the
likely causative m eans for the developm ent of pneum onia.

98.2.3  Evaluat ion of Dysphagia with
Aspirat ion
The clin ical features of aspiration  pneum onia vary considerably
based  on  its  severity. Generally, pat ien ts  w ho  have  aspiration
pneum onia  present  w ith  a  cough  product ive  of purulen t  spu-
tum , fever, chills, pleurit ic chest  pain , and  shortness  of breath .
The  aspirat ion  event  or  events  leading to  pneum onia  are  typi-
cally not  observed, a situation  often  described  as  “silent  aspira-
tion.” Therefore, the  diagnosis  is  usually  m ade  based  upon  the
clin ical  presentation,  suspicion  of  aspiration  risk,  and  radio-
graphic  evidence  dem onstrating  infiltrates  in  the  dependent
pulm onary lobes. In  pat ients at  h igh  risk for the developm ent of
silen t  aspirat ion  pneum onia,  early  antibiotic  therapy  m ay  be
warranted  based  on  sym ptom s  alone  (fever,  dyspnea  and
cough) because  plain  radiographs can  m iss approxim ately one-
th ird of developing pneum onias. Although  CT is h ighly sensitive
for  the detect ion  of pneum onia, its t im e-consum ing nature and
high  cost  m ake  it  im pract ical  for  the  diagnosis  of  aspiration
pneum onia,  w hich  generally  requires  expedient  recognition
and  the  in it iat ion  of  t reatm ent  to  avoid  associated  sym ptom
progression  and respiratory decompensation.

Speech Pathology Evaluat ion
Patients presenting w ith  aspirat ion  pneum onia should  undergo
a  videofluoroscopic  evaluation  of  swallow  (m odified  barium
swallow  [MBS]) or  a  flexible  endoscopic evaluation  of swallow
(FEES)  w ith  a  speech–language  pathologist . Although  there  is
ongoing debate  about  w hich  swallow ing assessm ent  tool is the
m ost  sensitive  for  detect ing  aspirat ion  and  predicting  future
risk  for  aspiration  pneum onia, both  MBS and  FEES are  overall
h ighly  sensitive  (> 85%)  in  detect ing  aspiration  (� Fig.  98.1).
Bedside  swallow ing  evaluat ions  m ay  be  considered, but  their
sensitivity  for  detect ing  aspiration  is  significantly  lower  than
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that  of MBS and  FEES, especially in  pat ients w ith  silent  aspira-
tion  (absence of spontaneous cough reflex).

98.2.4  Treatm ent  of Dysphagia with
Aspirat ion
Ant ibiot ic Therapy
Antibiotics are  always indicated  for  acute  or  chronic aspiration
pneum onia. For  nontoxic pat ients, early and  aggressive  antibi-
otic  therapy  is  essential  to  prevent  the  progression  of sym p-
tom s and avoid the need for parenteral antibiotics and hospital-
ization . Such  cases typically can  be  m anaged  w ith  broad-spec-
trum  antibiotics, such  as  ceftr iaxone  w ith  azithromycin, levo-
floxacin , or  m oxifloxacin . In  the  inpatient  sett ing, the  goal re-
m ains  to  provide  broad  coverage  that  includes  gram -negative
bacteria, so  that  th ird-generation  cephalosporins, fluoroquino-
lones, and  piperacillin  are  appropriate  antibiotic choices. If the
patient  has  been  recently  hospitalized, antibiotics  m ay  be  re-
quired  that  cover  specific  pathogens, including  m ethicillin -re-
sistan t  Staphylococcus  aureus  (MRSA),  Klebsiella  pneumoniae,
and  Pseudomona s  aeruginosa . Sputum  cultures  w ith  the  early
initiat ion  of culture-directed  antibiotic  therapy  are  im portan t
in  m anagem ent.

Posit ioning Maneuvers and Swallowing
Exercises
During  the  MBS or  FEES, the  speech–language  pathologist  can
determ ine  w hether  compensatory  swallow ing  techniques  can
be em ployed  to m inim ize the aspirat ion  of food  contents. Swal-
low ing  techniques  are  w idely  recom m ended  as  compensatory
strategies  for  individuals  w ith  oropharyngeal  dysphagia,
although  the e cacy of som e techniques rem ains controversial.
The  benefits  of the  follow ing techniques  are  h ighly dependent
on  the m echanism  of the swallow ing dysfunct ion. They m ust  to
be  tailored  to  fit  the  patient’s  specific  swallow ing deficits  and

m ust  be feasible based  on  the  pat ient’s com orbidities, cognitive
abilit ies, and  m otivation. The  m ost  basic recom m endations are
postural  techniques, w hich  include  ch in  tuck, head  turn , and
head tilt . The chin  tuck m aneuver brings the pat ient’s ch in  clos-
er  to  the  chest,  thereby  decreasing  the  size  of  the  laryngeal
opening by m oving the base of the tongue and  epiglottis poste-
riorly. In  the head turn  technique, the pat ient  turns the head to-
ward  the  weaker, less  sensate, or  dam aged  side  (e.g., a  pat ient
follow ing  a  stroke  or  peripheral paresis). With  th is  technique,
tw isting the neck toward  the injured  side prevents a food  bolus
from  traveling dow n  the  weaker  side  of the  pharynx, allow ing
it  to  be  m ore  e cien tly  propelled  along  the  stronger  side. In
the  head  tilt  m aneuver, the  patien t  t ilts  the  head  toward  the
stronger  side, encouraging  bolus  t ransm ission  dow n  this  side.
Other  swallow ing m aneuvers include  the  supraglottic swallow,
super-supraglottic swallow, e ortful swallow, and  Mendelsohn
m aneuver. Each  technique requires m ore deliberate act ion  w ith
each  swallow. In  the  Mendelsohn  m aneuver, the  patient  physi-
cally holds  up  the  larynx to  keep  it  elevated  im m ediately after
swallow ing. This  technique  is  usually  indicated  for  individuals
w ith  lim ited laryngeal excursion  and a reduced cricopharyngeal
opening. The  supraglott ic  swallow  is  helpful  for  patients  w ith
aspiration  during the swallow, especially patients w ith  reduced
laryngeal sensation. Patien ts are  instructed  to hold  their  breath
throughout  the  en tire  swallow, then  cough  im m ediately there-
after  to prevent  aspiration. Finally, the super-supraglottic swal-
low  is a sligh tly m odified version  of the supraglot tic swallow, in
w hich  patien ts  perform  a  Valsalva  m aneuver  w hile  holding
their  breath  to  m axim ize  posterior  glottic  closure  during  the
swallow.

Exercises  can  also  be  prescribed  to  help  strengthen  the
m uscles  of deglutit ion . The  pat ient  can  practice  forceful swal-
low ing, w hich  helps  to  generate  m ore  pressure  during  actual
swallow ing. In  the  falsetto  exercise, the  pat ient  pract ices  pho-
nation w hile sliding up a scale to the highest  pitch  possible. This
particular  exercise  results in  a level of laryngeal elevation  sim i-
lar  to that  in  swallow ing. The breath-hold exercise, in  w hich  the
patien t  inhales  and  holds  the  breath  for  a  few  seconds, helps
strengthen  the airway closure at  the level of the vocal folds. Ad-
ditional  exercises  are  used  to  strengthen  the  tongue  and  in-
crease the range of m otion  of the jaw, lips, and tongue. For pha-
ryngeal constr ictor  and  strap  m uscle  strengthening, Shaker  ex-
ercises  are  often  prescribed, in  w hich  the  pat ient  perform s re-
petit ive, gentle cervical flexion  against gravity w hile in  a supine
position .

Surgical Managem ent
The  surgical  m anagem ent  of  chronic  aspiration  is  often
warranted  w hen  improvem ent  is  not  observed  w ith  m edical
m anagem ent  or  speech–language  therapy. The  type  of surgery
depends on  the m echanism  of aspiration.

A w ide  variety  of  surgical  options  are  available,  including
vocal fold  m edialization  w ith  or  w ithout  arytenoid  adduct ion,
vocal  fold  inject ion  augm entation, chem ical  or  surgical  crico-
pharyngeal  m uscle  (CPM)  myotomy,  pharyngoplasty  proce-
dures,  supraglot toplasty  procedures,  and  various  form s  of
laryngeal suspension. Vocal fold  m edialization  or  inject ion  aug-
m entation, for  example, m ay be  indicated  in  pat ients w ho have
persisten t  and  incomplete glottic closure due to unilateral vocal

Fig. 98.1  A patient  with  impaired  sensation  demonstrates no cough
reflex upon aspiration of a thick nectar bolus during flexible endoscopic
evaluation  of swallow (FEES). The  material in  the  subglott ic airway
(arrow) was effectively cleared  when the  patient  was cued  to
voluntarily cough and  swallow.

Management  of Oropharyngeal Dysphagia

748



fold  m otion  im pairm ent,  vocal  fold  scarr ing, or  a  decrease  in
vocal  fold  t issue.  In  patients  w ith  cricopharyngeal  achalasia,
chem odenervation  w ith  botulinum  toxin  and  CPM  myotomy
via  a  transcervical or  an  endoscopic approach  are  appropriate
options. Tem porary  inject ion  w ith  botulinum  toxin  m ay  pre-
cede  definitive  surgical  treatm ent  because  it  can  be  useful  in
predict ing candidates w ho are likely to im prove w ith  a  surgical
CPM myotomy.

Beyond  individualized  surgeries  to  m inim ize  aspirat ion,  a
gastrointestinal procedure  such  as  a  feeding  gastrostomy m ay
be  required  if the  pat ient’s  swallow ing funct ion  is  not  capable
of supporting  adequate  nut rit ion. In  pat ients  w ho  are  already
dependent on  a gastr ic feeding tube and continue to have prob-
lem s due to reflux-related  aspirat ion , the  tube  can  often  be  ad-
vanced  in to the jejunum  to help  prevent  reflux. When  orophar-
yngeal secretions lead  to chronic aspiration  (as seen  in  cerebral
palsy), these can  be controlled w ith  the surgical excision  or bot-
ulinum  toxin  inject ion  of salivary glands or  the  ligation  of sali-
vary  ducts. In  extrem e  cases, separation  of the  airway and  di-
gestive  t ract  is  necessary.  These  approaches  render  patients
aphonic, and  they m ust  rely on  alternative  com m unicat ion  de-
vices  or  on  esophageal  or  t racheo-esophageal  prosthetic
speech .  There  are  num erous  long-term  surgical  options.  Two
that  are  potentially  reversible  include  laryngotracheal  separa-
tion  and  t racheo-esophageal diversion. In  both , a tracheostom a
is created. In  the  separation, the  proxim al end  of the  t rachea is
closed  upon  itself in  a  blind  pouch, w hereas in  the  diversion  it
is  anastom osed  to  an  esophagotomy to  divert  aspirate  in to  the
esophagus. The  gold  standard  and  the  m ost  definitive  option
for prevent ing aspiration  is a total laryngectomy. This should  be
reserved  for  patien ts  w hose  swallow ing dysfunct ion  is  not  ex-
pected to improve w ith  tim e.

98.3  Evaluat ion and Managem ent
of Cricopharyngeal Muscle
Dysfunct ion
98.3.1  Descript ion of Cricopharyngeal
Muscle Dysfunct ion
The  CPM, a  m ajor  contributor  to  the  upper  esophageal sphinc-
ter  (UES), is  an  essential m uscle  in  the  m echanism  of swallow -
ing. The  CPM  is  ton ically  contracted  at  baseline, then  relaxes
and  dilates  during  swallow  to  perm it  bolus  advancem ent
through  the UES in to the esophagus. Norm al UES funct ion  relies
not  only on  the neurom uscular  in tegrity of the CPM but  also on
the  funct ion  of the  surrounding  m uscles  of deglutit ion. Thus,
UES dysfunct ion  can  be  either  prim ary or  secondary in  nature;
prim ary dysfunct ion  occurs w hen  the  CPM itself is  responsible
for  dysphagia, w hereas  secondary  dysfunct ion  typically occurs
as  a  result  of  m ore  global  problem s  w ith  dyscoordinat ion  or
neurom uscular  swallow ing dysfunct ion  (e.g., decreased  laryng-
eal elevation  or weak pharyngeal propulsion). Prim ary UES dys-
function  is often  idiopathic but  m ay result  from  peripheral neu-
rogenic  injury  or  from  disease  processes  like  polymyositis. In
prim ary UES dysfunct ion, the CPM exhibits chronic hypertonic-
ity and  spasm , failing to  relax/dilate  to  allow  bolus  to  advance
through  the UES. Because laryngeal elevation  in  an  anterosupe-

rior  direction  and  pharyngeal propulsion  are  necessary to draw
open  the  UES and  advance bolus through  the  UES, respect ively,
secondary UES dysfunction  occurs w hen  the  CPM fails  to  open
norm ally because of poor anterosuperior elevation  of the larynx
and/or decreased pharyngeal bolus pressure during swallow ing.
Patients  w ho  have  poor  laryngeal  elevation  and  pharyngeal
function, such  as  those  w ho  have  had  a  stroke  or  have  under-
gone  extensive  irradiat ion  of  the  neck  (strap  m uscles),  m ay
have  such  secondary  UES  dysfunct ion  on  videofluoroscopic
swallow ing exam inations. The thyrohyoid m uscle is part icularly
im portant  in  anterosuperior  elevation  of  the  larynx  during
swallow, w hich  results  in  secondary  m echanical  opening  and
stretch ing of the  CPM to allow  bolus advancem ent. Experim en-
tal  therapies  such  as  implantable  elect rical  stim ulation  and
m agnetic  devices  to  prom ote  bolus  advancem ent  through  the
UES have  typically  targeted  m ethods  to  pull the  larynx or  cri-
coid  in  an  anterosuperior  direction  to  m echanically  open  the
CPM. Patients  w ith  lack of laryngeal elevation  during  swallow
and  weak pharyngeal propulsion  subsequent  to stroke, irradia-
tion, or  other etiologies often  fail to respond  well to CPM myot-
omy or CPM chem odenervation  because of insu cien t  opening
of the UES for bolus transport despite the absence of underlying
prim ary  CPM  resistance.  In  contrast,  patien ts  w ith  isolated
prim ary UES dysfunction  have  a  m uch  better  response  to  CPM
surgical and chem odenervation  t reatm ents.

98.3.2  Di erent ial Diagnosis of
Cricopharyngeal Dysfunct ion
There are  a m ultitude of pathologies that  are  im portant  to con-
sider  in  the  evaluation  of CPM dysfunct ion. A thorough  work-
up, including  endoscopy, can  help  elim inate  other  conditions
that  m ay be easily m istaken  for  CPM dysfunct ion . Di use or  fo-
cal  esophageal  spasm  and  esophageal  m otility  disorders  typi-
cally  present  w ith  dysphagia, regurgitation , and  the  sensation
of a  food  bolus sticking to the  throat. Individuals w ith  esopha-
geal spasm  and  m otility  disorders  often  w ill  describe  noncar-
diac  chest  pain ,  an  im portant  distinguishing  characteristic  of
CPM  dysfunct ion.  Generalized  pharyngeal  or  base  of  tongue
weakness  can  also  m im ic  CPM dysfunct ion, although  patients
often  dem onstrate  pooling of bolus in  the  piriform  sinuses and
vallecula  after  swallow ing.  In  cases  of  isolated  pharyngeal
weakness,  the  pharyngeal  constrictors  w ill  fail  to  e ect ively
propel bolus through  the  CPM, thus resulting in  piriform  pool-
ing and  the appearance of poor CPM dilation/opening on  video-
fluoroscopic study. If such  a situation  is suspected, CPM dilation
w ith  botulinum  toxin  inject ion  can  be helpful in  dist inguishing
CPM  dysfunct ion  from  isolated  pharyngeal  weakness.  If  the
procedure  fails  to  relieve  the  swallow ing  dysfunct ion, aggres-
sive  pharyngeal  constrictor  strengthening  exercises  should  be
in itiated.

Esophageal str ictures also  present  w ith  sym ptom s sim ilar  to
those previously discussed. Strictures m ay develop in  a prim ary
process, such  as fibrosis or  neoplasm , or  secondarily, such  as in
patients  w ho  have  chronic  acid  reflux  or  are  taking  certain
m edications. A thorough  clinical h istory can  help  elucidate  po-
tential  causes  of secondary  esophageal  str icture. When  a  pri-
m ary process leading to str icture  is suspected, endoscopy w ith
biopsy can  e ect ively di erentiate it  from  other etiologies.

98.3  Evaluat ion and Management  of Cricopharyngeal Muscle Dysfunct ion

749



98.3.3  Evaluat ion of Cricopharyngeal
Muscle  Dysfunct ion
The  presentations  of  individuals  experiencing  CPM  achalasia
are varied. Patien ts often  experience the sensation  of solid  food
becom ing  stuck  at  the  level  of the  cricoid  during  swallow ing;
they also experience choking or coughing. Although the diagno-
sis  of CPM achalasia  m ay  be  suggested  by  a  thorough  history
and  physical exam inat ion , endoscopic and  radiographic evalua-
tions  are  necessary steps  in  the  evaluation. Endoscopic exam i-
nation  w ill ru le  out  another  cause  of dysphagia, such  as  vocal
fold  dysfunct ion  or laryngopharyngeal carcinom a. Radiographic
studies can determ ine if a cricopharyngeal bar, dyscoordination,
or pharyngeal divert icula are present (� Fig. 98.2).

The  presence  of a  CPM bar  alone  is  neither  h ighly  sensitive
nor  specific  for  CPM dysfunct ion, and  m anom etry  assessm ent
should  be considered  in  equivocal cases. Manom etry of the UES
is sensitive and specific in  detect ing CPM hypertonicity in  expe-
rienced  hands, although  the  reliability  and  accuracy of the  re-
sults can  be suboptim al in  institutions w ithout special expert ise
in  UES assessm ent.

98.3.4  Treatm ent  of Crichopharyngeal
Muscle  Dysfunct ion
CPM  achalasia  is  typically  unresponsive  to  m edical  in terven-
tion, such  as  therapy  w ith  system ic m uscle  relaxan ts. Botu li-
num  toxin  in ject ion  is  a  nonsurgical t reatm ent  opt ion  for  re-
laxing  the  UES. Botu linum  toxin  prom otes  m uscle  relaxat ion
by inh ibit ing the  release  of acetylcholine  at  the  neurom uscu-

lar  junct ion .  Periodic  inject ions  of  botu lin um  toxin  in to  the
CPM  can  provide  tem porary  m uscle  relaxat ion  and  relieve
dysphagia.  The  durat ion  of  act ion  of  botulinum  toxin  typ i-
cally  ranges  from  3  to  9  m onths  in  m ost  pat ien ts. The  use  of
botulinum  toxin  is  not  a  perm anen t  solu tion  for  ind ividuals
w ith  CPM achalasia  and  best  serves as a  t r ial of therapy w hen
it  is  unclear  if  a  m yotom y  w ill  be  e ect ive.  If  the  patien t’s
sym ptom s  im prove  upon  adm in ist rat ion  of  the  botu linum
toxin , then  CPM  achalasia  is  likely  the  correct  d iagnosis. In -
o ce  inject ion  w ith  elect rom yograph ic  guidance  can  be  ef-
fect ive  in  the  t reatm en t  of elderly  pat ien ts  w ho  have  sign ifi-
can t  com orbid it ies  and  cannot  undergo  general anesthesia. If
pat ien ts  can  tolerate  general  anesthesia, botu linum  toxin  in -
ject ion  is  often  perform ed  sim ultaneously  w ith  d ilat ion  of
the  UES because  it  is  believed  that  fibrosis  of  the  CPM  m ay
coexist  w ith  CPM neurogen ic changes  in  m any  patien ts  w ho
have  prim ary UES dysfun ct ion .

The  risks  of botulinum  toxin  are  generally related  to  inaccu-
rate  inject ions or di usion  of the toxin , w hich  can  lead  to para-
lysis  of the  adjacent  m uscles  (posterior  cricoarytenoid, inferior
pharyngeal constr ictor, upper esophageal m usculature), tempo-
rarily worsening dysphagia or  im pairing vocal fold  m otion . This
is m uch  m ore  com m on  after  in-o ce  inject ions. Unfortunately,
as described  above, these are often  perform ed in  sicker patients
and  can  result  in  severe m orbidity or  even  m ortality secondary
to  increased  dysphagia.  Therefore,  m any  practit ioners  have
abandoned in-o ce inject ions for th is set  of pat ients.

After  conservative  m anagem ent  (e.g.,  swallow ing  exercises,
head-position ing  m aneuvers)  has  failed, surgical  in tervention
for  CPM achalasia  is  warran ted  provided  that  previous  clin ical
evidence, videofluoroscopy, and  in  som e cases m anom etry sup -
port  the  diagnosis. There  are  several approaches  for  the  treat-
m ent  of  CPM  achalasia.  The  m ost  w idely  used  technique  is
transcervical  cricopharyngeal  myotomy.  This  surgery  is  typi-
cally  perform ed  under  general  anesthesia,  often  w ith  place-
m ent of an  esophageal bougie or orogastr ic tube to im prove vis-
ualization  of the  CPM fibers  and  prevent  esophageal  m ucosal
violation  during the myotomy. The CPM fibers, w hich  extend  in
horizontal  bands  originating  from  the  posterior  lateral  border
of the  cricoid  cartilage, are  carefully incised, and  a  segm ent  of
m uscle  m ay  be  rem oved  to  prevent  recurrent  fibrosis  of  the
m uscle edges.

The CPM m ay also be readily exposed via an  endoscopic tech-
nique. Endoscopically, the  subm ucosal prom inence  of the  CPM
is exposed  in  the  postcricoid  region  w ith  either  a  Weerda (Karl
Storz, Tuttlingen, Germ any) or  Slim line  (Karl Storz) divert iculo-
scope. After  the  scope  is suspended, the  prom inence should  be
exam ined and palpated under m icroscopy to ensure correct  po-
sit ion ing. With  carbon  dioxide  laser, the  m ucosa  is  incised  in
the m idline to reveal the underlying t ransverse running m uscle
fibers (� Fig. 98.3).

These  are  carefully  and  completely  transected  until  the
underlying  buccopharyngeal  fascia  is  identified.  Leaving  the
fascia  in tact  is  a  crucial  step.  It  provides  a  protect ive  barrier
preventing leakage  in to the  danger  space w ith  resu ltan t  in fec-
t ion  (m ediast in it is). If there  is  any  quest ion  about  the  in teg-
rit y  of  the  underlying  fascia, closure  w ith  fibrin  glue  and/or
endoscopic suture  reapproxim ation  of the  m ucosa  should  be
perform ed.

Fig. 98.2  Cricopharyngeal muscle  (CPM) dysfunction. A prominent
CPM bar is seen on radiographic modified barium swallow (arrow). This
patient ultimately underwent endoscopic CPM myotomy with excellent
response. There  is also  an  incidental cervical esophageal web seen
anteriorly (arrowhead).
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98.4  Evaluat ion and Managem ent
of Zenker Divert iculum
98.4.1  Descript ion of Zenker
Divert iculum
Zenker  d iver t iculum  is  a  false  d iver t icu lum  consist ing  of an
outpouch ing  of  hypopharynx  m ucosa  and  subm ucosa.  The
diver t icu lum  typically  occurs  in  an  area  of m uscle  w eakness
in  a  region  betw een  the  in ferior  const r ictor  and  the  CPM
know n  as  the  Killian  t r iangle. Although  the  exact  m echan ism
for  the  developm ent  of a  Zenker  d iver t icu lum  is  not  know n ,
it  is  believed  to  be  secondary  to  h igh  in t rabolus  pressures
generated  by  failure  of  the  CPM  to  adequately  relax  during
sw allow ing.

Zenker  diverticula  typically  occur  in  older  adults  beginning
after  the  sixth  decade  of  life;  however,  they  have  been  de-
scribed  in  m uch  younger  individuals, including  children. Early
in  the developm ent  of a diverticulum , oropharyngeal dysphagia
to solids is the m ost  com m on presenting feature. Over  t im e, the
size  of the  diverticulum  increases, leading  to  the  reten t ion  of
food and  secretions in  the pouch. Part icularly w hen  a divert icu-
lum  is  large,  patients  m ay  have  halitosis,  dysphagia,  cough,
weight  loss, regurgitation, aspirat ion, and  even  recurrent  pneu-
m onia. The prevalence  of Zenker  diver ticula  am ong the  general
population  is low  (0.01 to 0.11%).

98.4.2  Di erent ial Diagnosis of Zenker
Divert iculum
The evaluation  of a  Zenker  diverticulum  requires consideration
of other, sim ilarly presenting pathologies. Divert icula can  occur
anyw here  along  the  esophageal  lin ing,  although  they  occur
m ore frequently in  the m iddle and  distal portions of the esoph-
agus. If a diver ticulum  protrudes through  the an terolateral wall
of the  cervical esophagus just  inferior  to the CPM and  lateral to
the  longitudinal m uscle  of the  esophagus (the  Killian-Jam ieson
space), it  is  called  a  Killian-Jam ieson  diverticulum . Esophageal
diverticula  m ost  typically  present  w ith  dysphagia,  regurgita-
tion, achalasia, and  aspiration. As previously discussed, esopha-
geal  spasm s  and  str ictures  m ay  present  w ith  clin ical  features
sim ilar  to those  of Zenker  divercticula. For  each  di eren t ial di-
agnosis, fluoroscopic evaluation  w ith  barium  contrast  can  iden-
tify the specific location  of the divert iculum .

98.4.3  Evaluat ion of Zenker
Divert iculum
The diagnosis of Zenker diverticulum  is determ ined by a barium
swallow  study  (� Fig.  98.4).  Manom etry  is  not  typically  per-
form ed; however, it  m ay prove helpful in  determ ining the etiol-
ogy  of  the  diver ticulum .  Endoscopy  m ay  be  indicated  if  the
barium  contrast  study or h istory suggests the possibility of neo-
plasm . Although  FEES is  generally  not  a  very  sensitive  test  for
detect ing a  Zenker  divert iculum , pat ients  w ith  a  Zenker  diver-
ticulum  can  occasionally be  noted  to have the  classic finding of
delayed  regurgitation  of  bolus  back  in to  the  hypopharynx
several seconds after  swallow ing. FEES can  also be im portan t  in
excluding causes of secondary dysphagia, such  as vocal fold  pa-
resis and base of tongue weakness.

Fig. 98.3  Endoscopic cricopharyngeal muscle  (CPM) myotomy. The
CPM fibers retract  laterally under the  mucosa as they are  transected
with the carbon dioxide laser. The horizontal fibers of the CPM (asterisk)
can  be  appreciated  during  the  carbon dioxide  laser dissection. A
defocused  laser beam  can  be  appreciated at  the  superior edge  of the
defect  (bottom  of figure).

Fig. 98.4  Zenker diverticulum  on  barium
esophagram. (a) Posteroanterior view demon-
strates a  large, circular sac just  to  the  left  of
midline  that  measures just  over 3 cm  in  maximal
diameter. (b) On lateral view, the  barium-filled
sac can be  appreciated  posteriorly, with  the
cricopharyngeal muscle–containing  party wall
visible  between the  sac and  the  esophageal
lumen.
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98.4.4  Treatm ent  of Zenker
Divert iculum
The  treatm ent  m odality  for  sym ptom atic  Zenker  diverticula  is
predom inantly  surgical. Several  surgical  m ethods  are  used. In
the  choice  of a  m ethod, the  m any factors  to  be  considered  in-
clude  the  health  and  physiologic  age  of  the  patien t.  As  dis-
cussed  previously, CPM dysfunct ion  is  believed  to  be  a  m ajor
m ediator  in  the  developm ent  of Zenker  divert icula. Therefore,
cricopharyngeal myotomy m ust  be  perform ed  alone  or  in  con-
junct ion  w ith  a  procedure  that  addresses  the  divert iculum . In
patients  w ho  cannot  tolerate  a  surgical  procedure, botulinum
toxin  inject ion  in to  the  CPM  alone  often  results  in  dram atic
sym ptom  relief.

Sim ilar  to CPM myotomy, the  surgical m anagem ent  of a Zen-
ker  divert iculum  can  be  perform ed  via  an  external or  an  endo-
scopic  approach. Several  endoscopic  procedures  are  routinely
used in  w hich  the party wall is t ransected in  the m idline to cre-
ate  a  com m on  cavity  encom passing  the  diverticulum  and  the
esophagus. Regardless  of  the  technique, t ransoral  surgery  re-
quires  direct  visualization  of  the  septum ,  esophageal  lum en,
and  diverticular  pouch  (� Fig. 98.5a). When  an  endostapler  is
used, the septum  betw een the esophageal lum en and the diver-
ticulum  is  divided  and  the  edges  are  sealed  by  the  staples
(� Fig. 98.5b).

Alternatively, a  laser  can  be  used  to  incise  the  septum  be-
tween  the  esophagus  and  the  Zenker  sac. Because  the  septum
contains the  CPM, the  procedure  involves a  CPM myotomy;  si-
m ultaneously, a com m on cavity and continuity between  the sac
and  proxim al esophagus are  created. One  reason  for  the failure
of stapler  divert iculotomy in  sm all  sacs  is  an  incomplete  CPM
myotomy  w hen  the  CPM extends  beyond  the  base  of the  sac.
For  patien ts  w ho  cannot  tolerate  general  anesthesia,  flexible
endoscopic  procedures  m ay  be  used.  In  general,  endoscopic
procedures cause  fewer  complications, require  a  shorter  hospi-
tal stay, and allow  a m ore rapid resumption  of an  oral diet .

In  som e cases, severe kyphosis, osteophytes, and/or  a lim ited
oral opening prevent  adequate exposure of the Zenker divert ic-
ulum  via  a  transoral approach, and  an  external approach  is re-
quired.  In  conjunct ion  w ith  a  cricopharyngeal  myotomy,  a
diver ticulectomy or  divert iculopexy m ay be  perform ed. Diver-
ticulectomy consists  of suturing or  stapling the  neck of the  di-
verticulum  and excising the pouch. Because of the risk for  post-
operative  leak  at  the  base  of the  divert iculum , th is  procedure
carries a h igher  risk for  m ediastin it is. In  addition, care needs to
be  taken  to  avoid  excessive  excision  of  the  esophageal  wall,
w hich  can  result  in  postoperat ive  esophageal  stenosis. There-

fore, the  excision  is  often  perform ed  w ith  a  bougie  in  place  to
prevent  excessive  resection .  Diverticulopexy  is  perform ed  by
inverting the divert iculum  and anchoring the pouch  to the pos-
terior  pharyngeal  wall.  This  procedure  is  typically  recom -
m ended  for  pat ien ts  w ith  extensive  com orbidities  because
there  is  no  excision  or  division  of the  esophagus  or  pharynx,
thereby decreasing operat ive and  recovery t im e and the r isk for
posteroperative m ediastin it is.

98.5  Evaluat ion and Managem ent
of Neurogenic Dysphagia
98.5.1  Descript ion of Neurogenic
Dysphagia
Dysphagia  is  a  com m on  m anifestation  of a  disease  or  disorder
of  the  central  or  peripheral  nervous  system .  For  functional
swallow ing  to  occur,  a  m ultitude  of  neural  pathways  and
m uscles  m ust  coordinate  properly. Lesions in  the  cerebral cor-
tex, basal ganglia, brainstem , or  cerebellum  m ay  prevent  nor-
m al swallow ing funct ion. Exam ples of such  neurogenic pathol-
ogy include stroke, t raum atic brain  injury, benign  or  m alignant
neoplasm s, cerebral palsy, myasthenia gravis, and m ultiple scle-
rosis. Degenerat ive  diseases such  as Alzheim er  disease, Parkin-
son  disease, Huntington  disease, Wilson  disease, amyotrophic
lateral sclerosis, dem entias (frontotemporal, Lew y body, vascu-
lar), olivopontocerebellar atrophy, and progressive supranuclear
palsy  m ay also  cause  neurogenic dysphagia. Finally, iatrogenic
injury to the territories of cran ial nerves IX, X, and XII can  result
in  significant  neurogenic dysphagia.

Acute  stroke  causing a  lesion  in  the  cerebral cortex is  by far
the  m ost  com m on  cause  of central neurogenic dysphagia. Dys-
phagia from  stroke usually occurs w ith  hem iplegia. However, as
seen  in  patien ts  w ith  sm all  lacunar  infarcts  or  specific  brain-
stem  lesions,  dysphagia  m ay  occasionally  be  the  only  clin ical
neurologic sign. Dysphagia follow ing stroke is often  t ransient  if
direct  brainstem  injury is not  involved. The vast  m ajority of pa-
tients w ho have had a stroke recover their swallow ing funct ion.
Those  w ith  persistent  dysphagia  have  significantly h igher  rates
of m orbidity and m ortality from  their stroke. Therefore, it  is im -
portant  that  pat ien ts  w ith  stroke  be  screened  for  dysphagia,
and  stroke  needs  to  be  considered  in  the  di erential diagnosis
for patients w ith  isolated dysphagia.

The m ost com m on causes of peripheral neurogenic dysphagia
are  injuries a ect ing cranial nerve  IX, X, or  XII. Of these, iatro-
genic  injuries  to  cranial  nerve  X are  the  m ost  com m on, often

Fig. 98.5  Endoscopic Zenker diverticulum. (a) A
small Zenker sac is exposed, with  the  sac
posterior (asterisk) and  the  esophagus anterior
(double asterisk) to  the  parting  septum; the
septum  contains the  cricopharyngeal muscle. (b)
After stapling, most  of the  septum  has been
divided, but  the  base  of the  septum  remains,
which can  be  further transected  with  a  laser if
desired. The  esophageal lumen is visible  (double
asterisk) as well as the  residual posterior sac
(asterisk).
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occurring  at  the  t im e  of skull base  surgery, cervical spine  sur-
gery, or  carotid  endarterectomy. Distal injuries a ect ing the re-
curren t  laryngeal  nerve  in  isolation  result  in  unilateral  vocal
fold  paralysis, often  w ith  coexistent  UES dysfunct ion. With  high
cranial nerve  X injury, patients are  m ore likely to have  dyspha-
gia  because  the  paralyzed  vocal fold  often  rem ains  in  a  lateral
position , im pairing glottic closure during swallow ing. More sig-
nificantly, superior  laryngeal nerve  involvem ent  results  in  im -
paired  laryngopharyngeal  sensation , exacerbating  the  risk  for
aspiration .

98.5.2  Di erent ial Diagnosis of
Neurogenic Dysphagia
In  m ost  of the  aforem entioned  neurologic disorders, dysphagia
is  a  very com m on  feature. This  association  necessitates  a  thor-
ough  evaluation  for  other  etiologies  of  dysphagia  often  ob-
scured  by the  neurologic disorder. In  pat ients w ith  neurodege-
nerative  diseases, the  course of dysphagia tends to worsen  pro-
gressively.  Therefore,  the  sudden  developm ent  of  worsening
dysphagia  should  prom pt  investigation  in to  additional  causes,
such  as  neoplasm s,  str ictures,  and  diver ticula,  as  discussed
throughout  th is chapter.

98.5.3  Evaluat ion of Neurogenic
Dysphagia
In  all  patients  w ith  dysphagia,  signs  of  coexisting  neurologic
deficits, such  as  dysarthria, blunted  a ect , velopharyngeal  in-
su ciency, and  vision  changes, warran t  fur ther  evaluation  by a
neurologist  to  assess  for  a  system ic  neurologic  disorder.
Although  m any  pat ients  m ay  present  w ith  a  well-  established
diagnosis of stroke, t raum atic brain  injury, or  iatrogenic neuro-
genic injury, other  neurologic diseases can  m anifest  w ith  m ore
subtle  changes, and  dysphagia  can  be  an  in itial complain t. For
example, patients  w ho  have  myasthenia  gravis, w hich  a ects
the  neurom uscular  junct ions,  present  w ith  variable  di culty
swallow ing that  worsens  throughout  a  m eal or  the  day. Often,
the laryngeal, oral, and  velopharyngeal m uscles are  all a ected,
w hile  CPM funct ion  rem ains  norm al. Because  of the  velophar-
yngeal involvem ent, patients  often  experience  nasal regurgita-
tion  of bolus  during  swallow ing and  m ay have  problem s  w ith
hypernasal speech. Videofluoroscopy show s dysfunct ion  in  the
oral  preparatory  phase  and  the  pharyngeal  phase.  Although
myasthenia  gravis  is  caused  by  an tibodies  to  nicot in ic  acetyl-
choline  receptors, acetylcholine  antibody  receptor  testing  has
poor  sensitivity  (60%), so  a  therapeutic  tr ial of pyridost igm ine
is  often  the  m ost  reasonable  in itial  step  w hen  myasthenia
gravis  is  strongly  suspected.  If  fur ther  diagnostic  testing  is
needed, the  diagnosis  can  usually be  confirm ed  w ith  single-fi-
ber elect romyography. As another example, amyotrophic lateral
sclerosis  can  present  w ith  progressive  m otor  neuron  death
leading to  bulbar  weakness. During progression  of the  disease,
patien ts tend  to have  increasing di culty w ith  solids as a  con-
sequence  of inadequate  generat ion  of m uscle  force  in  both  the
oral  and  pharyngeal  phases  of  swallow ing.  The  insu cient
force  and  failure  of the  CPM to relax decrease  UES opening and
increase  dysphagia. Clinically, m any patients w ith  amyotrophic
lateral  sclerosis  w ill  present  w ith  dysphagia, weight  loss, and

recurrent  episodes of aspiration  pneum onia, and  often  w ith  co-
existing dysarthria (slow, slurred speech).

In  individuals  suspected  to  have  neurogenic dysphagia, FEES
is a reasonable screening approach  because it  is h ighly sensitive
in  the detect ion  of aspiration. However, videofluoroscopic swal-
low  study  is  still  considered  the  gold  standard  for  evaluating
patients w ith  neurogenic dysphagia because  the  test  allow s di-
rect  visualization  of  the  oral  preparatory  phase, reflex  in itia-
tion, and pharyngeal t ransit  m ore clearly than  does FEES alone.

98.5.4  Treatm ent  of Neurogenic
Dysphagia
With  m any  specific  neurologic  diseases,  either  peripheral  or
central in  origin , the m anagem ent of dysphagia varies consider-
ably, depending on the disease process. The overall goal of m an-
aging  neurogenic  dysphagia  is  to  prevent  aspiration  w hile
m aintaining adequate nutrit ion . For individuals w ho are unable
to m eet  their  nut rit ional requirem ents by m outh  because of se-
vere  dysphagia, gastrostomy can  help  to  supplem ent  nutrit ion .
The  incorporation  of  postural  and  swallow ing  techniques,  as
discussed  earlier  in  th is  chapter, should  also  be  em phasized  to
fur ther  lim it  aspirat ion . Based  on  the  cause  of the  disease, food
consistency  should  be  optim ized  to  facilitate  ingestion .  For
m ost  patients w ith  neurogenic causes of dysphagia, liquids pose
a  greater  challenge  than  solids. Therefore, attempts  should  be
m ade to increase the viscosity of fluids w hen beneficial.

Patients  w ith  isolated  cranial  nerve  X injury  (recurrent  lar-
yngeal nerve and/or  superior laryngeal nerve) often  experience
significant  im provem ent  in  swallow ing after surgical t reatm ent
to im prove glottic closure (inject ion  laryngoplasty or m edializa-
tion  laryngoplasty w ith  arytenoid  adduct ion) and  CPM myoto-
my to m inim ize  resistance  at  the  UES. In  such  cases, pharyngo-
plasty  to  m inim ize  pooling  in  the  piriform  sinus  on  the  para-
lyzed  side  can  also  be  considered.  In  pat ien ts  w ith  system ic
neurologic  diseases  and  m ore  di use  neuropathy,  cricophar-
yngeal myotomy or botulinum  toxin  inject ion  can  be perform ed
as a treatm ent  if there are signs of CPM dysfunct ion  w ith  reten-
tion  of an  adequate  oral phase, pharyngeal peristalsis, and  re-
flex m echanism s. Many individuals w ith  neurogenic dysphagia
have  severe  deficits  in  these  aforem entioned  phases  of swal-
low ing, m aking cricopharyngeal myotomy or relaxation  an  inef-
fect ive in tervent ion.

98.6  Evaluat ion and Managem ent
of Dysphagia following Head and
Neck Cancer Therapy
98.6.1  Descript ion of Dysphagia
following Head and Neck Cancer
Therapy
The standard  t reatm ent  m odalit ies for  pat ients w ith  locally ad-
vanced head and neck cancer involve surgical resection , chem o-
therapy, and  radiation  therapy. These  options, although  often
curative  in  elim inating the  cancer, can  be  extrem ely disfiguring
and disrupt ive of norm al anatomy and neurom uscular funct ion ,
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leading to dysphagia. The  extent  and  type  of dysphagia  follow -
ing  treatm ent  for  head  and  neck  cancer  varies  considerably
depending on the location of the cancer, t issues rem oved, m eth-
ods used  for  reconstruction, and  type  of rehabilitation  therapy.
For  instance, it  has been  well established  that  irradiation  to the
base  of the  tongue  can  lead  to  swallow ing dysfunct ion  secon-
dary to  prolonged  oral preparatory tim es, slowed  bolus t ransit
t im es, and  increased  oropharyngeal  residues  (� Fig. 98.6). Pa-
tien ts  w ith  laryngeal  or  hypopharyngeal  m alignancies  w ho
undergo irradiat ion  or chem oradiation protocols are m ore likely
to have problem s of im paired laryngeal sensation , weak laryng-
eal elevation, and im paired UES opening.

98.6.2  Di erent ial Diagnosis of
Dysphagia following Head and Neck
Cancer Therapy
Because therapies for head and neck cancer are inherently asso-
ciated  w ith  a  h igh  rate  of dysphagia, dysphagia  or  aspiration
secondary to other causes m ay be unsuspected or m issed in  pa-
tien ts w ith  head and neck cancer. In  the clin ical m anagem ent of
a  patien t  follow ing therapy for  head  and  neck cancer, it  is  im -
portant  to  identify  the  expected  level  of dysphagia  follow ing
treatm ent . If the  pat ien t  experiences sym ptom s that  are  unex-
pected or far m ore severe than  anticipated, a thorough  work-up
should  be  conducted  to  assess for  other  causes, such  as stroke,
esophageal neoplasm s, diverticula, str ictures, and achalasia.

98.6.3  Evaluat ion of Dysphagia
following Head and Neck Cancer
Therapy
Radiation  therapy  leads  to  the  fibrosis  and  necrosis  of t issue,
w hich  are  particularly  di cult  to  treat  because  there  are  no

beneficial  long-term  m anagem ent  options  for  reversing  the
dam age. The  tissue  dam age  leads  to  oropharyngeal  complica-
tions,  including  xerostom ia,  m ucositis,  and  str ictures.  Thera-
peutic doses of radiation  have the capacity to significantly dam -
age  salivary  glands, causing  a  perm anent  decrease  in  salivary
flow. Pat ients w ill often  complain  that boluses of dry foods such
as crackers  and  breads becom e stuck, and  water  is  required  to
advance  the  bolus, compensating for  the  decline  in  saliva  pro-
duct ion. Mucositis, w hich  is  characterized  by irr itation  and  ul-
cerat ion  of the  oral m ucosa, is also  a  com m on  m anifestation  of
radiation  therapy. Clin icians  w ill  often  recom m end  that  a  pa-
tient  m ain tain  proper  oral care  w hile  avoiding spicy or  irr itat-
ing  foods. Although  xerostom ia  and  m ucositis  are  com m on  in
patien ts w ith  dysphagia after irradiation  for head and neck can-
cers, neither of them  alone has been  show n to alter bolus trans-
it  t im es;  typically, the  pat ients w ho have  been  t reated  w ith  ir-
radiation  and  have  the  greatest  swallow ing  im pairm ent  are
those  w ith  a  com bination  of m ucosit is, xerostom ia, and  severe
alterations in  anatomy and  neurom uscular  funct ion. One possi-
ble  alteration  in  anatomy is the  developm ent  of a  stricture  that
physically im pedes bolus passage at  the level of the  pharynx or
esophagus. Typically, str ictures respond well to esophageal dila-
tion, w hich  can  be  done as standard  blind  bougie  dilation  or, in
tigh t  cases, dilation  over  a w ire. In  cases of complete  stenosis, a
dual endoscopy approach  or  “rendezvous procedure” (retrogra-
de  flexible  esophagoscopy  via  the  patien t’s  gastrostomy  site
w ith  anterograde  esophagoscopy  and  dilation)  can  be  per-
form ed  under  fluoroscopic guidance w ith  recanalization  of the
esophagus.

In  the m ost  severe cases of dysphagia, there is often  im paired
neurom uscular  funct ion  that  attenuates  the  laryngeal  protec-
tive m echanism s present  in  a norm al swallow. For example, lar-
yngeal  elevation  an terosuperiorly  is  a  crit ical  m ovem ent  for
tr iggering UES opening and  protect ing the  laryngeal in let  from
aspiration . In  m any  patients  w ho  have  undergone  irradiation,

Fig. 98.6  Multifactorial dysphagia in  a  patient
with  head  and  neck cancer. Flexible  endoscopic
evaluation of swallow (FEES) images of a  patient
with  previous irradiation for a  base  of tongue
malignancy, impaired  sensation, and  deficient
laryngeal elevation during  swallowing. (a) Intact
vocal fold  mobility noted. (b) Pooling  in  the
vallecula  and  silent  aspiration noted  (arrow) with
diluted  applesauce. (c) Graham  cracker bolus
with  severe  laryngeal penetration. (d) Upon
instruction, the  patient  could  adduct  the  vocal
folds and  then repetitively complete  forceful
swallows and  chin  tuck to  advance  the  bolus
without  aspiration.
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severe  fibrosis  of  the  strap  m uscles,  such  as  the  thyrohyoid
m uscles, develops  and  causes  them  to  be  dysfunct ional, w ith
absence  of laryngeal elevation  during swallow, aspiration , and
piriform  sinus  pooling.  Although  neurom uscular  stim ulators,
m agnetic devices, and laryngeal reposit ioning surgeries are cur-
rently being explored  for  the  “frozen  larynx” syndrom e, to date
there  is no actual cure  for  th is problem . Aggressive  swallow ing
therapy w ith  a speech–language pathologist  rem ains the stand-
ard  of care. There  m ay be som e benefit  to in itiat ing swallow ing
therapy  early  in  the  course  of  irradiat ion, before  fibrosis  and
dysphagia have developed, although  this rem ains controversial.
Finally, in  addition  to funct ional m otor  im pairm ents, m any pa-
tients have severe  im pairm ent  of sensory funct ion , resulting in
loss  of cough  reflex  and  silent  aspiration. Therapy w ith  supra-
glottic/super-supraglot tic  swallow  m ay  help  reduce  aspiration
and  facilitate  m odest  d ietary  in take, but  generally  these  pa-
t ien ts  are  at  extrem ely  h igh  risk  for  aspirat ion  pneum on ia
and  pneum onit is  because  they  do  not  have  a  react ive  cough
during  secret ion -related  or  reflux-related  aspirat ion  even ts.
In  severe  cases  of ch ron ic  aspirat ion , t racheo-esophageal  d i-
version ,  laryngotracheal  separat ion ,  or  total  laryngectom y
m ust  be  considered .

The  m anagem ent  of dysphagia  follow ing treatm ent  for  head
and  neck  cancer  requires  proper  im aging  studies,  including
MBS or  FEES. MBS can  m ore  accurately determ ine the  presence
of deficits  w ith  each  stage  of the  swallow. FEES perm its  direct
visualization  of  the  neurom uscular  funct ion  and  anatom ical
deficits contributing to the dysphagia, w hich can  be beneficial if
som e type of augm entation  or surgical treatm ent  is anticipated.

98.6.4  Treatm ent  of Dysphagia
following Head and Neck Cancer
Therapy
Therapy w ith  swallow ing m aneuvers, postural techniques, and
swallow ing  exercises, as  discussed  previously, is  crit ically  im -
portant  to  help  prevent  and  m anage  dysphagia  follow ing head
and  neck cancer  therapy. In  pat ients  at  h igh  risk  for  dysphagia
after  therapy, a  pretreatm ent  assessm ent  of swallow ing should
be  considered.  This  form al  evaluation  by  a  speech–language
pathologist  before  oncologic in tervention  allow s tim e  to devel-
op  specific compensatory m aneuvers and plan  rehabilitation . In
addition , a  pretreatm ent  assessm ent  can  determ ine  the  base-
line  oropharyngeal  funct ion,  w hich  m ay  assist  in  developing
the m ost  appropriate surgical plan  for preserving swallow  func-
tion. If  patients  undergoing  radiation  therapy  or  chem oradia-
tion  therapy  develop  dysphagia  during  or  after  their  treat-
m ents, they  should  m eet  w ith  a  speech–language  pathologist
early in  the  course  of their  dysphagia  so that  they can  work on
techniques to curb the developm ent of t issue fibrosis and m ain-
tain  m uscular strength  and coordination.

In  addition  to  the  surgical  options  already  outlined  in  th is
chapter, patients  w ith  head  and  neck cancer  m ay benefit  from
augm entation  procedure(s)  to  help  m inim ize  the  underlying
anatom ical defects that  are  impairing swallow  funct ion . For ex-
am ple, patients  w ith  oropharyngeal  m alignancy  in  w hom  se-
vere  velopharyngeal  insu ciency  develops  after  therapy  m ay

benefit  from  a palatal augm entation/pharyngoplasty procedure.
Those  w ith  large  base  of tongue  defects after  cancer  resections
(w ith  resultant  pooling in  the  defect) m ay benefit  from  lipoin-
ject ion  augm entation  of  the  tongue  defect  to  help  m inim ize
pooling. Patients  w ith  unilateral vocal fold  paralysis  or  loss  of
vocal fold  t issue  m ay benefit  from  som e type  of vocal fold  aug-
m entation, w ith  lipoinject ion  a reasonable option  for m ild glot-
tic closure im pairm ent  and m uscular flap reconstruct ion  an  op-
tion  for  larger  defects. Because  of the  h igh  risk for  poor  wound
healing, extrusion , and/or  laryngocutaneous fistu la  after  ir ra-
d iat ion , standard  m edializat ion  laryngoplasty  w ith  syn thet ic
im plan ts  should  be  perform ed  w ith  great  caut ion  in  cancer
pat ien ts  w ho  have  previously  been  t reated  w ith  irradiat ion
to the  neck.

Depending on  the sites involved w ith  head and  neck cancer, a
variety of deficits m ay be dem onstrated. Thus, t reatm ents need
to be  tailored  to the  individual. Ideally, the  physician  team  and
speech–language  pathologists w ill work closely together  to op-
tim ize  each  patien t’s  swallow ing  funct ion  and  provide  him  or
her w ith  realistic expectations for the future.

98.7  Roundsm anship
●  Although bedside swallow ing evaluations m ay be considered

for detect ing aspiration , their sensitivity is significantly lower
than  that of m odified  barium  swallow  (MBS) and functional
endoscopic evaluation  of swallow  (FEES), especially in  pa-
tien ts w ith  silen t  aspirat ion  (absence of a spontaneous cough
reflex).

●  Botulinum  toxin  inject ion  is a nonsurgical t reatm ent option
for relaxing the UES and generally results in  significantly im -
proved swallow ing funct ion  in  patients w ith  prim ary UES
dysfunct ion.

●  Because cricopharyngeal m uscle dysfunct ion  is believed to be
a m ajor m ediator in  the developm ent of Zenker divert iculum ,
cricopharyngeal myotomy should be included w ith  any pro-
cedure done to address the diverticulum .

●  In  individuals suspected to have neurogenic dysphagia, flexi-
ble endoscopic evaluation  of swallow  (FEES) is a reasonable
screening approach to detect  aspiration; however, video-
fluoroscopic swallow  study is the gold  standard because it  al-
low s assessm ent of the oral preparatory phase, reflex in itia-
tion , and pharyngeal t ransit.

●  In  pat ien ts at  h igh  risk for  dysphagia follow ing therapy for
head  and  neck cancer, a  pretreatm ent  swallow ing assess-
m en t  should  be  considered . A form al evaluation  by a
speech–language  pathologist  before  oncologic in terven t ion
allow s t im e  to develop  specific com pensatory m aneuvers
and  plan  rehabilitat ion .
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99  Evaluat ion and Managem ent  of Tracheobronchial
Infect ions and Masses
Christopher R. Gilbert, Lonny Yarmus, and Lee M. Akst

99.1  Int roduct ion
Tracheobronchial m asses  and  infect ions  are  rather  uncom m on
w ithin  the  general  population .  Unfortunately,  few  sym ptom s
are  specific for  these  diseases;  m ost  present  w ith  som e  com bi-
nation  of cough, dyspnea, w heezing, respiratory failure, and  he-
m optysis.  Because  their  presentation  can  be  quite  sim ilar  to
those  of m any  other  diseases, they  are  often  considered  rela-
tively late in  the di erential diagnosis, w hich  can  lead to a delay
in  diagnosis and  treatm ent . This chapter  w ill focus on  the m ost
com m on  etiologies  of  tracheal  m asses  and  infect ions  seen  in
clin ical  practice. It  w ill  also  concentrate  on  com m on  tracheo-
bronchial in fect ions and  tracheal m asses that  generally require
endoscopic  evaluation .  A  m ore  in-depth  review  of  covered
topics  is  available  w ithin  our  reading  list  at  the  end  of  th is
chapter.

99.2  Tracheal Infect ions
99.2.1  Et iology, Pathogenesis, and
Natural History
Upper  respiratory t ract  infect ions are  quite  com m on  and  often
caused  by  viruses. They  typically  present  w ith  viral-type  pro-
drom es  and  are  frequently  self-lim ited.  However,  certain
tracheal infections, albeit  rare, are  very im portant  to  recognize
because they have the potent ial to be fatal if left  unt reated.

Bacterial tracheit is (also know n  as exudat ive t racheitis) is be-
lieved  to  occur  as  a  complication  of viral croup  or  laryngotra-
cheitis,  and  therefore  its  incidence  is  h ighest  in  the  fall  and
w inter  m onths. Bacterial tracheitis  can  present  in  the  adult  or
pediatric population;  however, the  adult  form  is often  self-lim -
ited, so  m any  people  m ay  not  seek  m edical  atten tion. Adults
w ill  often  present  w ith  product ive  cough  and  fevers, but  be-
cause of the larger size of the adult  t rachea, obstruction  is quite
rare. Most  children  w ill  present  acutely  ill  and  w ith in  a  few
hours to days experience the onset  of an  acute  “barking” cough,
fever,  hoarseness,  and  str idor.  Unfortunately,  because  of  the
rapidly progressive nature of the disease, m any children  can de-
velop  respiratory  distress  w ithin  hours.  There  is  usually  no
drooling or  dysphagia, w hich  is m ore  com m on  in  pat ien ts w ith
supraglott it is. The  two m ost  com m on  pathogens identified  ap-
pear to be Staphylococcus aureus and Mora xella  ca ta r rha lis.

99.2.2  Diagnost ic Test ing
Endoscopic exam ination  rem ains the m ainstay of both  the diag-
nosis  and  t reatm ent  of  suspected  tracheobronchial  infect ion .
We  review  the  role  of biopsy versus  tracheal aspirat ion  in  the
situations presented below.

Endoscopic exam ination  w ill confirm  the  diagnosis of bacte-
rial tracheitis, revealing m arked  edem a, purulent  exudate, m u-
cosal  ulcerat ion,  pseudo-m em brane  form ation ,  and  m ucosal

sloughing w ithin  the  t racheal lum en, all of w hich  can  contrib-
ute  to  airway obstruct ion . Blood  cultures  are  frequently  nega-
tive,  but  tracheal  cultures  w ill  often  identify  the  pathogen.
Exam inat ion  of  the  airw ay  is  best  accom plished  w ith in  the
con trolled  con fines  of the  operat ing room  and  often  requires
the  use  of  rigid  bronchoscopy  for  the  adequate  suct ion ing
and  rem oval of pseudo-m em branes. The  m ajorit y  of a ected
ch ildren  w ill  need  m echan ical  ven t ilat ion  during  the  acute
phase  of  the  illness,  m ain ly  for  airw ay  protect ion ,  bu t  once
the  m ucosal in flam m ation  has subsided , m ost  are  safely extu-
bated  and  do w ell.

Radiographic im aging  m ay be  helpful in  form ulat ing a  diag-
nosis  of endobronchial  tuberculosis, but  20% of pat ients  w ith
isolated  endobronchial  tuberculosis  have  norm al  findings  on
chest  im aging.  It  therefore  rem ains  im portant  that  broncho-
scopy  and  subsequent  m icrobiological  analysis  be  perform ed
for  the  diagnosis.  Varying  m ucosal  or  subm ucosal  pathologic
changes,  including  ulcer,  granulom a,  infiltration,  fibroplasia,
and  stenosis, have been  described. Pat ients w ith  suspected  iso-
lated endobronchial tuberculosis require direct  biopsy sam pling
of  the  endotracheal  lesions  because  noninvasive  respiratory
sam pling tends to be nondiagnost ic.

For  those  patients  in  w hom  tracheobronchial  fungal  infec-
tions develop, endoscopic exam ination  is warranted  to obtain  a
diagnosis as well as  exam ine  the  exten t  of disease. The  lim ited
data available regarding fungal t racheobronchit is provide an  in-
complete description  of the endoscopic presentations; however,
a  num ber  of case  reports  are  available. There  appear  to  be  two
com m on  descriptions:  (1)  in t ralum inal  involvem ent  w ith
circum ferential grow th  and  invasion  and  (2) di use  plaquelike
involvem ent of the trachea.

99.2.3  Di erent ial Diagnosis
Because of the nonspecific sym ptom s of cough, fever, and  dysp-
nea, the  di erential  often  rem ains  relatively  broad. However,
the  developm ent  of str idor  and/or hoarseness, especially over  a
short  period of t im e, should  raise concern  for bacterial laryngo-
tracheit is. The possibility of tuberculosis exposure in  a patient’s
h istory raises concern  for  endobronchial tuberculosis, although
som e pat ients have  no clear  exposure history identified. Endo-
bronchial  tuberculosis  often  has  a  biphasic  age  distribution ,
com m only present ing in  young fem ales as well as in  the elderly.
Im m unosuppressed pat ien ts w ill be at  increased risk for the de-
velopm ent of fungal infect ion , including laryngotracheitis.

99.2.4  Treatm ent
The  antibiotic  selected  should  provide  em piric  gram -positive
and  gram -negative coverage unt il the  Gram  stain  returns. With
the  continued  rise  of  m ethicillin-resistan t  S.  aureus  (MRSA),
m ost  suggest  vancomycin  until pathogen  identification. The du-
ration  of an tibiotic therapy often  ranges from  10 to 14 days.
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The  treatm ent  for  endobronchial  tuberculosis  includes  the
use of standard  an ti-tuberculosis therapy. Som e advocate  cort i-
costeroids  to  decrease  tracheobronchial stenosis;  however, the
data  rem ain  largely from  case  series  and  retrospective  studies.
One needs to consider the risk for  the system ic advancem ent  of
tuberculosis secondary to the  use  of steroids. In  cases of severe
tracheobronchial stenosis, m ore  invasive  therapeutic in terven-
tions  are  often  indicated, including  the  use  of balloon  dilation
and  sten t  placem ent. Focal stenosis m ay be  am enable  to  surgi-
cal resection  once infect ion  control is achieved.

The  long-term  sequelae  of fungal  tracheobronchitis  are  not
well-know n  because  m ost  of the  patients appear  to die  of their
underlying  illness.  Aspergillosis  is  the  m ost  com m on  fungal
infect ion  reported  (� Fig. 99.1). Treatm ent  also  appears  h ighly
individualized; however, antifungal use is reported in  m ost  ser-
ies. Descriptions  of survivors  have  ranged  from  asym ptom atic
to severely stenot ic.

99.3  Tracheal Masses
99.3.1  Et iology, Pathogenesis, and
Natural History
The  incidence  of tracheal  m asses  in  the  general  population  is
relatively rare, w ith  som e estim ates of two cases per every m il-
lion  persons. Presenting  sym ptom s  can  range  from  cough  and
dyspnea  to  respiratory failure  from  central airway obstruction.
It  is quite com m on for patients w ith  less severe sym ptom s to be
given a m isdiagnosis of asthm a, bronchit is, or chronic cough  be-
fore  the  correct  diagnosis. This  delay in  accurate  diagnosis  ap -
pears  m ost  likely  related  to  the  nonspecific  presentation  and
rarit y of tracheal m asses.

99.3.2  Diagnost ic Test ing
Endoscopic airway evaluation  is  invaluable  for  establish ing the
diagnosis  of an  endotracheal m ass. It  is  perform ed  via  flexible

or  rigid  bronchoscopy, as  well as  direct  laryngoscopy, depend-
ing on the location  of the lesion and the preference of the physi-
cian. Lesions are inspected, and biopsies can  be obtained.

Endobronchial Masses Related to System ic
Diseases
Wegener Granulomatosis
Patien ts  w ith  Wegener  granulom atosis  (WG)  generally  test
positive  for  cytoplasm ic  antineutrophil  cytoplasm ic  autoanti-
body  (c-ANCA);  however, up  20% of pat ients  w ith  airway  in-
volvem ent  m ay be  negative  for  c-ANCA. The  results  of fur ther
diagnostic  testing,  such  as  biopsy  dem onstrating  necrotizing
vasculit is of sm all vessels, can  help confirm  the diagnosis.

Amyloidosis
The  diagnosis  of amyloidosis  requires  a  t issue  biopsy in  w hich
characteristic  amyloid  fibrils  stain  pink  w ith  hem atoxylin–eo-
sin  as  well as  dem onstrate  green  birefrigence  under  polarized
light  m icroscopy after being stained w ith  Congo red.

Sarcoidosis
Endoscopy in  patien ts w ith  sarcoidosis w ill often  reveal di use
hyperem ia, edem a, and  less com m only ulceration. Nodules and
m ass lesions have  also  been  well described. Supraglott ic struc-
tures  m ay be  involved, w ith  subglottic disease  m uch  less com -
m on.  A classic  “turban-like  th ickening” of  the  larynx  can  be
seen, and  m ost  believe  th is  is related  to di use  infiltration  and
swelling of the  supraglottis. A diagnosis  of sarcoidosis  requires
biopsies of a ected  areas as well as a  negative  work-up  for  tu-
berculosis. These  biopsies  should  identify  well-defined  nonca-
seating granulom as w ithout  evidence  of vasculit is, necrosis, or
infect ion . Pulm onary  nodules  on  chest  X-ray  or  computed  to-
m ography (CT) and  an  elevated  angiotensin-converting enzym e
(ACE)  level  m ay also  help  in  the  diagnosis, although  these  re-
sults can  be norm al in  approxim ately 10% of cases.

Tracheobronchopathia Osteochondroplast ica
Endoscopy for t racheobronchopathia osteochondroplastica (TO)
is diagnostic w ith  the  visualization  of innum erable  sm all, hard
nodules extending from  the  subglottic space  to  the  carina. The
nodules can  cause tracheal narrow ing and rigidity if su cien tly
large and  num erous. One of the  distinguishing features of TO is
the absence of involvem ent of the posterior m em branous wall.

Nonmalignant  and Malignant  Tracheal Tumors
Recurrent  Respiratory Papillomatosis
The  diagnosis  of recurrent  respiratory  papillom atosis  (RRP)  is
suspected  w ith  the  endoscopic  visualization  of  characteristic
hypervascular  papillary  lesions  (� Fig. 99.2), but  the  diagnosis
is confirm ed by pathologic analysis.

Suspected  neoplasm s  w ith in  the  tracheobronchial  tree
should  be  confirm ed  pathologically. This  can  be  perform ed  via
flexible  or  rigid  bronchoscopy, as  well  as  direct  laryngoscopy,
depending on  the  location  of the  lesion  and  the  preference  of
the physician. Once a diagnosis is obtained and the endolum inal

Fig. 99.1  Endotracheal Aspergillus infection. A large  fungating  mass is
seen emanating  from  the  right  main stem; culture  of this mass grew
Asperigillus.

Evaluat ion and Management  of Tracheobronchial Infect ions and Masses

758



extent  of disease  has  been  assessed, fur ther  treatm ent  options
can  be  discussed. Endobronchial ultrasound  is  a  m inim ally in-
vasive  tool that  helps identify the  degree  of airway invasion . A
num ber of studies have identified  a strong correlation  betw een
endobronchial ultrasound definition  of airway invasion  and his-
tologic invasion . The 20-MHz radial probe is able to identify dis-
tinct  layers  of  the  airway  wall  (� Fig.  99.3,  � Fig.  99.4,
� Fig. 99.5). The depth  of invasion  and  the delineation  betw een

norm al  and  abnorm al  t issue  are  easily  identified  invasively
w ith  the endobronchial ultrasound probe.

Pulm onary  funct ion  testing  can  be  helpful  in  identifying
cen tral  airw ay  obstruct ion . The  t ypical  flat  t runcat ion  of  in -
sp iratory and  expiratory lim bs is  suggest ive  of a  fixed  airw ay
obstruct ion  (see  � Fig.  99.4).  CT of  the  chest  and  neck  m ay
also be  helpfu l in  iden t ifying t racheal pathology. How ever, an

Fig. 99.2  Endotracheal papilloma seen  in  the  distal trachea of a  25-
year-old  man with  HIV infection  and  recurrent  respiratory papilloma-
tosis, first  diagnosed at  the  age  of 18  years.

Fig. 99.3  Radial endobronchial ultrasound image of trachea. TR, radial
probe  ultrasound balloon; TU, tumor invasion  of the  tracheal wall.

Fig. 99.4  Flow–volume loop  of a  patient  with  tracheal stenosis. The  curve  on  the  left  demonstrates truncation  of both  the  expiratory (top) and
inspiratory (bottom) limbs. This is suggestive of a fixed airway obstruction. The curve on the right  demonstrates the flow–volume loop obtained after
endoscopic dilation  of the  stenosis.
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endoscopic evaluat ion  during each  patien t’s w ork-up  rem ains
essen t ial.

99.3.3  Di erent ial Diagnosis
The  di erential diagnosis for  t racheobronchial m asses is  rather
broad, although  m ost  of the  etiologies are  quite  rare. The  m ost
com m on  m asses  in  adults  are  related  to  m alignant  disease,
w hereas  in  ch ildren  the  m ost  com m on  m asses  are  nonm alig-
nant  in  nature  (� Table  99.1  and  � Table  99.2). There  are  also a
num ber of system ic diseases that  can  in itially present  w ith  tra-
cheobronchial m asses, or  new  evidence  of tracheobronchial in -
volvem ent  m ay appear  further  along in  the  disease  course. We
briefly review  the m ore com m on tracheobronchial m asses seen
w ith  their in it ial presentat ions.

Endobronchial Masses Related to  System ic
Diseases
Wegener Granulomatosis
WG is a m ultisystem  disease often  a ect ing adults in  the fourth
and fifth  decades of life. It  is pathologically defined  by necrotiz-

ing  granulom atous  vasculit is  involving  the  sm all  vessels,  but
well-defined granulom as can  also be located  w ithin  the trache-
obronchial  tree. WG com m only  involves  three  distinct  areas:
the  upper  respiratory  tract,  lower  respiratory  tract,  and  kid-
neys. WG involves the  t racheobronchial tree  in  only 10  to  20%
of cases  but  can  present  w ith  sym ptom s  such  as  hoarseness,
dyspnea,  str idor,  and  progressive  central  airway  obstruction .
However, because  central airway obstruct ion  can  be  a  present-
ing  feature,  an  aggressive  evaluation  of  hoarseness  or  unex-
plained  dyspnea  in  patients  w ith  know n  or  suspected  WG is
necessary.

Amyloidosis
Amyloidosis is a m ultisystem  disorder characterized  by the dep-
osition  of insoluble  fibrillar  proteins  in  tissues. It  m ay  be  idio-
pathic and  prim ary, or  secondary to  a  system ic disease  such  as
m ultiple  myelom a. Both  upper  and  lower  respiratory  tract  dis-
ease  can  occur. Tracheal and  lower  respiratory tract  amyloidosis
is especially com m on  in  patients w ith  prim ary amyloidosis.

The  m ost  com m only described  pattern  in  amyloidosis  is  the
presence  of m ultifocal  plaques  w ithin  the  t racheal  and  bron-

Fig. 99.5  Airway tumor classification. (a) Intrinsic disease, (b) extrinsic disease, and  (c) mixed  intrinsic/extrinsic disease.
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chial  subm ucosa  w ithout  extension  beyond  the  airway  wall.
More localized  disease  in  the form  of m asslike tum ors m ay also
appear in  the t rachea or bronchi.

Sarcoidosis
Sarcoidosis  is  a  chronic  granulom atous  disorder  of  unknow n
etiology  w ith  the  potent ial  to  involve  virtually  any  organ  sys-
tem . Although  otolaryngologic m anifestations  m ay occur  in  up
to 40% of patien ts w ith  sarcoidosis, prim ary involvem ent  of the
trachea or esophagus occurs in  fewer than  1% of cases. The true
pathogenesis  of  sarcoidosis  is  not  w ell  defined, bu t  the  pri-
m ary  hypothesis  suggests  that  exaggerated  cellu lar  im m une
responses  lead  to  the  injury,  d isrupt ion ,  and  dest ruct ion  of
a ected  organs.  The  d isease  is  often  self-lim ited  and  rela-
t ively  ben ign , except  w hen  it  causes  dam age  to  vital  organs
such  as the  hear t  and  lungs.

Tracheobronchopathia Osteochondroplast ica
TO  rem ains  a  rare  disease  characterized  by  the  presence  of
nodules of cartilage, bone, or  both  w ith in  the subm ucosa of the

trachea. It  was first  described  in  1855, and  as of 1992, only 350
cases had been  reported in  the literature.

Nonm alignant  Tracheal Tum ors
Nonm alignant  t racheal  tum ors  are  oftentim es  sm all  (< 2 cm ),
round, and  soft . The  term  nonmalignant  is  preferred  to  benign
given  that  although  these  tum ors m ay not  have  m etastatic po-
tential,  their  anatom ical  location  is  not  benign, and  they  can
cause critical airway obstruct ion .

Recurrent  Respiratory Papillomatosis
The  m ost  com m on  nonm alignant  tum or  of the  trachea is squa-
m ous  cell  papillom a, also  referred  to  as  recurrent  respiratory
papillom atosis  (RRP).  This  disease  has  a  bim odal  onset  w ith
both  pediatric  and  adult  form s;  the  pediatric  form  is  typically
m ore aggressive and m ore likely to involve the tracheobronchial
tree  than  the  adult  form , w hich  show s  a  predilect ion  for  iso-
lated  laryngeal  involvem ent.  The  t rue  incidence  is  unknow n,
but  m ost  believe  it  ranges betw een  1.5  and  4.5  per  100,000. It
appears  to  occur  m ost  often  in  patients  w ho  are  im m unocom -

Table 99.1  Tracheal tumors occurring in the adult  population

Nonmalignant  (10%)  Malignant  (90%)

Primary  Metastat ic

Squamous papilloma  Squamous cell carcinoma  Thyroid  cancer

Granular cell tumor  Adenoid  cystic carcinoma  Lung  (squamous cell and  non–squamous cell
carcinoma)

Chondroma  Carcinoid  Esophageal carcinoma

Adenoma  Mucoepidermoid  carcinoma  Melanoma

Leiomyoma  Adenocarcinoma  Sarcoma

Myoepithelial cell tumor  Small cell carcinoma  Renal cell carcinoma

Lipoma  Leiomyosarcoma  Breast  carcinoma

Fibroma  Chondrosarcoma

Schwannoma  Spindle  cell sarcoma

Hemangioma

Paraganglioma

Fibrous histiocytoma

Neurofibroma

Chondroblastoma

Benign  mucoepidermoid  tumor

Angiofibroma

Xanthoma

Myoblastoma

Hamartoma

Glomus tumor

Intratracheal goiter
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prom ised, w ith  HIV infect ion/AIDS the  m ost  com m on  prim ary
illness.

RRP is a disease of viral etiology, linked  to hum an  papillom a-
virus types 6 and  11. Morbidity and  m ortality are not  related  to
the  viral infect ion  itself, but  rather  to  the  sm all risk  for  m alig-
nant  t ransform ation, the  impact  of m ass  lesions  on  laryngeal
function, and  airway obstruction. Presenting sym ptom s of pap-
illom atosis  m ay include  cough  and  hoarseness, but  it  m ay also
present  w ith  str idor  and  central airway obstruct ion . The  dura-
tion  of sym ptoms before diagnosis m ay vary because a m isdiag-
nosis of asthm a or allergies is com m on.

Granular Cell Tumors
Granular  cell tum ors  were  first  described  in  1926  and  thought
to be  myogenic in  origin , but  they have  m ore  recently been  at-
tr ibuted  to a  neurogenic origin . These  lesions are  m ainly in tra-
lum inal in  nature  but  can  also  invade  locally. Malignant  trans-
form ation  has been  reported  in  up  to  2% of cases, w ith  tum ors
larger than  8 m m  carrying the highest  risk for transform ation.

Chondromas
Chondrom as are  m esenchym al tum ors often  described  as hard,
broad-based, and  covered  by m ucosa. They are  often  found  on
the  in ternal  aspect  of  the  posterior  cricoid  lam ina,  but  they
have  been  reported  throughout  the  trachea.  Calcification
com m only  occurs  but  unfortunately  does  not  help  distinguish

benignity.  Malignant  chondrosarcom as  m ay  also  calcify,  and
therefore th is type of lesion  requires further investigation .

Leiomyomas
Leiomyom as  com m only  occur  in  the  m em branous  port ion  of
the trachea and  originate  in  sm ooth  m uscle w ithin  the tracheal
wall.  Endoscopically,  m ost  appear  as  sm ooth,  polypoid-type
m asses.

Hemangiomas
Hem angiom as of the upper airway have been  described  in  both
the  adult  and  pediatr ic populations. Endoscopically, they often
appear  as  blue, sm ooth , broad-based  lesions  em anating  from
the  posterolateral  aspect  of the  subglottic  area. These  lesions
are  covered  by norm al respiratory epithelium  and  m ay sim ply
regress over a period of observation.

Malignant  Tracheal Tum ors
The m ost  com m on tracheal tum ors are m alignant  in  nature and
m ay contribute  to  m ortality in  either  of two dist inct  m anners:
asphyxiation  from  central  airway  obstruct ion  or  locoregional
invasion  w ith  progression  of disease. Unfortunately, m ost  pa-
tients  rem ain  w ithout  a  diagnosis and  present  late. The  impor-
tance  of early  diagnosis  cannot  be  overstated  because  patients
presenting w ith  early-stage disease and undergoing surgical re-
sect ion  fare  better  than  those  presenting  later  w ith  m ore  ad-
vanced  disease. Surgical resection  rates for  tracheal tum ors re-
m ain  low, w ith  m ost  series  in  the  10% range. Many  patients
w ho  have  potent ially  resectable  t racheal tum ors  appear  to  be
treated  in itially w ith  m odalit ies other  than  curative surgery for
unclear reasons.

Squam ous  cell  carcinom a  and  adenoid  cystic carcinom a  ap-
pear  to  be  the  m ost  com m on  prim ary m alignancies  of the  tra-
chea, together accounting for over  three-quarters of all tracheal
carcinom as. Other  m alignant  tum ors  include  m ucoepiderm oid
carcinom a, carcinoid,  non–squam ous  cell  bronchogenic  carci-
nom a, m elanom a, sarcom a, and lymphom a.

Squamous Cell Carcinoma
Squam ous cell carcinom a  is  the  m ost  com m on  tracheal tum or.
Unfortunately, it  presents w ith  a rather rapid progression  and is
often  not  am enable  to  surgical  resection.  Men  are  tw ice  as
likely to develop  squam ous cell carcinom a, w ith  90% of all cases
related  to tobacco abuse. Squam ous cell carcinom as often  dem -
onstrate  exophytic  grow th  w ith  ulcerat ion  and  bleeding. The
lateral t racheal wall is often  involved. In  pat ients w ith  posterior
wall involvem ent, invasion  from  an  esophageal prim ary should
always be considered.

Adenoid Cyst ic Carcinoma
Adenoid  cystic carcinom a is  reported  as the  second  m ost  com -
m on  m alignant  tracheal  tum or.  There  appears  to  be  no  sex
predilect ion, and  the  age  of patients  in  reported  cases  ranges
from  30 to 90 years, w ith  the  average  age  in  the  m iddle for ties.
Adenoid  cystic  carcinom a  has  been  described  as  a  relatively

Table 99.2  Tracheal tumors occurring in the pediatric population

Nonmalignant  (80%)  Malignant  (20%)

Primary  Metastat ic

Squamous papilloma  Carcinoid  Melanoma

Granular cell tumor  Mucoepidermoid  Sarcoma

Pleomorphic adenoma  Leiomyosarcoma

Myoepithelial cell tumor  Spindle  cell sarcoma

Lipoma  Paraganglioma

Fibroma  Lymphoma

Schwannoma  Rhabdomyosarcoma

Hemangioma  Melanoma

Paraganglioma

Fibrous histiocytoma

Neurofibroma

Chondroblastoma

Angiofibroma

Myoblastoma

Hamartoma

Glomus tumor
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low -grade  m alignancy originating  from  the  epithelium  of m u-
cosal glands lin ing the  respiratory tract . Microscopically, it  ap-
pears  as  sm all,  uniform  cells  that  are  arranged  in  a  tubular,
sheetlike  pat tern .  Adenoid  cystic  carcinom a  w ill  often  arise
from  the posterolateral distal two-th irds of the trachea.

Lymphoma
The  incidence  of lymphom a  has  been  increasing. The  increase
is  thought  to  be  related  to  the  population  w ith  HIV infect ion;
75,000  new  cases  occurred  in  the  year  2008.  Approxim ately
75% of lym phom as presenting in  the  neck region  w ill have  no-
dal involvem ent, w ith  the rem aining 25% being extranodal.

Metastat ic Malignant  Tumors
Metastat ic im plants  to  the  trachea  for tunately  rem ain  uncom -
m on;  however,  they  have  been  well  reported.  The  m ost
com m on  tum ors reported  to m etastasize to the t rachea include
thyroid, esophageal, laryngeal, and lung tum ors.

99.3.4  Treatm ent
The  etiology of the  m ass  w ill dictate  the  overall m anagem ent,
but  pat ients w ith  large  obstructing m asses w ill require  relief of
central airway obstruct ion  through the use of endoscopic m eth-
ods or  the placem ent  of a tracheostomy. One of the particularly
challenging  aspects  surrounding  the  m anagem ent  of  central
airway obstruct ion  is that patien ts typically present  late in  their
course  w ith  a  crit ical airway. The first  step  in  the  m anagem ent
of central  airway obst ruction  is  to  secure  a  stable  airway. Be-
cause  of the  complexity of m any of these  cases, a  m ultidiscipli-
nary approach  to further treatm ent  is recom m ended.

Although  the  complete  m anagem ent  of  cent ral  airway  ob-
struct ion  is beyond the scope of th is chapter, a brief overview  of
the  au thors’ general  approach  is  provided .  Rigid  broncho-
scopy rem ains  the  procedure  of choice  because  of the  ability
to  ach ieve  im m ediate  airw ay  stabilizat ion  w h ile  providing
oxygenation ,  ven t ilat ion ,  and  d iagnost ic  and  therapeut ic  in -
terven tion .

The  optim al endobronchial therapy  depends  on  the  charac-
teristics  of  the  m ass. Three  types  of airway  obstruction  have
often  been  described, w hich  are  illustrated  in  � Fig. 99.5. Ex-
tr insic obstruction  and  m ixed  obstruction  respond  well to  en-
dobronchial  balloon  dilation  and  stenting,  w hereas  in t rinsic
disease  m ay respond  favorably to direct  tum or destruct ion  and
excision  (laser  vaporizat ion,  cryotherapy,  and/or  m echanical
débridem ent). The presence of purely extrinsic disease rem ains
a  contraindicat ion  to  the  use  of the  destructive  therapies such
as laser and cryotherapy because these dam age the airway wall.

Because  m any patients  w ith  obstruction  w ill present  late  in
the disease course (and therefore m ay not be eligible for  trache-
al resection), tracheal sten ts rem ain  a good  option. Stents palli-
ate  the  dyspnea  resulting from  central airway obstruction  and
m ay help  liberate  patients  from  the  vent ilator. The  m ost  com -
m on  types  of stents  available  in  the  United  States  are  silicone
and self-expanding m etal stents. Silicone stents com e in  various
sizes  and  are  easy  to  m odify. They are  also  easy  to  rem ove  or
reposition,  but  placem ent  can  be  m ore  di cult  and  requires
the  use  of rigid  bronchoscopy. Metal  stents  can  be  placed  via

flexible  bronchoscopy  but  are  m ore  expensive;  in  addition ,
granulation  tissue  is  m ore  likely  to  develop, w hich  lim its  re-
m oval or reposition ing.

Endobronchial Masses Related to System ic
Diseases
Wegener Granulomatosis
The m anagem ent of t racheobronchial WG can  be di cult , and a
m ultidisciplinary approach  should  be used. System ic sym ptom s
are often  treated w ith  steroids, but  m ore potent  im m unom odu-
lators m ay be  required. Airway disease  m ay not  respond  in  the
sam e fash ion  as system ic disease  and  therefore  m ay need  to be
treated  independently.  Endoscopic  and/or  surgical  therapy  is
indicated  in  those w ith  central airway obstruct ion. Direct  in tra-
lesional t reatm ent  w ith  cort icosteroids or  m itomycin  has been
reported. Other poten t ial in terventions include balloon  dilation ,
stent  placem ent, and  resection . Because  of h igh  rates  of reste-
nosis  in  the  face  of active  disease, surgical resection  should  be
reserved for cases in  w hich WG has resolved.

Amyloidosis
A diagnosis of amyloidosis should  prom pt  referral to  a  m edical
oncologist  for  system ic evaluation;  however, no  m edical  ther-
apy available  at  th is  t im e  appears  to  m odify its  overall course.
For  patients  w ith  secondary  amyloidosis,  t reatm ent  of  the
underlying  disease  appears  to  delay  amyloid  deposition  and
disease  progression . Surgical t reatm ent  should  focus  on  m ain-
taining airway patency, preserving laryngeal funct ion, and  im -
proving voice quality. Com plete resection  at  the cost of function
is discouraged  because  recurrence  is com mon  regardless of the
extent  of excision. Localized  laser  and  m icrodébrider  resection
are the m odalit ies m ost com m only used.

Sarcoidosis
The treatm ent  of sarcoidosis com m only involves the use of sys-
tem ic cort icosteroids, w hich  has been  associated w ith  improve-
m ent  in  m ore  than  80% of cases  of laryngeal sarcoid. System ic
steroids  rem ain  the  first-line  treatm ent  in  all  patien ts, except
those w ith  central airway obstruct ion. If central airway obstruc-
tion  is  severe, airway in terventions  m ay be  required;  these  in-
clude balloon  dilation , endoscopic excision  or  destruct ion, and/
or  stent  placem ent. Urgent  tracheostomy  m ay  be  required  for
patients  w ith  crit ical airway disease. Direct  in tralesional treat-
m ent  w ith  cort icosteroids or  m itomycin  has been  reported  but
w ill not have an  im m ediate e ect.

Nonm alignant  Tracheal Tum ors
Recurrent  Respiratory Papillomatosis
Although  current  m edical  and  vaccine  therapies  are  the  sub-
jects  of act ive  investigation, current  clin ical care  is  directed  at
rem oving the lesions. The t reatm ent  of RRP focuses on  the sur-
gical  débridem ent  of  lesions  in  order  to  control  sym ptom s.
Most  advocate  early  and  aggressive  in tervent ion  for  patien ts
presenting  w ith  any  form  of  progressive  airway  obstruction .
Laser  therapy  and  débridem ent  for  papillom a  destruction  are
the  m ost  com m only  perform ed  procedures. Other  therapeutic
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options include photodynam ic therapy, w ith  one study show ing
a  sm all  but  statistically significant  decline  in  papillom a  recur-
rence.  Nonsurgical  approaches  include  the  use  of  antiviral
agents  such  as  acyclovir,  cidofovir,  in terferon,  and  ribavirin .
More  recent  work  has  dem onstrated  a  significant  decrease  in
papillom a  recurrence  after  the  in itiation  of an t ireflux  therapy,
m ost  notably ranitidine, w hich  m ay have an  im m une-m odulat-
ing e ect .

Chondromas
Definitive  t reatm ent  requires  surgical  resection  because  of  a
high  incidence of recurrence w ith  endoscopic resection.

Leiomyomas
Tracheal  resection  is  recom m ended  because  recurrence  and
death  related  to  hem orrhage  after  endoscopic  excision  have
been  reported. Although  the data are lim ited, som e experts rec-
om m end  bronchoscopic excision  only  w hen  a  lesion  is  clearly
pedunculated  because  of  the  previously  m entioned  risk  for
hem orrhage.

Hemangiomas
In  pat ien ts w ith  sym ptom atic hem angiom as, surgical resection
has tradit ionally been  the  treatm ent  of choice. However, recent
work suggests that  propranolol m ay replace  surgery as  a  first-
line  treatm ent . The  data  rem ain  retrospective  and  are  derived
from  sm all case  series, but  because  of the  significant  improve-
m ents noted  and  the m inim al side e ect  profile  of propranolol,
th is treatm ent cont inues to hold prom ise. Other options include
steroids, in terferon, or laser therapy.

Malignant  Tracheal Tum ors
Treatm ent  for  a pat ient  w ith  t racheal cancer rem ains highly in-
dividualized, w ith  lit t le  literature  available  to  help  guide  one’s
decisions  during planning. Unfortunately, there  is  currently no
universally  accepted,  data-driven  staging  system  for  tracheal
carcinom a. The prognost ic im plications of local lym ph  node in-
volvem ent  also  rem ain  unclear. In  contrast , evidence  of m eta-
static  disease  does  appear  to  correlate  w ith  worse  outcom es.
The  m ost  im portant  prognostic  factors  related  to  survival  ap -
pear  to be the histology of m alignancy, along w ith  the ability to
achieve  a  h istologically  complete  resection. Patients  w ith  ad-
enoid  cystic  carcinom a  or  m ucoepiderm oid  carcinom a  appear
to do better than  those w ith  other m alignancies.

Patients undergoing resection  appear  to  do better, and  those
undergoing complete  resection  seem  to do the  best. This is the
case not  only in  patients w ith  local disease but  also in  those pa-
tien ts  w ith  advanced  disease  w ho  undergo  a  local  resection.
Surgical  resection  rem ains  the  procedure  of choice  for  m alig-
nant  tracheal  tum ors.  Despite  th is,  large  series  from  Europe
show  that only 10% of patien ts w ith  tracheal cancer undergo re-
sect ion, w hereas  another  40% could  have  been  o ered  resec-
tion. Experts in  tracheal resection  believe  that  up  to 50% of the
trachea can  safely be resected w ithout causing significant  stress
or  anastom ot ic comprom ise. Thanks to the  pioneering research
of Herm es  Grillo  and  his  colleagues, t racheal resection  techni-

ques continue  to  im prove, and  the  larger  centers  quote  opera-
tive m ortality rates of around 3%.

Patien ts  w ith  obvious  w idespread  m etastatic  disease  and  a
large  tum or  burden  should  be  o ered  palliative  in tervent ions,
w hereas  resection  should  be  considered  for  those  w ith  local
disease  and  no  com orbidities. When  patients  present  w ith  lo-
coregional disease, a m ultidisciplinary approach to their disease
and  therapeutic  options  should  be  used.  It  is  im portan t  that
these  patients undergo evaluation  and  t reatm ent  at  large  tert i-
ary  centers  w ith  extensive  experience  in  complex  airway  m a-
nagem ent  and  t racheal resection . This  type  of centralized  care
w ill not  only improve  patient  care  but  also  provide  large  data-
bases to help prom ote research w ithin  th is disease.

Endoscopy is often  used  as a t reatm ent  for  patients w ith  cen-
tral  airway  obstruction  and  as  a  palliative  m easure  for  those
w ith  unresectable  disease. It  is  also  used  to  evaluate  and  treat
hem optysis,  and  to  aid  in  surgical  planning.  Sim ilarly,  radio-
therapy can  be  ut ilized  either  as  a  prim ary m ode  of treatm ent
or  as  adjuvant  therapy  after  resection. High-dose  radiation  to
the chest  rem ains is relat ively contraindicated because it  results
in  changes and  scarring w hen  generally surgical excision  would
be  a  viable  alternative.  Adjuvant  radiotherapy  appears  to  in-
crease  survival  t im es;  th is  is  thought  to  be  related  m ainly  to
im proved  local control of disease. Few  data exist  regarding sys-
tem ic chem otherapy in  the  t reatm ent  of tracheal m alignancies.
Because  of the  paucity  of data, we  recom m end  chem otherapy
only  for  patients  in  clin ical  tr ials  w ho  have  prim ary  t racheal
m alignancies.

The  outcom es of pat ients w ith  tracheal m alignancies rem ain
poor, w ith  5-year  survival rates  in  the  10  to  15% range. How -
ever, as  noted  above, observational  data  sets  have  found  that
those  undergoing surgical resection  of their  m alignancy appear
to  have  im proved  outcom es, w ith  som e  studies  quoting 5-year
survival rates h igher than  50%.

Lymphoma
One obvious exception  to the above t reatm ent  paradigm  is lym -
phom a w ithin  the t racheobronchial tree. Options for  both  diag-
nosis  and  t reatm ent  m ay  vary  am ong  institut ions. There  still
rem ains significant  debate  regarding the  proper  m ethod  of ob-
tain ing  tissue. Most  pathologists  prefer  excisional  biopsies  to
help  diagnose  lym phom a  and  define  the  par ticular  subtype.
Fine-needle  aspirat ion  can  often  provide  a  diagnosis, but  the
lack of architecture  som etim es  m akes  subtype  definition  di -
cult .  Lym phom a  is  generally  treated  w ith  chem otherapy  and
radiation; surgery rarely if ever plays a role in  the disease. How -
ever, the presence of central airway obstruct ion w ill often  be an
indication  for  airway  stabilization  until  a  response  to  chem o-
therapy and radiotherapy has begun.

Metastat ic Malignant  Tumors
Metastat ic d isease  should  always be  confirm ed  pathologically
if the  confirm ation  w ill in fluence  fu ture  t reatm ent  or  if there
is  a  quest ion  regarding  the  d iagnosis. No  specific  t reatm ents
are  available  to  individualize  care;  rather, it  is  recom m ended
to  proceed  w ith  a  general  approach  to  airw ay  obstruct ion
and  palliat ion .

Evaluat ion and Management  of Tracheobronchial Infect ions and Masses
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99.4  Roundsm anship
●  Cases of bacterial and  fungal t racheobronch it is rem ain

relat ively rare;  how ever, they can  be  life-th reaten ing if
m isdiagnosed .

●  Endobronchial tuberculosis rem ains a worldw ide infect ious
disease problem  w ith  the potent ial to cause recalcitran t  tra-
cheobronchial stenosis.

●  Nonm alignant t racheal tum ors are m ore com mon in  the
pediatric population  and are often  best t reated w ith  surgical
resection.

●  Surgical resection w ith  curative in tent  rem ains the goal in  pa-
tients w ho have localized prim ary tracheal m alignancies

●  Endoscopic m ethods rem ain  a m ainstay for the treatm ent of
m alignant disease during attem pts to palliate central airway
obstruct ion.

99.5  Recom m ended Reading
[1]  Denlinger C, Patterson  GA. Diagnosis and m anagem ent of tracheal neoplasm s.

In: Flin t  PW, Haughey BH, Lund  J, et  al. Cum m ings Otolaryngology: Head  and
Neck Surgery. 5th  ed. Philadelphia, PA: Mosby Elsevier; 2010:1611–1624

[2]  Duncan  N. Infect ions  of the  airw ay  in  children. In :  Flin t  PW, Haughey  BH,
Lund J, et  al. Cum m ings Otolaryngology: Head and Neck Surgery. 5th  ed. Phil-
adelphia, PA: Mosby Elsevier; 2010:2803–281

[3]  Gaissert  HA, Grillo  HC, Shadm ehr  MB et  al. Uncom m on  prim ary tracheal tu-
m ors. Ann Thorac Surg 2006; 82: 268–27–3

[4]  Gorden  JA, Ernst  A. Endoscopic m anagem ent  of central  airway obstruct ion.
Sem in Thorac Cardiovasc Surg 2009; 21: 263–273

[5]  Leahy K. Laryngeal and  tracheal m anifestat ions of system ic disease. In :  Flin t
PW, Haughey  BH, Lund  J, et  al. Cum m ings  Otolaryngology:  Head  and  Neck
Surgery. 5th  ed. Philadelphia, PA: Mosby Elsevier; 2010; 889–893

[6]  McCarthy  MJ, Rosado-de-Christenson  ML. Tum ors  of  the  trachea. J Thorac
Im aging 1995; 10: 180–198

99.5  Recommended Reading

765



100  Tracheobronchoscopy and Esophagoscopy
Thomas L. Carroll

100.1  Int roduct ion
Tracheobronchoscopy and  esophagoscopy are  essential, funda-
m ental  tools  for  the  otolaryngologist. They  a ord  the  evalua-
tion,  m anagem ent,  and  surveillance  of  subglottic,  t racheal,
bronchial, and  esophageal disease  and  injury. Fam iliarity  w ith
the  anatomy of the larynx, hypopharynx, esophagus, and  lower
airway is  param ount  for  those  perform ing these  in tervent ions.
A thorough  understanding of the available instrum entation, the
techniques  of  use,  and  the  advantages  and  disadvantages  of
both  rigid  and flexible endoscopy are required for the operating
surgeon.

100.2  Tracheobronchoscopy
100.2.1  Anatomy
The subglott is begins approxim ately 5 m m  below  the  upper  lip
of the  t rue  vocal folds. It  extends  to  the  inferior  border  of the
cricoid  cart ilage, w here  the  trachea  begins. The  cricoid  is  the
only complete ring in  the airway. The t rachea, w ith  its m em bra-
nous posterior  wall, extends approxim ately 10 cm  (in  adults) to
the  carina, w here  the  righ t  and  left  m ain  bronchi  begin . The
m ain  bronchi  fur ther  divide  in to  lobar  bronchi  (three  on  the
right, two on  the left), and  yet  again  in to lobar segm ental bron-
chi  (18  in  all).  The  trachea, bronchi, and  further  dim inishing
levels  of the  lower  airway are  also  referred  to  as  generations;
the t rachea is the zero generat ion , the m ain bronchi are the first
generat ion, and  so forth . Each  of the lobar  and  lobar  segm ental
bronchi  has  a  specific,  anatom ically  appropriate  nam e
(� Fig. 100.1).

100.2.2  Indicat ions
Indications  for  t racheobronchoscopy  are  categorized  as  either
diagnostic  or  therapeutic.  Evaluations  for  secondary  m alig-
nancy in  head  and  neck cancer  and  for  str idor  w ith  concern  for
airway  stenosis  or  foreign  body  aspiration  are  the  m ost  com -
m on  reasons  for  an  otolaryngologist  to  perform  tracheobron-
choscopy. Other  reasons  to  perform  th is  in tervent ion  include
unexplained  hem optysis, chronic cough, unexplained w heezing
or dyspnea, infect ious concerns, and  im aging findings requiring
direct  evaluation. These  indications often  lead  to  in tervent ions
that  include  bronchoalveolar  lavage, t ransbronchial or  in tralu-
m inal biopsy, rem oval of a foreign body, assistance in  in tubat ion
(endotracheal  tube  positioned  over  a  flexible  bronchoscope),
assistance  in  the  placem ent  of  a  percutaneous  tracheotomy
tube, and suct ioning of inspissated secretions or blood clots.

100.2.3  Equipm ent
Tracheobronchoscopy  can  be  perform ed  w ith  either  rigid  or
flexible  endoscopes;  both  types  have  unique  roles  in  the  m a-
nagem ent  of  tracheobronchial  pathology.  Although  they  are
used  to  evaluate  the  subglott is,  t rachea,  and  bronchi,  these

pieces of equipm ent  are  typically referred  to as bronchoscopes.
Their inherent  advantages and disadvantages in  both  the opera-
tive  and  o ce  settings  m ust  be  understood  by  the  operat ing
surgeon to obtain  the best  possible visualization  and m ost  facile
completion  of the indicated in tervent ion.

Rigid Bronchoscopy
Rigid  bronchoscopes  are  specialized  m etal tubes  available  in  a
variety  of lengths  and  diam eters. They are  often  divided  arbi-
trar ily in to pediatric and  adult  sets. They typically range from  3
to 8.5 m m  in  diam eter  and  increase  in  length  to proport ionally
accom m odate  the  size  of  the  pat ient’s  larynx  and  trachea
(� Fig. 100.2). The t ip  of a rigid bronchoscope is beveled to facil-
itate  passage  through  the  oral  cavity, larynx, and  carina. The
wall of the distal end of the scope is perforated to allow  ventila-
tion  during rigid  tracheobronchoscopy (� Fig. 100.3). Although
pediatric  and  adult  m odels  can  vary, the  proxim al end  has  an
adapter  for  a  ligh t  source  and  an  anesthesia  ventilation  circuit .
The  proxim al end  also  allow s the  placem ent  of a  rigid  Hopkins
rod  telescope  of exact  length , as well as flexible  suct ion  tubing
and working instrum entation  through  an  air tight  rubber gasket
(� Fig. 100.4). The  working instrum ents  are  of a  precise  length
so that  their  t ips to exit  just  beyond  the  distal end  of the bron-
choscope.  Visualization  through  the  rigid  scope  occurs  w hen
the  exam iner  looks  either  directly  through  a  glass  w indow  at
the  proxim al end  or  through  the  eyepiece  of an  inserted  Hop-
kins rod  telescope  (w ith  or  w ithout  a  cam era/video  system  at-
tached). The direct  view  can  be som ewhat  lim iting; therefore, a
Hopkins rod  telescope  w ith  a  straight  or  angled  lens is  used  to
place  the  poin t  of visualization  at  the  distal  end  of the  scope,
nearest  the  pathology of in terest. Most  surgeons attach  a video
cam era  to the  eyepiece  of the  Hopkins rod  telescope  to  project
the picture of the airway onto a m onitor in  front  of them . Video
technology also  provides a  m eans to  photo  docum ent  a  proce-
dure and work in  a m ore ergonom ically com fortable position.

Rigid  bronchoscopy is perform ed  exclusively in  the operating
room  and  alm ost  exclusively under  general anesthesia. The pri-
m ary advantages of a rigid  bronchoscope include a large lum en
and  the  ability  to  ventilate  the  patient  directly  through  the
scope  during  an  in tervention.  These  two  advantages  m ake  it
possible  to  rem ove  large  foreign  bodies, control brisk  bleeding
for  w hich  the  passage  of a  larger-diam eter  suct ion  is  required,
debulk  airway  tum ors, and  discharge  airway  sten ts.  Pediatr ic
otolaryngologists  and  surgeons  w ho  rem ove  foreign  bodies
from  the  trachea  and  proxim al bronchi alm ost  exclusively  use
rigid  bronchoscopy  as  a  first-line  in tervention  for  the  afore-
m entioned  reasons and  have  various sizes available  as needed.
Rigid  bronchoscopes  have  the  prim ary  disadvantage  of  being
too sti , short , and w ide to allow access to m ost second-genera-
tion  (lobar) and th ird-generation  (lobar segm ental) bronchi.

Flexible  Tracheobronchoscopy
Flexible  bronchoscopes, transnasal  esophagoscopes, and  flexi-
ble  laryngoscopes can  all be  used  to evaluate  the  lower  airway.

Tracheobronchoscopy and Esophagoscopy
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Fig. 100.1  Tracheobronchial tree.

Fig. 100.2  Adult  (top) and  pediatric (bottom) rigid  bronchoscopes.

Fig. 100.3  Ventilation ports at  the  distal end  of a rigid  bronchoscope.
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Each  has  its  advantages  and  lim itations;  the  flexible  broncho-
scopes  and  transnasal  esophagoscopes  are  sim ilar. The  scopes
can vary in  length  and diam eter, but are all comparable in  term s
of  their  features.  A typical  adult  flexible  laryngoscope  is  ap -
proxim ately 30 cm  in  length  and  4.1 m m  in  diam eter. The aver-
age  adult  bronchoscope  is  60 cm  in  length  and  6 m m  in  outer
diam eter, and  the average t ransnasal esophagoscope is 60 cm  in
length  and  5.1 m m  in  diam eter. These  lengths  and  sizes  vary
am ong m anufacturers, and  the  scopes for  the  pediatric popula-
tion  can  be as sm all as 2.2 m m  in  diam eter. The anatom ical area
being evaluated  and  the  patient’s age  and  ability to  tolerate  an
o ce-based  procedure  w ill typically dictate  the  length  and  di-
am eter  of  the  flexible  endoscope  used,  the  type  and  level  of
anesthesia  required, and  the location  of the  procedure. The  en-
doscopes are  available  w ith  and  w ithout  working channels that
allow  suct ion ing  and  the  passage  of  sm all  (usually  less  than
2 m m  in  diam eter)  instrum ents  for  endoscopic  procedures.
Com m only used  channel instrum ents include cup  forceps, laser
fibers, balloons, inject ion/biopsy needles, and  foreign  body re-
tr ieval tools, such as baskets and graspers.

Flexible  endoscopes  are  available  in  two  form s:  fiber-optic
and  distal  chip. Although  distal  chip  technology  is  becom ing
m ore  accessible  and  popular, flexible fiber-optic scopes contin-
ue  to  be  com m onplace. Fiber-optic bronchoscopes  are  flexible
plastic and m etal tubes composed of bundles of glass fibers that
transm it  light  to the scope’s distal end  and  an  im age directly to
a proxim al eyepiece. The glass fibers are  delicate; if the scope is
m ishandled, fiber breakage can  lead  to a patchy im age. Alterna-
tively, chip  tip  digital endoscopes  use  a  charge-coupled  device
to  capture  an  im age. As  the  im age  is  projected  through  a  lens
onto  the  capacitor  array  (a  two-dim ensional  photoact ive  re-
gion) of the  charge-coupled  device, each  capacitor  accum ulates
an  elect ric charge  proportional to  the  light  in tensity at  that  lo-
cation. A control circuit  ultim ately converts  the  charges  of the
ent ire  array in to  a  sequence  of voltages. In  the  ch ip  t ip  scope,
these  voltages  are  then  sam pled, digitized, and  projected  as  a
digital video im age that  can  be displayed and  recorded. Chip t ip
digital endoscopes are less delicate than  their  fiber-optic equiv-
alen ts.  They  create  clear,  crisp  im ages  w ithout  the  pixilation

seen  in  the  im ages of even  the  m ost  prist ine fiber-optic scopes.
Som e  of the  digital processors  have  the  added  ability  to  sim u-
late  light  filters  to  m ore  clearly define  vascular  and  neoplastic
lesions. Chip  t ip  digital endoscopes are  m ore  expensive  and  re-
quire  specialized  processing  devices  for  visualization  of  the
im age  (there  is  no  way to  directly  visualize  through  a  chip  t ip
scope);  therefore, they are  not  as  appealing to  som e  clin icians.
Both  fiber-optic and chip tip  endoscopes can  be attached to vid-
eo  recording  devices  w ith  m onitors  for  docum entation  pur-
poses.

The prim ary advantage of flexible bronchoscopy is the ability
to  visualize  and  in tervene  in  sm aller, m ore  distal second-  and
third-generation  bronchi. A flexible  scope  also  provides angles
of visualization  and  larger  visual fields that  are im possible w ith
a fixed, rigid  Hopkins rod. The scope can  often  be passed, diam -
eter  perm it ting, th rough  the  lum en  of an  endotracheal or  tra-
cheotomy tube. The disadvantages of flexible bronchoscopes in-
clude  the  inability to suct ion  at  h igh  volum e, pass large  instru-
m ents for in tervent ion, and ventilate th rough the instrum ent.

100.2.4  Technique
Rigid Tracheobronchoscopy
In  the adult  patient, general anesthesia is typically induced, and
ventilation  proceeds via  a  face  m ask. As an  alternative, sponta-
neous  vent ilation  techniques  can  be  used  and  are  often  pre-
ferred  in  pediatric  cases. The  adult  patien t  is  placed  w ith  the
neck  flexed  and  the  head  extended  (sni ng position) to  allow
better  visualization  of the larynx. This position  m ay be changed
to facilitate  access to the  t rachea and  distal bronchi as the  case
proceeds.  The  table  is  turned  toward  the  operating  surgeon
w ho takes over  m ask vent ilation  temporarily w hile  positioning
him self or  herself at  the head  of the bed. The surgeon  places an
upper  dentit ion  m outh  guard  or  protects  the  upper  gingiva
w ith  gauze. The  dom inant  hand  in troduces the  rigid  broncho-
scope  in to  the  oral cavity  w hile  the  nondom inant  hand  opens
the m outh  and stabilizes the scope. The bevel of the distal bron-
choscope  should  be  in  the  an terior  (neut ral)  position  to  allow
elevation  of the  base  of the  tongue  and  epiglottis  as the  larynx
is visualized  directly (� Fig. 100.5). The bronchoscope should  be
passed through  the vocal folds w ith  the beveled edge rotated 90
degrees from  neutral to avoid  unnecessary t raum a. Locating the
glottis  can  be  di cult  w hen  th is  direct  m ethod  is  used. An  al-
ternative  technique  is  to  use  an  anesthesiologist’s  straight  or
curved  blade  laryngoscope  in  the  nondom inant  hand  to  better
expose  the  endolarynx  w hile  placing  the  bronchoscope  be-
tween  the  vocal folds w ith  the  dom inant  hand. Once the  bron-
choscope  is  in  place,  the  surgeon  rem oves  the  laryngoscope
blade  w hile  visualizing  through  the  bronchoscope  to  ensure
that its position  is m aintained. It  is com m on to use either m eth-
od  w ith  a  Hopkins rod  telescope  already inser ted  in to the  rigid
scope for visualization  on  a video m onitor.

After the rigid bronchoscope is safely in  the trachea, the anes-
thesia  team  can  attach  the  vent ilation  circuit  to  its  proxim al
ventilation  port , and  ventilation  can  safely  proceed. Standard
positive-pressure  ventilation  is not  always possible  if the  bron-
choscope  m ust  be frequently rem oved  during the  case  or  if the
pathology is in  the  proxim al t rachea, result ing in  a  situat ion  in
w hich  the  ventilation  ports  on  the  bronchoscope  are  proxim al

Fig. 100.4  Proximal ends of rigid bronchoscopes, with rigid endoscope
inserted  (top right).
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to the vocal folds. In  these instances, a jet  ventilation  technique
can be used via the bronchoscope or, alternatively, via a catheter
placed in to the airway outside the bronchoscope.

When  the m ain  bronchi are evaluated, it  is often  necessary to
m anipulate  the  neck  to  obtain  a  better  angle  for  access  to  the
m ore  distal airway. In  such  a scenario, the head  is t ilted  so that
the ear  is brought  closer  to the contralateral shoulder. The rigid
bronchoscope has been  m ostly supplan ted by the flexible bron-
choscope,  but  it  is  still  preferred  for  the  retrieval  of  foreign
bodies, especially if the objects are sharp. Because of the hollow
lum en  and  steel structure  of the  endoscope, a  sharp  object  can
be  delivered  in to  it , after  w hich  both  can  be  rem oved  together
so that  the sharp object  cannot  injure t issue or becom e snagged
as it  is w ithdraw n.

Flexible  Tracheobronchoscopy
Flexible  tracheobronchoscopy  can  be  perform ed  in  m ultiple
settings under various levels of anesthesia. It  can  be successfully
accom plished  w ithout  sedation  but  w ith  topical local anesthe-
sia  in  the  o ce  setting, under  conscious  sedat ion  w ith  topical
anesthesia  in  an  endoscopy suite, or  under  general anesthesia
via  an  existing endotracheal tube. A flexible  endoscope  passed
through  the  nose  is easily m anipulated  during an  evaluation  of
the  subglottis, t rachea, and  m ain  bronchi in  the  o ce  sett ing.
O ce  t racheobronchoscopy  w ithout  sedat ion  is  perform ed
w ith  the  patient  seated  upright  (� Fig.  100.6).  If  the  subject
does not have a t racheotomy, nebulized 4% plain  lidocaine is ad-
m inistered orally. At the sam e t im e, the nasal passages are topi-
cally  decongested  and  anesthetized.  With  the  surgeon  facing
the  patien t,  a  flexible  endoscope  is  placed  through  the  m ore
patent  nasal passage. The larynx is visualized  and  evaluated  for
pathology,  abnorm alities  of  vocal  fold  m otion ,  and  glottic
stenosis. If the  larynx rem ains too sensate  for  the  procedure  to
proceed, additional  4% lidocaine  is  applied  to  the  vocal  folds
through the working channel of the endoscope. For the tracheo-
tom ized  pat ient, lidocaine  applied  via the  working channel and

the  tracheostom a  can  also  be  used  to  anesthetize  the  larynx
and  lower  airway. In  addition,  the  distal  exam inat ion  can  be
perform ed  via  the  t racheotomy.  If  it  is  not  possible  to  o er
nebulized  treatm ents  in  the  o ce  setting  or  a  scope  w ith  a
working channel is  not  available, lidocaine  can  alternatively be
applied  by inject ing it  in to the airway percutaneously. This pro-
duces  a  cough, w hich  distributes  the  m edicine. Lidocaine  can
also  be  applied  transorally  w ith  an  Abraham  cannula. Taking
the  tim e  to  slow ly and  com fortably topically anesthetize  a  pa-
tient  is invaluable for  the pat ient’s experience. It  also allow s the
surgeon  to  survey the  anatomy m ethodically and  perform  any
procedures deem ed necessary.

When  it  is necessary to evaluate the lower airway beyond the
m ain  bronchi, sedat ion  is often  needed, so the procedure is per-
form ed  in  a  m onitored  endoscopy suite  w ith  the  patien t  in  the
supine  position. In  addition  to the  in t ravenous sedat ives given,
topical local anesthesia is routinely adm inistered directly to the
larynx and  t rachea  to  decrease  the  need  for  excessive  sedation
and  allow  the patient  to m aintain  satisfactory respiration. With
the endoscopist  at  the head  of the bed for orientation , the flexi-
ble  bronchoscopy proceeds. It  is imperative  to rem ain  aware  of
the  anteroposterior  and  lateral orientation  during flexible  tra-
cheobronchoscopy  in  the  awake/o ce  or  sedated/endoscopy
suite  sett ing. General anesthesia  can  be  adm inistered  for  flexi-
ble  bronchoscopy  if the  patient  cannot  tolerate  the  procedure
because  of anxiety or  a  severe  gag reflex, or  if the  delicate  na-
ture  of the  procedure  requires  respirat ion  to  be  held  tempora-
rily.

100.2.5  Risks and Adverse  E ects
The  m ost  severe  complication  of rigid  t racheobronchoscopy is
pneum othorax  or  pneum om ediastinum . If th is  is  suspected, a
chest  X-ray is  obtained  after  the  procedure. Depending on  the
severity of the in tervention , a chest  X-ray m ay also be obtained
after  flexible  bronchoscopy. An  unsedated  transnasal broncho-
scopic procedure  m ay have  to  be  aborted  approxim ately 3% of
the  t im e  because  of a  narrow  nasal vault , epistaxis, or  patient
in tolerance. Loss of the airway requiring surgical in tervent ion  is
possible  during rigid  bronchoscopy, as is the  case  in  any proce-

Fig. 100.6  Flexible  tracheobronchoscopy can be  performed comfort-
ably under topical anesthesia.

Fig. 100.5  Rigid bronchoscopy is performed by aligning the axis of the
oral cavity, glottis, and  trachea with  head  extension  and  neck flexion.
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dure  in  w hich  general anesthesia  is adm inistered  and  an  endo-
tracheal  tube  is  not  placed. This  possibility  should  be  consid-
ered  preoperatively for any patient  w ith  potent ially obstructing
lesions of the oral cavity, larynx, or pharynx or any pat ient  w ith
lim ited  neck m obility. The surgeon  should  have appropriate  in-
strum entation  available  for  em ergent  tracheotomy  during  all
airway cases.

100.3  Esophagoscopy
100.3.1  Anatomy
The esophagus is  a  m uscular  tube  that  extends from  the  hypo-
pharynx to the stom ach. It  is composed of only four layers, lack-
ing  a  serosa  outside  the  adventit ial  layer. The  m uscular  layer,
deep  to  the  m ucosa  and  subm ucosa, is  composed  of  skeletal
m uscle  in  the  proxim al th ird  and  sm ooth  m uscle  in  the  lower
third  of the  esophagus  (the  m uscular  layer  of the  m iddle  th ird
is m ixed). The upper esophageal sphincter (UES) is the tonically
contracted  proxim al m argin  of the  esophagus  located  approxi-
m ately 16 cm  from  the  incisors at  the level of the  sixth  cervical
vertebra. For  all  landm arks, an  additional  3 cm  can  be  added
w hen  they  are  m easured  from  the  nasal  sill.  The  UES is  2  to
4 cm  in  length  and  is a  funct ional un it  that  is  composed  of the
cricopharyngeus m uscle  as well part  of the  inferior  constr ictor,
upper  esophagus, and  the  cricoid  and  arytenoid  cartilages. The
esophagus  length  ranges  from  20  to  24 cm , extending  to  the
lower  esophageal sphincter  (LES). The  LES is not  a  true  sphinc-
ter  but  a  2-  to  4-cm  area  composed  of  tonically  contracted
sm ooth  m uscle  from  both  the  esophagus  and  diaphragm ;  it  is
both  a  physiologic  and  an  anatom ical  entity  located  approxi-
m ately 39 cm  from  the  incisors at  the level of the  11th  thoracic

vertebra adjacent  to the cardia of the stom ach. The rugae of the
stom ach  m eet  the  sm ooth  wall of the  esophagus at  the  gastro-
esophageal junct ion. A location  of the  gastroesophageal junc-
tion  m ore  than  2 cm  above  the  diaphragm atic pinch  is  consid-
ered a h iatal hernia. The squam ous epithelium  of the esophagus
m eets  the  gastric  colum nar  epithelium  of the  stom ach  at  the
squam ocolum nar  junct ion ,  also  know n  as  the  Z-line.  This  is
approxim ately  40 cm  from  the  incisors  and  should  correlate
w ith  the  term ination  of the  longitudinal subm ucosal vessels of
the  esophagus  and  gastroesophageal junct ion. Irregularit ies  of
the  Z-line  can  be  indicative  of esophagitis  or  possibly  Barrett
esophagus  (squam ous  m etaplasia).  Barrett  esophagus  should
be  suspected  w hen  tongues  of w hat  appear  to  be  gastr ic m u-
cosa  m igrate  proxim al  to  the  gastroesophageal  junct ion,  in-
fringing on  the  area of the longitudinal esophageal vessels. The
squam ocolum nar  junct ion  and  the  gastroesophageal junct ion ,
w hen  norm al, are  found  at  the  sam e  level  but  are, by  defini-
tion , di eren t .

Other  anatom ical areas of in terest  are  the  external compres-
sors  of  the  esophageal  lum en.  Moving  distally  through  the
esophagus, they  are  the  aor ta  (pulsatile, approxim ately  23 cm
from  the  incisors);  the  left  m ain  bronchus  (approxim ately
27 cm  from  the incisors); and the diaphragm atic pinch (approx-
im ately 38 cm  from  the incisors; � Fig. 100.7).

100.3.2  Indicat ions and Pat ient
Select ion
Rigid  esophagoscopy  and  flexible  esophagoscopy  are  typically
perform ed  for  both  diagnostic and  therapeutic purposes. Esoph-
agoscopy  can  be  used  to  inspect  the  lum en  of  the  esophagus

Fig. 100.7  Distances from  the  incisors to the
various landmarks encountered  during  esopha-
goscopy.
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for  pathology  including  tum or,  strictures,  foreign  bodies,  and
changes  to  the  m ucosal surface  caused  by infect ious  or  inflam -
m atory  conditions.  Diagnostic  biopsies  can  be  perform ed  as
necessary.  Esophagoscopy  is  not  an  e ective  tool  to  evaluate
peristalsis  because  the  presence  of the  scope  in  the  esopha-
gus alters its funct ion . Esophagoscopy is  often  used  to  deliver
instrum en ts  for  therapeutic in terven t ions, including balloons
for  d ilat ion , graspers, laser  fibers, and  devices for  cut t ing and
radio-frequency  ablat ion .  Esophagoscopy  also  aids  in  the
placem en t  of t racheo-esophageal  puncture  devices  after  lar-
yngectomy.

Patients are chosen  for esophagoscopy based on  their h istory,
their  response  or  lack of response  to  m edical therapies, or  the
results  of other  diagnostic  tests. Radiographic  studies  such  as
chest  X-ray  and  barium  esophogography  m ay  reveal  foreign
bodies;  anatom ical abnorm alit ies  such  as  webs, str ictures, and
diver t icula;  or  evidence  of achalasia  that  w arran ts  visualiza-
t ion  or  in terven t ion . The  indicat ions for  esophagoscopy in  pa-
t ien ts  w ith  laryngopharyngeal  reflux  are  ill  defined.  Recen t
findings  suggest  that  pat ien ts  presen t ing  w ith  sym ptom s  of
laryngopharyngeal  reflux  w ithout  sym ptom s  of  gast roeso-
phageal reflux  disease  (GERD) m ay be  at  an  elevated  risk  for
esophageal  adenocarcinom a. Thus,  the  presence  of  laryngo-
pharyngeal  reflux  in  and  of  itself  m ay  w arran t  esophago-
scopy  to  ru le  out  Barret t  esophagus,  erosive  esophagit is,  or
adenocarcinom a.  Unexplained  esophageal  dysphagia,  w eigh t
loss, hem optysis,  hem atem esis,  odynophagia,  and  regurgita-
t ion  are  also  ind icat ions  for  esophagoscopy.  Pat ien ts  w ho
have  head  and  neck  cancer  w ith  esophageal  sym ptom s  re-
quire  esophageal screen ing to  ru le  ou t  secondary m alignancy
or  alternat ive  pathology.

100.3.3  Equipm ent
Both  rigid  and  flexible  esophagoscopes  are  available  and  have
inherent  advantages and  lim itations. Rigid  esophagoscopes are
em ployed  exclusively  in  the  operating  room , w hereas  flexible
esophagoscopes can  be  used  both  in  the  operating room  and  in
the o ce w ith  an  unsedated patient.

Rigid Esophagoscopy
A rigid esophagoscope is a hollow, oval m etal tube w ith  a flared,
blunt  t ip  and  a proxim al “keel” for easier  m anipulation  and  ori-
entation.  It  is  available  in  m any  lengths  and  diam eters
(� Fig. 100.8). Unlike rigid  bronchoscopes, rigid  esophagoscopes
typically do not  have a separate  port  for  a telescope and  do not
have  a  proxim al adapter  for  instrum entation. Light  is  delivered
via  a  long  ligh t  carrier  that  is  inserted  through  a  separate,
sm aller  port  and  em erges  near  the  distal  t ip.  The  proxim al
opening  is  the  only  place  through  w hich  both  visualization
(w ith  or  w ithout  a Hopkins rod  telescope) and  instrum entation
occur. Rigid  esophagoscopy is superior  for  evaluating the  cervi-
cal esophagus because  of di culties  of insu ation  and  visual-
ization  in  the  area  of the  UES. It  is  also  preferred  w hen  larger
biopsies or h igher-volum e suction  is needed.

Flexible  Esophagoscopy
Flexible  esophagoscopes  are  available  in  two  varieties. Trans-
nasal esophagoscopes  are  in tended  for  use  in  an  awake, o ce
setting,  w hereas  flexible  gastroscopes  are  used  for  sedated,
transoral  esophagoscopy  in  the  operating  room  or  m onitored
endoscopy suite. Both types of flexible esophagoscope routinely
incorporate chip  tip  digital technology, deliver air  and water  for
visualization , have at  least  a 2-m m  working channel for  suct ion
and the insertion  of sm aller biopsy forceps and in tervent ion  de-
vices, and  are available in  various diam eters and  lengths. A typ -
ical transnasal esophagoscope is 4.5 m m  in  diam eter, w hereas a
gastroscope ranges from  9 to 12 m m  in  diam eter  and  can  deliv-
er  larger  working instrum entation  compared  w ith  a  t ransnasal
esophagoscope. Transnasal esophagoscopes have  only one  con-
trol  w heel  that  flexes  and  extends  the  scope  in  one  plane,
w hereas gastroscopes have two control w heels that  allow  flex-
ion and extension of the t ip in  two planes perpendicular to each
other (� Fig. 100.9).

Flexible  esophagoscopy  can  be  perform ed  w ithout  general
anesthesia and is not  challenged  by cervical spine anatomy/lim -
itations. It  provides better  visualization  of the squam ocolum nar
junct ion  and  gastroesophageal junct ion, and  the  exam iner  can
visualize  the  gastroesophageal junct ion  from  w ithin  the  stom -
ach  by  retroflexing  the  endoscope.  Unsedated  o ce-based
transnasal  esophagoscopy  can  avoid  the  need  for  sedation
and  its  attendant  risks.  The  pat ien t  is  also  free  to  return  to
unrestricted  act ivity after  the  procedure  is  complete. It  is  well

Fig. 100.8  Rigid  esophagoscopes.

Fig. 100.9  (a) Transnasal endoscope  and  (b) flexible  gastroscope.
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tolerated  w ith  the  application  of only topical nasal decongest-
ant  and  anesthetic.  The  procedure,  not  including  the  t im e
needed  for  topical anesthesia to take e ect , lasts approxim ately
5 to 10 m inutes. Sedated  flexible  esophagoscopy is usually pre-
ferred  if num erous  biopsies  are  indicated  w ith  a  resulting  in-
crease  in  the  duration  of  the  procedure.  If  evaluation  of  the
stom ach  or  upper  duodenum  is indicated  by a  patien t’s h istory
of abdom inal  pain , nausea, or  vom iting, a  sedated  procedure
w ith  the appropriate scope is indicated.

100.3.4  Technique
Rigid Esophagoscopy
Rigid  esophagoscopy is perform ed  in  the operating room  under
general endotracheal anesthesia  (although  m onitored  anesthe-
sia  care  and  local anesthesia  are  possible) w ith  the  patient  su-
pine. One  should  avoid  using a  shoulder  roll or  any other  posi-
tioning  that  causes  extension  of the  neck. The  patient’s  upper
teeth  are  protected  w ith  a  tooth  guard. The  surgeon  stands  at
the head of the bed and uses the nondom inant hand to sim ulta-
neously open  the  m outh , stabilize  the  scope  o  the  teeth , and
advance the scope. The instrum ent  is inserted  under direct  vis-
ualization  through  the  oral cavity in  a  perpendicular  trajectory
toward the pharynx. The dom inant  hand serves only to support
the length  of the rigid  scope and  alter  the  angle  of insert ion . At
the base  of the tongue, the  contour  of the  posterior  pharyngeal
wall  is  followed, and  the  esophagoscope  is  eventually  aligned
parallel  w ith  the  esophagus.  When  the  postcricoid  area  is
reached, the larynx is lifted  anteriorly to expose the esophageal
in troitus,  w hich  is  usually  slightly  to  the  left  of  m idline
(� Fig. 100.10). The  rigid  scope  is  then  advanced  to the  gastro-
esophageal  junct ion  if  there  is  no  obstruct ing  pathology. The
m ucosal lin ing is visualized  and  instrum ented  as needed  as the
scope  is  slow ly  retracted. A Hopkins  rod  telescope  can  be  in-
ser ted once the scope is in  the esophagus for photo docum enta-
tion  and superior visualization .

Flexible  Esophagoscopy
Transnasal esophagoscopy is perform ed w ith  the patient  seated
in  the o ce exam ination  chair in  a com fortable position . Cotton
soaked  in  oxym etazoline  and  4% lidocaine  is  placed  in  both
nares for  10 m inutes. If needed, benzocaine  spray is  applied  to
the  oropharynx, or  2% viscous  lidocaine  is  ingested. The  scope
is inserted  through  the  m ore  patent  nasal passage  and  the  lar-
ynx  is  visualized. While  the  t ip  of the  scope  is  positioned  just
above  the  postcricoid  area  on  the  left , the  patient  is  asked  to
swallow, and  the scope  is inserted  in to the  esophagus w hile  si-
m ultaneously  engaging  a  sm all  pu  of air. With  the  use  of a
com bination  of  insu ation ,  water,  and  suction ,  the  scope  is
passed  in to  the  stom ach  and  the  stom ach  is  insu ated. Retro-
flexion  is perform ed  to visualize  the  gastroesophageal junct ion
from  below. The  scope  is  then  pulled  back  in to  the  esophagus,
w here  the  Z-line  is visualized. Biopsies are  taken  from  the  area
of the squam ocolum nar junct ion and gastroesophageal junct ion
if abnorm alities are visualized. The m ucosa of the ent ire esoph-
agus is then  carefully inspected  as the scope is w ithdraw n. This
procedure can be recorded through  still im ages or video.

Sedated  esophagoscopy  w ith  a  flexible  scope  is  perform ed
w ith  the pat ien t  in  the lateral decubitus position . An  oral appli-
ance  is  inserted  betw een  the  teeth  to  direct  the  flexible  endo-
scope to the  m idline  of the  oropharynx. Under  direct  visualiza-
tion, the endoscope is inserted  past  the tongue base and  via the
piriform  sinuses in to the  esophagus. The exam ination  proceeds
as above for  the transnasal esophagoscope once the instrum ent
is  in  the  esophagus. If a  sedated  or  general anesthesia  esopha-
goscopy  procedure  is  perform ed  w ithout  incident, the  pat ient
can  be  star ted  on  clear  liquids  in  the  postanesthesia  care  unit ,
and  eating can  proceed  later  in  the  day if the  patient  is  other-
w ise asym ptom atic.

100.3.5  Risks and Adverse E ects
Approxim ately 3% of the  tim e, unsedated  transnasal esophago-
scopy  is  aborted  because  of  a  narrow  nasal  vault ,  patient
discom for t ,  or  epistaxis.  Esophageal  perforat ion  is  the  m ost
sign ifican t  com plicat ion  of esophagoscopy. If the  pat ien t  has
sym ptom s  of chest  pain , odynophagia, dyspnea, or  tachycar-
dia  after  the  procedure, th is  m ust  be  ru led  out .  If  it  is  sus-
pected  during  the  procedure,  a  nasogastr ic  tube  can  be
placed  under  d irect  visualizat ion  and  in travenous  an t ibiotics
star ted . If perforat ion  is  suspected  in  the  postanesthesia  care
un it ,  a  chest  X-ray  is  indicated  to  evaluate  for  free  air  or
pneum othorax,  and  esophogography  w ith  a  w ater-soluble
con trast  m aterial  should  be  perform ed  w hen  the  patien t  is
stable. Esophageal  perforat ion  can  be  avoided  by  never  forc-
ing  an  esophagoscope  w hen  it  m eets  resistance  and  always
having clear  visualizat ion  of the  esophageal lum en  before  ad-
vancing the  scope.

100.4  Roundsm anship
●  Tracheobronchoscopy and esophagoscopy are invaluable tools

for the otolaryngologist , serving both  diagnostic and thera-
peutic purposes.

●  Patient  positioning is the key to successfully completing rigid
tracheobronchoscopy and esophagoscopy.

Fig. 100.10  Rigid  esophagoscopy is performed with the  middle  finger
of the  nondominant  hand  on  the  patient’s hard  palate  and  the
esophagoscope  resting  on and  advanced  by the  thumb.
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●  Instrum entation  for both  rigid and flexible tracheobroncho-
scopy and esophagoscopy is available in  m ultiple lengths and
diam eters, and the appropriate size m ust be chosen. This is
especially im portant  in  pediatric and sm aller adult  pat ien ts.
Having alternate sizes of rigid  bronchoscopes available and
ready if need be is param ount in  the setting of obstruct ing
airway cases.

●  In-o ce, nonsedated options exist  for both  tracheobroncho-
scopy and esophagoscopy, and these techniques are often pre-
ferred by both  pat ient and provider.

●  Taking the t im e to topically anesthetize patien ts so that  they
are com fortable is invaluable during the perform ance of unse-
dated in  o ce procedures.

●  Com plicat ions from  tracheobronchoscopy and esophagoscopy
typically present  im m ediately postoperat ively, and the oper-
ating surgeon should always be ready to care for a perforation
of the trachea or esophageal lum en. The surgeon should have

a low  threshold for obtaining a postoperat ive chest  X-ray
w hen perform ing these procedures.
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101  Evaluat ion of the Rhinosinusit is Pat ient  and Surgical
Considerat ions
Steven David Schaefer

101.1  Int roduct ion
The  tim e-honored  rhinologic h istory and  physical exam ination
are  the  m ainstay  of the  evaluation  of a  pat ien t  presenting  for
the  m edical or  surgical treatm ent  of sinonasal disease. A th ird
diagnostic  elem ent, computed  tom ography  (CT), has  em erged
as an  essential part  of fur thering our  understanding of the  ex-
ten t of sinonasal disease and of surgical planning.

101.2  History
Com m on clin ical complaints are sum m arized in  the Box Clinical
Com plaints Associated  w ith  Rhinosinusitis  (p.774), below. To-
day, our  understanding of sinusitis extends beyond  an  identifi-
cation  of the  classic  tr iad  of headache, nasal  obstruction, and
m ucopurulent  rh inorrhea. We now  recognize that  shared respi-
ratory epithelium  and  the  anatom ical proxim ity of the  sinuses
and  nasal passages  predispose  to  an  inflam m atory process  in-
completely  described  by  the  term  sinusit is.  A m ore  inclusive
term  is rhinosinusit is. (The two term s are  used  in terchangeably
in  th is text.)

Clinical Com plaints  Associated  w ith
Rhinosinusit is

Major com plaints
●  Facial pain, pressure
●  Facial congestion, fullness
●  Nasal obstruction, blockage
●  Nasal discharge, purulence; discolored postnasal discharge
●  Hyposmia, anosmia
●  Purulence in nasal cavity

Minor com plaints
●  Headache
●  Halitosis
●  Fatigue
●  Dental pain
●  Cough
●  Ear pain, pressure, fullness

Source: Modified  from  Lanza DC, Kennedy DW. Adult  rhinosi-
nusitis defined. Otolaryngol Head Neck Surg  1997;117(3 Pt
2):S1–S7.

In  com m unicating the clin ical diagnosis of sinusitis, the tempo-
ral aspect  of the process is essential to planning treatm ent . His-
torically, no good consensus exists for di erentiating acute from
chronic  sinusitis.  The  Am erican  Academy  of  Otolaryngology-
Head  and  Neck Surgery Task Force  resolved  these  issues by de-
fin ing acute  sinusit is  as sinusitis  w ith  a  duration  of less than  4
weeks,  subacute  sinusit is  as  that  w ith  a  duration  of  4  to  12

weeks, and  chronic sinusit is  as  that  w ith  a  duration  of longer
than  12  weeks  (� Table  101.1). Com m on  sym ptom s  are  head-
ache, facial pain  and pressure, and m ucopurulent  rh inorrhea.

Headache  is  a  com m on  sym ptom  of rhinosinusitis  as well as
of  various  in t racranial  and  extracranial  pathologic  processes.
The  location  of the  headache, in  addition  to  its  character, res-
ponse  to  prior  t reatm ent,  t im ing,  and  associated  sym ptom s,
should  be  docum ented. Headache  due  to  sinus  disease  is  usu-
ally  localized  to  the  involved  sinus  and  contiguous  structures;
for  example, m axillary sinusit is  leads to pain  in  the  upper  jaw.
Disease w ithin  the sphenoid sinus presents m ore of a diagnost ic
challenge because the pain  is typically referred  to the ver tex re-
gion. In  contrast, headache  or  pain  in  the  occipital region  sug-
gests a neurom uscular  or  in t racranial vascular  origin . Headache
accom panied  by  cranial  nerve  findings, such  as  vertex  sym p-
tom s w ith  cranial nerve II, III, IV, or V findings, suggests a m edi-
cal em ergency such  as cavernous sinus throm bosis. The charac-
ter  of the  headache  m ay o er  a  useful diagnost ic clue  because
sinus pain  tends to be m ore focal, w hereas neurovascular head-
ache is associated w ith  other sym ptom s, such  as the  “sick head-
ache” of m igraine, or m ay be related to the m enstrual cycle. This
picture  can  be  part icularly  confusing  if the  sinus  disease  t rig-
gers a m igraine. A response to decongestants or  an tibiotics sug-
gesting rh inosinusitis versus a  response  to specific m edications
for neurovascular disease should be elicited to help di erentiate
betw een  these  two  com m on  conditions.  Finally,  the  history
should  include  the  t im e  of day  w hen  headache  occurs  and  its
relationship  to events in  the  day and  accom panying sym ptom s,
such as the visual aura of neurovascular headache.

Facial  pain  and  pressure:  The  patient  usually  uses  the  term
facia l pa in to describe various levels of discom fort  over a specif-
ic region  of the face. This sym ptom , par ticularly if accom panied
by tenderness, is  m ore  specific for  rh inosinusitis  than  is  head-
ache. Pressure  or  a  sense  of fullness w ith in  the  sinuses or  adja-
cent  region  of the  nose  is  a  complaint  probably  reflecting  the
inability of the  obstructed  sinus ostium  to perm it  equilibration
w ith  the am bient  atm osphere.

Mucopurulent  rh inorrhea: The presence of an terior  or  poste-
rior  m ucopurulent  rh inorrhea  correlates  well  w ith  sinonasal
disease. As  a  generalization , th is  complaint  is  m ore  often  seen
in  association  w ith  other sym ptom s of sinus disease in  acute in-
fect ions, w hereas  it  m ay  be  the  sole  m anifestat ion  of chronic
rhinosinusitis. Care should be taken  in  the h istory to dist inguish
betw een  actual in fect ious rhinorrhea and  the clear  or  w hite se-
cretions suggestive of allergic rh in itis.

Previous  surgical  treatm ent:  A knowledge  of  any  previous
surgical  treatm ent  is  very  useful  in  understanding  the  patho-
genesis  of curren t  disease  and  identifying  potential  pitfalls  in
revision  surgery. This  is  im portant  because  patien ts  have  been
found to fail surgery for  the follow ing reasons: (1) failure of the
previous surgery to address the site of disease (e.g., on ly a Cald-
well-Luc procedure perform ed for com bined m axillary and  eth-
m oid  sinusit is;  (2)  incomplete  ventilation  of a  diseased  sinus,
particularly retention  of infected  ethm oid  cells;  (3) inadequate
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postoperat ive care; (4) lack of identification  of confounding dis-
ease  processes, such  as  allergic fungal sinusitis  w ith  polyps  or
AERD (aspirin-exacerbated  respiratory  disease);  (5)  iatrogenic
sinusit is  induced  by obstruct ion  of a  preoperatively norm al si-
nus  resulting  from  postoperative  alterations  of  the  outflow
tract  of the  sinus;  and  (6) idiopathic disease. Know ledge  of the
previous surgery is also useful in  identifying potential pitfalls of
revision  surgery  because  the  earlier  operations  m ay  have  re-
sulted  in  dehiscence of the lam ina papyracea or  skull base w ith
subsequent  hern iation  of orbital or  cranial conten ts in to the  si-
nuses.  In  such  patients,  the  history  m ay  range  from  rather
vague  indicat ions, such  as  “som e  polyps  were  rem oved  from
my nose  10 years ago,” to the  rather obvious indication  of skull
base  penetration  from  a  history of “clear  fluid  drains  from  my
nose  since  sinus  surgery.”  The  m ore  inform ation  the  history
conveys to  the  surgeon, the  m ore  likely it  w ill be  that  the  sur-
geon  can  preoperatively obtain  the  appropriate  tests  and  con-
sultations to m anage these pitfalls (� Fig. 101.1).

101.2.1  Surgical Considerat ions
The  essential  questions  to  be  resolved  in  considering  surgery
for  a  patient  are  these:  Has m edical therapy proved  inadequate
or  unlikely to  m anage  the  sinonasal disease?  Is  surgery appro-
priate  and  likely  to  significantly  im prove  the  patien t’s  state  of
health?  Surgery  should  be  reserved  for  those  patien ts  w hose
disease is refractory to repeated  courses of prolonged  appropri-
ate  antibiotic therapy:  one  or  m ore broad-spectrum  antibiotics
for  3  weeks or longer. Surgical indicat ions are fur ther  strength-
ened  by  increases  in  the  duration , m orbidity, severity, or  fre-
quency of infect ion  despite good m edical treatm ent . Other con-
siderations are the actual m easures being em ployed to diagnose
a  sinus  infect ion. Many of the  m easures  or  sym ptom s used  to
diagnose rhinosinusitis are  rather  vague or  nonspecific, such  as

headache. Others—for  example, m ucopurulen t  rh inorrhea—are
m ore  consistent  w ith  acute  or  chronic  sinusit is.  A history  of
polyps does not  necessarily indicate the  need  for  surgical treat-
m ent. However, polyps  refractory to  allergic m anagem ent  that
are  associated  w ith  nasal obstruct ion, w ith  or  w ithout  exacer-
bation  of asthm a, are  properly treated  by surgery. On  the  other
hand, surgical treatm ent  of asthm a and  nasal polyposis w ithout
consideration  of aspirin  sensitivity  is  a  m issed  opportunity  to
m anage  aspirin-exacerbated  respiratory  disease.  Finally,  the
history  should  be  correlated  w ith  a  physical  or  radiographic
finding before  surgery is  considered. Significantly, an  opacified
sinus  on  im aging  w ithout  a  h istory  of sinusitis  or  evidence  of
neoplasm  is not  alone an  indication  for surgery.

Table 101.1  Clinical categories of rhinosinusitis (from the 1996 American Academy of Otolaryngology-Head and Neck Surgery Task Force)

Durat ion  Strong  history  Include  in  different ial  Special notes

Acute  Up to 4  wk  2  major factors
OR
1 major factor, 2 minor factors
OR
Nasal purulence  on examination

1 major factor, 2 minor factors  Fever or facial pain does not
constitute  suggestive  his-
tory in  absence  of other
nasal symptoms or signs

Subacute  4–12 wk  Same  as chronic  Same as chronic  Complete  resolution after
effective  medical therapy

Chronic  12  wk  2  major factors
OR
1 major factor, 2 minor factors
OR
Symptoms or
nasal purulence
on examination

1 major factor, 2 minor factors  Facial pain  does not  consti-
tute  suggestive  history in
absence  of other nasal
symptoms or signs

Recurrent
acute

Four episodes per year, each
episode  last  7–10
days; absence  of intervening
signs of chronic rhinosinusitis

Same as acute  rhinosinusitis

Acute  exacerbations
of chronic

Sudden worsening of chronic
rhinosinusitis, return to
baseline  after treatment

Modified  from  Lanza DC, Kennedy DW. Adult  rhinosinusitis defined. Otolaryngol Head  Neck Surg  1997;117(3  Pt  2):S1–S7.

Fig. 101.1  Postoperative  coronal computed  tomographic scan of a
patient  with iatrogenic blindness. Note  the  bilateral loss of the  lamina
papyracea and  air within  both  orbits (arrows).

101.2  History

775



101.3  Physical Exam inat ion
101.3.1  Nasal Endoscopy
The second elem ent  of an  evaluation  for  the m edical or  surgical
treatm ent  of sinus disease  is careful endoscopic exam ination  of
the  nose. The  concept  of using an  optical telescope  to  exam ine
the  nose  is  not  new ;  however, advances in  the  last  three  deca-
des  in  optics  and  illum ination  have  led  to  significant  supple-
m entation  of convent ional  anterior  rh inoscopy  w ith  nasal  en-
doscopy. Endoscopy is  directed  toward  confirm ing  the  history
and  docum enting evidence  of sinonasal  disease—in  part icular,
obstruct ion  of the  ostia  of the  sinuses. The  o ce  exam ination
should  begin  w ith  vasoconstriction  and, if needed, anesthesia
to  perm it  m axim al visualization  of the  nose. The  nose  should
be  exam ined  w ith  a  rigid  0-degree  and/or  a  30-  or  45-degree
telescope.  A flexible  endoscope  is  an  alternative  instrum ent ,
but  the  optics  are  inferior  to  those  of the  rigid  endoscope. The
first  passage  of the  endoscope  should  be  along the  floor  of the
nose (� Fig. 101.2).

This first  phase of endoscopy perm its visualization  of the ori-
fice  of the  nasolacrim al duct  (in  the  inferior  m eatus), inferolat-
eral nasal wall, eustachian  tube  orifice, and  nasopharynx. The
second  passage of the  endoscope is im m ediately inferior  to the
m iddle turbinate and provides a view  of the sphenoethm oid re-
cess, m iddle  m eatus, and  sphenoid  ost ium . Each  of these  sites
m ay be variably di cult  to exam ine because  of the  presence of
polyps, degenerated  m ucous  m em brane, or  pneum atization  of
the  m iddle  turbinate. The  last  passage  of the  telescope  should
be  directed  toward  the  frontal recess, thus crossing adjacent  to
the  junct ion  of  the  m iddle  turbinate  and  the  agger  nasi.
Coupled  w ith  a  good  history,  nasal  endoscopy  should  be  re-
garded  as  a  h ighly sensitive  and  specific  m easure  of sinonasal
disease. Potent ial findings include the follow ing.

Polyps
The  identificat ion  of m assive  polyposis is  not  di cult , nor  is  it
solely in  the  realm  of the  skilled  nasal endoscopist . In  contrast ,
recurrent  ethm oiditis  due  to  a  sm all polyp  obstruct ing the  os-
tiom eatal complex can  be  di cult  to  diagnose  and  often  goes
unrecognized during anterior rh inoscopic exam inations.

Mucopurulent  Secret ions
When  the  history is  used  to  direct  the  exam ination , the  endo-
scopic  docum entation  of  m ucopurulent  secretions  draining
from  the  ostium  of the  involved  sinus is  “the  gold  standard” in
m aking the diagnosis of sinusit is.

Deviated Nasal Septum
The relat ionship  of a partially deviated nasal septum  to sinusitis
or  otit is  m edia  has  been  and  rem ains the  subject  of m uch  dis-
cussion  in  otolaryngology  (� Fig.  101.3).  Less  controversial  is
lateral  compression  of  the  m iddle  turbinate  by  the  deviated
septum  as a cause of recurrent  sinusitis. In  the absence of sinus

Fig. 101.2  (a) Sagit tal cadaver section  showing  the  right  lateral nasal wall. Probe  in  middle  meatus or ostiomeatal complex. (b) Same  view as in  (a)
agn, agger nasi; extrm eth, extramural ethmoid  cell; IT, inferior turbinate; MT, middle  turbinate; SS, sphenoid  sinus; ST, superior turbinate.

Fig. 101.3  Zero-degree  endoscopic view of the  left  side  of the  nose.
The  inferior turbinate, middle  turbinate, inferior aspect  of the  bulla
ethmoidalis, nasopharynx, and  a posterior septal deviation are  well
visualized. BE, inferior aspect  of the  bulla  ethmoidalis; IT, inferior
turbinate; MT, middle  turbinate; NP, nasopharynx.
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disease, th is  form  of airway obstruct ion  is  corrected  by septo-
plasty. In  contrast , im paction  of the  m iddle  turbinate  in to  the
lateral  nasal  wall  w ith  sinusit is  is  t reated  by  septoplasty  and
surgery of the involved sinus.

Concha Bullosa
Pneum atization  of the anterior aspect of the m iddle turbinate is
referred  to  as  a  concha  bullosa. Many such  conchae  have  lit t le
clin ical significance. A concha  bullosa  is  significant  w hen  such
enlargem ent  of  the  turbinate  obstructs  the  ost iom eatal  com -
plex or is the actual site of infect ion .

Fungal Sinusit is
Two  form s  of  fungal  sinusitis  m ay  be  recognizable  on  nasal
endoscopy:  invasive  and  noninvasive. Probably less frequent  in
incidence  but  better  know n  to  physicians  is  invasive  fungal si-
nusitis, w hich  comprises  acute  fulm inant, chronic, and  granu-
lom atous  form s. Mucormycosis  is  an  acute  fu lm inant  invasive
fungal sinusitis  that  is  typically seen  in  comprom ised  pat ients.
This en t ity is characterized by various degrees of bone and soft-
t issue destruct ion  on  both  endoscopic and  CT exam ination; it  is
treated w ith  aggressive surgery and  system ic antifungal agents.
Less know n  is noninvasive fungal sinusit is, w hich  includes fun-
gal  balls  and  allergic  fungal  sinusit is. Allergic  fungal  sinusit is
presents  w ith  nasal  polyps, a  green  “slim elike” fungal  debris
w ithin  the  sinus  lum en, and  areas  of increased  density  w ithin
opacified  sinuses  on  CT and  variable  bone  resorption  on  scan-
ning. This entity is a localized, extram ural im m une response to
noninvasive  dem atiacious fungi (e.g., Bipolar is) and  is m anaged
by  rem oval  of  the  polyps  and  fungus, cont inual  aeration  and
cleaning  of the  involved  sinus, and  cort icosteroids  as  needed
(� Fig. 101.4).

Tum ors
The diagnosis of benign  and  m alignant  tum ors of the  sinonasal
region  has  been  greatly  enhanced  by  the  ability  of the  endo-

scope  to  m agnify, illum inate, and  view  sites  at  various  angles
from  the optical axis of the instrum ent . Often, a h istory of epis-
taxis  w ith  accom panying evidence  of soft-  or  hard-tissue  inva-
sion  and  the  endoscopic  identificat ion  of  a  friable,  irregular
m ass w ithin  the  nose  lead  to a  h istopathologic confirm ation  of
carcinom a. More  challenging is  the  diagnosis of a  unilateral si-
nonasal polyp  versus invert ing papillom a in  the  patien t  w ith  a
h istory  of m ultiple  “polyp  surgeries” and  the  endoscopic  pic-
ture  of a  rather  unim pressive  m ass in  the  nose. In  the  case  of a
sinonasal tum or, the  diagnosis  can  be  confirm ed  by  biopsy  in
the  o ce,  w hereas  for  som e  invert ing  papillom as,  form al
surgery is required  to obtain  su cien t  t issue for  pathologic ex-
am ination  (� Fig. 101.5).

Epistaxis
Bleeding  from  the  nose  is  often  due  to  the  erosion  of  blood
vessels  supplying  the  an terior  nasal  septum .  Other  com m on
sites of bleeding are  along the  an terior  aspect  of the  inferior  or
m iddle turbinates. Less com m on is bleeding in  the posterior  re-
gion  of the  nose  or  the  nasopharynx. All  patien ts  w ith  either
prolonged  or  frequently  recurrent  epistaxis  should  undergo  a
complete  endoscopic exam ination  to rule  out  occult  neoplasm s
or  vascular  m alform ations. In  the  postpubertal m ale, epistaxis
m ay be associated w ith  a benign  tum or know n as a juvenile na-
sopharyngeal  angiofibrom a.  This  tum or,  w hich  m ost  often
presents  w ith  nasal  obstruct ion  and  subsequent  epistaxis,
arises betw een the basiocciput and basisphenoid. Bleeding from
a sinus cavity in to the  nose should  alert  the  physician  to a pos-
sible tum or w ithin  the sinus and necessitates CT.

101.3.2  General Otolarygologic
Exam inat ion
Other aspects of the physical exam ination  include evaluation  of
the follow ing.

Olfact ion
Various  m ethods exist  to  roughly quantify olfaction , but  m any
of these  su er  from  a  lack of standardization  and  degradation
of the substances causing the odor over t im e. An excellent alter-
native  a  com m ercially available  sm ell identification  test , w hich
is  based  on  the  University of Pennsylvania  Sm ell Ident ification
Test  (UPSIT). This  test , w hich  uses  a  norm alized  “scratch  and
sni ” m easurem ent  of olfaction , is  adm inistered  w ithin  15 m i-
nutes by the  pat ient  (Sensonics, Haddon  Heights, NJ). Contrary
to  popular  opinion,  impaired  olfaction  is  complicated  and  is
often  not  due  to  sim ple  obstruction  of the  nose  by a  deviated
septum  or  nasal polyps. Many a surgeon  and  patient  have been
disappointed after surgery perform ed to restore olfaction.

Vision
The  evaluation  of vision  is  guided  by the  history. For  example,
chronic ethm oid  or  sphenoid  sinusitis  m ay first  present  as  al-
terat ions in  visual acuity or  visual fields. Any infect ious, inflam -
m atory, or  benign  or  m alignant  process m ay first  present  w ith
comprom ise  of vision  and/or  an  abnorm al  appearance  of  the
eyes. Although  Graves  disease  or  thyroid  eye  disease  is  often

Fig. 101.4  Coronal computed  tomographic scan of a  patient  with
allergic fungal sinusitis involving  the  left  maxillary sinus. Note  area of
hyperdensity (arrow) within  the  maxillary sinus.
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considered  the  m ost  likely  cause  of  unilateral  exophthalm os,
any  m ass-occupying  process  that  extends  in to  the  orbit  m ay
present  w ith  th is finding (� Fig. 101.6 and � Fig. 101.7).

Infect ions of the face or  sinuses (viscerocranium ) m ay spread
to the eye and  brain  (neurocranium ). Early infect ions of the eye
lim ited an teriorly to the periosteum  of the orbit  or septum orbi-
tale  present  w ith  edem a  and  erythem a  of the  eyelids. As  the
infect ion  spreads in to the orbit , proptosis develops and extraoc-
ular  m ovem ent  declines. Further  involvem ent  of the  superior

Fig. 101.5  (a) Endoscopic intraoperative  photograph of inverting
papilloma of the  right  side  of the  nose. Neurosurgical cot tonoid
appears in  the  inferior region of the  nose. IP, inverting  papilloma; MT,
middle  turbinate. (b) Coronal magnetic resonance  image  showing
inverting  papilloma (arrow) in  the  same  patient  as in  (a). The
contralateral maxillary sinus is opacified  because  of sinusitis, not
tumor. The  maxillary sinus on  the  same  side  as the  tumor is not
opacified. MS, maxillary sinus.

Fig. 101.6  (a) Coronal computed  tomographic (CT) scan  of a patient
with bilateral thyroid eye disease. Note typical hypertrophic extraocular
muscles (asterisks), which  compress the  optic nerve. (b) Axial CT scan
of another patient  with  bilateral thyroid  eye  disease. The  optic nerve
(arrow) is compressed  by extraocular muscles (asterisks).

Fig. 101.7  Axial computed  tomographic scan of a  malignant  tumor
(arrowheads) of the right  side of the nose invading the ipsilateral orbit.
In  contrast, the  contralateral lamina papyracea is intact.  lp, lamina
papyracea; T, tumor.
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orbital fissure leads to a loss of extraocular m ovem ent. Infect ion
or any other process that comprom ises the optic nerve betw een
the retina and the optic chiasm  leads to a Marcus Gunn pupil or
a eren t  pupillary defect . Such  a  process is detected  by m oving
a  flash ligh t  from  one  eye  to  the  other. Norm ally, there  is  both
a  direct  and  consensual constrict ion  of the  two  pupils. In  the
presence  of an  a eren t  pupillary defect , the  involved  eye  m in-
im ally const ricts during direct  illum ination  w ith  the flash light,
giving  the  im pression  of  pupillary  dilat ion ,  w hile  the  unin-
volved  eye  constr icts. Shin ing a  ligh t  in  the  norm al eye  causes
both  pupils  to  const rict  because  of an  in tact  pupillary a eren t
pathway. Another  nam e  for  such  an  abnorm al finding is  posi-
t ive  swinging  fla shlight  test.  Visual  im pairm ent  of  the  con-
tralateral  eye  indicates  extension  of  the  disease  process  in to
the  cavernous sinus. As is t rue  in  any patien t  w ith  ophthalm o-
logic  sym ptom s, join t  m anagem ent  w ith  an  ophthalm ologist
is required.

Neuropathy
Additional dysfunct ion  of cranial nerves  III th rough  VI further
localizes  potent ial  benign  and  m alignant  processes  to  w ithin
the sinuses w ith  or  w ithout extension  to the cavernous sinus.

101.4  Com puted Tom ography and
Magnet ic Resonance Im aging
CT is the th ird elem ent of the evaluation  of a patient  w ith  sinus-
it is  and  the  radiographic  sinus  exam ination  of choice. From  a
practical standpoint, coronal CTof the paranasal sinuses m ay be
far m ore cost-e ective than repeated plain  film s and is far m ore
likely to aid  in  the patient’s treatm ent . As both  computer and X-
ray detect ion  technologies evolve, m odern  CT scanners capture
m ultiple  im ages  in  an  axial  plane  and  reform at  the  im ages  in
axial, coronal, and sagittal project ions. With  the know ledge that
a  pat ient  w ho  has  a  sim ple  upper  respiratory  infect ion  m ay
have  abnorm al findings on  a  CT scan  of the  sinuses, the  t im ing
of im aging has been  further refined. The  “best  pract ice” today is
to perform  CT several weeks after  the  completion  of prolonged
antibiotic  therapy  unless  the  patient’s  condition  warrants  im -
m ediate  in tervention  (� Fig. 101.8). Magnetic  resonance  (MR)
im aging  is  select ively  em ployed  to  discern  the  contents  of an
opacified  sinus  w ith  or  w ithout  CT  cisternography
(� Fig.  101.9a),  w hich  aids  in  im aging  the  extension  of  sinus
disease  in to  adjacent  structures  such  as  the  eye  and  brain
(� Fig. 101.9b).

Fig. 101.8  (a) Coronal computed  tomographic (CT) scan  of a  patient  after antibiotic treatment  for acute  sinusitis showing  only mild  residual
thickening of the  mucous membrane lining the  right  maxillary sinus. The  uncinate  process, ostium  of the  maxillary sinus (asterisk), anterior ethmoid
cells, alveolar recess of the  maxillary sinus, and  frontal sinus are  all normal.  ar, alveolar recess of the  maxillary sinus; ec, anterior ethmoid  cells; FS,
frontal sinus; MS, maxillary sinus; up, uncinate process. (b) Sagit tal CTscan through the plane of the right frontal recess. An agger nasi cell is extending
into the frontal recess of the frontal sinus and slightly narrowing the outflow tract of this sinus. Other structures noted are the sphenoid sinus, ethmoid
sinus, middle  turbinate, and inferior turbinate. an, agger nasi cell; ES, ethmoid sinus; FS, frontal sinus; it, inferior turbinate; mt, middle  turbinate; SS,
sphenoid sinus. (c) Axial CT scan through the  mid plane  of the sphenoid  sinus showing the internal carotid arteries, sphenoid sinus ostium  (asterisk),
nasolacrimal duct, lateral recess of the sphenoid sinus, and deviated nasal septum. ICA, internal carotid arteries; nld, nasolacrimal duct; lr, lateral recess
of the sphenoid sinus. (d) Axial CTscan of the same patient as in (a–c) showing normal outflow tract  of the frontal sinus. (e) Axial CTscan through the
mid body of the left  frontal sinus in another patient. This patient  has a frontal cell arising within the frontal sinus, which partly contains air (asterisk);
the  drainage  pathway distal to  the  cell is obstructed. Posteriorly, a  suprabullar ethmoid  cell extends into the  frontal recess.  FC, frontal cell; sbc,
suprabullar ethmoid  cell.
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Reading any form  of im aging of the  sinus should  begin  w ith
w hat  is  obvious, and  som etim es  overlooked:  first  verify  that
the scans are from  the pat ien t of in terest, the date of the exam i-
nation , and  the  quality  of  the  im ages. CT is  em ployed  in  the
follow ing situations.

101.4.1  Extension of Disease beyond
Sinuses
Infections of the  eye  or  brain  m ay result  from  either  hem atoge-
nous  or  direct  extension  of  sinusitis.  CT is  im portant  in  both
evaluating the  involvem ent  of other  organs  and  planning treat-
m ent,  such  as  drainage  of a  subperiosteal  orbital  abscess  into
the ethm oid cavity via an  endoscopic ethm oidectomy. MR im ag-
ing m ay be complem entary to better discern  the disease process
and  the extent  of disease beyond  the sinuses (� Fig. 101.10).

101.4.2  Problem  Diagnosis
Som e pat ients present  w ith  a sole complaint  indicative of either
sinusit is  or  another  disease  process. In  the  absence  of physical
findings  (see  Box  Physical  Findings  in  Rhinosinusitis  (p.780)),
CT is helpful in  such  cases to rule out chronic sinus infect ion  be-
fore  proceeding  w ith  other  form s  of treatm ent  (e.g., m igraine
headache  or  m igraine  exacerbated  by sinusit is). Another  prob-
lem  diagnosis is the so-called  silen t  sinus syndrom e. This disor-
der  is characterized  by an  inward  displacem ent  of the  roof and
the posterior  walls of the m axillary sinus. The uncinate  process
uniform ly approxim ates the m edial in ferior orbit . The m axillary
sinus  is  opacified  on  CT scans  even  though  frequently  the  pa-
tient  is  unaware  of any sinus  disease. However, as  the  walls  of
the sinus collapse inward, the floor of the orbit  continues to im -
plode  in to  the  sinus,  leading  to  inferior  displacem ent  of  the
globe  and  subsequent  diplopia  (� Fig.  101.11).  Double  vision
m ay be the first  sym ptom s of th is atypical form  of sinusit is.

Physical Findings  in  Rhinosinusit is
●  External physical findings
○  Swelling and erythema: maxillary, orbital, and frontal regions

●  Findings on anterior rhinoscopy
○  Hyperemia
○  Edema
○  Crusts
○  Purulence
○  Polyps

●  Findings on nasal endoscopy
○  Bluish discoloration of turbinates
○  Purulence at  sinus ostia
○  Polyps, note size and location
○  Septal deflection: note compromise of sinus ostia
○  Concha bullosa
○  Paradoxical turbinates

●  Other abnormalities

Modified from Hadley JA, Schaefer SD. Clinical evaluation of rhi-
nosinusitis: history and physical examination. Otolaryngol Head
Neck Surg 1997;117(3 Pt 2):S8–S11.

Fig. 101.9  (a) Contrast  computed tomographic cisternogram  showing
cerebrospinal fluid (CSF) fistula (arrow) in the roof of the right ethmoid
sinus. (b) Magnetic resonance  image  with  a small polyp-like  structure
in  the  superior region  of the  left  side  of the  nose  in  a  patient  with
intermit tent  CSF rhinorrhea is found  to  be  an  encephalocele  (arrow-
head).

Fig. 101.10  Iatrogenic brain  abscess following  sinus surgery (arrow-
heads), best  demonstrated  on  sagit tal magnetic resonance  image.
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101.4.3  Recurrent  Sinusit is
Because plain  film s of the sinuses are  neither sensitive nor spe-
cific for  m any of the  disease  processes  a ect ing  the  paranasal
sinuses, CT is em ployed in  pat ien ts w ith  m ultiple episodes of si-
nusitis and/or  nasal polyps. This exam inat ion  clearly delineates
the  extent  and  severity of disease. In  contrast , isolated  an terior
ethm oiditis  can  easily  be  unrecognized  on  a  Caldwell  radio-
graph  because  th is  film  reflects  the  sum  of all  the  bone  and
soft-t issue  densities w ithin  the sinus. In  cases of allergic fungal
sinusit is, MR im aging is a useful supplem ent  to CT because fun-
gal concretions appear as low  signal in tensity or  signal voids on
T2-weighted im ages.

101.4.4  Recurrent  Disease after Surgery
Patients w ith  recurrent  sinusitis or  polyps after  surgery are  dif-
ficult  to  evaluate  by any  m odality  because  of a  loss  of norm al
sinonasal  architecture  and  fibrosis.  CT  is  strongly  recom -
m ended  for  any  such  patien t  in  w hom  postoperative  m edical
therapy fails after  a tr ial of 2  to 3  m onths or  for  w hom  revision
surgery is contem plated. If the  history or  physical exam ination
suggests  that  the  prior  procedures  m ay have  injured  the  floor
of the  anterior  cranial fossa  or  orbit , 1-  to  2-m m  coronal slices
are  recom m ended  (� Fig.  101.12). MR im aging  is  particularly
usefu l  for  identifying  encephaloceles  and  m ucoceles,  w hich
m ay not  be apparent on  CT scans (� Fig. 101.13).

Fig. 101.11  (a) Coronal and  (b) axial computed tomographic scans from  a patient  with  silent  sinus syndrome. The floor of the  right  orbit  (arrow) is
displaced or contracted inferiorly, causing a more inferior location of the globe compared with the normal left orbit. The uncinate process completely
approximates the inferior medial right  orbit. The coronal image also shows a nasal septum  deviated to the right  and excessive pneumatization of the
anterior aspect  of the left  middle turbinate, known as a concha bullosa (concha). The axial image shows the loss of the  S appearance of the posterior
maxillary wall (short  arrows), which  follows from  the  inward  collapse  of the  roof and  posterior walls of this sinus. (c) The  surgical findings in  this
patient. ES, ethmoid  sinus; MT, middle  turbinate; orbit, inferomedial wall of orbit.

Fig. 101.12  (a) Coronal computed tomographic (CT) scan, 2-mm slices, of a patient  with postoperative cerebral spinal fluid rhinorrhea resulting from
injury to the roof of the right ethmoid sinus (arrow). (b) Sagit tal CTscan of patient in (a) showing the skull base defect. The site of the injury is typical;
instruments can be  directed  through the  skull base  as the  surgeon  progresses to the  posterior ethmoid  cells.
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101.4.5  Surgical Planning
The  CT scan  provides  an  essential  road  m ap  in  both  planning
and  perform ing  endoscopic  sinus  surgery.  In  the  operat ing
room , particular  atten tion  should  be  given  to the follow ing:  (1)
angle or  plane of the lateral lam ella of the cribriform  plate rela-
tive  to  the  cribriform  plate  and  the  roof of the  ethm oid  sinus,
w hich  m ay predispose to penetration of the anterior cranial fos-
sa;  (2)  proxim ity  of the  m axillary  ostium  to  the  orbital  floor;
(3)  extent  of pneum atization  of the  ethm oid  sinus, w hich  can
be  m inim al anteriorly, thereby increasing the  risk  for  penetra-
tion  of the orbit, or extensive posteriorly, w ith  cells surrounding
the optic nerve; (4) num ber and  location  of septa relat ive to the
m idline of the sinus; (5) location  and  any dehiscence of the op-
tic  nerve  or  carotid  artery  w ithin  the  lateral wall of the  sphe-
noid  sinus; (6) anterior–posterior  pneum atization  of the frontal
sinus, w hich  influences access  to  the  sinus  through  the  frontal
recess; and (7) extent  of residual sinus architecture to aid  in  the
identificat ion  of surgical landm arks.

101.4.6  Staging Rhinosinusit is
CT provides an  object ive  m easure  of the  exten t  of rh inosinusi-
tis.  Staging  benign  sinus  disease,  m uch  like  the  staging  of
neoplasm s, has evolved  as a  m eans to convey the  extent  of the

Fig. 101.13  Sagit tal T1-weighted  magnetic resonance  (MR) image
showing  epidural mucopyocele  (arrowheads) arising  from  the  frontal
sinus. MR image  reveals heterogeneous contents of the  mucocele,
which  would  not  be  discernible  on computed  tomography.

Fig. 101.14  Intraoperative  computer-assisted
image  guidance. Lower right  quadrant  shows
biopsy site  of left  clival mass. The  other three
quadrants show localization of the tumor in three
projections during  surgical removal.
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disease  process  and  audit  therapeutic outcom e. Of the  various
proposed  staging  system s, the  m odified  Lund-Mackay  system
has proved  both  sim ple to use and  su ciently precise to satisfy
these goals. After appropriate m edical t reatm ent, CT scans of all
four sinuses are evaluated. Each  sinus is assigned a num eric val-
ue: 0, no  abnorm ality, 1, par t ial opacificat ion ;  or  2, total opa-
cificat ion .  The  an terior  and  posterior  ethm oid  sinuses  are
separately evaluated  and  graded . Each  ost iom eatal com plex is
included  in  the  staging  and  is  given  a  value  of 0  for  no  ob-
struct ion  and  2  for  obstruct ion .  A total  score  of  0  to  12  for
each  side  is possible, w ith  the  h igher  num ber  reflect ing m ore
severe  rh inosinusit is.

Regarding in traoperative  computer-assisted  im age  guidance,
as CT and stand-alone work station  computing power increased
in  the  1990s, d igital  data  from  im aging  studies  w ere  reproc-
essed  and  coupled  to  elect rom agnet ic  and  in frared  detectors
to guide  surgery w ith in  the  brain  and  face, in  a  process m uch
like  that  of  a  GPS  (ground-posit ion ing  satellite)  system
(� Fig. 101.14).

101.5  Roundsm anship
●  A complete h istory and a carefully perform ed physical exam i-

nation  (including nasal endoscopy) are crit ical for t reating pa-
tients presenting w ith  sinus or nasal problem s.

●  Mucopurulent  rh inorrhea is the m ost consistent  sym ptom  of
bacterial sinusitis.

●  The m ajority of pat ients w ith  sinusit is spontaneously improve
w ith  m inim al physician  m anagem ent. A m inority of these pa-
tients require an tibiotics. When  surgery is being considered,
the physician  should taken  in to account the length  of treat-
m ent and the ant ibiot ics previously used. Too frequently, pa-
tients are treated for a week or so w ith  one antibiotic, fol-
lowed by another tr ial of one or m ore an tibiotics. Once m edi-

cal m anagem ent has failed, the decision  to perform  surgery
should also be based on  the im aging findings of refractory si-
nusitis and the physical findings.

●  The preoperative CT scan  is a road m ap to surgery. In  those
patients w ho have had prior surgery, im aging should delin-
eate w hy it  failed and forewarn  the surgeon of potent ial pit-
falls, such as prior injury or vu lnerability to injury of the eye
or brain .
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102  Anatomy and Physiology of the  Nose and Paranasal
Sinuses
Steven David Schaefer and Ameet R. Kamat

102.1  Int roduct ion
An  understanding  of the  anatomy and  physiology  of the  nose
and  paranasal sinuses is essential to optim ize the diagnosis and
treatm ent  of diseases  of  these  organs. The  evolution  of com -
puted  tom ography (CT) and  m agnetic resonance (MR) im aging,
coupled  w ith  advances in  our  understanding of the  pathogene-
sis of upper  respiratory tract  disease  and  its  t reatm ent, has re-
awakened  otolarygologists’ in terest  in  th is heretofore  underap-
preciated  organ  system . The advent  of im proved  surgical optics
and  endoscopes  requires  that  the  otolaryngologist–head  and
neck  surgeon  be  thoroughly  fam iliar  w ith  the  anatomy of the
upper  respiratory t ract . This requirem ent  is reflected  in  the de-
tailed anatom ical citations in  th is chapter.

102.2  Applied Anatom y
102.2.1  Anatomy of the Nose
As  the  m ost  prom inent  facial  feature, the  nose  has  been  the
subject  of both  Western  and  Eastern  art  for  m illennia. In  an-
cien t  India, the  practice  of am putat ing  the  nose  as  a  punish-
m ent  for  adultery led  to a practical understanding of the  exter-
nal  nasal  anatomy  as  surgeons  developed  forehead  and  arm
flaps to reconstruct  the skin  and nasal skeleton . The nasal skele-
ton  is a pyram id consisting (superiorly) of paired  bones and (in-
feriorly) of paired  upper  and  lower  lateral car t ilages. The  nasal
bones  overlap  the  upper  lateral cart ilages, w hich  are  attached
to the in ternal surface of the bones. The inferior  th ird  of the ex-
ternal nose is supported  by the sem ilunar  or  archlike lower lat-
eral  or  alar  cart ilages. The  m edial  crura  join  together  to  form
the colum ella, w hich  is connected  to the caudal septal car tilage
by  the  m em branous  septum .  The  lateral  crura  provide  the
structural support  to the nasal in troitus and  abut  the upper lat-
eral car tilages to form  the lim en  nasi. The narrowest  part  of the
nasal  airway  is  the  in ternal  nasal  valve,  w hich  is  roughly
bounded  m edially by the  septum , inferiorly by the  nasal floor,
laterally by the inferior  turbinate, and superiorly the lim en nasi.
The  regulation  of inspiratory nasal airflow  begins w ith  dilation
of the  nostr ils  by  the  facial  m uscles;  airflow  is  constr icted  by
the  nasal valve  and  m odified  by the  turbinates and  the  cartila-
ginous–bony septum . The  inferior, m iddle, superior, and  rarely
suprem e turbinates are  the  m ost  prom inent  appendages of the
lateral nasal wall. The  inferior, m iddle, and  superior  turbinates,
or  bony conchae, are  m edial to the  outflow  tract  of the  nasola-
crim al  duct , the  outflow  tract  of  the  ethm oid, m axillary, and
frontal sinuses, and  the  outflow  tract  of the  posterior  ethm oid
sinus, respect ively  (� Fig. 102.1). The  m idline  septum  consists
of the  an terior  quadrilateral car tilage  and  four  bones:  the  per-
pendicular  plate  of the  ethm oid  posterosuperiorly, the  vom er
posteriorly, and  the crests of the m axilla and  palatine bones in-
feriorly. Posteriorly, the nasal cavity com m unicates w ith  the na-
sopharynx via the choanae (� Fig. 102.2).

The external and  in ternal blood  supply to the nose is the car-
otid  artery. The  in ternal  carotid  artery  gives  rise  via  the  oph-
thalm ic artery to  the  anterior  and  posterior  ethm oidal ar teries
(� Fig. 102.3). These vessels provide blood  to the superior later-
al nasal wall and  superior  septum . The  external carotid  artery
vascularizes the rem aining nose. The greater  palatine  and  facial
arteries supply the  anteroinferior  nasal septum  and  lateral na-
sal wall. The inferoposterior septum  and nasal wall receive their
prim ary blood  supply from  the  sphenopalatine  artery, w hich  is
one of the five branches of the in ternal m axillary artery. A con-
fluence  of the  an terior  branches  of  the  in ternal  and  external
carotid  ar teries at  the  an terior  nasal septum  form s the  Kiessel-
bach  plexus  or  Litt le  area. Given  the  turbulen t  airflow  across
the  an terior  septum , par ticularly in  the  presence  of a  deviation
of  the  caudal  septum ,  and  the  abundant  blood  supply,  the
Kiesselbach  plexus  is  the  principal  site  of  epistaxis.  Venous
drainage  of the  nose  is prim arily via  the facial, sphenopalatine,
and  ophthalm ic  veins.  This  rich  venous  plexus  m ay  drain  to
the  in tracranial  veins,  form ing  the  so-called  danger  tr iangle,
from  w hich  infect ion  can  ascend  from  the  skin  and  soft  t issue
bounded  by the  nasal root  and  oral com m issures and  the  nasal
cavity to the brain .

102.2.2  Anatomy of the  Paranasal
Sinuses
The  investigation  of paranasal sinus  anatomy m ay have  begun
w ith  the  anatom ist  Galen  in  the  second  century  AD, although

Fig. 102.1  Sagit tal cadaver section  showing  left  lateral nasal wall. The
black line  parallel to  the  floor of the  anterior cranial fossa and  the
second line  parallel to  the  anterior wall of the  sphenoid  sinus
emphasize  the  posterior–inferior 15-degree  slope  of the  skull base.
During intranasal sinus surgery, the surgeon must adjust  the dissection
of the  ethmoid  sinus inferiorly during  advancement  into the  posterior
region  of the  nose. agn, agger nasi; asterisk, extramural ethmoid  cell;
IT, inferior turbinate; MT, middle  turbinate; NP, nasopharynx; SS,
sphenoid  sinus; ST, superior turbinate.
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his  w rit ings  do  not  m ent ion  the  sinuses  by  nam e. The  depth
and  nature  of descriptions of the  sinuses have  varied  consider-
ably  throughout  h istory,  usually  m ent ioned  w ithin  larger
works. Notable  in  th is regard  were  da Vinci’s discussions of the
m axillary sinus and  Berengario da Carpi’s in it ial descriptions of
the sphenoid  sinus (in  the 16th  and  17th  centuries). In  the 17th
and  18th  centuries,  studies  began  to  focus  upon  the  sinuses

them selves. Most  of these  works, however, were  by individuals
concerned  not  w ith  detailed, precise  anatomy  but  w ith  m ore
theoretical questions addressing functional explanat ions for the
existence  of these  “hollow ” spaces  in  the  cranium . Anatom ical
observations  by  such  individuals  were  not  usually  perform ed
for  a  system atic assessm ent  of structure;  rather, they appear  to
have  been  used  to  butt ress their  part icular  functional theories.
In  the  late  19th  century, the  Austrian  anatom ist  Em il  Zucker-
kandl  published  the  first  detailed  and  system atic  anatom ical
and pathologic description  of the paranasal sinuses.

During the preantibiotic era of the early part  of the 20th  cen-
tury, anatom ical  studies  focused  upon  descriptions  that  could
im prove  procedures  for  the  cannulation  or  drainage  of patho-
logic  sinuses. After  t reatm ent, sinus  infect ions  were  observed
often  to  recur  in  the  sam e  t reated  sinus, and  to  spread  and  in-
fect  the  other,  untreated  sinuses.  These  secondary  infect ions
were  explained  by the  close  and  in t im ate  relationships seen  in
the anatomy of the paranasal sinuses. The im portance of under-
standing  prenatal  developm ent  as  a  vehicle  to  understanding
sinus surgery becam e m ore fully appreciated. Later, technologic
advances  saw  the  developm ent  of external and  endonasal (in-
tranasal) m icroscopic and endoscopic sinus procedures. The ad-
vent  of endoscopes, CT, and  other  technologies  has  lead  to  a
renaissance  in  our  understanding of the  anatomy and  physiol-
ogy of the sinuses.

Ethm oid Sinus
The  ethm oid  and  other  paranasal  sinuses  originate  from  the
prim ordia of the cart ilaginous nasal capsule, and their  pneum a-
tizat ion  follow s from  epithelial budding in to the bony elem ents
of  the  cranium ,  thus  establish ing  a  com m unication  network
w ith  the nasal cavity throughout life. The prenatal developm ent
of the  paranasal sinuses begins as an  evagination  of respiratory
m ucosal epithelium  from  the  nasal capsule  invading two  bony

Fig. 102.2  The  nasal septum  comprises the
quadrangular cartilage  and the  nasal crest  of the
palatine  bone, maxillary crest, vomer, nasal crest
of the  sphenoid, and  perpendicular plate  of the
ethmoid. The  blood  supply consists of the
anterior and  posterior ethmoidal arteries, which
are branches of the internal carotid artery via the
ophthalmic artery, and  the  sphenopalatine, sub-
labial, and  greater palatine  arteries, which are
branches of the  external carotid  artery.

Fig. 102.3  Axial cadaver section  through the  sphenoid  and  maxillary
sinuses. In  some  individuals, posterior ethmoid  cells expand  into the
sphenoid  bone. Less commonly, these  extramural ethmoid  cells (i.e.,
pneumatizing  beyond the  ethmoid bone) expose  the  optic nerve. The
extramural cells are  referred  to  as Onodi cells. A, optic nerve; ICA,
internal carotid artery; ITF, infratemporal fossa; MS, maxillary sinus; SS,
sphenoid  sinus.
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elem ents of the  splanchnocranium  (i.e., m axillary and  ethm oid
bones). Once m esenchym al di erentiation  in  the area of the in-
ferior  nasal  conchae  ensues,  it  has  the  e ect  of  producing  a
m ore  prom inent  fold  of the  conchae  and  aids  in  accentuat ing
the depth  of these grooves, or furrows. The developing folds are
considered  the  prim itive  step  for  conchal  form ation, w hereas
the  furrow s  constitute  the  future  inferior  and  m iddle  m eatus.
By the 63rd to 70th  day of prenatal developm ent , six m ajor fur-
row s  develop  along  w ith  their  corresponding  ridges  or  folds,
called  the  ethm oturbinals (i.e., tu rbinates arising from  the  eth-
m oid). The  num ber  of these folds and  furrow s that  persist  dur-
ing  fetal  developm ent  varies.  For  example,  from  the  seventh
m onth  to  term , one  can  find  three  to  five  ethm oidal  conchae
w ith  a  corresponding num ber  of in tervening m eatus, but  after
bir th , because of either fusion  or obliteration, only two or  three
ethm oidal  conchae  m ay  persist  (i.e.,  m iddle,  superior,  or  su-
prem e ethm oidal conchae).

The  first  prim ary  furrow  of the  lateral  nasal  wall  is  located
betw een  the  first  and  second  ethm oturbinals,  som etim es  re-
ferred  to as the first  in terturbinal furrow. The appearance of the
first  furrow  is  also  an  im portan t  developm ental stage  because
its  descending anterior  region  w ill becom e the  ethm oid  infun-
dibulum , w hile the superiorly ascending region w ill becom e the
frontal recess (� Fig. 102.4). The  form er  is  an  im portant  region
into and  through  w hich  a  num ber  of the  paranasal sinuses w ill
eventually  drain  to  the  nasal cavity. The  frontal recess, on  the
other  hand, undergoes  fur ther  developm ent  w ith  the  appear-
ance  of additional furrow s, w hat  Kasper  term ed  pits, w hich  are
outgrow ths of epithelium  that  appear as spherically shaped  ex-
cavations in  th is region. Pneum atic invasion  of the frontal bone
originat ing from  one of these pits in  the frontal recess results in
the developm ent of the frontal sinus.

At  bir th , the  ethm oid  sinus consists of anterior  and  posterior
divisions. The ethm oid  labyrinth  m ay be visualized  consistently
by plain  film  radiography only after  the  first  year  post  partum
and  only if the air-filled  divisions of the  ethm oid  sinus are  well
developed. At  the ages of 4 to 8 years, the ethm oid sinus system
is  18  to  24 m m  in  length ,  10  to  15 m m  in  height ,  and  9  to
13 m m  in  w idth . By the  12th  year, the  ethm oids  have  reached
nearly adult  size, w ith  expansion  during puberty involving pri-
m arily the bones outside the ethm oid capsule.

In  the adult , the ethm oid sinus viewed in  a transverse sect ion
form s a  pyram id, w ith  a  blunted  apex located  an teriorly and  a
w ider  base  located  posteriorly. The  ent ire  sinus  m easures  4  to
5 cm  anteroposteriorly, 2.5 cm  inferosuperiorly, 0.5 cm  w ide an-
teriorly, and  1.5 cm  posteriorly. Various descriptions of the  eth-
m oid  roof, such  as fovea and  foveolae ethm oidales, have caused
considerable confusion  over  the years. Lateral to the lam ina cri-
brosa of the  cribriform  plate, the  insert ion  of the  m iddle  turbi-
nate, and  the  lateral  lam ella  of the  cribiform  plate, num erous
ethm oid  air  cells  open  superiorly and  are  closed  by the  frontal
bone. Because  the  indentations  or  foveolae  (from  the  Latin , fo-
veolae  ethmoidales  ossis  fronta lis,  “ethm oid  pits  of  the  frontal
bone”) are  invaginations in to  the  frontal bone, th is  bone  and  a
portion  of  the  fovea  form  the  roof  of  the  ethm oid  sinus
(� Fig. 102.5). The roof of the ethm oid articulates w ith  the later-
al lam ella  of the  cribriform  plate. The length  and  orientation  of
the  lateral  lam ella, the  th innest  bone  in  the  ent ire  skull  base,
determ ines  the  depth  of the  olfactory  fossa  and  relates  to  the
vulnerability to  in tracranial penetration. The lateral wall of the
ethm oid  bone  is  the  lam ina  papyracea  (orbital  plate),  w hich
form s the m ost constan t component.

The  actual size  of the  sinus  and  the  num ber  of cells  present
vary in  each  reported  series. The ethm oid  cells are  divided  in to

Fig. 102.4  (a) Axial cadaver section through the ethmoid sinus, orbit, and sphenoid sinus. The ethmoid sinus is anatomically divided into an anterior
and a posterior ethmoid sinus. The sphenoid sinus is vertically separated into a right and left  sinus by the intrasinus septum. In this specimen, the right
internal carotid artery is seen as it  passes through the cavernous sinus. ant eth, anterior ethmoid sinus; ICA, internal carotid artery; intr sept, intrasinus
septum; post eth, posterior ethmoid  sinus. (b) Enlargement  of (a) showing  from  above  left  the  ostiomeatal complex. asterisk, hiatus semilunaris; be,
anterior aspect  of bulla  ethmoidalis; eth inf, ethmoid  infundibulum; mt, middle  turbinate; nld, nasolacrimal duct; up, uncinate  process.
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those  that  are  w ithin  the  ethm oid  bone,  or  in tram ural,  and
those that  are outside the ethm oid bone, or extram ural. The an-
terior  ethm oid  cells  can  be  further  subdivided  based  on  their
location  or  that  of their  ost ia. However, cells  of a  given  origin
frequently invade  the  territory usually occupied  by cells  of an-
other  origin , and  at  least  som e  authors  favor  classification  by
the location  of their ost ia.

During  developm ent,  the  attachm ents  of  the  various  bony
structures  arising  from  the  ethm oid  (i.e.,  conchae,  uncinate
process) to the lateral wall are form ed  by one of several ground
plates, or  basal lam ellae. While  the lateral attachm ents of these
lam ellae  end  abruptly, their  m edial aspects project  beyond  the
labyrinth  and  form  prom inences that  extend  in to the nasal cav-
ity. The  m ost  anterior  of the lam ellae  is the lateral extension  of
the  uncinate  process. The  second  lam ella  is  referred  to  as  the
anterior  plate  of the  bulla  because  its  extension  in to  the  nasal
cavity  form s  the  bulla  ethm oidalis,  w hile  the  th ird  lam ella
serves as the  attachm ent  of the  m iddle  turbinate. The  th ird  la-
m ella is an  im portant  anatom ical structure, dem arcat ing the di-
vision  between  the  an terior  ethm oid  cells  and  the  posterior
cells and  so  essentially dictating the  drainage  patterns of these
air  cells in to the  m iddle  and  superior  m eatus, respect ively. The
third  lam ella  is  also  clin ically  significant  because  it  is  consid-
ered  a natural boundary to the spread of infect ion  in to the pos-
terior  ethm oid, and  it  is the posterior landm ark in  an terior  eth-
m oidectomy.  The  fourth  lam ella  is  at  the  attachm ent  of  the
superior  turbinate,  and  w hen  a  suprem e  turbinate  is  also
present, a fifth  lam ella arises lateral to th is turbinate.

Am ong  the  various  classifications  proposed,  the  Ritter  no-
m enclature  system  conveys  m ost  clearly  the  origin  and  drain-
age  of the  ethm oid  cells. In  the  Ritter  classification, the  m ost

an terior  cells  are  the  frontal  recess  cells  (range, 0  to  4 cells),
w hich  arise  from  the  anterosuperior  grow th  of  the  ethm oid
cells in to the  frontal bone. These  cells  m ay com e to rest  w ith in
the  frontal bone  by form ing the  frontal sinus, giving rise  to the
frontal  bullae, bulging  in to  the  frontal  sinus  floor, or  form ing
the supraorbital ethm oid cells as they pneum atize the orbit .

The  bullar  cells  drain  in to  the  m iddle  m eatus  via  crescent ic
ostia  that  lie  superiorly, posteriorly, and  parallel  to  the  m uch
larger  sem ilunar  cleft  in  the  lateral nasal wall, the  entrance  of
w hich  Zuckerkandl  described  as  the  hiatus  sem ilunaris  (see
� Fig. 102.4b). The  h iatus sem ilunaris  form s  the  curved  groove
betw een  the  bulla  ethm oidalis,  w hich  borders  it  posteriorly,
and  the  uncinate  process, a  ridge  of bone form ed  by the  ram us
descendens of the  first  ethm oturbinal, w hich  borders it  an teri-
orly. The  anteroinferior  boundary  of the  hiatus  sem ilunaris  is
the  uncinate  (from  the  Latin  uncinia ,  “hook”)  process,  also  a
sem ilunar structure, w hich  has an  an terosuperior  to posteroin-
ferior  sagittal orientation. This structure  attaches to the lam ina
perpendicularis of the palatine bone and the ethm oid processes
of the  inferior  turbinate. The anterior  aspect  of th is attachm ent
to the lateral nasal wall has been  called the m axillary line.

Conchal  cells  are  ethm oid  air  cells  that  invade  the  m iddle
conchae, and w hen  these cells are located in  the anterior aspect
of the  conchae, the  condition  is referred  to as a  concha bullosa.
The  concha  bullosa  cells  are  clin ically  important  because  they
can  be  an  isolated  source  of recurrent  ethm oiditis  or  m ay ob-
struct  the m iddle m eatus. The m iddle turbinate, being a m edial
appendage of the lateral nasal wall, overhangs the bulla ethm oi-
dalis, the hiatus sem ilunaris, and the uncinate process. On  occa-
sion, both  the  uncinate  process  and  the  hiatus  sem ilunaris  are
not  covered  by the  dow nward  expansion  of th is  3.5-  to  4-cm -
long im portan t  bony structure. Anteriorly, the m iddle turbinate
is  attached  superiorly to the  cribriform  plate, w ith  a  15-degree
slope posteroinferiorly so that the posterior t ip  lies at , or im m e-
diately inferior  to, the sphenopalatine foram en.

The posterior  ethm oid  cells (range, 1 to 7 cells), w hich  invade
the posterior ethm oid capsule, m ay also involve the m iddle tur-
binate, sphenoid, palatine, and  m axillary  bones. The  posterior
cells drain  in to the superior and, to a lesser degree, the suprem e
m eatus. An  im portant  form  of extram ural extension  of the pos-
terior  ethm oid  cells is the m igration  of these cells to the m edial
aspect of the optic nerve w ithin  the sphenoid bone. Collect ively,
these  cells  are  know n  by  various  nam es, including  postrem a
cells.  When  the  cells  are  superior  and  inferior  to  the  optic
nerve, they  are  know n  as  Onodi  cells. Such  cells  are  clin ically
im portant  because the optic nerve m ay be covered  by relat ively
th in  bone  and  vulnerable  to  injury  during dissect ion  posterior
to the  anterior  face  of the  sphenoid  bone. The  an terior  ethm oi-
dal  canal  containing  the  artery  and  nerve  of  the  sam e  nam e
runs  betw een  2 m m  inferior  and  4 m m  superior  to  the  cribri-
form  plate. The  an terior  ethm oidal  artery  originates  from  the
ophthalm ic  artery  to  course  through  the  orbital  region  and
passes  through  the  anterior  ethm oidal canal onto  the  anterior
cranial fossa to finally enter  the  nasal cavity. The  posterior  eth-
m oidal  canal  t raverses  the  ethm oid  bone  at  a  plane  approxi-
m ately 1.5 m m  (range, 0  to 3.1 m m ) above  the  cribriform  plate,
and it  m ay, like the an terior canal, be part ially dehiscent of bone
(� Fig. 102.6).

Fig. 102.5  Coronal cadaver section  through the  mid  plane  of the
maxillary sinuses. The superior, middle, and inferior turbinates are well
seen, along  with  the  at tachment  of the  middle  turbinate  to the
cribriform  plate and roof of the ethmoid sinus. The section also passes
through the  anterior ethmoid  sinus and  crista  galli.  cg, crista  galli; cp,
cribriform  plate; ES, ethmoid sinus; ethm rf, roof of the  ethmoid sinus;
IT, inferior turbinate; MS, maxillary sinuses; MT, middle  turbinate; ST,
superior turbinate.
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Maxillary Sinus
The m axillary sinus has been  referred to as the antrum  of High-
m ore  in  honor  of the  English  anatom ist  Nathanial  Highm ore,
w hose 1651 treatise  Corporis Humani Disquisit io Anatomica  de-
scribes  and  illustrates  th is  sinus. However, the  person  recog-
nized  as the  earliest  know n  discoverer  of the  m axillary sinus is
Leonardo  da  Vinci, w ho  both  illustrated  and  described  th is  si-
nus in  1489.

The  m axillary  sinus, lying  w ithin  the  body of the  m axillary
bone, is  the  largest  and  m ost  constant  of all four  paranasal si-
nuses. The m axillary sinus is generally described  as shaped  like
a  pyram id. Its  anterior  wall is  the  facial surface  of the  m axilla,
w here the facial vein  and  artery run , w hile  the posterior  wall is
the  infratem poral  fossa, w here  the  m axillary  artery  and  vein
are  located. The  m edial wall constitu tes  the  lateral wall of the
nasal cavity, w here a num ber of vascular structures are situated
(e.g., branches  of the  sphenopalatine, the  septal branch  of the
superior  labial, and  the  ethm oidal arteries). The  superior  wall
or  roof of th is sinus is the floor of the orbit , and  the floor of the
m axillary  sinus  is  the  alveolar  process  of  the  m axilla.  It  be-
com es evident  from  its  topographic relationship  to  cont iguous
structures that  infect ions and tum ors of the m axillary sinus can
spread  in  m ultip le  directions, especially  to  the  dentit ion  (see
� Fig. 102.5).

Developm ent of the m axillary sinus begins by the 65th  day of
gestation ,  so  that  it  is  the  first  sinus  to  develop  in  utero.  At
bir th , the sinus has an  average volum e of 6 to 8 m L but  is fluid-
filled, m aking the  in terpretation  of plain  film  radiographs di -
cult . The  m axillary sinus  then  undergoes  two  periods  of rapid
grow th:  one betw een  bir th  and  3 years, and  the  other betw een
the  ages of 7  and  12 years. Betw een  these two grow th  periods,
at  around  4 years of age, the sinus extends laterally past  the in-
fraorbital canal. After  the  second  period  of rapid  grow th  (� Ta-
ble  102.1),  subsequent  expansion  involves  pneum atization  of
the alveolar  process of the m axilla. Before grow th  is completed,
the  m axillary sinus descends from  4 m m  above  the  floor  of the
nasal cavity at  bir th  to  the  sam e  level as  the  nasal floor  at  the
age of 8 to 9 years, and then  a final drop of 4 to 5 m m  below  this
level occurs by adulthood.

In  the  adult , the  m axillary sinus can  be  roughly described  as
tr iangular  in  shape, m easuring 25 m m  along the  anterior  lim b
of its base, 34 m m  in  depth , and  33 m m  in  height. The  prim ary
or natural ostium  of the m axillary sinus is located in  the superi-
or  aspect  of the  m edial wall of the  sinus, and  the  sinus  drains
via  its  infundibulum  into  the  ethm oid  infundibulum  and  thus
the hiatus sem ilunaris. The natural ostium  tends to be elliptical,
m easuring  from  1  to  20 m m  in  length . In  addition, accessory
m axillary sinus  ostia  have  been  found  in  15  to  40% of subjects
exam ined  by various authors. These ost ia m ay be located  in  the
ethm oid  infundibulum  or  the m em branous region  of the m edi-
al sinus  wall (know n  as  the  m em branous  m eatus  or  fontanel),

Table 102.1  Embryologic pat terns of sinus development

Paranasal sinus  Embryologic appearance  Postnatal appearance  Growth  spurt  interval

Ethmoid  sinus  Development  begins in  third  fetal
month.

Present  at  birth  First  growth spurt  occurs between
first  and  fourth  years, second
growth  spurt  between fourth  and
eighth years.

Maxillary sinus  Development  beings by 65th  day of
gestation.

Present  at  birth  First  growth spurt  occurs between
birth  and  3  years, second  growth
spurt  between 7  and  12 years.

Frontal sinus  Development  begins in  fourth  fetal
month.

Detected at  7  to  12 years of age  Adult  size  is at tained  by 20 years.

Sphenoid  sinus  Development  begins in  third  fetal
month.

Detected at  3  to  4  years of age  By seventh year, sinus begins to
extend  posteriorly toward  the  sella
turcica.

Source: Data  from  Rice  D, Schaefer S. Endoscopic Paranasal Sinus Surgery. 3rd  ed. Philadelphia, PA: Lippincott  Williams & Wilkins; 2004.

Fig. 102.6  Sagit tal cadaver section  through mid  plane  of the  right
ethmoid  sinus. Beginning  anteriorly, the  frontal sinus communicates
with the  nose  through its ostium. Defining the  posterior aspect  of the
frontal recess is the  anterior ethmoidal artery. Inferior to  this vessel is
the  bulla  ethmoidalis, and  approximately 10 mm  posterior to the
anterior ethmoidal artery is the  posterior ethmoidal artery. The
anterior ethmoid sinus is separated by the  basal lamella of the  middle
turbinate from  the posterior ethmoid sinus, and posterior to this sinus
is the  sphenoid  sinus. The  optic nerve  passes through the  superior
aspect  of the  lateral wall of the  sinus. Within  the  lateral wall of the
sphenoid  is the  bony prominence  surrounding  the  internal carotid
artery. Other important  structures are  the  ethmoid  infundibulum  and
uncinate process. aea, anterior ethmoidal artery; bl MT, basal lamella of
the middle turbinate; ethm inf, ethmoid infundibulum; fo, frontal sinus
ostium; FS, frontal sinus; ICA, internal carotid artery; on, optic nerve; SS,
sphenoid  sinus; up, uncinate  process.
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w hich  is in ferior  to the uncinate  process and  superior  to the in-
sertion  of the inferior  turbinate.

Frontal Sinus
Volcher Coiter of Holland, a pupil of Fallopius and  Eustachius, is
said  to have been  the first  to describe the frontal sinus. In terest-
ingly, Berengario  da  Carpi described  the  frontal bone  region  as
having “two tables w ithin  w hich  there is a notable vacuity so as
to  not  weigh  dow n  the  body,” but  da  Vinci, in  1489, m ay have
been  the  first  to  recognize  its  existence  and  illustrate  its  m or-
phology.

The developm ent  of the frontal sinus is in it iated  in  the fourth
fetal m onth, w hen  the ent ire  nasofrontal area is represented  by
the  frontal recess, and  it  is  the  last  paranasal sinus to  develop.
The usually paired  frontal sinuses have several possible  origins,
each  of w hich  influences  the  relationship  of th is  sinus  to  the
lateral  nasal  wall  and  its  drainage  pat tern  w ithin  the  m iddle
m eatus. In  a  study of 100  adult  specim ens and  15  late-term  fe-
tuses, Kasper  found  the  m ost  com m on  origin  of the  frontal si-
nus  to  be  pits  or  furrows  w ithin  the  frontal  recess, w hich  are
considered  rudim entary an terior  ethm oid  cells. The anatomy of
this region  is challenging because there is neither a  clear  develop-
menta l  pa ttern  nor  any  constancy  in  the  di erentia t ion  of the
fronta l pits. One can  have as m any as four pits, or  there can  be a
total absence  of pit  form ation . When  there  is no  pit  form ation ,
the  frontal  recess  rem ains  a  sim ple  blind  outgrow th  from
the  m iddle  m eatus  w ithout  configuration  of  its  lateral  wall.
Which  of these pits is variably present  and w hich  goes on  to be-
com e  the  frontal sinus  determ ine  the  specific pattern  of sinus

drainage. If the m ost anterior pit  (i.e., pit  1) m igrates in  a ventral
direct ion, it  m ay pneum at ize the  agger  nasi bone, becom ing an
agger nasi cell, w hereas the second m ost  anterior  pit  (i.e., pit  2)
m ay m igrate  anterosuperiorly to  becom e the  frontal sinus (see
� Fig. 102.6). Thus, the term s agger na si (referring to the m ound
of bone  anterior  to  the  inser tion  of the  m iddle  turbinate)  and
agger  na si cell (referring to the  cell that  pneum atizes the  agger
nasi) are not  in terchangeable because each  represents a dist inct
anatom ical en tity (� Fig. 102.7). Moreover, a m arkedly pneum a-
tized  agger nasi cell can  have pathophysiologic consequences in
frontal sinus  drainage. Another  variant  of frontal sinus  form a-
tion  can  occur  if no  anterior  ethm oid  air  cells  develop  in  the
frontal recess;  ethm oid  air  cell extension  from  the  ethm oid  in-
fundibulum  then  can  create a frontal sinus.

At  bir th , the  sinus has lit t le  clin ical relevance, and  it  is  often
indistinguishable  from  the  anterior  ethm oid  cells. At  3  years of
age, the  frontal  sinus  is  observed  3.8 m m  above  the  nasion  (a
craniom etric  point  defined  as  the  junct ion  between  the  nasal
and  frontal bones  at  the  m idline), and  it  continues  its  ver tical
grow th  t rajectory at  an  average annual rate  of 1.5 m m  until the
15th  year. Final grow th  is completed before the 20th  year.

The  adult  frontal sinus, w hen  viewed  in  a  transverse section ,
has been  classically described  as pyram idal in  shape by Mosher.
The base or in ferior floor of the pyram id is the orbital nasal por-
tion  of the splanchnocranium , the apex extends outward a vari-
able  distance  over  the  orbit , the  anterior  wall is  subcutaneous,
and  the  posterior  wall is  cerebral. The  dim ensions of the  adult
frontal sinus have been  reported as m easuring 28 m m  in  height ,
27 m m  in  w idth ,  and  17 m m  in  length .  This  ideal  sinus  is  a
representative  average, w ith  the  actual  size  and  configuration

Fig. 102.7  Sagit tal computed tomographic (CT) scans through the  ethmoid and  frontal sinuses. (a) An ethmoid  cell is pneumatizing  the  agger nasi
and forming an agger nasi cell, which is one of several cells that  populate the frontal recess in this patient. The anterior aspect of the middle turbinate
is posterior to  this cell and  confirms the  origin  of the  cell within  the  agger and  not  within  more  posterior cells, such  as lacrimal cells. Note  the
obstruction of the frontal sinus outflow tract  into the  nose  by the  cell. MT, middle  turbinate. (b) Sagit tal CT scan through the  ethmoid sinus, frontal
sinus, and  sphenoid  sinus (SS). The  outflow tract  of the  frontal sinus is occluded  by a  frontoethmoid  or frontal cell. Posterior to  this cell is another
frontal cell, which is superior to the  bulla  ethmoidalis; therefore, this cell is referred  to  as a  suprabullar cell. Posterior to the  anterior ethmoid  cells,
there is one large posterior ethmoid cell. Between this cell and the anterior wall of the sphenoid sinus is the sphenoethmoid recess. FC, frontal cell; PE,
posterior ethmoid  cell; SS, sphenoid  sinus.
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reflect ing the origin  of the cavity and the superior developm ent
into the squam a of the frontal bone. At the inferior aspect  in  the
m idsagittal plane, the anterior or outer table of the frontal sinus
is  approxim ately tw ice  as  th ick as  the  posterior  or  inner  table.
Historically,  the  com m unication  of  th is  sinus  w ith  the  nasal
cavity  has  been  described  as  a  distinct  nasofrontal  duct ,
although  others  prefer  the  term  fronta l recess. The  term  na so-
fronta l duct , w hich  is  used  to  describe  the  com m unicat ion  of
the frontal sinus through  the m iddle m eatus w ith  the nasal cav-
ity, is  anatom ically  and  developm entally  incorrect . To  confuse
the issue even  further, the term s fronta l recess, fronta l infundib-
ulum, and  na sofronta l duct  have also been  used in terchangeably
w hen  in  reality they represent  di eren t  anatom ical structures.
Conceptually, the frontonasal outflow  tract  has been  likened  to
an  hourglass,  w ith  the  upper  portion  being  the  body  of  the
frontal sinus, the neck being the ost ium  (varying 2 to 10 m m  in
diam eter), and  the  lower  port ion  beneath  the  neck  being  the
frontal recess. However, the  term  fronta l recess, in troduced  by
Killian , is  based  on  the  prenatal observation  of a  space  that  is
the  continuation  of the  ascending  branch  of the  first  prim ary
interturbinal furrow, w ith  the descending branch  becom ing the
ethm oid  infundibulum . The  frontal  in fundibulum  was  defined
by Killian  as the  superior  opening of the  frontal sinus drainage
tract. A m ore  recent  in terpretation  of th is  anatomy defines the
frontal infundibulum  as viewed from  w ith in  the frontal sinus as
the funnel-shaped narrow ing toward the frontal ost ium . Finally,
the nasofrontal duct  as defined by Lang is any m ucosa-lined bo-
ny  passage  longer  than  3 m m . We  would  quest ion  th is  defini-
tion  because the  outflow  tract  of the frontal sinus is poten t ially
narrowed by the ethm oid  bulla, or  the lam ella of the bulla, pos-
teriorly and  by agger  nasi cells anteriorly rather  than  form ing a
true duct . In  1939, Van  Alyea described  the outflow  tract  of the
frontal sinus as the  fronta l recess, and  despite  its earlier  m ean-

ing, th is term  best  describes the area. The developm ental varia-
bility of the  frontal sinus leads to the  observed  m ultip le  drain-
age  pat terns, w hich  can  be  fur ther  complicated  by  the  h ighly
variable  pneum atization  of the  adjacent  ethm oid  air  cells  and
by the position  of the uncinate process (� Fig. 102.8).

Sphenoid Sinus
In  1521, Giacom o Berengario  da  Carpi was the  first  to  describe
the sphenoid sinuses, but  it  was Tillaux w ho suggested that  th is
sinus is part  of the other  paranasal sinus complex. According to
Dixon,  the  sphenoid  sinus  is  the  m ost  variable  cuboidally
shaped  sinus of all the  paranasal sinuses. The  average  adult  si-
nus  has  six  surfaces:  the  an terior, posterior, superior, inferior,
m edial, and  lateral  walls  (� Fig. 102.9). In  addition , the  sphe-
noid  bone, w here  th is  sinus  resides, is  strategically  located  in
one  of the  m ost  complex regions in  all of hum an  anatomy. The
endocranial surface  of th is  bone  serves  as  a  seat  for  endocrine
activity;  as  a  conduit  for  the  cran ial nerves  responsible  for  vi-
sion, ocular  m ovem ents, nasal m ucosal gland  stim ulation, and
nasal sym pathetic innervation;  and  as  a  conduit  for  the  m ajor
vascular supply of the nasal cavity.

Grow th  of  the  usually  paired  sphenoid  sinuses  is  in itiated
during  the  th ird  m onth  of in trau terine  developm ent. The  two
sinuses  generally  develop  asym m etrically  because  usually  one
sinus encroaches upon  and  lim its  the  other’s grow th  to  a  rudi-
m entary  size. The  vertical bony partit ion  betw een  the  two  si-
nuses  has  been  incorrectly  term ed  median  septum.  Congdon
suggested the m ore appropriate term  intersinus septum because
the  part it ion  is  frequently  m ore  lateral  than  m edial, and  th is
is  the  accepted  term  today. Both  com plete  and  par t ial  septa-
t ion  of the  sinuses  is  frequen t  because  no  clear  pat tern  has
em erged  from  a  num ber  of studies. When  the  sinus is viewed

Fig. 102.8  Composite  of computed  tomographic
scans through the  frontal sinus outflow tract .
Coronal (upper left), sagit tal (upper right), and
axial (lower) images are  paired—that  is, anterior
to posterior, medial to  lateral, and  inferior to
superior. When the  images are  viewed  collec-
tively, the obstruction to the right  frontal outflow
tract  is seen to be due to frontal cells, noted best
in  the  upper right  sagit tal lateral image  (arrow).
ant, anterior; inf, interior; lat, lateral; med, medial;
post, posterior; sup, superior.
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in  a  coronal  p lane, a  horizon tal  par t it ion  m ay  be  presen t . In
realit y, the  ext ram ural posterior  ethm oid  cells  have  pneum a-
t ized  the  superior  aspect  of the  sphenoid  bone, and  the  sphe-
noid  sinus lies in ferior  to the  “horizon tal sep tat ion .”

Around  the  tim e  of bir th , the  sphenoid  sinus is  prim arily an
evagination  of the  sphenoethm oid  recess, w ith  essentially  no
grow th  until the  age  of 3  years. It  is  not  until the  th ird  year  of
life that  the sphenoid  conchae becom e attached to the presphe-
noid  and  the  cavity develops in to the definitive sphenoid  sinus.
In  the  m ost  com m on  developm ental type, the  postsellar  type,
the sinus extends posteriorly toward the sella turcica by the age
of 7  years. Developm ent  m ay cont inue  in to  adulthood  and  in-
volve the basisphenoid, w ith  arrest  in  pneum atization  account-
ing for the trem endous variations in  the sinus size.

The average adult  sinus m easures 20 m m  in  height , 23 m m  in
length , and  17 m m  in  w idth . The  volum e  varies from  0.1  to  30
m L, w ith  the average ranging from  5 to 7.5 m L. As the sinus ex-
pands, vessels and nerves in  the lateral aspect of the body of the
sphenoid  bone com e to lie  as indentations in  the wall of the si-
nus. The sphenoid sinus drains by a single ostium  into the sphe-
noethm oid  recess. This  ostium , in  the  clinical  setting,  is  2  to
3 m m  in  diam eter  and  m ay be  either  round  or  elliptical. The  si-
nus  depends  on  m ucociliary  flow  for  drainage  because  the  os-
t ium  is  located  typically  10  to  15 m m  superior  to  the  floor  of
the  sinus,  or  8 m m  from  the  cribriform  plate  (range,  1  to
15 m m ) and  5 m m  lateral to the  nasal septum . Our  ow n  experi-
ence suggests that  in  m ost  cases the  ostium  is observed  inferior
rather  than  superior  to  the  average  location  and  generally  lies
at  a  30-degree  angle  from  the  floor  of the  nose  and  at  the  infe-
rior  plane  of the  superior  turbinate. The  pneum atization  of the
posterior  aspect  of the m iddle turbinate  m ay m ake visualization
of th is ostium  di cult. Because  of the  im portance  of such  iden-
t ification  in  surgery, various m easurem ents have been  reported.
Mosher  found  that  the  anterior  face  of the  sphenoid  sinus aver-
aged  7 cm  from  the nasal spine  at  an  angle  of 30 degrees.

102.3  Physiology
The lin ing of the  nasal vestibule  is  essentially a  continuation  of
the  adjacent  facial  skin  and  consists  of  squam ous  epithelium
w ith  sebaceous and  sweat glands and  course hairs know n as vi-
brissae. Within  the nasal cavity, the epithelium  transit ions from
squam ous and  t ransitional to  respiratory, pseudostratified  col-
um nar epithelium  (posteriorly) consist ing of ciliated (colum nar)
cells, nonciliated  (colum nar)  cells, goblet  cells, and  basal cells.
This  epithelium  lies  on  a  basem ent  m em brane  and  a  lam ina
propria. All  of  the  glands, as  well  as  the  neural  and  vascular
structures, are  found  w ith in  the  lam ina  propria. The  nose  and
sinuses  are  cleansed  by  m ucus  produced  by  the  goblet  cells.
Mucociliary  clearance  is  accom plished  by  cilia  that  beat  at  a
rate  of  approxim ately  1,000  st rokes  per  m inute  and  direct
the  m ucus  w ith in  the  sinuses  and  nose  in  a  specific  pattern
(� Fig. 102.10).

Olfactory  epithelium  form s  the  th ird  type  of  lin ing  in  the
nose  and  covers the  superior  tu rbinate  and  adjacent  nasal sep-
tum . This pseudostratified  epithelium  contains bipolar  neurons
that  have  specific  receptors  for  odorants, so  that  they  are  the
first-order  neurons in  a complex pathway for  sm ell via the lim -
bic system , reticular  form ation , h ippocam pus, thalam us, hypo-
thalam us, and  frontal lobe. Although  olfaction  is  relatively  “in-
sensitive” in  hum ans  compared  w ith  that  in  m any  anim als, it
rem ains  an  importan t  sense  and  an  essential  requirem ent  for
complex taste.

Nasal airflow  is  regulated  by the  autonom ic nervous system
via  parasym pathetic  innervation  of  the  nasal  glands  through
the sphenopalat ine ganglion  and by vasodilation. The nasal m u-
cous m em brane covering the inferior and m iddle turbinates be-
com es  engorged  w ith  blood  secondary  to  vascular  control  by
the  sym pathetic nervous system . The relative  inputs of the two
elem ents of the  autonom ic nervous system  alternate  from  side
to side approxim ately every 2 to 4 hours. This nasal cycle results
in  m axim al patency or  obstruct ion  of one  airway. Patien ts m ay
perceive th is norm al nasal physiology as an  indication  of an  air-
way problem . In  persons  w ho  have  other  m echanical obstruc-
tions of the  nose, such  as  a  deviated  septum  or  polyps, cycling
of the  airway  m ay  compound  the  nasal  obstruction. Further-
m ore, the  turbinates  w ill  becom e  engorged  w ith  blood  as  an
individual turns the head from  side to side w hile sleeping. Preg-
nant  wom en  are  particularly sensitive  to nasal obstruct ion  due
to  horm one-induced  engorgem ent  of the  m ucous  m em branes,
w ith  som e  prone  to  rh initis  or  sinusit is, a  condition  know n  as
rhinitis of pregnancy.

102.4  Roundsm anship
●  The discrete anatomy of the paranasal sinuses is extrem ely

variable. Each  sinus develops w ithin  certain  param eters and
shares physical features and relationships w ith  the other si-
nuses and the nose.

●  The  ethm oid  is the key sinus both  anatom ically and  func-
t ionally. The  proxim ity of th is sinus to the  fron tal and
m axillary sinuses accoun ts for  the  spread  of d isease  from
form er  to the lat ter, and  for  obst ruct ion  of the  outflow
tracts of the  fron tal and  m axillary sinuses from  ethm oid
sinusit is, polyps, or  tum ors.

Fig. 102.9  Coronal computed tomographic scan through the sphenoid
bone. The  left  sphenoid  bone  is pneumatized  superiorly by an
extramural posterior ethmoid cell and inferiorly by the sphenoid sinus.
Because  the  sphenoid  sinus does not  have  a  horizontal septum, the
appearance  of such a  structure  implies an  extension of the  ethmoid
sinus into the  sphenoid  bone. p ethm, posterior ethmoid  cell; SS,
sphenoid  sinus.

102.4  Roundsmanship
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●  The complex em bryologic origins of the frontal sinus deter-
m ine the structure of its outflow  tracts and the likelihood of
frontal sinusit is.

●  The m axillary and ethm oid sinuses are both  present  at  bir th ,
w ith  develom ent of the form er beginning in  the first  trim es-
ter and developm ent of the latter in  the th ird tr im ester.

●  Nasal airway patency is regulated by the autonom ic nervous
system , w ith  airway resistance varying betw een the sides
every 2 to 4 hours. Therefore, pat ients m ay complain  of nasal
airway problem s that are sim ply reflect ions of norm al airway
physiology.
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Fig. 102.10  As illustrated, mucous circulation  within  the  paranasal sinuses follows specific pathways leading  to  egress into the  nose.
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103  Nasal Im m unit y
William R. Reisacher and Emily Z. Stucken

103.1  Int roduct ion
Strategically  positioned  at  the  entry  poin t  of  the  respiratory
tract, the nasal cavity constantly processes stim uli from  the en-
vironm ent.  These  include  par ticles,  such  as  m icrobes, chem i-
cals, and  proteins, as  well as factors related  to  air  quality, such
as temperature  and  hum idity. The  nasal cavity is  forced  to  de-
cide  w hether  or  not  a  particular  stim ulus  is  dangerous  to  the
body, and  then  take  the  necessary steps to  either  neutralize  or
tolerate  it . To  perform  this  funct ion, the  nasal cavity possesses
an  elaborate system  of both  innate and adaptive im m une m ech-
anism s. The  innate  im m une  system  is  the  first  line  of defense
and  uses  both  specific  and  nonspecific  m echanism s, w hereas
the adapt ive im m une system  dem onstrates both  specificity and
m em ory  through  the  clonal  proliferation  of T and  B lympho-
cytes. Any errors in  these system s, through  either  a deficient  or
a hypersensitive  response, m ay produce dam age to the  respira-
tory t ract  and subsequent disease.

103.2  Histology of the  Nasal
Cavit y
The vestibule of the nasal cavity is lined w ith  keratin ized, strati-
fied  squam ous  epithelium  that  is  contiguous  w ith  the  skin  of
the  external nose. At  the  lim en  nasi, th is squam ous epithelium
changes  first  to  nonciliated  cuboidal  or  colum nar  epithelium
before  transit ion ing to the  respiratory epithelium  that  lines the
rem ainder  of the  nasal cavity and  paranasal sinuses. This respi-
ratory  m ucosa  is  a  pseudostratified, ciliated, colum nar  epithe-
lium  m ade up  of three cell types: ciliated  cells, goblet  cells, and
basal  cells  (� Fig. 103.1). Ciliated  cells  are  the  m ost  prevalent
cell type lin ing the surface epithelium . Each  cilium  has nine m i-
crotubule  doublets  surrounding  two  central  singlet  m icrotu-

bules, in  a configuration  sim ilar  to that  of cilia  found  elsew here
in  the  body, w ith  dynein  arm s  articulating  betw een  the  outer
m icrotubules (� Fig. 103.2). Each  ciliated  cell contains over  200
cilia, w hich  beat  at  10  to  20  cycles per  second  to power  m uco-
ciliary clearance. Goblet  cells  rest  on  the  basem ent  m em brane
and produce m ucus that  is expelled from  the apical surface. The
th ird  cell  type  that  m akes  up  the  respiratory  epithelium , the
basal  cell,  sits  on  the  basem ent  m em brane  and  serves  as  a
source of regenerating ciliated and goblet cells.

Other  cell  types  found  in  the  nasal  cavity  include  m elano-
cytes and  in traepithelial lym phocytes, as well as scattered  plas-
m a  cells, m ast  cells, and  eosinophils. The  in traepithelial  lym -
phocyte populat ion  w ithin  the nasal cavity is composed  str ictly
of T cells w ith  few, if any, B cells. This likely explains the finding
that  the  m ajority  of lymphom as  of the  nasal  cavity  are  NK/T-
cell lymphom as. Lym phom as  of the  paranasal sinuses, in  con-
trast , tend to be of B-cell origin .

103.3  Innate  Im m une System
The  m ost  basic  features  of the  innate  im m une  system  are  the
barrier  of the  nasal  respiratory  m ucosa  and  m ucociliary  clea-
rance. Mucus, w hich  is  prim arily composed  of h igh-m olecular-
weight,  heavily  glycosylated  m acrom olecules,  sits  on  a  less
dense layer  of serous fluid  produced  from  serom ucinous glands
in  the  underlying  lam ina  propria. The  viscous  m ucinous  layer
traps  inhaled  particulate  m atter, w hile  the  serous  layer  allow s
the underlying cilia to beat freely and direct  m ucus-trapped for-
eign  m atter  toward  the  nasopharynx to prevent  dam age  to the
respiratory  tract  (� Fig. 103.3). The  e ciency of th is  system  is
regulated  by  the  physical  properties  of m ucus, as  well  as  the
frequency of the ciliary beat.

In  prim ary ciliary  dyskinesia, the  m icrostructure  of the  cilia
are  altered  because  of defects  in  the  dynein  arm s. As  a  result ,

Fig. 103.1  Photomicrograph  of the  nasal respiratory epithelium. b,
basal cell; c, ciliated  cell; g, goblet  cell; lp, lamina propria; m,
seromucinous gland.

Fig. 103.2  Cross section  of a  cilium, demonstrating  the  arrangement
of microtubules and  cross-linking  proteins.
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m ucociliary clearance  is im paired. Patients w ith  prim ary ciliary
dyskinesia  are  susceptible  to  recurren t  episodes  of  sinusit is,
bronchitis, and  bronchiectasis  as  a  result  of m ucociliary stasis.
These  pat ien ts  often  present  w ith  respiratory  distress  in  the
neonatal period. They go on  to develop chronic cough and rhini-
tis in  early ch ildhood, w ith  recurrent  episodes of rh inosinusitis,
otit is  m edia, bronchitis, and  pneum onia. Male  infer tility is also
com m on. The  tr iad  of recurrent  rh inosinusitis, bronchiectasis,
and  situs  inversus  is  know n  as  Kartagener  syndrom e. A brush
biopsy of the  nasal m ucosa  for  ultrast ructural analysis  can  es-
tablish  the diagnosis of prim ary ciliary dyskinesia.

Part icles on  the m ucosal surface of the nose are also detected
by  the  surface  receptors  of  m acrophages  and  dendrit ic  cells,
w hich  then  engulf and  in ternalize  them . This  funct ion  is  en-
hanced  by a  process know n  as opsonization, in  w hich  the  par-
ticles are  coated  w ith  ant ibodies or  complem ent  (� Fig. 103.4).
Opsonization  also  attracts  and  act ivates  other  inflam m atory
cells  located  in  the  lam ina  propria,  such  as  lym phocytes,
neutrophils, eosinophils, basophils, m ast  cells, and  plasm a cells.

Although  th is  is  largely  a  nonspecific  process,  the  st ructure
of  cer tain  opson ins  allow s  som e  specificit y,  as  w ell.  Serum
amyloid  A is  an  opson in  secreted  by  respiratory  epithelial
cells  that  binds d irect ly to  gram -posit ive  bacter ia, and  surfac-
tan t  protein s (SP-A and  SP-D) have  the  ability to  bind  and  ag-
glut inate  bacteria,  fungi,  and  allergens,  as  well  as  inorgan ic
par t icles.

Respiratory epithelial cells  secrete  sm all, extracellular  pepti-
des, such  as β-defensin , as well as larger  proteins, such  as cath-
elicidin , lysozym e, and  lactoferrin ; these can  inhibit  the grow th
of m icrobes, have im m ediate  m icrobicidal act ivity, or  even  pos-
sess  im m unom odulatory  capabilit ies.  Lysozym e,  an  enzym e
that is also secreted by m onocytes and m acrophages, is directed
against  the  peptidoglycan  cell wall of certain  bacteria, such  as
Streptococcus and  Pseudomona s. The destruct ion  of gram -nega-
tive bacteria by lysozym e requires the presence of certain  cofac-
tors, such  as  ascorbic  acid,  antibody–complem ent  complexes,
and  lactoferr in , w hich  is an  iron-binding protein  found  in  neu-
troph il  granules. The  protein  psoriasin  increases  the  cell  wall

Fig. 103.3  Mucociliary flow carrying  trapped
particles toward  the  nasopharynx.

Fig. 103.4  The  opsonization  of pathogens and  foreign debris allows more  efficient  binding  and  phagocytosis by activated  cells.
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perm eability of bacteria  such  as  Escherichia  coli, and  calprotec-
tin  has both  antibacterial and antifungal act ivity.

The  hum an  body  is  exposed  to  viruses  on  a  regular  basis,
and  the  respiratory  t ract  is  their  prim ary  target .  The  first
lines  of  defense  against  viruses  are  nasal  air  filt rat ion ,  the
m ucous  barr ier, and  the  secret ion  of im m unost im ulatory  cy-
tokines  and  chem okines  from  epithelial  cells,  m acrophages,
and  neutroph ils. The  m ost  im portan t  of these  chem ical m es-
sengers  are  the  in ter ferons  IFN-α  and  IFN-β ,  w h ich  upregu-
late  genes  that  protect  cells  against  viral  replicat ion . Curren t
e or ts  are  under  w ay  to  iden t ify  pharm acologic  agen ts  that
could  act ivate  th is  gene  pathway  and  produce  a  rapid  but
nonspecific  defense  against  viruses  during  epidem ics  w hen
vaccines are  not  e ect ive.

Nasal  defense  against  parasit ic  in fect ions  occur  prim ar ily
th rough  com plem ent  proteins  involved  in  opson izat ion , che-
m oatt ract ion , cellu lar  act ivat ion , and  the  d irect  killing of par-
asites. Other  proteins  that  perform  sim ilar  funct ions  include
collect in  and  petraxins  (C-react ive  protein  and  serum  am y-
lase  proteins),  w hich  m ay  be  either  secreted  or  m em brane-
bound. Another  line  of defense  is the  chit inase  fam ily—specif-
ically, acid  m am m alian  ch it inase  (AMCase)—w hich  is  a  class
of genes  that  are  regulated  by in terleukin -13  (IL-13), a  m ajor
Th2  cytokine.  The  products  of  these  genes  act  upon  ch it in ,
w hich  is abundan t  in  parasites, nem atodes, in sects, and  fungi.
It  is theorized  that  allergic d isease, also dom inated  by Th2 in -
flam m ation , represen ts  an  over  act ivat ion  of the  evolut ionar-
ily  beneficial  ability  to  defend  against  these  previously  com -
m on  invaders.  Curren t  evidence  suggests  that  AMCase  ex-
pression  is  h igh ly  associated  w ith  recalcit ran t  ch ron ic  rh ino-
sinusit is (CRS).

Another  protein  of  the  innate  im m une  system  that  m ay
cause  problem s w hen  overact ivated  is  B-cell act ivat ing factor
(BAFF), a  m em ber  of the  tum or  necrosis  factor  (TNF)  fam ily.
BAFF is  produced  in  ep ithelial  as  w ell  as  subm ucosal cells  of
the  sinonasal t ract  and  regulates B-cell survival, p roliferat ion ,
and  an t ibody  product ion .  Evidence  suggests  that  increased
BAFF expression , w h ich  is  seen  in  patien ts  w ho  have  chron ic
rh inosinusit is  w ith  nasal  polyposis  (CRSw NP),  m ay  enhance
im m unuglobulin  A (IgA)  syn thesis  and  eosinoph ilic  in flam -
m ation .  In  addit ion  to  BAFF,  other  cytokines  that  m odulate
the  B-cell  response  in  pat ien ts  w ith  CRSw NP  include  B-cell
at t ract ing chem okine-1  (BCA-1) and  st rom al cell-derived  fac-
tor-1α  (SDF-1α ).

Toll-like  receptors  (TLRs) are  specific pat tern  recognition  re-
ceptor  proteins  that  are  present  in  soluble, t ransm em brane, or
cytosolic  form s  on  m acrophages,  dendrit ic  cells,  or  epithelial
cells in  the respiratory tract. These genetically ancient  receptors
are  able  to  recognize  certain  pathogen-associated  m olecular
patterns (PAMPs), such as bacterial lipopeptide, endotoxin , flag-
ellin ,  double-stranded  RNA,  and  bacterial  DNA.  By  unknow n
m echanism s, TLRs  are  able  to  tolerate  norm al  bacterial  flora,
but  w hen  activated  by pathogens, they in itiate  both  innate  and
adapt ive  processes.  TLR9, one  of  the  11  know n  m am m alian
TLRs, has  been  studied  for  its  abilit y  to  st im ulate  a  Th1  im -
m une  response  w hile  inh ibit ing a  Th2 response. CpG, a  bacte-
rial  DNA sequence  and  TLR9  agon ist ,  has  been  invest igated
for  use  as  an  adjuvan t  for  hepatit is  and  cancer  vaccines,  as
w ell as  an  im m unost im ulatory  agen t  for  the  t reatm ent  of al-
lergy, asthm a, and  CRS.

103.4  Adapt ive  Im m une System
The  adapt ive  im m une  system  in  hum ans  is  a  m echanism  by
w hich  the  body m ounts  an  antigen-specific response  to  a  par-
ticular  insult.  The  m ain  components  of  the  adaptive  im m une
system  are  B and  T lymphocytes and  the fam ily of im m unoglo-
bulins. B cells  originate  in  the  bone  m arrow  and  are  in it ially
coated  w ith  surface  IgM and  IgD. After  leaving  the  bone  m ar-
row, they m igrate to secondary lymphoid organs and proliferate
in  response  to  antigen  stim ulation  and  T-cell  in teract ions.
When  stim ulated, B cells  m ature  in to  im m unoglobulin-secret-
ing  plasm a  cells  that  are  antigen-specific.  These  plasm a  cells
undergo class sw itch ing to elude other im m unoglobulin  classes,
including IgA, IgG, and IgE, each  of w hich has a specific im m une
role. Two im m unoglobulin  classes, IgA and  IgE, perform  impor-
tant  functions w ithin  the nasal cavity and  paranasal sinus envi-
ronm ent and deserve special atten tion.

IgA is the m ost  prevalen t  im m unoglobulin  in  the nasal cavity.
It  exists in  m onom eric and dim eric form s, but  the IgA in  the na-
sal cavity and paranasal sinuses is largely in  the dim eric form  of
secretory IgA (SIgA). SIgA is a 390-kDa dim er linked  by a J chain
and  containing  a  secretory  component  that  allow s  act ive  pas-
sage across the nasal epithelium . The SIgA found in  nasal m ucus
coats  bacterial  and  other  antigenic  m aterial  and  prevents  it
from  breaching the nasal m ucosa.

The  im portance  of IgA in  protect ing  the  nasal m ucosa  from
foreign  invaders  is  dem onstrated  in  patien ts  w ho lack th is  im -
m unoglobulin . Selective IgA deficiency is the m ost com m on iso-
lated  im m unoglobulin  deficiency, w ith  incidence  rates ranging
from  1  per  223  to  1  per  1,000  individuals  in  the  United  States.
In  th is patient  populat ion , IgA-laden  B cells lack the  capacity to
di erentiate  in to  IgA-secreting  plasm a  cells. Pat ien ts  w ith  se-
lect ive  IgA deficiency  often  have  a  com m ensurate  increase  in
IgM  levels.  Their  clin ical  presentation  ranges  from  asym pto-
m atic to  prone to the  developm ent  of recurren t  sinonasal, pul-
m onary,  and  gastrointestinal  infect ions.  Sinus  infect ions  are
m ainly bacterial in  origin . Allergic disease and autoim m une dis-
orders  are  also  m ore  prevalent  in  th is  patient  population. The
m anagem ent  of patients  w ith  select ive  IgA deficiency includes
the t reatm ent  of acute bacterial infect ions or  the daily adm inis-
tration  of prophylactic antibiotics, depending on  the severity of
sym ptom s.

The  second  im m unoglobulin  that  plays  a  pivotal role  in  the
local im m unity of the nasal cavity is IgE. IgE is the m ain  im m u-
noglobulin  involved in  the allergic response and  is im portant  in
the pathophysiology of allergic rh initis. Although  IgE-producing
plasm a cells  are  not  a  norm al component  of the  nasal m ucosa,
an  increase  in  allergen-specific IgE has been  found  in  the  nasal
turbinate  t issue  of allergic patients. There  is  evidence  that  the
IgE perm eating the  nasal t issues of allergic individuals  m ay be
produced  locally rather  than  m igrate from  distant  sources. Sev-
eral  studies  have  show n  that  im m unoglobulin  class  sw itching
can  occur  in  the  local  environm ent  of  the  nose, and  ex  vivo
studies  have  dem onst rated  that  allergen-induced  class  sw itch-
ing occurs in  isolated  nasal turbinate t issues. Investigators have
also  dem onstrated  an  increase  in  antigen-specific  IgE in  pa-
tients w ho have rhinitis w ith  negative  results on  serum  allergy
testing. It  has been  suggested  that  a local allergic response m ay
be  the  incit ing  factor  in  these  patien ts,  w ho  have  previously
been  categorized  as  having  nonallergic  rhinitis  based  on  the
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results of system ic testing. Further  discoveries in  th is field  m ay
lead  to  an  im proved  understanding  and  treatm ent  of th is  pa-
tien t  population.

T cells are  the  second  class of lym phocytes that  m ake  up  the
adaptive im m une system . T cells originate in  the thym us, w here
they m ature  and  undergo di eren tiat ion. Autoreactive  cells are
selected  for  apoptosis  before  leaving  the  thym us. Once  T cells
exit  the thym us, they are attracted to lym phoid organs by cellu-
lar  signaling. When  an  antigen  is encountered, a T cell becom es
activated  and  undergoes  clonal  expansion  w ith  specificity  to
that  an tigen . T cells di erentiate in to one of two lineages: help -
er  T cells,  w hich  are  positive  for  CD4,  and  cytotoxic  T cells,
w hich  are positive for CD8. CD4 + T helper cells further di eren-
tiate  in to  either  Th1 cells  or  Th2 cells,  w hich  can  be  distin-
guished by di erences in  their cytokine profiles and funct ional-
ity. Th1 cells  produce  IL-2  and  IFN-γ , w hich  are  involved  in  cy-
totoxic  inflam m atory  react ions  in  response  to  in tracellular
pathogens.  They  participate  in  delayed-type  hypersensitivity
react ions, act  prim arily through  cell-m ediated  in teractions and
com m unicat ion  through  cytokines. Th2 cells produce  IL-1, IL-4,
IL-5, IL-9, and  IL-10, favoring  IgE-m ediated  allergic  inflam m a-
tion  and  eosinophil  production  (� Fig.  103.5).  The  cytokines
produced  by  each  cell  type  inhibit  the  activation  of the  other
cell  type, thus  prevent ing  the  activation  of conflict ing  inflam -
m atory pathways.

Di erent ial  activation  of Th1  and  Th2  pathways  w ith in  the
nasal cavity prom otes di erential expression  of rhinologic dis-
ease. In  chronic rhinosinusitis w ith  nasal polyps (CRSw NP), the
local  in flam m atory  environm ent  exhibits  a  predom inance  of
Th2 cells and the Th2-related cytokines IL-4 and IL-5. This is sig-
nificantly  di erent  from  chronic  rhinosinusitis  w ithout  nasal
polyps (CRSsNP), w hich  is generally a  Th1-driven  process. Act i-
vation  of the  Th2  cytokine  profile  is  associated  w ith  the  influx
of eosinophils, w hich  comprise  60 to 90% of the  cell population
in  nasal polyps. The inflam m atory products of eosinophils have
the  capacity  to  inflict  local  t issue  dam age,  w hich  has  been
proposed  to account  for  the inflam m atory react ions that  occurs
in  nasal  polyposis.  The  predom inance  of  a  Th2-  and  eosino-
philia-m ediated react ion  also accounts for the association  of na-
sal polyps w ith  allergy and  asthm a, w hich  are  also Th2-driven
processes.

103.5  Roundsm anship
●  Nasal im m unity relies on  both  innate and adaptive

m echanism s.
●  Deficiencies, as well as hypersensitivities, of nasal im m unity

can produce disease.
●  Mucociliary clearance m oves pathogens and foreign  particles

toward the nasopharynx.
●  Innate defense m echanism s m ay be antigen-specific, as well

as nonspecific.
●  Opsonization  both  att racts and act ivates other in flam m atory

cells.
●  Chem ical m essengers are able to act ivate genes that assist  in

the body’s defense against  pathogens.
●  B-cell di eren tiat ion and IgE product ion  m ay occur on  the

local level.

●  The balance of Th1 and Th2 cytokines m ay play a role in  cer-
tain  disease processes, such as nasal polyposis.
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Th2 helper cells. IFN, interferon; IL, interleukin.
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104  Olfact ion and Taste  Disorders
William R. Reisacher and Saral Mehra

104.1  Int roduct ion
The ability to sm ell and  taste plays an  im portant  role in  our en-
joym ent  of  life,  as  well  as  our  survival  in  the  world.  These
senses  help  us  identify  w hich  foods  to  eat, as  well  as  alert  us
about  potent ially  dangerous  substances  in  the  environm ent .
The  sense  of sm ell  is  linked  to  sexual  attract ion, and  certain
odors  and  tastes  can  evoke  powerful em otions  and  bring back
vivid  m em ories m any years after  the  in itial experience. For  the
otolaryngologist , disorders  of olfaction  and  taste  are  am ongst
the m ost  di cult  to diagnose and  treat. Because the perception
of flavor  represents a complex in tegration  of olfactory and  gus-
tatory signals  in  the  orbitofrontal and  other  areas  of the  cere-
bral cortex, disorders of taste  and  sm ell are  often  analyzed  to-
gether. However, the two system s are quite di eren t  in  term s of
anatomy, physiology, and  pathology, and  separate  discussions
are warranted.

104.2  Olfact ion Disorders
104.2.1  Applied Anatomy
The  pathway  for  the  sensation  of sm ell  begins  w hen  odorant
m olecules access the olfactory epithelium  via airflow. The olfac-
tory epithelium  is composed  of a 1-  to 2-cm 2 patch  of pseudos-
tratified  colum nar  epithelium  on  the  cribriform  plates,  seg-
m ents of the superior and m iddle turbinates, and superior nasal
septum . The olfactory epithelium  contains nerve endings of the
olfactory sensory neurons of cran ial nerve  I (and  som e endings
of cranial  nerve  V, w hich  sense  compounds  such  as  m enthol,
m ustard, and capsaicin). Olfactory cells are bipolar sensory neu-

rons  w ith in  the  nasal  epithelium  that  have  nonm otile  cilia
(� Fig. 104.1). These  neurons extend  their  unmyelinated  axons
in  bundles  through  the  cribriform  plates  to  synapse  w ith  cells
in  the  olfactory bulbs. Axons from  cells in  each  bulb coalesce to
form  the  olfactory  tract  on  each  side. These  tracts  then  send
their  signals  to  a  w ide  num ber  of brain  areas, w hich  together
are  called  the  prim ary olfactory cortex. The  pat tern  of receptor
stim ulation  is  unique for  each  part icular  odorant, and  th is pat-
tern  is reassem bled centrally for processing.

A m ultigene  fam ily  has  recently  been  identified  in  hum ans
that  encode  approxim ately 500  G-protein–coupled  odorant  re-
ceptors (GPCRs), w hich  are expressed only on  the dendrites and
axons  of olfactory  sensory  neurons. Although  the  neurons  ex-
pressing  a  particular  receptor  are  random ly  dist ributed  in  the
olfactory  epithelium , each  projects  to  a  topographic region  in
the olfactory bulb that  is specific to that  receptor.

104.2.2  Term inology
A sm ell disorder  can  be  described  as  either  a  quantitative  or  a
qualitative  problem . A dim inished  sense  of sm ell  is  hyposmia ,
and  a  total  absence  of sm ell  is  anosmia . Qualitative  disorders,
w hich  can  collectively  be  called  dysosmia s,  include  parosmia
(an  altered  perception  of sm ell that  is usually foul), phantosmia
(perception  of sm ell in  the  absence of a  physical stim ulus), and
agnosmia  (the  inability to verbally di erentiate  a  sm ell despite
being able to distinguish  betw een odorants).

An  etiologic classification  system  also  exists, and  clin ical ol-
factory  disorders  can  be  transport  (conduct ive),  sensory,  or
neural. Transport  loss  is  a  decreased  access  of odorant  m ole-
cules to the  olfactory epithelium , sensory loss involves dam age

Fig. 104.1  Structure  and  cellular population of
the  olfactory epithelium.
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to  the  neuroepithelium , and  neural  disorders  reflect  injury  to
the olfactory bulb and central olfactory pathways.

104.2.3  The Disease Process
Et iology
Loss of sm ell is usually caused  by nasal or  sinus disease, upper
respiratory t ract  infect ion , head  t raum a, or  side  e ects  from  a
large variety of m edications. A comprehensive di erential diag-
nosis for olfaction  disturbances is show n in � Fig. 104.1.

Pathogenesis
The  pathogenesis  of disorders  involving  olfaction  depends  on
the  etiology. The  m echanism  of chronic rhinosinusitis  (CRS) is
likely a  m ixed  transport  and  sensory problem  consisting of ob-
struct ion  and  direct  injury to the  neuroepithelium , resulting in
baseline olfactory sensory neuron  death. This m ixed loss theory
is supported  by the finding that  a num ber of pat ien ts w ho have
adequate  m edical  or  surgical  treatm ent  for  other  sinonasal
complaints  have  persisten t  osm ias. The  pathogenesis  of olfac-
tory disorders follow ing viral infection  is  postulated  to  involve
the olfactory receptor cells; however, a cent ral m echanism  can-
not  be  completely  ruled  out. There  is  also  a  strong association
betw een  olfaction  disorders  and  neurodegenerat ive  diseases
such  as Parkinson  disease and Alzheim er disease. Finally, m alin-
gering  m ust  be  included  in  the  di erential  diagnosis  of sm ell
disorders, and  a  num ber  of object ive  tests  are  designed  to  de-
tect  m alingerers.

104.2.4  Medical Evaluat ion
Present ing Com plaints
A thorough  pat ien t  h istory  w ill  include  the  t im ing  of the  ol-
factory problem  (sudden , gradual, fluctuat ing);  previous inci-
den ts of the  problem ;  an teceden t  even ts (head  t raum a, upper
respiratory  in fect ion);  associated  sym ptom s  (nasal  obstruc-
t ion ,  rh inorrhea);  the  presence  of  other  neurologic  deficits,
such  as  m em ory  im pairm ent  and  m otor  findings;  and  a  h is-
tory of nasal surgery.

Physical Examinat ion
The  physical exam inat ion  should  include  a  thorough  otologic,
upper  respiratory, and  head  and  neck evaluation. The  nasal ex-
am ination  should  include  endoscopy  evaluating  the  m iddle
m eatus,  sphenoethm oid  recess,  nasopharynx,  and  olfactory
cleft;  any  anatom ical  obstructions  to  airflow, such  as  polyps,
m asses, or  edem atous  m ucosa, should  be  noted. In  addition, a
comprehensive  neurologic  exam ination  should  be  conducted
that  em phasizes  the  cranial  nerves  and  general  sensorim otor
function.

Test ing
Tests  of  olfaction  disorders  are  useful  in  confirm ing  pat ient
complaints, docum ent ing the level of impairm ent, and  evaluat-
ing  improvem ent  over  t im e. Qualitative  olfactory  im pairm ent
can  be tested w ith  a forced-choice verbal identificat ion  of odors

such  as  in  the  University  of Pennsylvania  Sm ell  Identification
Test  (UPSIT), “Sni n’ Sticks,” and  the  Connect icut  Chem osen-
sory Clinical Research  Center  Test  (� Fig. 104.2). The UPSIT uses
40  scratch-and-sni  odors;  the  patient  m ust  choose  from  one
of four  and  identify  the  odor. This  test  can  also  be  helpful  in
identifying  m alingering.  Threshold  tests,  discrim ination  tests,
and object ive tests (e.g., chem osensory event-related potent ials,
odor-induced changes on  elect roencephalogram  and elect ro-ol-
factogram )  can  also  be  conducted  as  indicated. Serum  testing
for  system ic  diseases  should  include  blood  glucose,  thyroid
function, erythrocyte sedim entation  rate, and  liver  funct ion. Fi-
nally, skull base and/or  brain  im aging w ith  computed  tom ogra-
phy  (CT)  or  m agnetic  resonance  (MR)  im aging  is  indicated  as
guided by the m edical evaluation.

104.2.5  Treatm ent
Treatm ent  should  focus on  the etiology and  m ay involve a m ul-
tidisciplinary team . For patients w ith  a t ransport  sm ell disorder,
m edical m anagem ent  of allergies, infect ions, and  inflam m ation
is  frequen tly  e ect ive. Surgery  m ay  be  indicated  w hen  poly-
posis, nasal septal deviat ion , or  CRS results in  a  t ransport  d is-
order.  How ever,  it  is  im portan t  to  rem em ber  that  CRS m ay
cause  direct  toxicity  to  the  olfactory nerve, w hich  m ay result

Fig. 104.2  Some commonly available tests to assess olfactory function.
(a) Sniffin’ Sticks. (Courtesy of Burghart  Messtechnik, Wedel,
Germany). (b) University of Pennsylvania  Smell Identification Test
(UPSIT). (Courtesy of Sensonics, Haddon Heights, NJ).
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in  persisten t  olfactory  loss  even  after  polyp  rem oval  and  si-
nus reven t ilat ion .

104.2.6  Prognosis
Although  there  is  no  proven  e ect ive  treatm ent  for  a  sensori-
neural  olfactory  loss, spontaneous  recovery  and  regeneration
are  com m on  in  postviral olfactory disorders and  m ay occur  up
to  2  years  after  viral exposure. Sim ilarly, in  olfactory  dysfunc-
tion  follow ing  head  t raum a, im provem ent  m ay  occur  w ithout
intervention  because  of the  regenerative  capacity of the  olfac-
tory system . One  study that  tested  olfactory funct ion  in  66  pa-
tients  w ith  olfactory  dysfunct ion  follow ing  head  injury  found
that  36% im proved, 45% showed  no change, and  18% worsened.
Treatm ent  is  warranted  because  patients risk injury from  their
inability  to  detect  gas  leaks,  sm oke, spoiled  foods, and  other
warning signs of im pending danger. Also, quality of life is signif-
icantly a ected in  pat ien ts w hose enjoym ent from  tasting foods
is  dim inished,  leading  to  weight  loss,  m alnutrit ion,  im paired
im m unity, and  worsening of m edical illness, particularly in  the
elderly.

104.3  Taste  Disorders
104.3.1  Applied Anatomy
The  sense  of taste  occurs  w hen  chem icals  bind  to  taste  recep-
tors, w hich  are  polarized  neuroepithelial cells that  form  colum -
nar,  pseudostratified  “islands”  in  the  surrounding  oral  cavity
epithelium . Clusters of approxim ately 50 to 100 taste receptors,
know n as taste buds, are located at  various places w ith in  the or-
al cavity, including the  edges of the tongue, anterior  and  dorsal
surfaces of the  tongue, soft  palate, pharynx, and  larynx. On  the
tongue, taste buds are located w ithin  fungiform , foliate, and  cir-
cumvallate  papillae.  Fungiform  papillae  are  on  the  anterior
two-thirds  of the  tongue  and  can  contain  up  to  15  taste  buds.
Foliate  papillae  are  located  on  the  posterior  and  lateral  edges
of  the  tongue  and  typically  contain  m any  m ore  taste  buds
than  fungiform  papillae. The  approxim ately nine  circumvallate

papillae are located  on  the  posterior  tongue, separating the an-
terior tongue from  the base of the tongue.

Taste  receptor cells share  alm ost  all of the  properties of neu-
ral cells  except  that  they have  no  axons (� Fig. 104.3). Sensory
inform ation  is transm it ted to a erent  nerve fibers located w ith-
in  the  taste  buds, w hich  have  cell bodies in  the  sensory ganglia
of cran ial nerves VII, IX, and X. Fibers from  these ganglia project
in to  the  central nervous system  at  the  level of the  rostral soli-
tary  nucleus  of the  brainstem . Signals  then  travel via  thalam ic
pathways to  the  prim ary opercular  and  insular  taste  cortex, as
well as the orbitofrontal cortex, cingulate gyrus, and  other in te-
grative project ion  areas. Cranial nerve VII, w hose cell bodies are
w ithin  the  geniculate  ganglion,  transm its  taste  inform ation
through  two  branches,  the  chorda  tym pani  and  the  greater
superficial  petrosal  nerve. Cranial nerve  IX, w hose  cell  bodies
are  in  the  petrosal ganglion , innervates m ost  of the  foliate  and
circumvallate  papillae. Cranial nerve X, w hose cell bodies are  in
the  nodose  ganglion, innervates taste  buds in  the  pharynx and
larynx via the superior laryngeal nerve.

The  five  basic tastes  in  hum ans are  sweet, sour, bit ter, salty,
and  um am i. Sweet  taste  encourages the  consumpt ion  of carbo-
hydrates, w hich  are required for energy. Sour  taste is associated
w ith  acids,  w hich  increase  as  foods  begin  to  spoil.  Likew ise,
m any  substances  that  are  poisonous  to  hum ans  have  a  bitter
taste.  Salt  in take  is  necessary  for  m aintaining  water  balance
and blood  circulation, and  um am i, w hich  is the taste of L-gluta-
m ate, signals  the  presence  of proteins  in  food. Certain  visual
and  textural cues can  also have  an  im pact  on  the  perception  of
how  food tastes, and m any genet ic, cultural, and developm ental
factors contribute to an  individual’s attract ion  to certain  foods.

104.3.2  Term inology
A quant itat ive  reduct ion  in  gustatory  sensitivity  is  referred  to
as hypogeusia , w hereas the absence of th is sense is called  ageu-
sia . Certain  central  nervous  system  diseases, such  as  m ultiple
sclerosis, are capable of producing a taste disturbance on  half of
the tongue, called  hemiageusia . A qualitative reduct ion  in  gusta-
tory sensitivity is referred to as dysgeusia . An  altered perception

Fig. 104.3  Organization of taste  receptor cells
within  a  taste  bud.
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Table 104.1  Di erential diagnosis of olfactory and taste disorders

Etiology of olfactory disorders  Et iology of taste  disorders

Nasal and  sinus disease  Oral and  perioral infect ions

Allergic or vasomotor rhinitis

Chronic sinusitis  Aging

Nasal polyps

Adenoid  hypertrophy  Iatrogenic causes

Following  viral upper respiratory infection  Oral appliances

Dental procedures

Head  trauma  Middle  ear surgery

Direct  injury  Oncologic surgery

Nerve  injury  Procedures with  lingual compression

Brain  injury  Tonsillectomy, oropharyngeal surgery

Microlaryngoscopy

Neurodegenerat ive  disease  Endotracheal intubation

Alzheimer disease

Parkinson  disease  Trauma

Multiple  sclerosis  Fractures of the  skull base  or midface

Aging  Neurologic condit ions

Idiopathic mononeuropathy, polyneuropathy (e.g., Bell palsy)

Exposures and  nutrit ional factors  Cerebrovascular disorders, accidents

Medications  Gustatory aura with  epilepsy or migraine

Cigaret te  smoking  Multiple  sclerosis

Cocaine  abuse  (intranasal)

Toxic chemicals  Systemic disease

Industrial agents  Sjögren syndrome

Vitamin  and  trace  metal deficiency

Radiation treatment  of head and  neck  Endocrine  disorders

Adrenocortical insufficiency

Congenital condit ions  Diabetes mellitus

Congenital anosmia  Hypothyroidism

Turner syndrome

Kallmann syndrome  Congenital condit ions

Kallmann syndrome

Neurologic condit ions  Turner syndrome

Neoplasm  or brain  tumor

Epilepsy (olfactory aura)  Exposures and  nutrit ional factors

Migraine  headache  (olfactory aura)  Medications

Cerebrovascular accident  Vitamin  and  trace  metal deficiency

Parkinson  disease  Malnutrition
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of taste  w ithout  any stim ulation  is  know n  as  parageusia . Dys-
geusia  and  parageusia  can  be  further  described  depending  on
the  type  of taste  that  is  present . The  perception  of a  foul taste
m ay  be  referred  to  as  cacogeusia , and  that  of a  m etallic  taste
m ay be called  meta llogeusia .

104.3.3  Medical Evaluat ion
Present ing Com plaints
The  diagnosis  of taste  disorders begins  w ith  a  detailed  history,
start ing  w ith  a  description  of  the  problem .  The  physician
should  ask w hen  the problem  first  was noted  and  about  events
that  occurred  around  that  t im e,  such  as  illnesses,  radiation
treatm ents, or  new  m edications. The  history  should  also  elicit
inform ation  about  recent  t raum a or surgical procedures, par t ic-
ularly those occurring in  the oral cavity or oropharynx.

Physical Examinat ion
During  the  physical  exam ination, the  otolaryngologist  should
perform  a  complete  head  and  neck  exam inat ion,  including  a
thorough  assessm ent  of the  sinonasal  tract  w ith  nasal endos-
copy.  It  is  im portan t  to  rem em ber  that  m any  complaints  of
taste disturbance actually stem  from  olfactory deficits. A careful
exam ination  of the  oral cavity should  be done to assess for  oral
and  perioral infect ions, as well as for dental carries and gingival
disease. Middle  ear  funct ion  should  be  evaluated  w ith  otom i-
croscopy  along  w ith  audiography  and  tym panom etry.  A full
cranial nerve  exam ination  should  be  perform ed, and  any posi-
tive findings should  prom pt  a consultat ion  by a neurologist . Be-
cause  m any causes of taste  disturbance m ay be  system ic in  na-
ture, such  as chronic renal failure  and  liver disease, it  is recom -
m ended  that  each  pat ient  also  have  a  complete  evaluation  by
his or her prim ary care physician.

Table  104.1  continued

Etiology of olfactory disorders  Et iology of taste  disorders

Parkinsonian syndromes  Toxic chemicals and  industrial agents

Alzheimer disease  Radiation treatment  for head  and  neck cancer

Motor neuron  disease

Tremor

Huntington disease

Inherited  ataxia

Psychiatric condit ions

Malingering

Schizophrenia

Depression

Olfactory reference  syndrome

Endocrine  disorders

Adrenocortical insufficiency

Diabetes mellitus

Thyroid  disorder

Primary amenorrhea

Pseudohypoparathyroidism

Systemic condit ions

Sjögren syndrome

Systemic lupus erythematosus

Pregnancy
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Test ing
Testing should  focus  on  identifying  the  etiology, assessing  the
patient’s funct ion, and  determ ining the  im pact  on  the  patient’s
quality  of  life. Blood  testing  m ay  be  usefu l  to  diagnose  nutri-
t ional  deficiencies,  such  as  vitam in  D  and  zinc  deficiencies,
w hich  can  lead  to taste  disturbance. CT or  MR im aging m ay be
obtained  to  rule  out  CRS, tem poral bone  disease, or  brain  ab-
norm alities.  There  are  a  lim ited  num ber  of object ive  tests  to
assess  taste  funct ion, but  one  of the  m ost  com m on  is  elect ro-
gustom etry  (EGM), in  w hich  stim ulation  of the  taste  buds  in
various parts  of the  tongue, either  w ith  an  elect ric stim ulus or
w ith  flavored  paper  discs,  is  followed  by  a  m easurem ent  of
threshold. In  general, increased  thresholds on  both  sides of the
tongue  are  associated  w ith  peripheral dam age  to  the  receptor
system s and the tongue by physical or chem ical traum a, w here-
as  asym m etric  abnorm alit ies  are  usually  associated  w ith  pe-
ripheral  nerve  dam age  or  central  nervous  system  causes. In-
strum ents to help  assess the im pact  of disease  on  quality of life
include  the  Short  Form  36  Health  Survey (SF-36) and  the  Beck
Depression  Inventory.

Di erent ial Diagnosis
Som e com m on  m edications that  m ay lead  to taste  disturbances
include  angiotensin-converting enzym e  (ACE) inhibitors, calci-
um  channel  blockers, diuretics, chem otherapeutic  agents, and
topical  antih istam ines.  Approxim ately  one-third  of  adults
undergoing  tonsillectomy  experience  taste  disturbances  2
weeks  after  surgery,  decreasing  to  fewer  than  10% after  6
m onths. A comprehensive  di erential diagnosis for  taste  disor-
ders appears in � Table 104.1.

104.3.4  Treatm ent
The treatm ent  for  taste disturbance focuses prim arily on  identi-
fying  the  underlying  cause.  The  physician  m ust  also  keep  in
m ind  that  the  perceived  in tensity of taste  generally dim inishes
w ith  age, as well as w ith  psychological problem s. Oral hygiene
m ust  also  be  discussed, along w ith  the  im portance  of sm oking
cessation. Acute  disturbances in  taste  are  typically transien t  in
nature  and  require  no  specific treatm ent . In  2009, there  was a
sharp  rise  in  reports of m etallogeusia  after  the  consumption  of
pine  nuts, w hich  was believed  to  have  occurred  after  a  type  of
pine nut  containing a toxin  had entered the hum an  food supply.
The  condition  becam e  know n  as  “pine  m outh” and  produced
sym ptom s  lasting  for  up  to  2  weeks  after  the  ingestion  of
breads or  sweet  foods. It  has recently been  discovered  that  cer-
tain  genes  control the  temperature  dependence  of sweet  taste

receptors, and  studies  are  under  way  evaluating  the  utilit y  of
hot and cold stim ulation  in  the treatm ent of sweet dysgeusia.

104.4  Roundsm anship
●  The perception  of flavor is a complex in tegrat ion  of olfactory

and taste stim uli in  the cerebral cortex.
●  Disorders of sm ell can  be classified as quantitative (hyposm ia

or anosm ia), qualitative (dysosm ia), or based on  the site of
pathology (transport , sensory, or neural).

●  The five basic tastes in  hum ans are sweet , sour, bit ter, salty,
and um am i, each of w hich  has a proposed survival or hom eo-
static funct ion.

●  A quant itat ive reduct ion  in  gustatory sensitivity is referred to
as hypogeusia or ageusia; a qualitative reduct ion  in  gustatory
sensitivity is referred to as dysgeusia.

●  The possible etiologies of taste and sm ell disorders are large
and varied, and the clin ical evaluation  m ust focus on  identify-
ing the m ost  likely cause.

●  Disorders of sm ell and taste can be dangerous because they
m ay lead to weight  loss, m alnutrit ion, and the inability to
sense danger, particularly in  the elderly.
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105  Benign Nasal Obst ruct ion
Anthony P. Sclafani and Anthony M. Sclafani

105.1  Int roduct ion
Nasal  obstruct ion  is  a  com m on  complain t  frequently  experi-
enced  during  a  num ber  of norm al  and  pathologic  conditions.
When  chronic, however, nasal obstruct ion  can  cause significant
m orbidity and  reduct ion  in  quality  of life. The  physician  m ust
determ ine  the  specific etiology and  direct  treatm ent  toward  it;
however, the  etiology  m ay  often  be  m ultifactorial, and  treat-
m ent  plans  should  be  created  that  m ost  e ect ively  address
these factors.

105.2  Incidence and Prevalence of
Disease
All pat ien ts have experienced nasal congestion  at  som e poin t  in
their  lives,  but  persisten t  nasal  obstruction  for  m ore  than  a
m onth  should  be  evaluated. Sym ptom atic and  persistent  nasal
obstruct ion  is estim ated  to a ect  20% of the  population. Eighty
percent  or  m ore  of individuals  in  the  populat ion  have  a  septal
deviat ion  of  som e  degree,  and  approxim ately  5% of  people
have  sym ptom atic  nasal  obst ruct ion  associated  w ith  a  devi-
ated  septum .

105.3  Term inology
The diagnosis and  m anagem ent  of nasal obstruction  are greatly
facilitated  by a consideration  of structural versus funct ional na-
sal obstruct ion. Nasal obstruct ion  from  a fixed, structural cause
such  as  a  deviated  septum  is  typically constan t  and  usually of
long duration. Obstructive  sym ptom s that  are  of recent  devel-
opm ent or  that  vary over t im e suggest a pathophysiologic cause
and m ay be m ore am enable to m edical t reatm ent. The term  na-
sa l cycle refers to the  cyclical alternation  of vasocongestion  and
decongestion  naturally occurring in  the nose. This cycle is coor-
dinated  betw een  the two sides of the nose; the vasoerectile  t is-
sue  on  one  side  undergoes  engorgem ent  w hile  the  opposite
side shrinks because of dim inished blood flow. In  m ost  persons,
the  pattern  reverses  every 4  to  6  hours. The  term  laminar  a ir-
flow  refers to the  sm ooth, nonturbulent  flow  of air  th rough  the
nasal cavity.

105.4  Applied Anatom y
The nasal cavities are bounded bilaterally by three sets of turbi-
nate  bones, the  nasal sidewalls, and  the  alae, and  m edially  by
the  nasal  septum  and  colum ella. The  caudal  end  of the  nasal
bones  is  term ed  the  pir iform  aperture. The  posterior  choanae
are  the  junct ions  of the  two  nasal cavities  w ith  the  nasophar-
ynx. The  in ternal nasal valve  is  a  physiologic area  bounded  by
the  inferior  turbinate  (anterior  head), the junct ion  of the  upper
lateral  car tilage  (ULC)  and  lower  lateral  cart ilage  (LLC)  (the
“scroll”), the  nasal septum , and  the  nasal floor. The  attachm ent
of the  ULC and  septum  should  form  an  angle  of about  10  to 15
degrees (� Fig. 105.1). The external nasal valve is the rim  of the

ala.  The  inferior  turbinate,  a  separate  bone  (inferior  concha)
form ing the  lower  part  of the  lateral nasal sidewall, is  covered
by  vasoerect ile  m ucosa  that  responds  to  both  environm ental
and  physiologic  stim uli. More  superiorly, portions  of the  eth-
m oid  bone, including the m iddle turbinate, complete the lateral
and  superior  nasal  walls.  Medially, the  nasal  septum  is  com -
posed  of the quadrangular cart ilage, w hich  rests upon  the m ax-
illary crest, a  ridge  of bone  rising up  from  the  palate. Dorsally,
the nasal septum  fuses w ith  the ULCs to m ake up  the lower na-
sal  dorsum . Posteriorly, the  quadrangular  cartilage  articulates
w ith  the  vom er  (inferiorly) and  perpendicular  plate  of the  eth-
m oid  bone  (superiorly). Subm ucosal  blood  vessels  running  in
the  perichondrium  supply  nutr ients  to  the  septal  cartilage.
Sm all areas  of the  septum  are  contributed  by the  palatine  and
sphenoid bones (� Fig. 105.2).

105.5  The Disease Process
105.5.1  Et iology
Given  the  m ultiple  potential  causes  of nasal  obstruct ion, it  is
im pract ical  to  discuss  each  in  detail  here;  m ost  are  covered
m ore  comprehensively  elsewhere  in  th is  book. Deviated  nasal
septum  m ay occur  congenitally, as  a  result  of bir th  t raum a, or
as  a  result  of nasal traum a  later  in  life, but  m ost  often  it  is  de-
velopm ental, becom ing evident  in  adolescence or after  puberty.
Minor  deflect ions  of either  the  bony  or  cart ilaginous  septum
are very com m on, even  in  relatively asym ptomatic pat ients, but
som e  pat ients  w ith  m inor  deviations  m ay  complain  sign ifi-
cantly  of  obstruct ive  sym ptom s.  Likew ise,  turbinate  enlarge-
m ent  can  be  congenital/developm ental,  w ith  bulky  turbinate
bone.  More  com m on  is  m ucosal  hypertrophy  (secondary  to
chronic rhinitis or sinusit is) w ith  or  w ithout  bony enlargem ent.
In ternal nasal valve  dysfunct ion  can  be  idiopath ic or  can  be  re-
lated  to prior  nasal surgery; in tercartilaginous incisions and  re-
m oval  of portions  of  the  lateral  crura  during  rhinoplasty  can

Fig. 105.1  The  internal nasal valve  is defined  by the  nasal septum,
nasal floor, anterior end  of the  inferior turbinate, and  lateral nasal
sidewall. The  internal nasal valve  angle  is roughly 10  to 15 degrees.

105.5  The Disease Process
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weaken  the lateral support of the nasal valve and lead to m edial
collapse  of the  valve. Sim ilarly, the  ULC can  becom e  flail  and
prone  to  collapse  after  dorsal  nasal  reduct ion  because  the  fu-
sion  of the ULC w ith  the septum  m ay be rem oved w hen  a cart i-
laginous dorsal hum p  is  rem oved, and  injudicious  rasping of a
bony  hum p  m ay  disart iculate  the  ULC from  its  attachm ent  to
the  undersurface  of the  caudal  end  of the  nasal  bone. Septal
perforation  (� Fig. 105.3)  or  excessive  rem oval  of  the  inferior
turbinate  (“empty  nose  syndrom e”)  can  also  cause  subject ive
sym ptom s of nasal obstruct ion  associated  w ith  turbulent  nasal
airflow, crust ing, and  dryness. Prior  septal surgery is  the  m ost
com m on  cause  of nasal septal perforation;  in tranasal use  of il-
licit drugs (e.g., cocaine) is also quite com m on.

105.5.2  Pathogenesis
Inspired  air  is  directed  posteriorly after  entering the  nasal cav-
ity,  passing  the  area  of  the  internal  nasal  valve  about  15  to
20 m m  from  the  alar  m argin  and  then  continuing  to  the  naso-
pharynx. Fifty  percent  of total  airway  resistance  occurs  during
the  passage  of air  through  the  nose. Quiet  inspiration  is  gener-
ally lam inar  in  nature, w hereas  expiration  m ay be  m ore  turbu-
lent. Turbulent  airflow  facilitates  air  distribution  w ithin  the  na-
sal cavity, but  requires m ore energy and  m ay lead  to a sensation
of nasal  obstruction. Turbulent  airflow  occurs  in  the  setting  of
higher  transnasal pressures and  faster  air  speeds; hence, narrow
nasal  passages  w ill  require  faster  air  flow  to  deliver  the  sam e
volum e  of air  to  the  nasopharynx, leading  to  m ore  turbulent
airflow. By Poiseuille’s law  of the flow  of a fluid  through  a tube,

w here in  th is case  P equals the transnasal pressure drop, µ rep -
resents  the  fluid  viscosity, L stands  for  the  length  of the  nasal
cavity, Q is the volum e flow  rate, and  r  is the radius of the nasal
cavity. As  the  radius decreases, the  pressure  change  across the
nasal  length  increases  by  the  fourth  power;  therefore, even  a
m oderate  reduct ion  of the  nasal cavity  radius  can  cause  a  sig-
nificant  increase  in  t ransnasal  pressure  unless  it  is  compen-
sated  for  by a  large  reduct ion  in  the  rate  of airflow. As  can  be
seen , a  deviated  nasal  septum , enlargem ent  of  the  turbinate,
partial  inward  collapse  of the  in ternal  nasal  valve, significant
nasal polyposis, or  m asses  w ill reduce  the  nasal airway radius
and  greatly  increase  the  t ransnasal  pressure  di erential. This
pressure  gradient  m ay also  cause  dynam ic inspiratory collapse
at  the sem icollapsible in ternal nasal valve. Furtherm ore, airflow
velocity necessarily increases as the  airway radius decreases in
order  for  the  sam e air  volum e to be  delivered  to the  nasophar-
ynx. As noted  earlier, an  increase in  flow  rate  increases the tur-
bulen t  aspects of airflow, and turbulent  airflow  fur ther contrib-
utes to the sensation of nasal obstruction.

Fig. 105.2  Septal anatomy.

Fig. 105.3  Septal perforation viewed  from  the  patient’s left  nasal
cavity. The anterior end of the left inferior turbinate is seen on the right
side  of the  photo, while  the  right  and  middle  turbinates can  be  seen
through the  septal perforation.
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105.5.3  Natural History and
Progression
Nasal obst ruction, in  and  of itself, represents an  im pairm ent  of
quality  of  life.  It  m ay  lead  to  chronic  m outh  breathing,  dry
m outh,  and  snoring,  but  alone  it  w ill  not  cause  obstruct ive
sleep  apnea. The  treatm ent  of other  sym ptom s associated  w ith
nasal obstruction, such  as epistaxis, chronic rhinorrhea, and  si-
nus infect ion, is best directed at  the underlying cause. Nasal ob-
struct ion  from  a  fixed  cause, such  as  a  deviated  septum , w ill
not  progress, but obstruction  from  a physiologic cause m ay pro-
gressively worsen  until the obstruct ion  is chronic and  complete
unless the root  cause is t reated. Not  uncom m only, the  develop-
m ent  and  progression  of a funct ional cause of nasal obstruct ion
m ay be  associated  w ith  a  previously tolerated  or  compensated
structural cause:  again , the  treatm ent  of both  causes is reason-
able in  sym ptom atic pat ients.

105.5.4  Potent ial Disease Com plicat ions
Nasal  obstruct ion, if  it  a ects  areas  of  sinus  outflow, can  in-
crease the likelihood of sinus infect ion. A severely deviated  sep-
tum  can  comprom ise  the  nasal cavity in  the  area of the  m iddle
turbinate, causing the  latter  to  rem ain  fairly lateral during de-
velopm ent , obstruct ing  the  m iddle  m eatus  and  infundibulum .
Areas  of a  severely  or  sharply  angulated  deviated  septum  can
becom e  dessicated  and  therefore  points  of  epistaxis,  as  can
chronically inflam ed  and  hyperem ic septal or  tu rbinate  m uco-
sa.  Nasal  obstruct ion  can  be  associated  w ith  chronic  m outh
breathing  and  fat igue  (especially  during  strenuous  act ivity),
although  dry  m outh  and  snoring  m ay  be  the  m ost  prom inent
sym ptom s  noted  by  patients;  however,  as  noted  above,  they
w ill  not  cause  obstruct ive  sleep  apnea.  Hyposm ia  m ay  result
from  severe  nasal obstruct ion  because  airflow  to  the  olfactory
nerve endings in  the superior  nasal cavity can  be  comprom ised
by severe  nasal obst ruction;  anosm ia, however, is  typically not
caused  by nasal obstruct ion  alone, and  other causes of anosm ia
m ust be sought .

105.6  Medical Evaluat ion
The  central piece  of the  m edical  evaluation  for  nasal obstruc-
tion  is the physical exam ination . Anterior rh inoscopy w ith  a na-
sal speculum  and  head  m irror/light  should  be  perform ed  both
before  and  after  the topical application  of a nasal decongestan t.
The color and degree of congestion  of the m ucosa, as well as the
response  to  the  decongestan t,  should  be  noted.  Once  decon-
gested, the  posterior  nares  are  m ore  viewable. However, rigid
nasal endoscopy is invaluable  in  inspect ing the  posterior  nares,
m iddle m eatus, and  posterior  choanae. Flexible  endoscopy m ay
be  necessary  w hen  a  severe  caudal  septal  deflection  prevents
an  adequate  posterior  inspection. Nasal  polyps, debris, m uco-
purulence, and  cobblestoning of the  m ucosa  should  be  noted;
any localized  or  atypical soft-t issue  m ass should  be  noted  and
biopsy considered. The in tegrity of the ent ire septum  should  be
ascertained. Crusts of dried  m ucus or  blood  should  be  rem oved
w ith  forceps or  suction  so  that  all m ucosal surfaces  can  be  in-
spected;  sm all septal perforations or  m asses  m ay lurk beneath
this debris.

105.6.1  Present ing Com plaints
In  addition  to  sim ple  nasal  obstruction, patients  m ay  also  re-
port  in term itten t  headaches, nasal discharge, and/or  facial pain
and pressure; these sym ptom s m ay suggest sinusit is, and radio-
graphic im aging is  often  necessary  to  elim inate  the  possibility
of  sinusit is.  Other  sym ptom s  m ay  include  chronic  m outh
breath ing, dry throat, snoring, decreased  sense of sm ell, and, in
the  case  of nasal  obstruction  caused  by  allergic  rh in itis, post-
nasal drip  and rh inorrhea.

105.6.2  Clinical Findings, Physical
Exam inat ion
The diagnosis of a deviated septum  is relatively straightforward;
a  portion  of the  septum  deviates significantly from  the  m idline
(� Fig. 105.4). An  en larged  turbinate  likew ise  fills  a  dispropor-
tionate am ount of the airway and narrows the funct ional lum en
of the  nose. Collapse  of  the  in ternal  nasal  valve  m ay  be  sug-
gested  by  narrow ing  (especially  at  the  dorsal  junct ion  of the
ULC and  septum ), but  the  diagnosis is m ade w hen  there  is visi-
ble  and  sym ptom atic inward  collapse  on  inspiration , w ith  a  re-
duct ion  or  elim ination  of sym ptom atic  obstruction  w hen  th is
area  is  stabilized  (not  splayed  laterally)  w ith  a  sm all  curet  or
forceps. The Cottle  m aneuver  m anually stabilizes the  cheek lat-
eral to the  ala  (w ithout  distract ing the  ala  laterally) in  order  to
prevent  in ternal  nasal  valve  collapse  on  inspirat ion;  patients
w ith  in ternal  nasal  valve  collapse  w ill  note  im provem ent  in
breath ing during  the  Cottle  m aneuver. Am ong  the  m ore  com -
m on  causes  of nasal obstruct ion, allergic  rh in itis  and  sinusit is
are discussed elsew here in  th is book.

A septal disorder, such  as perforation  or  hem atom a, can  also
cause  nasal obstruction. A perforation  can  cause  sym ptom s  of
nasal obstruction , either by serving as a n idus for m ucous crust-
ing or by causing turbulent  airflow ; it  m ay be obvious on  phys-
ical exam ination  or  m ay be  seen  only endoscopically after  dé-
bridem ent  of the  nose. Nasal polyps, although  com m on, cause
nasal obstruct ion  only w hen  m assive. More  com monly, physio-
logic causes  of nasal obstruct ion  include  rh in itis  of pregnancy
(secondary to elevated estrogen  levels and generally seen  in  the

Fig. 105.4  (a) Severe  caudal septal deviation seen by anterior
rhinoscopy. (b) Low septal deviation encroaching  on left  inferior
turbinate  and  obstructing  the  airway. The  inferior meatus is seen.  IM,
inferior meatus; IT, inferior turbinate; S, septum.
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th ird  t rim ester of pregnancy and  in  the first  6 m onths post  par-
tum );  classic rh initis  m edicam entosa  (rhinitis secondary to the
adm inistration  of  α -adrenergic  topical  agents);  and  drug-in-
duced  rhinitis  (particularly  β-blockers, angiotensin-convert ing
enzym e  [ACE]  inhibitors, and  oral  contracept ives).  Rhin itis  of
pregnancy  and  rh in itis  m edicam entosa  generally  have  a  pale,
swollen , and  “boggy” m ucosa (especially the inferior  tu rbinate).
Especially  in  the  case  of rh in itis  m edicam entosa, an  unusually
rapid  decongestion  m ay  be  seen  after  the  application  of a  de-
congestant  spray.

More  uncom m only, in flam m atory condit ions such  as sarcoi-
dosis,  system ic  lupus  erythem atosus,  and  Wegener  granulo-
m atosis  m ay  cause  m ucosal  edem a  and  nasal  obstruction ;
sarcoidosis,  in  part icular,  m ay  present  w ith  a  pale,  “cobble-
stone” m ucosa. Tum ors  of the  nasal  cavity  are  relat ively  rare,
w ith  invert ing  papillom a  the  m ost  sign ificant .  Arising  from
the  lateral nasal sidewall, inver t ing papillom a m ay vary in  ap -
pearance  from  polypoid  to  w art like  and  m ay  degenerate  to  a
squam ous  cell  carcinom a. Finally, m asses  of the  nasopharynx
or  stenosis/atresia  of  the  posterior  choanae  can  cause  nasal
obstruction , so  a  complete  evaluation  of the  nose  and  naso-
pharynx is m andatory.

105.6.3  Test ing
Physical exam ination  of the nose, including nasal and  nasopha-
ryngeal  endoscopy, is  the  first  step  in  the  evaluation  of nasal
obstruct ion. Com puted  tom ography  (CT;  � Fig. 105.5)  is  indi-
cated in  the presence of any bony or soft-t issue erosion  or m ass,
or  if sinusit is  is  suspected;  contrast-enhanced  CT or  m agnet ic
resonance im aging is indicated if a m alignancy is considered.

Funct ional  testing  m ay  include  rhinom anom etry,  acoust ic
rhinom etry, or  peak  nasal  inspiratory  flow. Rhinom anom etry
sim ultaneously  m easures  air  pressure  in  the  nasopharynx and
anterior  nares, but  it  is  cum bersom e  and  generally  lim ited  to
research  applications. Acoustic  rh inom etry  determ ines  the  in-
ternal cross-sectional area of the  nose by m easuring the  reflec-
tance  of sound  waves and  can  be  perform ed  easily in  the  o ce
setting; it  can be useful in  evaluating changes in  the in ternal na-
sal structure, but  its  accuracy decreases  posteriorly in  the  set-
t ing  of significant  anterior  obst ruction . Peak  nasal  inspiratory
flow  m easures the  m axim al airflow  through  the  nose, but  nor-
m ative  data  are  lacking, h indering its  clin ical use. If an  inflam -
m atory  process  is  suspected, biopsy  and  serologic  testing  are
perform ed as indicated.

105.6.4  Di erent ial Diagnosis
The  di erential diagnosis of nasal obstruct ion  is  broad, includ-
ing  com m on  as  well  as  uncom m on  causes. Principal  prim ary
causes of nasal obstruct ion  include deviated nasal septum  (con-
genital, developm ental, or  traum atic;  � Fig. 105.6), in ferior  tur-
binate  hypertrophy, and  in ternal nasal valve  collapse. Com m on
secondary causes of nasal obstruction  include upper respiratory
tract  infect ions;  sinusitis;  rh initis  (allergic or  nonallergic);  rh i-
nitis  m edicam entosa;  rh initis  of  pregnancy;  and  m edications
(especially  β-blockers, ACE inhibitors, oral  contraceptives, and
m any  psychotropic  m edications). More  uncom m on  causes  in-
clude  septal  hem atom a  or  perforat ion;  nasal  polyps;  choanal
atresia/stenosis;  nasal foreign  bodies;  nasopharyngeal m asses;

Fig. 105.5  (a) Axial computed  tomographic (CT) scan  demonstrates
deviation of the  septum  from  the  midline. The  left  inferior turbinate
fills in much of the void created by the deviation. The maxillary sinus is
well aerated  and  has no evidence  of mucosal disease. The  zygoma,
mandibular condyle, and  medial pterygoid  and  lateral pterygoid
processes are  also  seen  in  this projection.  IT, inferior turbinate; LP,
lateral pterygoid; MC, mandibular condyle; MP, medial pterygoid; MS,
maxillary sinus; S, septum; Z, zygoma. (b) Coronal CTscan of the same
patient  further demonstrates the  severity of the  septal deviation. The
inferior turbinate fills much of the space voided by the septal deviation.
The  middle  turbinate  is seen, and  the  ethmoid  sinuses and  maxillary
sinuses are  free  of disease. The  orbital muscles are  seen: the  superior
rectus, lateral rectus, and inferior rectus; the medial rectus is seen just
below the  superior oblique  muscle  (not  marked). The  optic nerve  is
clearly seen. ES, ethmoid  sinuses; IR, inferior rectus; IT, inferior
turbinate; LR, lateral rectus; MR, medial rectus; MS, maxillary sinuses;
MT, middle  turbinate; ON, optic nerve; S, septum; SR, superior rectus.
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inflam m atory  disorders  (Wegener  granulom atosis, sarcoidosis,
system ic lupus  erythem atosus);  nasal tum ors  (invert ing papil-
lom a, carcinom a); and hypothyroidism .

105.7  Treatm ent
105.7.1  Medical Treatm ent
The m edical m anagem ent of nasal obstruct ion  is directed at  the
underlying cause. In  general, nasal obstruction  from  noninfec-
tious,  noninflam m atory  disorders  is  treated  sym ptom atically.
Nasal  saline  sprays  and  rinses, along  w ith  topical  em ollients,
m ay help relieve or reduce sym ptom s, as well as assist  the natu-
ral cleansing m echanism  of the nose by facilitating the débride-
m ent  of  dried  m ucus.  Topical  nasal  cort icosteroids,  in  m ost
cases  and  unless  contraindicated, m ay  help  relieve  prim ary or
react ive  m ucosal edem a, thereby providing a  m ore  paten t  air-
way. Topically applied  nasal steroids typically begin  to dem on-
strate  an  e ect  in  7  to  10  days. The  m ost  com m on  side  e ects
of  in tranasal  steroids  include  headache,  postnasal  drip ,  and
nasal  dryness.  Pat ien ts  should  be  advised  to  avoid  spraying
the  m edicat ion  direct ly tow ard  the  sep tum  to  avoid  chem ical
irr itat ion  of the  m ucosa  and  the  possibility  of a  septal perfo-
rat ion . Pat ien ts  should  be  counseled  to  adm in ister  the  spray
w ith  the  con t ralateral  hand ,  aim ing  tow ard  the  ipsilateral
m edial can thus.

Nasal  decongestan ts  m ay  provide  som e  m ild  tem porary  re-
lief  by  reducing  the  vascular  engorgem ent  of  (prim arily)  the

inferior  turbinates, but  th is  is  generally  acceptable  to  patien ts
only  for  short-term  relief, as  in  an  upper  respiratory  tract  in -
fect ion  or  seasonal allergic rh initis. Directly applied  topical de-
congestants  cause  a  m ore  potent  decongestion  of  the  nasal
m ucosa, but  routine  use  for  m ore  than  3  to 4  days m ay induce
a  relative  resistance  to  norm al, physiologic adrenergic  stim uli
—hence, the  severe  rebound  congestion  associated  w ith  rhin i-
tis m edicam entosa.

In  the case of nasal obstruction  caused by septal perforations,
m ost  sym ptom s can  be relieved  w ith  saline sprays, nasal rinses,
and  topical em ollien ts. A septal but ton  can  be  placed  through
the  perforation  to  reduce  sym ptom atic w histling. Made  of soft
silicone,  th is  two-piece  device  is  inserted  bilaterally  and
snapped  together  through  the perforation, lim iting or elim inat-
ing airflow  across the perforation.

105.7.2  Surgical Treatm ent
The four  m ost  com mon  reasons for  surgical treatm ent  of nasal
obstruct ion  are  correct ion  of nasal septal deviation , t reatm ent
of turbinate hypertrophy, in ternal nasal valve  repair, and  repair
of septal perforation.

Correct ion of Deviat ion of the  Nasal Septum
Modern  correct ive  septal surgery can  be  divided  in to two basic
categories:  subtotal  septectomy,  popularized  by  Killian ,  and
septoplasty, described  by  Cottle. The  Killian  approach  is  m ore
direct ,  rem oving  deviated  septal  cartilage  and  bone, w hereas
the  Cottle  ph ilosophy is predicated  upon  m anaging the  natural
tendency of the  cart ilage  to  warp  w hile  m axim ally  preserving
cartilage. Ultim ately, all septal m anipulations are  perform ed  in
a  subm ucoperichondrial and  subm ucoperiosteal plane  in  order
to preserve septal blood supply.

The  Killian  incision  is  m ade  parallel and  10 m m  posterior  to
the  caudal septum . Before  elevating a  m ucosal flap, it  is essen-
tial  to  perform  proper  hydrodissect ion  of  the  m ucoperichon-
drium  by inject ing local anesthetic in to  both  sides  of the  sep-
tum . Correct  inject ion  is  evidenced  by blanching and  elevation
of the  m ucosa and  represents separation  of the  m ucoperichon-
drium  from  the cart ilage. The plane is fur ther developed, the ip -
silateral m ucosal flap  is  raised  over  both  the  cart ilaginous  and
the bony septum , and  an  incision  through  the  car tilage is m ade
parallel to the m ucosal cut; th is provides access to the contrala-
teral subm ucoperichondrial  plane, w hich  is  sim ilarly  elevated.
Once  both  m ucosal flaps  are  elevated, a  cartilage  cut  is  m ade
and  continued  to  the  bony  septum ,  parallel  to  (but  at  least
10 m m  below ) the dorsal septal edge. The cart ilage is freed from
its posterior bony attachm ents to the perpendicular  plate of the
ethm oid  and  vom er, and  then  cut  from  its  attachm ent  to  the
m axillary  crest. Once  th is  outlined  segm ent  of cartilage  is  re-
m oved, only a caudal/dorsal L-shaped strut of car t ilage rem ains.
It  is essential that  th is L-strut  be located at least 10 m m  caudally
and dorsally to avoid  a t ip  collapse and a saddle nose deform ity,
respect ively. Any deviated  portions  of posterior  septal bone  or
m axillary  crest  are  then  rem oved  w ith  rongeurs  or  an  osteo-
tom e, as described in  the section  on  septoplasty (� Fig. 105.7).

The  Killian  subm ucous resection  o ers  sim ple  and  quick ac-
cess to the m id and posterior septum . However, exposure of the
caudal port ion  of the  L-strut  is  very lim ited, and  the  elevation

Fig. 105.6  Septal deviations can  present  in  various forms.
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of bilateral com plete  sep tal flaps  is  necessary. A large  poten-
t ial space  for  flu id  collect ion  (septal hem atom a  or  serom a) is
created , and  a  sign ifican t  por t ion  of the  rem ain ing  quadran-
gular  car t ilage  has  been  separated  from  its  blood  supply, the
m ucoperichondrium .  Deviated  por t ions  of  car t ilage  are  re-
m oved, rather  than  rem odeled, and  so  deviat ions  of  the  re-
m ain ing  L-stru t  are  not  addressed  by  the  classic  subm ucous
resection .

Septoplasty  is  classically  perform ed  through  a  Cottle  hem i-
transfixion  incision , placed  at  the m argin  of the caudal septum .
An  ipsilateral m ucosal flap  is  elevated  along  the  length  of the
septum ,  including  the  m axillary  crest.  Decussat ing  fibers  of
periosteum  and  perichondrium  often  m ake th is elevation  m ore
di cult , and  a  two-tunnel (one  along the  inferior  septum , one
along the  m edial nasal floor) approach  is  used, enabling sharp
division  of the  decussating fibers  if needed. A “sw inging door”
of car t ilage is created by first  rem oving an  inferior str ip  of cart i-
lage  along  the  length  of the  m axillary crest, incising cartilage,
and  dissect ing th is  strip  from  the  contralateral m ucoperichon-
drium . Next , the  quadrangular  cart ilage  is  disart iculated  from
the bony septum , allow ing elevation  of the  contralateral m uco-
perichondrium  from  the  bony  septum . A Takahashi  forceps  is
used  to  rem ove  sm all  fragments  of bone  to  allow  free  m ove-
m ent  of the  septal car tilage. Significant  bony septal deviations
are  m ore  carefully rem oved  by first  incising the  bone  superior
to  the  deviation  sharply  w ith  bone  scissors;  it  should  be  re-
m em bered that the perpendicular plate inserts in to the anterior
cranial fossa floor, and rough  handling of th is bone can  lead to a
cerebrospinal fluid leak. If the rem aining quadrangular cartilage
(pedicled  on  its dorsal attachm ents and  on  one unelevated  m u-
coperichondrium ) can  be  m oved  to  the  m idline  easily, no  fur-
ther  in tervent ion  is  needed  (� Fig.  105.8).  However,  in  m ost
cases  there  are  still  substantial  deviations  rem ain ing.  Along
concave  areas,  a  series  of  par tial-th ickness  cartilage  incisions
can  be  m ade, parallel to the  axis around  w hich  cart ilage  warp-
ing is  desired  (� Fig. 105.9). Significant  deviations  that  still re-
m ain  m ay be incised and dissected o the contralateral m ucosal
flap. Finally, the  caudal septum  can  be dissected  from  the ante-
rior  nasal spine  (anterior-m ost  portion  of the  m axillary crest)

and  sutured  as  necessary  to  the  nasal  floor  periosteum  or
through  a hole drilled in to the m axillary crest.

The  m ain  advantage  of the  Cottle  septoplasty  is  the  greater
am ount  of structure  preserved  and  the  avoidance  of bilateral
m ucoperichondrial  elevat ion . Th is  m akes  sep tal  car t ilage  re-
sorpt ion , saddle  nose  deform ity, and  sep tal hem atom a form a-
t ion  less  likely. How ever, car t ilage  w arping can  be  unpredict -
able  and  m ay leave  residual deviat ions.

Regardless of the  specific technique  used, once  the  deviation
has been  corrected, the m ucosal flaps are  quilted  together  w ith
a  transseptal  4–0  plain  gut  running  suture  and  the  incision
closed w ith  in terrupted 4–0 chrom ic sutures. It  is good  pract ice
to close m ucosal tears w ith  4–0 plain  sutures, and  these should
always be  closed  if a  tear  is located  nearby on  the  contralateral
flap. In  these cases, or  if there is excoriation  of the m ucosa, soft
silicone splin ts should  be placed  bilaterally and  sutured  togeth-
er  w ith  transseptal  2–0  silk  sutures.  Septal  perforat ions,
although  uncom m on,  are  m ost  frequently  seen  after  septal
surgery.  Hem ostasis  should  be  excellent  at  the  conclusion  of
the  surgery,  and  nasal  packing  is  alm ost  always  unnecessary

Fig. 105.7  Killian  submucous resection  of the  septum  removes
maximal amounts (shaded area) of septal cartilage.

Fig. 105.8  Cottle  septoplasty preferentially removes minimal amounts
of cartilage to allow the creation of a “swinging door” of quadrangular
cartilage.

Fig. 105.9  (a–c) Partial-thickness cartilage  incisions promote  warping
away from  the cuts around an axis parallel to the cuts and can be used
to  promote  septal cartilage  remodeling.
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because  epistaxis  after  septal  surgery  is  uncom m on  (1%).  It
should  be  noted  that  because  the  grow th  centers  of the  nose
are  located  in  the  inferior  quadrangular  cart ilage, driving  the
grow th  of the  nose  during puberty, septal surgery is  generally
deferred until age 15 years in  girls and 16 years in  boys; prem a-
ture  disturbance or destruct ion  of the nasal grow th  centers can
stun t full grow th  of the nose to adult  size.

Treatm ent  of Turbinate  Hypert rophy
Multiple  t reatm ents  of  turbinate  hypertrophy  have  been  de-
scribed, but  these can  be categorized loosely as those that  repo-
sit ion , those  that  rem ove  bone, and  those  that  treat  cartilage.
Long-term  control of m ucosal hypertrophy w ith  depo inject ions
of cort icosteroids has been  described, but  the  potential for  ret-
rograde inject ion  in to orbital vessels, causing blindness, has led
to  the  abandonm ent  of th is  practice. Mucosal and  subm ucosal
cauterization  of the  turbinates  w ill  induce  som e  fibrosis  after
tissue  death, leading to som e contracture  of the  m ucosal surfa-
ces.  However,  w ith  all  turbinate  therapies, untreated  m ucosa
w ill undergo additional en largem ent  if the  underlying cause  of
the hypertrophy is not  addressed. Fracturing the turbinate (out-
fracture) laterally alone  can  relieve  nasal obstruction , but  only
briefly (3  to  6  m onths). Total rem oval of the  inferior  turbinate,
addressing both  bone  and  m ucosa, was sim ilarly advocated  but
subsequently abandoned. Total rem oval frequently  injured  the
sphenopalat ine  artery  at  the  posterior  end  of  the  turbinate,
causing m assive  epistaxis;  in  the  long term , these  patients fre-
quently developed  atrophic rh initis. Patient  complaints of nasal
obstruct ion  after  total turbinectomy are  believed  to  be  the  re-
sult  of a  lack of m ucosal surface  area for  air  hum idification  and
the  production  of  m ucus,  and  th is  is  di cult  to  t reat  ad-
equately. Part ial turbinectomy, rem oving the an terior  one-th ird
of the turbinate, is h ighly e ect ive in  relieving nasal obstruct ion
caused  by turbinate  enlargem ent  because  th is  area  is  the  nar-
rowest  portion  of  the  nasal  airway. After  the  m ucosa  in  th is
area has been  crushed w ith  a curved  hem ostat  to reduce bleed-
ing, the turbinate bone and  m ucosa are  cut  w ith  turbinate  scis-
sors along the line  of crushed  t issue, and  the  an terior  turbinate
is  rem oved  w ith  Takahashi forceps;  the  stum p  of the  turbinate
is  cauterized  and  the  rem aining turbinate  outfractured. A sub-
m ucous  resection  of  the  turbinate  is  sim ilar,  except  that  the
m ucosa  is  first  incised  along  the  free  turbinate  m argin , and  a
flap  of m ucosa is elevated  from  the m edial side of the turbinate
bone. The turbinate bone, along w ith  the  m ucosa on  the lateral
side  of the  turbinate, is  crushed  and  excised. Follow ing cauter-
ization  of the  stum p, the  m ucosa flap  is redraped  over  the  raw
surface. Subm ucous resection  of the turbinate generally is asso-
ciated  w ith  less  postoperative  crusting  than  partial  tu rbinec-
tomy.  Newer  technologies,  such  as  radio-frequency  ablation
and  subm ucosal powered  débridem ent , also lead  to less bleed-
ing,  but  only  subm ucosal  powered  débridem ent  has  been
show n  to  be  associated  w ith  lasting results  sim ilar  to  those  of
partial or subm ucous resection  of the turbinates.

Because  the  inferior  turbinates are  covered  w ith  vasoerect ile
tissue, bleeding is the m ost com m on complication  (5%) of turbi-
nate  surgery. Adequate  hem ostasis  should  be  ensured  by  the
conclusion  of surgery, and consideration  given  to the placem ent
of resorbable  gelatin  hem ostatic  sponge  m aterial  over  the  cut
surfaces of the turbinate; however, as w ith  septal surgery, nasal

packing  is  rarely  needed. Pat ients  should  be  started  early  on
saline nasal sprays to dim inish  crust ing and  prom ote rapid  m u-
cosal  healing. In  general, after  th is  and  m ost  other  nasal  sur-
geries, it  is good  practice  to  advise  patien ts against  nose  blow -
ing, head hanging, and strenuous act ivit ies for 10 days after sur-
gery to avoid  postoperative epistaxis.

Internal Nasal Valve Surgery
As m entioned  earlier, the  in ternal nasal valve  is  form ed  by the
caudal  end  of  the  ULC,  inferior  turbinate,  septum ,  and  nasal
floor. Narrow ing of the  cross-sect ional area  of the  airway w ill
increase  air  speed  and  the  transnasal pressure  gradient . Weak-
ness of any wall of the valve area w ill lead to inward inspiratory
collapse. In  addition  to correct ing any septal deform it ies and/or
turbinate  enlargem ent,  increasing  the  nasal  valve  angle  (be-
tween  the  ULC and  the  septum , norm ally approxim ately 10  to
15  degrees)  or  strengthening the  lateral wall of the  valve  (the
ULC, LLC, and  their  articulation  at  the  “scroll”;  see  Chapter  53 )
can  reduce or correct  im paired inspiratory airflow.

The two m ain surgical m aneuvers in  valve repair are spreader
and  alar  bat ten  grafts. Both  can  be placed  through  either closed
or open  rhinoplasty approaches. To create  a spreader graft , car-
tilage is harvested (ideally from  the nasal septum  or the conchal
bow l) and  shaped  in to  a  rectangular  block 2  to  3 m m  w ide, 12
to 15 m m  long, and  3 to 4 m m  thick. It  is then  sutured  in  a sub-
m ucosal pocket  after  the  ULC has been  divided  from  the  dorsal
septum . This w ill w iden  the  nasal valve  cross-sect ional area by
m aintaining the ULC m ore laterally (� Fig. 105.10). The alar bat-
ten  graft  is  used  for  m ore  flail caudal ULC and  LLCs, including
their  attachm ent  to  each  other  at  the  scroll. This  area  m ay be
weak congenitally because  of m alposit ion  of the  lateral crus or
(m ost  com m only)  because  of lateral  crus  resection  during  re-
duct ion  rhinoplasty. An  alar  bat ten  graft  is  tucked  in to  a  soft-
t issue pocket  laterally over  the piriform  aperture w hile the m e-
dial  end  is  sutured  to  the  dorsal  septum  (� Fig. 105.11).  The
caudal ULC and lateral crus can  then  be  “suspended” by sutures
from  this m ore rigid  structure, raising the lateral sidewall of the
in ternal valve. Care should  be taken  to position  both  grafts pre-
cisely so they do not  add  bulk w ithout  adding support . There is
generally an  excellen t  “take” of these  grafts, and  w hen  the pro-
cedure  is  perform ed  properly, they  funct ion  quite  well. How -
ever, if not  secured properly at  its ends, an  alar batten  graft  m ay
add bulk to the valve and cause further inward collapse.

Septal Perforat ion Repair
The  repair  of  septal  perforations  uses  existing  nasal  m ucosa;
therefore, as  the  size  of a  perforation  increases, the  am ount  of
available  m ucosa  is  reduced, and  ultim ately  the  complete  clo-
sure  rate  decreases. A perforation  of the  septum  lacks underly-
ing car tilage as well as m ucosa;  as a result  of both  the  underly-
ing cause  of the  perforation  and  chronic crust ing and  bleeding
at  the  edge of the  perforat ion, the  repair  of a septal perforation
generally  requires  the  rem oval of 2  to  3 m m  of the  rim  of the
perforation  to  provide  a  reasonably  healthy  t issue  edge  w ith
w hich to work.

Perforations  sm aller  than  5 m m  in  diam eter  can  usually
be  repaired  through  an  in tranasal  approach,  w hereas  larger
perforations  are  best  repaired  through  an  external rh inoplasty
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approach. Regardless  of its  size, the  repair  of a  septal perfora-
tion  requires  bilateral  m ucosal  flap  elevation ,  advancem ent/
rotation  of  the  m ucosal  flap  edges  w ith  suture  repair,  and
placem ent  of an  in terposition  graft  of cartilage  or  soft  t issue
(tem poralis  fascia  or  acellular  derm is)  between  the  repaired
flaps  to  serve  as  a  sca old  for  full  healing. Repaired  m ucosal
flaps  are  protected  w ith  soft  silicone  splin ts  for  2  to  6  weeks.
Perforations sm aller  than  5 m m  can  be  repaired  by first  w idely
elevating the  m ucosal flaps. Relaxing incisions are  m ade  in  the
flaps  in  areas  w here  the  contralateral  flap  is  in tact :  superior
to the  perforation  and  parallel to the  dorsum  on  one side, pos-
terior  to  the  perforat ion  and  perpendicular  to  the  dorsum  on
the  other  side. The  flaps  are  then  closed  in  a  horizontal  fash-
ion  on  the  first  side  and  ver tically  on  the  other  side, lim iting

the  overlap  of the  repairs. The  relaxing  incisions, w ith  carti-
lage  nourished  by  in tact  m ucosa  on  the  opposite  side,  w ill
heal  by  secondary  in ten tion .  These  repairs  are  generally
(> 85%) successful.

Perforations  5  to  25 m m  in  size  can  require  m ore  extensive
surgery. A large, posteriorly based  m ucosal flap  can  be elevated
from  the  septum , nasal floor, and  lateral sidewall on  each  side
of the  nose. A releasing incision  is m ade along the  underside of
the  turbinate  origin  from  the  lateral  sidewall,  allow ing  free
transposit ion  of the  flap  onto  the  septum  to  close  the  perfora-
tion. Denuded bone at  the nasal sill occasionally requires cover-
age w ith  a skin  graft . Once the flaps have been  used for bilateral
perforation  repair, the in terposition graft  is placed, and the m u-
cosal flaps are quilted  together w ith  a running plain  gut  suture.

Fig. 105.10  A spreader graft  is placed between the upper lateral cartilage and dorsal septum to (a) widen the nasal valve and (b) support  the medial
upper lateral cartilages.
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Silicone  splin ts  are  then  placed  over  both  sides  of the  septum ,
sutured  together  through  the  septum , and  left  in  place  for  6
weeks. With  th is technique, perforations of 25 m m  or  m ore can
be closed successfully in  up to 80% of cases.

Caudal septal perforations present  a unique problem  because
it  m ay be  impossible  to  rotate  a  nasal m ucosal flap  su ciently
for complete perforation  repair. In  these cases, a buccal m ucosal
flap  can  be  raised  from  the  gingivobuccal  sulcus  and  left
pedicled  near  the  m idline.  A  temporary  fistu la  is  created
through  the  sulcus  in to  the  nasal sill  m edially, and  the  flap  is
brought  th rough  in to  the  nose. The  flap  is  then  sutured  to  the
edges  of the  perforation. Two to  three  weeks  later, the  pedicle
can  be  divided  and  the  fistula  closed, but  often  the  pedicle  is
auto-am putated and the fistula closes spontaneously.

The  m ost  likely  adverse  outcom e  after  septal  perforation
repair  is  incomplete  closure  of the  perforat ion. In  general, the
success  rate  for  th is  surgery  decreases  as  the  diam eter  of the

perforation  increases. Sm all perforations can  be  closed  in  85 to
90% of cases, w hereas  the  closure  of m edium  to  large  perfora-
tions m ay be  successful in  only 75  to 80% of cases. Care  should
be  taken  to  avoid  destabilization  of the  caudal and  (especially)
the dorsal car tilage struts, to avoid  the developm ent  of a saddle
nose  deform ity. Epistaxis  from  raw  m ucosal turbinate  edges  is
generally m ild and self-lim ited.

105.8  Roundsm anship
●  Nasal obst ruction  is a sensation  of poor nasal in flow  that  m ay

or m ay not directly correlate w ith  the physical exam inat ion
findings.

●  Sym ptom s of nasal obstruct ion  are increased in  situations of
turbulent  nasal airflow.

●  Even  sm all changes of nasal diam eter in  the areas of airway
narrow ing can  have significant e ects on  nasal airflow.

●  Unless otherw ise contraindicated, nonsurgical treatm ent of
nasal obst ruction  should always be tr ied before surgery is
considered.

●  Nasal obst ruction  m ay be associated w ith  chronic m outh
breathing, dry m outh, and snoring; however, it  is not a proxi-
m ate cause of obstructive sleep apnea.

●  The success of septal perforation  repair is related to the size
of the defect; sm all perforations are usually closed in  85% of
cases, w hereas m edium  to large perforations m ay be closed in
only 75 to 80% of cases.

●  Killian  subm ucous resection  of the septum  classically re-
m oves m axim al am ounts of septal cartilage, leaving only the
dorsal and caudal struts; conversely, septoplasty preserves
m axim al am ounts of cartilage and relies in  part  on the natural
tendency of the cart ilage to warp away from  the side of part i-
al-th ickness cart ilage incisions.
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Fig. 105.11  An alar bat ten  graft  spans the  space  between  the  caudal
upper lateral cartilage and cephalic lower lateral cartilage and between
the piriform aperture and the dorsal septum to strengthen the internal
nasal valve.
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106  Allergic and Nonallergic Rhinit is
Jennifer S. Collins

106.1  Int roduct ion
Rhinitis has both  allergic and  nonallergic causes. It  is a complex
of  sym ptom s  characterized  by  sneezing,  runny  nose  (rhinor-
rhea), nasal congestion , and  nasal itching. Associated  sym ptom s
of itchy  and  watery  eyes, itchy ears, sinus  pressure, and  sleep
disturbance  m ay be  present. Frequent  com orbidities  of rh in itis
include  sinusitis,  asthm a, eczem a, and  recurren t  otitis  m edia.
Mucus  in  the  nose  has  protect ive,  barrier,  and  antim icrobial
propert ies;  however, too  m uch  m ucus  causes  a  m ajor  disturb-
ance  in  daily  life.  The  im pact  and  im portance  of  rh initis  are
often  dim inished  by  practit ioners  and  patients  alike, and  the
sym ptom s a ect  alm ost every aspect of daily act ivit ies. In terfer-
ence w ith  learning, absenteeism  from  school and work, and dis-
ordered  sleep  create  enorm ous  costs  to  society. A m ultim odal
approach  in  treatm ent  is  often  required, including  behavioral
m odificat ions,  an t ih istam ines,  topical  cor t icosteroids,  and
im m unotherapy.

106.2  Incidence of Disease
Rhinitis  is  an  exceedingly  com m on  global  health  problem , af-
fect ing a  quarter  of the  world’s  population  (approxim ately  1.6
billion  people).  Num bers  are  sim ilar  in  the  United  States;
approxim ately 25% of the  populat ion  su  ers from  rh in it is. Al-
lergic  rh in it is  is  the  m ost  com m on  type;  how ever,  cases  of
nonallergic  rh in it is  and  cases  of m ixed  allergic and  nonaller-
gic  rh in it is  accoun t  for  approxim ately  10%–40% of  all  adult
cases.  An  est im ated  17  m illion  individuals  are  a ected  by
nonallergic rh in it is.

Rhin itis  in  all form s  represents  a  terrific cost  to  society. It  is
one  of the  top  10  reasons for  consultation  in  prim ary care  clin-
ics in  the United States. In  the m id  1990s, $1.8 billion  was spent
annually  on  physician  visits  and  m edication. Indirect  costs  to
society  are  equally  as  great,  and  in  the  1990s  there  were
811,000 lost  work days, 842,000 lost  school days, and  4.23 m il-
lion  days of decreased act ivity.

The  incidence  of allergic rh initis varies by sex, age, socioeco-
nom ic class, and  region . In terestingly, allergic rhinitis was case-
reportable  in  the  19th  century.  However,  over  the  next  100
years, the  incidence  of allergic rhin itis rose  sharply, and  it  con-
tinues  to  rise  for  unknow n  reasons. Forty  percent  of children
have  allergic  rhinitis.  Boys  have  the  disease  m ore  com m only
than  girls. As  we  age, for  unknow n  reasons  these  sexual  dis-
crepancies disappear. All races are a ected  equally. Higher soci-
oeconom ic classes often  have a h igher  incidence of disease. The
prevalence  increases from  west  to  east  in  Europe. Additionally,
English-speaking  and  industr ialized  countries  have  a  h igher
prevalence.

In  contrast,  nonallergic  rh initis  typically  presents  after  the
age  of 20  years and  a ects wom en  m ore  than  m en. We  do  not
see  the  sam e di erences in  prevalence betw een  socioeconom ic
classes that are seen  in  allergic rh initis.

The  epidem iology  of allergic  rh initis  has  been  the  focus  of
m any  studies.  Factors  considered  include  incidence  of  child-

hood  infection, socioeconom ic status, fam ily size, and  bir th  or-
der. The  “hygiene  hypothesis” proposes  that  a  decrease  in  the
occurrence  of childhood  infect ions  m ay be  contribut ing to  the
increase  in  allergy. Other  studies show  evidence  of the  im pact
of early antibiotic and acetam inophen  use on  the increasing de-
velopm ent  of allergy. Evidence  from  bir th  cohorts  in  Europe  is
conflict ing regarding the  im pact  of socioeconom ic status on  al-
lergic  rhinitis.  When  Swedish  children  were  followed  in  the
1950s, a  three-  to  fourfold  higher  incidence  of allergic rh initis
was  noted  in  those  w ith  a  h igher  socioeconom ic status. Other
studies  have  show n  evidence  to  the  contrary. Furtherm ore, a
protect ive  e ect  of (1)  a  large  fam ily  size, (2)  being  a  m iddle
child, (3)  m aternal  exposure  to  farm  work  during  pregnancy,
and (4) rural upbringing has been  show n.

Finally,  several  risk  factors  for  developing  allergic  rh in itis
were  identified  and  include  the  follow ing:  fam ily history of al-
lergic disease, serum  im m unoglobulin  (IgE) level above 100 kU/
L before  the  age  of 6  years, being first-born, m ale  sex, tobacco
exposure  during  the  first  year  of  life, early  use  of antibiotics,
positive  skin  testing  to  allergens,  and  higher  socioeconom ic
class.

106.3  Classificat ion of Disease
Rhinitis  is  classified  as  allergic,  nonallergic  inflam m atory,  or
nonallergic  noninflam m atory.  Classification  is  not  exclusive,
and  approxim ately  34% of individuals  have  m ixed  allergic and
nonallergic cases (see Box Types of Rhinitis (p.812)).

Traditionally, allergic rh in itis was classified  as seasonal, m ost
com m only  caused  by  aeroallergens  and  pollens, or  perennial,
m ost  com m only  caused  by  environm ental  allergens  such  as
dust  m ite and cat. This classificat ion  posed problem s for a num -
ber of reasons. Certain  allergens vary from year to year, and pol-
lens can  last  upward  of 10  m onths. Traditional perennial aller-
gens m ay be in  an  environm ent  w here exposure is in term itten t .
For  example, a  patient  m ay be  exposed  to  an  anim al only at  a
relative’s hom e.

Types  of Rhinit is
●  Allergic
○  Seasonal or perennial (chronic), mild intermittent, mild per-

sistent, moderate/severe intermit tent, moderate/severe
persistent

●  Nonallergic inflammatory
○  Occupational, drug-induced, infective, aspirin-sensitive,

nonallergic rhinitis with eosinophilia syndrome (NARES),
cerebrospinal fluid leak

●  Nonallergic noninflammatory
○  Atrophic, emotional, idiopathic, gustatory, hormonal, rhini-

tis medicamentosa, vasomotor

To account  for  these  issues, the  classificat ion  of allergic rh in itis
was  changed  to  m ild  in term itten t, m ild  persistent, m oderate/
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severe in term itten t , and m oderate/severe persistent, depending
on  the  severity  (m ild  or  severe)  and  durat ion(interm ittent  or
persisten t)  of  sym ptom s  (� Fig.  106.1).  For  sym ptom s  to  be
m ild, there  m ust  be  norm al sleep  and  no  im pairm ent  of daily
activities.

Nonallergic  disease  can  be  either  inflam m atory  or  nonin-
flam m atory.  Inflam m atory  disease  is  further  divided  based
on  the presence or absence of eosinophilic in filtration  as nonal-
lergic rhinitis  eosinophilic syndrom e  (NARES) or  occupational/
irr itant  rh in itis.  Noninflam m atory  disease  includes  atrophic
disease, gustatory  rhin itis, horm onal  rhinitis, rh initis  m edica-
m entosa, and vasom otor rh initis.

106.4  The Disease  Process
106.4.1  Allergic Rhinit is
The  etiology  of  allergic  rh initis  is  complex,  involving  genet ic
and  environm ental in teract ions. The  expression  of allergic dis-
ease  is  autosom al-dom inant  w ith  incom plete  penetrance.
Genes  located  in  the  m ajor  h istocom patibilit y  complex  (MHC)
on  chrom osom e 6 dictate the product ion  of h igh  levels of IgE by
B lym phocytes  after  allergen  challenge. The  product ion  of IgE
facilitates the  allergic react ion. The  stim ulus for  turning on  the
MHC complex is unknow n.

The  allergic react ion  is a  complicated  chain  of events involv-
ing the  in teraction  of m any cells, chem ical m ediators, and  cel-
lular  products.  Our  know ledge  of events  com es  from  in  vitro
studies  and  studies  in  w hich  hum ans  are  exposed  to  various
allergens, after  w hich  nasal washes, nasal biopsies, and  analy-
sis for  cellular  infiltrate  are  perform ed.

In  general, it  begins  w ith  antigen  processing, including den-
drit ic cells, B lymphocytes, and m acrophages. Antigen  presenta-
tion  occurs  in  the  lym ph  node  to  type  2  CD4 + T helper  (CD4 +
Th2) lymphocytes. Next, B lym phocytes  produce  allergen-spe-
cific IgM and  are signaled  by the  CD4 + Th2 lymphocytes to iso-
type  sw itch  to IgE. Allergen-specific IgE binds to  its  h igh-a n-
ity IgE receptor, Fc epsilon  (FcεR), on  m ast  cells and  basophils. A
complex  of allergen-specific  IgE bound  to  FcεR cross-links  the
receptors, result ing  in  the  subsequent  degranulation  of baso-
philic cells  (m ast  cells  and  basophils). The  degranulation  prod-
ucts of m ast  cells and  basophils  act  in  cellular  recruitm ent  and
the  inflam m atory stim ulation  seen  in  individuals  w ith  allergic
rhinitis. This in tricate  and  forever-evolving process is discussed
in  further  detail below  (� Fig. 106.2). For  complete  details, the
reader is referred to a textbook of im m unology.

Ant igen Processing and Presentat ion
Uptake and allergen  processing by the B lymphocytes in  the res-
piratory  epithelium  begins  the  process. Specific  allergens  are
loaded  in to MHC class II and  t ransported  to the cell m em brane,
w here  they  are  presented  to  the  CD4 + Th2  lymphocytes. Two
signals are  required  to stim ulate  the  B lymphocytes to produce
IgM. The  first  is  recognition  of the  allergen–MHC complex  by
CD4 + Th2 lymphocytes via the T-cell receptor. The second is in-
teraction  of the  CD40 ligand  on  the CD4 + Th2 lymphocytes and
the  CD40 receptor  on  the  B lymphocytes. In teract ion  delivers a
crit ical second  signal to  the  B lymphocytes, tr iggering the  pro-
duct ion  of  allergen-specific  IgM.  Activation  of  the  CD4 + Th2
lymphocyte  results  in  in terleukin-4  (IL-4)  cytokine  secretion.
IL-4 has m any actions; however, it  is crit ical in  inducing isotype
sw itch from  IgM to IgE in  B lym phocytes. B lymphocytes m ature
in to  long-lived  plasm a  cells  dedicated  to  the  product ion  of all-
ergen-specific IgE.

Stim ulation  of basophilic cells:  Preform ed, circulating, aller-
gen-specific  IgE binds  to  the  high-a nity  FcεR on  basophilic
cells, m ast  cells, and  basophils. When  free  allergen  binds to the
allergen-specific IgE–FcεR on  the  cell m em brane, crossing-link-
ing of these receptors occurs. Cross-linking results in  (1) the im -
m ediate degranulation  of preform ed m ediators, prim arily hista-
m ine, w ith in  the  m ast  cell  or  basophil;  and  (2)  activation  of
phospholipase A2 in  the cell m em brane (� Fig. 106.2).

Basophilic cells release  m ultip le  chem icals, including exogly-
cosidases, tum or necrosis factor-α  (TNF- α ), and the granule-as-
sociated  products  tryptase  (only  in  the  m ast  cells),  chym ase,
peroxidase,  and  arylsulfatase  B,  in to  the  epithelium .  These
chem icals  result  in  increased  vascular  perm eability, vasodila-
tion  of  the  nasal  m ucosa,  and  direct  stim ulation  of  sensory
nerve  fibers,  causing  the  acute  sym ptom s  of  rh initis:  itch ,
sneeze, rh inorrhea, and  nasal congestion . Histam ine  is  the  pri-
m ary  m ediator  of  these  events,  w hich  are  referred  to  as  the
early-phase response.

Cross-linking of the  FcεR also  results  in  the  transcription  of
cytokines and  the in itiat ion  of arachidonic acid  m etabolism . Se-
cretion  of these  cytokines  and  chem okines  am plifies  the  aller-
gic react ion. The product ion  of vasoactive agents and cytokines,
including IL-1, IL-2, IL-3, IL-4, IL-5, IL-6, granulocyte–m onocyte
colony-stim ulating factor  (GM-CSF), and  TNF- α , prom otes che-
m otaxis, proliferation, IgE product ion, and  activation  of a cellu-
lar  infiltrate  in  the  nasal  m ucosa, further  contributing  to  the
allergic response  (see  Box  Cytokines  and  E ects  in  an  Allergic
React ion  (p.814)). Cellular  m ixture  is  a  com binat ion  of eosino-
phils, T and  B lymphocytes, and  m ast  cells. In  particular, IL-5  is

Fig. 106.1  Classification of rhinitis.
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fundam ental  to  eosinophil  proliferation, survival, and  chem o-
taxis in  the  nasal m ucosa. The  degranulation  of eosinophils re-
leases  highly  toxic  oxygen  radicals  and  proteins  that  dam age
the nasal epithelium .

Cytokines  and  Effects  in  an  Allergic
React ion
●  Interleukin-2: activation of T and B cells
●  Interleukin-4: autoproliferation of T cells, activation of B cells,

and recruitment of inflammatory cells
●  Interleukin-5: recruitment and proliferation of eosinophils
●  Interleukin-13: recruitment and proliferation of eosinophils

Arachidonic acid  m etabolites are  potent  m ediators of the  aller-
gic  react ion. Cross-linking of FcεR act ivates  phospholipase  A2,
releasing arachidonic acid  from  the cell m em brane. Arachidonic
acid  is  m etabolized  via  two  separate  pathways:  (1)  the  cyclo-
oxygenase  pathway  to  form  prostaglandin  A2  and  (2)  the
throm boxane or the lipoxygenase pathway to form  leukotrienes
(see  � Fig. 106.3). Products  of th is  cascade  are  responsible  for
nasal congestion, neutrophilic infiltrate, vasodilation, and  cellu-
lar chem otaxis.

Fifty percent  of individuals w ith  allergic rh in itis  w ill experi-
ence a second-phase  react ion  2 to 6 hours later, called  the late-
phase  response. We  believe  that  basophils  are  responsible  for
the  late-phase  response  because  nasal  washes  from  these  pa-
tients  reveal  increases  in  the  sam e  m ediators  involved  in  the
early-phase  response, w ith  the  exception  of prostaglandin  D2,
given  that  basophils  do  not  produce  prostaglandin  D2  w hile
they are present in  the nasal m ucosa after allergen  challenge.

Two other im portan t  factors contributing to the sym ptom s of
allergic rh in itis are nasal prim ing and nasal hyperreact ivity. Na-
sal prim ing occurs w ith  chronic exposure  to  allergen, resulting
in  chronic inflam m atory changes. Lower  and  lower  thresholds
of allergen  are  required  to  stim ulate  rh initis  in  these  individu-
als.  Additionally,  the  chronic  inflam m atory  changes  result  in
nasal  hyperreact ivity,  w hereby  nonspecific  irr itants,  such  as
strong odors, pollution, and sm oke, cause sym ptom s of rh initis.

Environm ental influences are  additional important  consider-
ations  in  the  developm ent  of allergic rh in itis. Of part icular  in-
terest  is  the  activation  of  protease-act ivated  receptors. There
are four types of protease-act ivated receptors; types 2 and 4 are
im portant  in  allergic disease. These  receptors  are  seven  trans-
m em brane  G protein  coupled  receptors  w idely  expressed  on
m any types of cells, including those  of the  respiratory m ucosa.
Stim ulation  of  these  receptors  is  irreversible  and  is  accom -

Fig. 106.2  The  pathophysiology of allergic rhini-
tis. FcεR, Fc epsilon receptor; Ig, immunoglobulin;
IL, interleukin; MHC, major histocompatibility
complex; TCR, T-cell receptor; Th2, type 2 CD4 + T
helper lymphocyte.
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plished by endogenous and  exogenous serine proteases. Endog-
enous  proteases  include  t ryptase,  a  degranulation  product  of
m ast  cells  and  eosinophils;  exogenous  proteases  include  dust
m ite,  Alternar ia ,  Aspergillus,  and  cockroach.  Stim ulation  of
these  receptors results in  increased  IgE product ion, angiogene-
sis,  scarring,  leukocyte  infiltration ,  and  airway  hyperrespon-
siveness. The  overall e ect  of stim ulation  of these  receptors  is
that  environm ental allergens are able to penetrate in to the m u-
cosal layer. Exposure  to exogenous proteases early on  m ay be  a
risk factor for the developm ent of allergic disease.

106.4.2  Nonallergic Rhinit is
The causes of nonallergic rh initis are  varied  and  depend  on  the
cause. In  general, we  know  lit t le  about  its  developm ent  and/or
causes.

Autonom ic dysregulation  is com m on  to all types of nonaller-
gic rh initis. Autonom ic dysregulation  is characterized  by an  ex-
aggerated  or  dim inished  neural response  to  typical tr iggers. In
norm al anatomy, parasym pathetic  neurons  contain  acetylcho-
line, peptide histidine, and  vasoact ive  in testinal peptide. Secre-
tion  of  these  neuropeptides  in to  the  nasal  epithelium  causes
vasodilation  of capillaries and  t issue, resulting in  rhinorrhea. In

contrast,  sym pathetic  neurons  contain  norepinephrine  and
neuropeptide Y. Secretion  of these neuropeptides leads to vaso-
constriction , resulting in  congestion .

In  noninflam m atory  form s  of  rh in itis,  abnorm ality  of  the
autonom ic nervous system  leads to increased  rhinorrhea (para-
sym pathetic  stim ulation)  and/or  congestion  (sym pathetic  sti-
m ulation). Additionally, there  is a  heightened  response  to non-
specific  tr iggers  (environm ental irr itants), h istam ine, and  cold
stim ulation  of the  extrem it ies  and  nasal  m ucosa, as  well  as  a
decreased  response  to  vasoconstrict ive  stim uli.  For  example,
patients  w ith  gustatory rhinitis  have  sym ptom s w hen  they in-
gest  spicy  foods.  These  events  result  in  increased  concentra-
tions of in tranasal neuropeptides and sym ptom atology.

Local in tranasal allergen-specific IgE was  recently  identified
as playing a poten tial role in  the pathophysiology of nonallergic
rhin itis. Despite  norm al levels  of total IgE and  negative  results
of skin  prick testing and  serum  testing for  allergic sensitization
in  som e  patien ts  w ith  nonallergic  rhinitis,  in tranasal  washes
from  these  pat ients  revealed  local  allergen-specific  IgE. Addi-
tionally,  increased  levels  of  h igh-a nity  FcεR were  found  in
som e pat ien ts w ith  nonallergic rhinitis. Finally, 50% of these in-
dividuals  experienced  an  increase  in  rhinitis  sym ptom s  w ith
dust  m ite  allergen  challenge. This suggests  that  a  local allergic

Fig. 106.3  The  arachidonic acid  cascade. FcεR, Fc epsilon  receptor.
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react ion  m ay be  causing sym ptom s not  detected  by tradit ional
testing m ethods.

In  pregnancy-induced  rhin itis, a  h istory  of sm oking  and  IgE
sensitization  to  dust  m ite  m ay play a  role, although  th is  is  un-
clear. Som e  studies  suggest  that  nonallergic  rh initis  m ay  pre-
cede the developm ent of allergic rhinitis.

106.4.3  Natural History and
Progression
The key events that  cause  rhinitis  to  start  and  stop  are  elusive.
Studies that  followed college students w ith  allergic rhinitis over
23 years showed a trend decreasing sym ptom s and disease over
tim e. In  contrast, the  sym ptom s of nonallergic rh initis  tend  to
worsen  over  t im e, w ith  the  exception  of horm one-induced  rh i-
nitis. In  th is case, once thyroid  levels are norm alized  or delivery
is induced  in  wom en  w ith  pregnancy-induced  rhinitis, the  rhi-
nitis sym ptom s resolve.

106.4.4  Potent ial Disease Com plicat ions
Psychosocial and  m edical complications are  associated  w ith  rhi-
nitis.  Em barrassm ent,  social  isolation,  sleep  disturbance,  poor
school and  work perform ance, and  interference w ith  daily act iv-
ities  are  significant  complications  of disease  and  should  be  ad-
dressed  thoroughly. Medical  complications  include  chronic  se-
rous otitis  m edia, eustachian  tube  dysfunction, perforated  tym -
panic m em brane, and  rhinosinusitis (both  acute and  chronic).

Im portantly,  allergic  rh in itis  is  com m only  associated  w ith
other  disease  processes, such  as  asthm a, sinusit is, eczem a, and
recurrent  otitis m edia. Both  nonallergic rhinitis and allergic rhi-
nitis  of  ch ildhood  are  associated  w ith  a  two-  to  fourfold  in-
crease  in  the  risk  for  the  developm ent  of asthm a  in  children
and  young  adults. Early  in tervention  w ith  im m unotherapy  in
children m ay prevent the developm ent of asthm a.

Nonallergic  rh in itis  w ith  eosinophilia  syndrom e  (NARES)
m ay be a risk factor for  the developm ent  of aspirin-exacerbated
respiratory disease; however, th is relationship  is unclear.

Allergic  rhinitis  and  nonallergic  rhinitis  are  associated  risk
factors  for  chronic rh inosinusitis. However, we  do  not  know  if
there  is  a  risk  that  untreated  disease  w ill  progress  to  chronic
rhinosinusitis (see Chapter 107 for m ore details).

106.5  Medical Evaluat ion
A thorough  history  is  the  key  to  di erentiating  allergic  from
nonallergic  rhinitis  (see  Box  Highlights  of  an  Allergy  History
(p.816)). Allergy is  the  m ost  com m on  cause  of rh initis, and  al-
lergic  rh in itis  should  be  ruled  out  before  rhinitis  w ith  other
causes is considered  and  t reated. Im portan t  clues in  the history
that  suggest  allergic causes are  seasonal exacerbations, tr iggers
on  exposure to certain  substances, and  resolution  w hen  the ex-
acerbating substance  is  rem oved. The  onset  of nonallergic dis-
ease  is at  a  later  age, and  nasal congestion  and  postnasal drain-
age  are  m ore  prom inent  in  nonallergic  rh in itis.  Exacerbat ing
factors  suggesting autonom ic dysregulation  are  often  noted  in
nonallergic  disease, including  temperature  changes, food, and
nonspecific  irr itan ts  like  strong  odors  and  sm oke.  Horm onal
conditions, including  hypothyroidism  and  the  changes  associ-

ated  w ith  pregnancy,  m ay  cause  nonallergic  rh initis.  Preg-
nancy-induced  rhinitis  occurs  in  the  second  to  th ird  tr im ester,
was not  present  before pregnancy, and  resolves w ithin  2 weeks
after delivery. Finally, the developm ent  of sym ptom s in  associa-
tion  w ith  a  new  m edication  m ay provide  an  important  clue  in
the  history  and  suggest  m edication-induced  rhinitis  (see  Box
Medications  That  May  Cause  Nonallergic  Rhin itis  (p.816)).
Treatm ent-resistan t  disease  and  unilateral  sym ptom s  of con-
gestion, pain , and  pressure  are  red  flags for  a  m ore  severe  dis-
ease process such  as cerebrospinal fluid  leak or m alignancy. The
presence of these signs warrants fur ther work-up.

Highlights  of an  Allergy History
●  Establish the main complaint: nasal congestion, pruritus, rhi-

norrhea, sneezing, decreased sense of smell.
●  Establish the duration: Did the symptoms start  gradually or

acutely? Is there a history of symptoms during childhood? Is
there a history of head trauma?

●  Establish the frequency of symptoms: intermit tent, chronic,
seasonal, with known exposures (e.g., at  work, school).

●  Are the symptoms unilateral or bilateral?
●  Are there alleviating or aggravating factors?
●  What symptoms are associated? Sleep disturbance, postnasal

drip, fever, cough, sinus pressure, tooth pain, loss of smell or
hearing?

●  How severe are the symptoms? Do they a ect daily life, sleep,
work, or school activities?

●  Is there a history of eczema, asthma, food allergy, or oral
allergy?

●  Is there a family history of allergic disease?
●  Are there exposures in the environment  that might be contri-

buting to symptoms (e.g., animals, feathers, mold, leaks, job
exposures, tobacco)?

●  Which medications have been tried in the past? Have they
been tried in combination? Were they being used correctly?

Medicat ions  That  May Cause  Nonallergic Rhinit is
●  Analgesics: nonsteroidals, aspirin
●  Antihypertensives: angiotensin-converting enzyme inhibitors,

amiloride, β-blockers
●  Psychotropics: risperidone, chlorpromazine, amitriptyline
●  Phosphodiesterase type 5 inhibitors: sildenafil, tadalafil,

vardenafil
●  Others: cocaine, gabapentin, catecholamines, imidazoles

106.5.1  Present ing Com plaints, Clinical
Findings, Physical Exam inat ion, Test ing
Regardless of the cause, pat ients w ho have rh in itis present  w ith
a sym ptom  complex of nasal congestion, rh inorrhea, nasal pru-
ritus, and/or  sneezing. There  are  m any  associated  sym ptom s,
including sleep  disturbance, itchy and  watery eyes, ear  pain  or
pressure, dim inished  or  lost  sense  of sm ell, postnasal drip, and
cough, that  are im portant  to describe. Dim inished quality of life
is  a  m ajor  factor  as  sym ptom s of fat igue, depression, and  em -
barrassm ent are com m on.
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A general head  and  neck  exam ination  should  be  perform ed
in  all patients w ith  rhinitis. Observe for  the  presence of allergic
stigm ata:  “allergic  shiners” (dark  circles  under  the  eyes),  the
“allergic salute” (a transverse supratip  crease caused  by habitu-
al upward nose w iping), boggy or edem atous turbinates and na-
sal m ucosa, nasal polyps, deviated  septum , in ternal nasal valve
collapse,  and  cobblestoning.  Nasal  endoscopy  provides  a  de-
tailed  and  complete  exam ination  of the  nasal cavity. A rigid  or
flexible  endoscope  allow s the  exam iner  to visualize  the  m iddle
m eatus, eustach ian  tube, nasal polyps, sphenoethm oid  recess,
and  posterior  choanae, w hich  cannot  be  visualized  during d i-
rect  observat ion  w ith  a  nasal  speculum . Th is  is  par t icu larly
im portan t  in  the  iden t ificat ion  of  polyps,  m asses,  and  ad-
enoid  hyper trophy.

Skin  prick  testing  is  helpful  in  providing  clues  of  allergic
sensitizat ion .  The  total  serum  IgE  and  allergen-specific  IgE
levels  in  the  blood  provides  supportive  data  for  the  cause  of
rhin itis  and  aid  in  determ ining appropriate  treatm ent. The  re-
sults of these  tests m ay guide  treatm ent  toward  avoidance and
im m unotherapy.

Treatm ent-resistan t  disease  m ay  require  radiographic im ag-
ing, including sinus X-rays and noncontrast computed tom ogra-
phy (CT) of the sinuses. X-rays are  inadequate  to quantify sinus
disease, and CT is the gold standard.

106.5.2  Di erent ial Diagnosis
The  di erential  diagnosis  of  rh in itis  includes  allergic  rh in itis,
nonallergic rhinitis, rh initis caused by m echanical factors, gran-
ulom atous  diseases,  defects  in  cilia,  neoplastic  diseases,  and
cerebrospinal fluid  rhinorrhea (see Box Di erent ial Diagnosis of
Rhinitis (p.817)).

106.6  Treatm ent
The treatm ent  of allergic rh initis involves the  avoidance of t rig-
gers, pharm acotherapy, and  im m unotherapy. The  t reatm ent  of
nonallergic  rhinitis  involves  avoidance, pharm acotherapy, and
surgery  (� Table  106.1  and  � Fig. 106.4;  see  Box  Treatm ent  of
Nonallergic Rhinitis (p.817)).

Different ial Diagnosis  of Rhinit is
●  Allergic: intermit tent and chronic
●  Nonallergic,  inflammatory: atrophic,  emotional,  idio-

pathic,  gustatory, hormonal,  rhinit is medicamentosa,
vasomotor

●  Nonallergic, noninflammatory: occupational, drug-induced
(cocaine), aspirin-sensitive, nonallergic rhinitis eosinophilic
syndrome (NARES)

●  Nasal polyposis
●  Mechanical factors: septal deviat ion, foreign body, choa-

nal at resia, adenoidal hypert rophy, external valve
collapse.

●  Granulomatous diseases: sarcoidosis, Wegener granulomato-
sis, malignant midline granuloma

●  Defect in ciliary function: primary ciliary dyskinesia
●  Neoplastic diseases: malignant or benign
●  Cerebrospinal fluid rhinorrhea: traumatic or spontaneous
●  Infective: viral, bacterial, fungal, parasitic

Treatm ent  of Nonallergic Rhinit is
●  Inflammatory
○  NARES: topical intranasal corticosteroids, decongestants,

and antihistamines
○  Irritant/occupational: exposure avoidance, topical intranasal

corticosteroids, decongestants, antihistamines
●  Drug-induced: exposure avoidance
●  Noninflammatory
○  Atrophic: débridement, nasal lavage, topical antibiotic

creams
○  Vasomotor: ipratroprium  bromide, intranasal

corticosteroids
○  Hormonal: chromones
○  Rhinitis medicamentosa: weaning regimen overlapped with

intranasal corticosteroids

Table 106.1  Medications for the treatment of rhinitis

Sneezing  Rhinorrhea  Nasal obstruct ion  Nasal pruritus  Ocular  symptoms

H1 ant ihistamines

Oral  2 +  2 +  1 +  3 +  2 +

Intranasal  2 +  2 +  1 +  2 +  -

Intraocular  -  -  -  -  3 +

Cort icosteroids  3 +  3 +  3 +  2 +  2 +

Cromoglycates

Intranasal  1 +  1 +  1 +  1 +  -

Intraocular  -  -  -  -  2 +

Anticholinergics  -  2 +  -  -  -

Antileukotrienes  -  1 +  2 +  -  2 +

Source: Adapted from  Al Sayyad JJ, Fedorowicz Z, Alhashimi D, Jamal A. Topical nasal steroids for intermit tent  and persistent  allergic rhinitis in children.
Cochrane  Database  Syst  Rev 2007;(1):CD003163.
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The first-line treatm ent  for both  allergic and nonallergic rhinitis
should  focus on  the avoidance of any identified  triggers. All pa-
tien ts  should  be  counseled  on  appropriate  avoidance  techni-
ques. This can  be done best by an  allergist/im m unologist.

In  m ost  individuals, pharm acotherapy is required  and  should
be tailored based  on  sym ptom atology. Individuals w ith  m ild  in-
term ittent  disease  w ill m ost  likely be  m anaged  e ect ively w ith
one  therapy. Others, w ith  m ore  severe  d isease, w ill require  a
m ult im odal approach . Treatm ent  during pregnancy and  nurs-
ing  requires  special  at ten t ion . Most  an t ih istam ines  and  topi-
cal  in tranasal  cort icosteroids  are  pregnancy  class  C. Of note,
d iphenhydram ine,  m on telukast ,  and  budeson ide  for  inhala-
t ion  are  pregnancy class  B. All m edications  used  in  the  t reat-
m ent  of rh in it is are  secreted  in to the  breast  m ilk, and  caut ion
should  be  used .

Im m unotherapy  is  an  importan t  aspect  in  the  t reatm ent  of
allergic rh in itis. Consideration  for the in itiation  of im m unother-
apy requires the  presence  of both  sym ptom s on  allergen  expo-
sure and allergen-specific IgE. Im portan t  factors to be noted be-
fore the  in itiation  of therapy include inadequate  sym ptom  con-
trol  w ith  m edications, compliance  w ith  the  m edical  regim en,
cost  of the m edications, and  exposure. Im m unotherapy reduces
sym ptom s  in  approxim ately  80  to  85% of individuals  and  has
the potential to alter  the im m une response in  a sem iperm anent
way.  In  general,  pat ien ts  experience  sym ptom  relief  after  6
m onths  of  therapy.  Published  guidelines  on  adequate  dosing
should  be  followed. The  duration  of t reatm ent  a ects  e cacy,
and  studies suggest  that  a  m inim um  of 3  to 5  years is required
to  achieve  a  lasting  e ect.  Individuals  on  im m unotherapy
should  be  m onitored  yearly for  sym ptom  im provem ent. Im por-
tantly, som e  studies  suggest  that  im m unotherapy  in  ch ildren
m ay  prevent  the  progression  of airway  disease  to  asthm a. Fi-
nally, cautious  use  in  certain  groups  of pat ients  is  warran ted,

including persons w ith  preexist ing autoim m une disease or  HIV
infect ion , those on  β-blocker therapy, and pregnant  wom en.

Uncontrolled  case series have reported on  the role of surgical
in terventions  in  the  treatm ent  of nonallergic  rhinitis. Patients
w ho have sym ptom s that  are  di cult  to treat  and  w ho are  un-
responsive to a m ultim odal approach  of 6 to 12 m onths of phar-
m acotherapy  should  be  considered  candidates  for  surgical
in tervention.  Turbinectomy  is  beneficial  w hen  severe  nasal
congestion  is  presen t .  In  the  past ,  vidian  nerve  resect ion ,
elect rocoagulat ion  of the  an terior  ethm oidal nerve, and  sphe-
nopalat ine  ganglion  block w ere  used;  how ever, none  of these
techn iques has been  show n  to  have  long-term  benefits. Addi-
t ionally,  som e  pat ien ts  experienced  persisten t  pain ,  w hich
outweighed  any benefit  of the  procedure.

106.7  Roundsm anship
●  Rhinitis is a sym ptom  complex characterized by rh inorrhea,

sneezing, congestion , and nasal pruritus.
●  There are allergic, nonallergic, and m ixed causes of rh in itis;

rh in itis w ith  nonallergic causes is a diagnosis of exclusion.
●  Risk factors for  the developm ent of allergic rhinitis are fam ily

history of allergic disease, serum  IgE level above 100 kU/L
before the age of 6 years, being first-born, m ale sex, tobacco
exposure during the first  year of life, early use of antibiotics,
positive result  of skin  testing w ith  allergens, and h igher socio-
econom ic class.

●  Com orbidities are asthm a, eczem a, sinusit is, and otit is m edia.
●  Allergic rhinitis is caused by a classic type I IgE-m ediated

response; nonallergic rhin itis is caused by autonom ic
dysregulation .

●  Treatm ent  is m ultim odal and includes cort icosteroids,
an tih istam ines, and im m unotherapy.

Fig. 106.4  Treatment of allergic rhinitis. (Source: Data from Orban N, Saleh H, Durham S. Allergic and non-allergic rhinitis. In: Adkinson NF Jr, Bochner
BS, Busse  WW, Holgate  ST, Lemanske  RF Jr, Simons FER, eds. Middleton’s Allergy: Principles & Practice. 7th  ed. Philadelphia, PA: Mosby Elsevier;
2009:973–990.)
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107  Medical Managem ent  of Acute  and Chronic Sinusit is
Jennifer S. Collins

107.1  Int roduct ion
Acute  rh inosinusitis  (ARS) and  chronic rhinosinusitis  (CRS) are
distinct  entit ies. ARS is  an  acute  infect ion  lasting anyw here  up
to  12  weeks. In  contrast , CRS comprises  a  spectrum  of disease
and  complex pathophysiology resulting in  m ore than  12 weeks
of  inflam m ation  of the  paranasal  passages  and  nasal  m ucosa
despite  m edical m anagem ent. Previously, the  treatm ent  of CRS
varied  depending  on  the  specialty;  however, m ultidisciplinary
expert  panels  put  for th  guidelines  to  direct  diagnosis  and  m a-
nagem ent. The  term  sinusit is  was  changed  to  rhinosinusit is  to
reflect  the  involvem ent  of  the  nasal  and  paranasal  passages.
The causes of CRS are varied and often  elusive. Di erences in  al-
lergic sensitization , cellular  infiltrates, cytokine expression , and
the  host  response  account  for  the  spectrum  of disease  seen  in
CRS.  The  approach  to  treatm ent  is  m ultidisciplinary  and  in-
volves m edical and surgical m odalit ies.

107.2  Incidence
ARS is  the  m ost  com m on  health  care  complain t  in  the  United
States, a ect ing over 1 billion  people  annually. The cost  to soci-
ety, however, is  di cult  to  estim ate  because  the  costs  of ARS
are  often  grouped  w ith  the  costs of CRS. ARS is associated  w ith
a  significantly  decreased  quality  of  life,  absence  from  school
and/or work, and increased m edication  use.

CRS is one of the three  m ost  com m on  health  care complaints
and  accounts for 22 m illion  o ce visits and  500,000 em ergency
departm ent  visits per  year  in  the  United  States. CRS a ects ap -
proxim ately 15 to 30% of the  U.S. population, and  over  $3.5 bil-

lion  is  spent  annually  in  its  t reatm ent. CRS is  subdivided  in to
CRS w ith  nasal polyposis, CRS w ithout  nasal polyposis, and  al-
lergic fungal sinusitis  (AFS). CRS w ithout  nasal polyposis is  the
m ost  com m on  form  of the  disease, accounting for  60  to 65% of
all cases. Cases of CRS w ithout  polyposis  develop  in  m ales and
fem ales in  equal num bers.

CRS w ith  nasal polyposis  accounts  for  20  to  35% of all cases.
The prevalence of CRS w ith  nasal polyposis is h igher in  patients
w ho have certain  com orbidities, including allergic rhinitis, asth-
m a, aspirin  sensitivity, and  cystic fibrosis. Aspirin  sensitivity is
present  in  15% of patients  w ith  nasal polyps. The  late  onset  of
asthm a frequently coincides w ith  the developm ent  of polyposis
in  adults. Approxim ately 40% of patien ts w ith  cystic fibrosis w ill
have  nasal polyps, and  any ch ild  or  adolescent  w ith  nasal pol-
yps  should  be  screened  for  cystic  fibrosis. More  m ales  are  af-
fected  than  fem ales, and  the  incidence of polyps increases after
the age of 40 years.

AFS accounts for  8 to 12% of all cases of CRS. AFS typically de-
velops in  young adults. The m ean  age of patients at  diagnosis is
22 years, and  m ales and  fem ales are  equally a ected. Atopy is a
risk  factor  for  disease, and  elevated  levels  of total im m unoglo-
bulin  E (IgE) are com m on. There appears to be a geographic dis-
tr ibution  of disease, w ith  a h igher  incidence in  m ore temperate
clim ates.

107.3  Classificat ion of Disease
The  classification  of rh inosinusitis  is  based  on  the  durat ion  of
illness  and  the  presence  or  absence  of  nasal  polyps
(� Fig. 107.1). Rhinosinusitis  can  be  acute, recurren t  acute, or

Fig. 107.1  Classification of rhinosinusitis. CRS, chronic rhinosinusitis.
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chronic, or  it  can  be  an  acute  exacerbation  of chronic disease.
Acute sinusitis is sudden  in  onset, and sym ptom s can  last  for  up
to  12  weeks. Typically, if the  sym ptom s worsen  over  5  days or
last  longer  than  10  days, bacterial causes should  be  suspected.
In  children, viral  infect ions  are  m ore  com m on  than  bacterial
infect ions. Recurrent  rh inosinusitis  is  characterized  by  the  oc-
currence  of m ore  than  four  separate  episodes  in  a  single  year.
Individuals are sym ptom -free between episodes.

CRS is  characterized  by  sym ptom s  lasting  longer  than  12
weeks despite  adequate  m edical t reatm ent. CRS is further  clas-
sified  by  the  presence  or  absence  of  nasal  polyps  and  by
w hether  criteria  consistent  w ith  AFS have  been  m et  (allergic
m ucin,  fungal  hyphae,  and  IgE-m ediated  fungal  allergy).  Pa-
tients w ith  AFS are im m unocompetent  and tend to have allergic
rhinitis.

107.4  Applied Anatom y
The  exact  funct ion  of the  paranasal sinuses is  unknow n;  how -
ever, it  is probable that  they funct ion  to hum idify and warm  in-
spired  air,  ligh ten  the  skull,  im prove  vocal  resonance, absorb
shock  to  the  face  or  skull, and  secrete  m ucus  to  assist  w ith  air
filtration . The paranasal sinuses develop  as outpouchings of the
nasal  m ucosa.  Narrow  ostia  connect  the  sinuses  to  the  nasal
cavity. The  sinuses are  lined  w ith  ciliated  pseudostratified  col-
um nar  epithelium  w ith  goblet  cells.  The  ostia  of  the  frontal,
m axillary, and  anterior  ethm oid  sinuses  open  in to  the  ost io-
m eatal  complex.  The  ost iom eatal  complex  includes  the  area
lateral to  the  m iddle  m eatus and  m iddle  turbinate. This  unit  is
im portan t  because  all sinuses except  the sphenoid  and  posteri-
or  ethm oid  sinuses drain  through  it . The posterior ethm oid  and
sphenoid  sinuses  open  in to  the  superior  m eatus  and  sphe-
noethm oid  recess.  Anything  that  obstructs  th is  unit  causes
sym ptom s  of facial  pain/pressure, congestion  and  disturbance
of norm al airflow.

The  sinus  epithelium  is  im portant  because  it  is  th inner  and
less richly supplied  w ith  blood  vessels and glands than  the m u-
cosa  of the  nasal  cavity. Overlying  the  m ucosal layer  is  a  th in
layer  of m ucus  infiltrated  w ith  cilia, comprising  a  m ucociliary
clearance system . The m ucociliary clearance system  enables the
m ucosa  to  rem ove  particulate  m atter  and  debris.  Part icular
m atter  is  trapped  in  th is  bilayered  system  and  m obilized  by
beating cilia that  sweep m ucus toward  the ostia clearing debris.
Hair  cells in  the  nasal cavity act ively catch  particles larger  than
15  µm  in  size. These  particles  are  trapped  w ith in  the  m ucosal
layer.

107.5  Et iology and Pathophysi-
ology
107.5.1  Acute Rhinosinusit is
The m ost  com m on cause of acute sinusitis is viral in fect ion. On-
ly 0.2 to 5% of these episodes are further complicated  by bacte-
rial infect ions. The m ost com m on viruses causing acute sinusitis
are rhinovirus, in fluenza virus, and parainfluenza virus.

Direct  inoculation  of  the  nasal  m ucosa  w ith  virus  results
in  ARS. Viral replication  begins im m ediately, and detectable lev-
els  are  present  w ithin  nasal  secretions  in  less  than  10  hours.

Sym ptom s begin  approxim ately 12  hours  after  inoculation. Vi-
rus  spreads  via  direct  and  system ic  m ethods  throughout  the
paranasal sinuses, causing inflam m ation. Neutrophils  in filtrate
the m ucosal layer in  response to infect ion, resulting in  hyperse-
cretion  of glands, increased  vascular  perm eability, and  t ran-
sudat ion  of  flu id  in to  the  nasal  cavity  and  sinuses.  Direct
toxic e ects  of som e  viruses and/or  bacter ia  on  the  nasal cilia
can  d isrupt  the  m ucociliary  clearance  system . Mucosal  ede-
m a,  d istor t ion  of  the  com posit ion  of  norm al  m ucous  secre-
t ions, and  ciliary dyskinesia  resu lt  in  sinus obst ruct ion .

The  m ost  com m on  cause  of dam aged  epithelium  is  viral in -
fect ion, w hich  allow s the  norm al respiratory flora  to  infect  the
nasal epithelium . This typically occurs 2  to 4  days after  the  in i-
t ial viral infect ion. Norm al respiratory flora  are  typical respon-
sible for in fect ion  and include coagulase-negative staphylococci,
Corynebacter ium,  and  Staphylococcus  aureus.  The  m ost  com -
m only  associated  bacteria  are  Streptococcus  pneumoniae, Hae-
mophilus  influenzae,  and  Mora xella  ca ta r rha lis.  Seventy-five
percent  of cases of bacterial sinusitis  are  caused  by  S. pneumo-
niae and  H. influenzae. Microaerophilic and  anaerobic bacteria
should  be  considered  in  the  set t ing  of den tal  root  in fect ion
w ith  extension  in to  the  m axillary  sinus  cavit y.  Im por tan t ly,
viral in fect ions are  not  the  on ly cause  of dam aged  epithelium .
Allergic  d isease, m echan ical  obst ruct ion  (e.g., obstruct ion  of
the  ost iom eatal com plex, sep tal deviat ion), sw im m ing, odon-
togen ic in fect ions, in tranasal cocaine  use, im paired  m ucocili-
ary  clearance  (e.g., cyst ic  fibrosis, cilia  dysfunct ion ), and  im -
m unodeficiency  should  be  considered  in  appropriate  pat ien t
groups.

107.5.2  Chronic Rhinosinusit is
The  etiology  of chronic  rhinosinusitis  rem ains  elusive  despite
in tensive  research  e orts. In  the  past, a  lack of clear  term inol-
ogy and varied  approaches to t reatm ent  and  study designs con-
tr ibuted to our lack of understanding of these disorders.

We  do  know  that  CRS is  a  heterogeneous group  of disorders
w ith  di erent  etiologies  and  pathophysiologies.  Com plex  in-
flam m atory changes occur  w ithin  the  nasal and  paranasal m u-
cosa  of individuals  w ith  CRS. Di erences  in  inflam m atory  cell
in filtrate, type  of T-lym phocyte  response, and  rem odeling pat-
terns result  in  the assorted disease pat terns observed. In  gener-
al,  the  role  of  bacterial  infection  is  controversial  in  CRS both
w ith  and w ithout  nasal polyposis. Im m unodeficiency should  be
ru led out  in  patients w ho have CRS w ithout  nasal polyposis. As-
pirin  in tolerance  is  seen  only  in  CRS w ith  nasal polyposis. IgE
and  IgG sensitization  to  fungus  and  allergic  m ucin  m ust  be
present in  AFS.

Risk  factors  for  CRS include  allergic  rh initis,  active  tobacco
use, im m unodeficiency, defects in  m ucociliary clearance, recur-
rent  viral upper  respiratory  tract  infect ions, system ic diseases
(including  Churg-Strauss  vasculitis,  sarcoidosis,  and  Wegener
granulom atosis), and  anatom ical abnorm alities (� Table  107.1).
Allergic  sensitization  to  dust  m ites,  cockroach,  and  m olds  is
com m on  in  all diseases. This  m ay be  in  part  due  to  the  act iva-
tion  of protease-act ivated  receptors (see  Chapter  106  for  a  full
discussion).  Im portantly,  any  cause  of obstruct ion  (e.g.,  nasal
polyps,  granulom atous  disease,  allergies,  m ucosal  edem a)  of
the ostiom eatal complex can  create the sensation  of facial pain /
pressure, nasal congestion, or disturbance of airflow.

107.5  Etiology and Pathophysiology
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Each  disease  ent ity has a dist inct ive pathophysiology and  re-
sponse  to  treatm ent  and  m anagem ent, and  each  is  discussed
separately below.

Chronic Rhinosinusit is w ithout  Nasal Poly-
posis
CRS w ithout  nasal polyposis is  the  m ost  com m on  form  of CRS.
Various processes, including allergic, nonallergic, im m unologic,
and  structural abnorm alit ies, contribute  to the  chronic changes
observed  in  the  m ucosal layer. Analysis  of sinus fluid  reveals  a
neutrophilic  infiltrate, as  well  as  low  num bers  of eosinophils,
m ast  cells,  and  basophils.  Histologic  changes  w ithin  the  m u-
cosal  lin ing  include  th ickening  of  the  basem ent  m em brane,
edem a, and  hyperplasia  of goblet  cells, in  addition  to a  subm u-
cosal m onocyt ic infiltrate of neutrophils and m acrophages.

The cytokine profile in  CRS w ithout  nasal polyposis is un ique.
There  are  elevations  in  CD4 + T helper  type  1  (CD4 + Th1) lym -
phocytes  and  in  the  lymphocyte-associated  cytokines in terleu-
kin -1β  (IL-1β),  in terferon-γ  (IFN-  γ),  tum or  necrosis  factor-α
(TNF-α ), and  TGF-β . Elevations in  TGF-β  result  in  the character-
istic fibrosis seen  in  CRS w ithout  nasal polyposis. This cytokine
is noticeably absent  in  CRS w ith  nasal polyposis.

The  role  of chronic bacterial infect ions  in  CRS w ithout  nasal
polyposis is  debatable. Studies  are  flawed  based  on  patient  se-
lect ion, culture  techniques, and  prior  use  of antibiotics. Recur-
ren t  and/or  chronic  bacterial  infect ions  can  cause  perm anent
anatom ical changes. Additionally, biofilm s, w hich  are  complex
aggregations of bacteria em bedded  w ith in  an  extracellular  pol-
ym eric  substance  on  chronically  inflam ed  surfaces,  m ay  be
present.  These  m icrocom m unities  of  bacteria  are  di cult  to
eradicate  and  m ay represent  a  h idden  source  of chronic infec-
tion  im penetrable to an tibiotics.

Chronic Rhinosinusit is w ith Nasal Polyposis
CRS w ith  nasal polyposis  is  the  second  m ost  com m on  form  of
CRS. By definition, polyps  m ust  be  present. Polyps  are  edem a-
tous, sem itranslucent  m asses in  the nasal and paranasal cavities
that have no pain  fibers. There are two types of polyps: ethm oi-
dal  and  antrochoanal.  Ethm oidal  polyps  are  m ore  com m on,
em erge  from  the  ethm oid  sinus  via  the  ost iom eatal  complex,
and  are  bilateral.  In  contrast,  an trochoanal  polyps  arise  from
the  m axillary  sinus  via  the  m iddle  m eatus  and  are  unilateral.
Antrochoanal polyps are less likely to be associated w ith  allergic
disease.  The  presence  of  unilateral  polyps  is  uncom m on  and
should prom pt consideration  of m ore severe diseases, including
inverted papillom a and nasal tum ors.

Epithelial  dam age  w ith  a  th ickened  basem ent  m em brane  is
show n on  histologic analysis of polyp t issue. There is an  eosino-
philic infiltrate, and  strom al t issue  exhibits  fibrosis  or  edem a-
tous  changes,  decreased  blood  supply  and  glands,  and  the
absence  of neural tissue. Mature  polyps m ay form  pseudocysts
w ith  surrounding fibroblasts and inflam m atory cells.

The  inflam m atory  infiltrate  in  the  nasal  polyps  associated
w ith  cystic fibrosis and prim ary ciliary dyskinesia show s impor-
tan t  di erences. Unlike the  eosinophilic infiltrate typically seen
in  CRS w ith  nasal  polyposis, a  characteristic  lymphocyt ic  and
neutrophilic infiltrate  is  revealed  by histology. The  presence  of
this cellular  infiltrate  in  ch ildren  warrants further screening for
disease.

The  cellular  and  cytokine  profile  of CRS w ith  nasal polyps is
in  contrast  to that  of CRS w ithout  polyps. It  is characterized  by
activated  CD4 + Th2 lymphocytes, increased  am ounts of IL-5, IL-
13, and  histam ine, and  the  absence  of TGF-β . IL-5 and  Il-13 are
key  cytokines  in  the  proliferation  and  survival  of eosinophils.
The cellular  and  cytokine profile suggests an  allergic role  in  the
developm ent of nasal polyps.

Although  the  cause  of  nasal  polyposis  rem ains  elusive,  it
probably  represents  a  heterogeneous  disease  w ith  varied
causes, including allergic and  infect ious conditions and  aspirin
sensitivity. Allergic  disease  m ost  likely  plays  a  role, and  up  to
60% of pat ien ts w ith  polyposis w ill have atopy. Additionally, IgE
is  increased  locally  w ithin  polyp  tissue. Local  IgE product ion
and  a  type  I m ediated  allergic react ion  m ay have  a  role  in  the
etiology of polyposis.

A unique  subset  of adult  pat ients  w ith  nasal  polyposis  w ill
also  have  aspirin  hypersensitivity  w ith  aspirin-induced  bron-
chial  asthm a  and/or  aspirin-  induced  rhinitis  (aspirin-exacer-
bated  respiratory disease, or  Sam ter  t riad). In  th is group  of pa-
tients, defect ive  inh ibit ion  of the  cyclo-oxygenase  enzym e  1  in
the  arachidonic acid  pathway (see  Chapter  106  for  full details)
leads to the excessive product ion  of leukotrienes. The ingestion
of aspirin  leads  to  sym ptom s  of bronchospasm  and/or  rh in itis
30 m inutes  to  4  hours  later. Sym ptom s  of  worsening  asthm a,
nasal polyposis, and  rhinitis  develop  slow ly over  years  despite
avoidance of the drug. It  is important  to recognize and treat  th is
sensitivity  because  these  patients  are  10  tim es  m ore  likely  to
require  repeated  surgical in tervent ions for  polyp  m anagem ent.
The diagnosis is m ade through  challenge testing w ith  lysine-as-
pirin  by  an  allergist/im m unologist .  Desensitization  and  long-
term  aspirin  therapy  can  be  e ect ive  in  t reating  up  to  60% of
these pat ients.

The role of bacterial infect ions and  superantigen  activation  of
T  lymphocytes  rem ains  controversial.  Studies  reveal  an  in-
creased  colonizat ion  of S. aureus in  pat ien ts  w ith  nasal polyps

Table 107.1  Risk factors for the development of chronic rhinosinusitis

CRS
risk factor

CRS with  polyps  CRS without  polyps  AFS

Atopy  Common  Common  Common

Immunodeficiency  Rare  Immunodeficiency in  12%  Rare

Environmental irritants  Common  Common  Common

Aspirin  intolerance  Common  Rare  Rare

Abbreviations: AFS, acute fungal sinusitis; CRS, chronic rhinosinusitis.
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or  aspirin-sensitive  asthm a versus controls. S. aureus produces
enterotoxins  that  act  as  superant igens,  directly  activating  T
lymphocytes, as in  atopic derm atit is. Additionally, pat ients w ith
nasal  polyposis  have  an  increased  local  presence  of  S. aureus
enterotoxin–specific  IgE.  This  IgE is  not  found  in  the  serum ,
suggesting that  a type  I m ediated  allergic react ion  to the en ter-
otoxin  m ay occur  w ith in  the  paranasal sinuses, resulting in  the
form ation  of nasal polyps.

Allergic Fungal Sinusit is
The  pathophysiology  of  AFS is  poorly  defined,  but  it  is  m ost
likely an  infect ious and/or  allergic process. Presum ably, a  com -
plex react ion  involving both  an  im m ediate  type  I IgE-m ediated
response  and  a  type  III im m une  complex  deposition  (fungus-
specific IgG and  fungus) results in  m ucosal edem a, eosinophilic
infiltration , and  allergic m ucin  form ation. Supporting evidence
includes the presence of fungus-specific IgE and  IgG locally and
in  the  serum .  Total  levels  of  quantitative  IgE are  elevated  in
these  patien ts. Histology  of the  nasal  m ucosa  reveals  eosino-
philic infiltrates.

Allergic m ucin , present  w ithin  the sinuses, varies in  color and
can  be anyw here from  ligh t  tan  to dark green, w ith  a th ick, pea-
nut  butter–like  consistency. The  funct ion  is  unknow n. Allergic
m ucin  contains degranulated  eosinophils, Charcot-Leyden  crys-
tals  (a  by-product  of degranulated  eosinophils), and  fungal hy-
phae. The  identification  of fungal  hyphae  in  allergic  m ucin  is
problem atic, and these are not always identified.

The  fungi associated  w ith  AFS are  ubiquitous in  the  environ-
m ent  and  are  in  the  dem atiaceous fam ily. Because  of their  om -
nipresence  in  the  environm ent, exposure  does not  equate  w ith
disease.  In  children  and  adults,  Bipolar is  and  Curvular ia  are
m ost  com monly isolated  from  the  m ucin. In  adults, Alternar ia
and Aspergillus species also play an  im portant  role.

107.6  Medical Evaluat ion
107.6.1  Present ing Com plaints
A thorough  history  is  im portant  in  the  diagnosis  of  ARS and
CRS. Inform ation  regarding  the  nature  and  durat ion  of sym p-
tom s, tr iggers, alleviating factors, and  com orbid  conditions (in-
cluding  allergy,  asthm a,  recurrent  in fect ions,  in tranasal  drug
use,  and  aspirin  sensitivity),  as  well  as  previous  t reatm ent,
im aging, and surgical in tervent ions, should  be docum ented.

Disease  is  classified  based  on  sym ptom  duration  and  the
presence  or  absence  of nasal polyps and/or  allergic m ucin. The
sym ptom s  of ARS and  CRS are  sim ilar  and  divided  in to  m ajor
and  m inor  sym ptom s  (� Table  107.2).  Any  pat ient  report ing
changes in  vision, diplopia, severe  headache, proptosis, or  focal
neurologic  or  m eningeal  signs  requires  im m ediate  atten tion
and  im aging. Patients  w ith  ARS report  the  acute  onset  of nasal
congestion  and obstruct ion, purulent  nasal discharge, m axillary
tooth  discom fort , and facial pain  or pressure that  is worse w hen
they  bend  forward. Sym ptom s  start  acutely  and  can  last  any-
w here up to 12 weeks.

CRS com m only starts w ith  an  indolent  infect ion or upper res-
piratory infect ion  that  never  resolves. Two of the four  hallm ark
signs  of CRS (m ucopurulent  drainage, nasal  obstruct ion , facial
pain/pressure, and decreased sense of sm ell) m ust be present  in

conjunct ion  w ith  m ucosal inflam m at ion  for  CRS to  be  consid-
ered. Each  type  of CRS can  present  characteristically in  its ow n
way (see  Box Typical Presenting Sym ptom s of Chronic Rhinosi-
nusitis (p.823)).

Typical Present ing  Sym ptom s of Chronic
Rhinosinusit is
●  Chronic rhinosinusitis with nasal polyposis: gradual worsening

of nasal congestion and facial fullness/pressure; diminished
sense of smell

●  Chronic rhinosinusitis without nasal polyposis: facial pressure/
pain and mucopurulent drainage in association with fatigue
and low-grade fever

●  Allergic fungal sinusitis: dramatic or progressive presentation
of severe nasal congestion, facial asymmetry, and vision
changes; thick, “peanut but ter–like” discharge from the nose

107.6.2  Physical Exam inat ion and
Evaluat ion
An  algorithm  for  the  diagnosis and  work-up  of ARS and  CRS is
presented  in � Fig. 107.2. In  general, a  head  and  neck exam ina-
tion  should  be done for all patients present ing w ith  these com -
plain ts.  Observe  for  signs  of  facial  asym m etry,  proptosis,  in-
flam ed  nasal m ucosa, visible  polyps, septal deviation , m ucupu-
lent  drainage, and  lymphadenopathy. Rigid  or  flexible  endos-
copy is useful in  both  ARS and  CRS and  should  be  perform ed  if
available.  The  observation  of  obstruction  of  the  ost iom eatal
complex is im portant.

No radiologic im aging is necessary for  ARS. If sym ptom s per-
sist  despite treatm ent , m ultiplanar noncontrast  sinus computed
topography (CT) is the im aging m odality of choice to docum ent
CRS. Sinus m ucosal th ickening, sinus ost ial obstruct ion, polyps,
and  radiographic evidence  of sinus opacification  are  com monly
docum ented in  CRS.

The  presence  of certain  diseases  warrants  further  work-up.
All children  w ith  nasal polyposis should  be  screened  for  cystic
fibrosis. Patien ts  w ith  recurren t  ARS and  sym ptom s of allergic
disease  and  all  pat ients  w ith  CRS should  undergo  an  allergy
work-up that  includes an  evaluation  for  sensitivity to perennial
and seasonal allergens and m easurem ent of total IgE. Desensiti-
zation  should  be  considered  for  pat ients  w ho  have  CRS w ith

Table 107.2  Symptoms associated with rhinosinusitis

Major  symptoms  Minor symptoms

Facial pain/pressure  Headache

Facial congestion/fullness  Fever

Nasal obstruction/blockage  Halitosis

Nasal discharge/purulence; postnasal drip  Fatigue

Hyposmia/anosmia  Dental pain

Cough

Ear pain/pressure/fullness

Source: Adapted  from  Lanza DC, Kennedy DW. Adult  rhinosinusitis
defined. Otolaryngol Head  Neck Surg  1997;117(3 Pt  2):S1–S7.
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nasal polyposis  and  a  h istory of aspirin  sensitivity. Finally, pa-
tien ts w ho have recurrent  ARS and  CRS w ithout  nasal polyposis
should  be  evaluated  for  possible  acquired  im m unodeficiency
(isolated  and  total hypogam m aglobulinem ia, selective  IgA defi-
ciency, HIV). As advancem ents  are  m ade  regarding our  know l-
edge  and  t reatm ent  options  for  innate  im m unodeficiencies,
including  toll-like  receptor  defects  and  disorders  of  comple-
m ent,  defects  in  these  pathways  should  also  be  considered.
Referral  to  a  specialist  in  allergy/im m unology  is  indicated  for
laboratory  evaluation,  including  screening  for  HIV infect ion,
quantitative  im m unoglobulins, IgG subclasses, and  evidence  of
im m une t iters to vaccines.

Nasal swabs provide lit tle  or  no useful inform ation  regarding
culprit  bacteria and  should  not  be perform ed. Bacterial cultures
via  direct  sinus  puncture  or  m iddle  m eatal  endoscopy  in  pa-
tien ts w ith  CRS can  be helpful.

107.6.3  Di erent ial Diagnosis
The di eren tial diagnosis of rh inosinusitis includes allergic and
nonallergic  rh in itis, atypical  m igraine  headaches, disorders  of

olfaction ,  gastroesophageal  reflux,  laryngeal  reflux,  and  head
and neck tum ors.

107.7  Medical Treatm ent
The  goal of m edical and  surgical t reatm ent  is  to  reduce  sym p-
tom s and  eradicate bacterial and/or  fungal infect ions. Sym ptom
reduct ion  can  be  achieved  w ith  supportive  m easures  of  hu-
m idified  air, saline  nasal rinses, and  oral decongestants. Mono-
therapy  w ith  in tranasal cort icosteroids  m ay provide  beneficial
sym ptom  reduct ion  in  ARS and  is  indicated  in  com bination
w ith  other  m edications  in  CRS. Maxim al t reatm ent  of allergic
disease  should  be  instituted  in  appropriate  patients  (� Ta-
ble 107.3).

107.7.1  Acute Rhinosinusit is
The benefits of antibiotic therapy in  ARS are  controversial, and
it  should  be in itiated w ith  care. Cochrane Review s report  a lim -
ited  role for  antibiotics in  ARS. In  patients w ho have sym ptom s
for less than  7 days, antibiotic treatm ent  show s a sm all benefit .
When  antibiotic  therapy  is  in itiated,  the  first-line  t reatm ent
against  norm al  respiratory  flora  should  guide  the  choice. Pa-
tients  w ho  have  fever  above  101°F, m oderate  to  severe  facial
pain , progression  of sym ptom s, or  sym ptom s for longer  than  14
days  should  be  treated  w ith  an tibiotics. Typically, am oxicillin ,
cephalosporins, and  sulfa-based  antibiotics  are  adequate. Mac-
rolide antibiotics m ay also be used as an  alternative.

107.7.2  Chronic Rhinosinusit is
In  contrast  to  ARS, com bination  therapy  w ith  oral  or  topical
cort icosteroids  and  oral  antibiotics  is  recom m ended  for  the
treatm ent  of CRS w ith  and  w ithout  nasal polyposis. Treatm ent
w ith  oral cort icosteroids  is  often  required. The  optim al dosing
regim en and treatm ent duration vary am ong pract it ioners.

All patients w ith  CRS should be treated m axim ally for allergic
disease, and  im m unotherapy  should  be  considered. Identified
im m unodeficiencies  and  system ic illnesses  contribut ing to  the
disease process should be addressed.

Antibiotic choice is guided  by drug allergy status, prior  use of
antibiotics,  and  culture  results.  Am oxicillin /clavulanate  is  the
first-line choice in  patients w ithout penicillin  allergy; in  allergic
patien ts, a quinolone antibiotic m ay be used safely. Clindamycin
is an  alternative  antibiotic for  penicillin-allergic patients  or  for
those  in  w hom  m ethicillin -resistan t  S. aureus infect ion  is  sus-
pected. Treatm ent  typically is cont inued  for  at  least  3  weeks to
induce  rem ission  of sym ptom s. Mult iple  courses  in  com bina-
tion w ith  surgical in tervention  are often  required.

Patien ts w ho have  aspirin-sensitive  CRS w ith  nasal polyposis
m ay benefit  from  aspirin  desensitization , leukotriene  synthesis
inhibitors (zileuton), and/or leukotriene antagonists (m onteleu-
kast),  although  these  are  o -label  uses.  Patients  on  zileuton
should be m onitored for evidence of hepatic im pairm ent. Aspir-
in  challenge  should  be  considered  in  pat ients w ith  a  h istory of
allergy and/or asthm a. Other system ic causes of nasal polyposis
should be considered and t reated.

The  treatm ent  of AFS begins  w ith  surgery, and  m edical m a-
nagem ent  follow s.  Oral  cort icosteroids  are  the  backbone  of

Fig. 107.2  Algorithm  for the  diagnosis of rhinosinusitis.  ARS, acute
rhinosinusitis; CRS, chronic rhinosinusitis; CT, computed  tomography.
Source:  Data  from  Bachert  C,  Gevaert  P,  van  Cauwengerge  P.  Nasal
polyps and  rhinosinusitis.  In: Adkinson  NF Jr,  Bochner BS, Busse  WW,
Holgate  ST,  Lemanske  RF Jr,  Simons  FER,  eds.  Middleton’s  Allergy:
Principles  &  Practice.  7th  ed.  Philadelphia,  PA:  Mosby  Elsevier;
2009:991–1003.
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m aintaining rem ission  in  the  postsurgical pat ient. Im m unom o-
dulation  and  suppression  of the  inflam m atory response  by the
cort icosteroids  reduces  relapses. Dosing  guidelines  and  dura-
tion  of treatm ent  are  unknow n  and  should  be based  on  pat ient
sym ptom  scores.

Im m unotherapy  m ay  be  a  powerful  treatm ent  tool  in  AFS.
Previously,  it  was  felt  that  im m unotherapy  w ith  the  incit ing
fungus  m ight  exacerbate  disease  and  should  be  rem oved  from
the  t reatm ent  regim en. However, three  sm all  studies  showed
that  pat ients  receiving  im m unotherapy  for  fungus  for  3  to  5
years had a reduct ion  in  sym ptom  scores, were able to stop oral
and  topical cort icosteroid  use, and  had  decreased  relapse  rates
up  to  3  years  later. A prom ising  t reatm ent  option  m ay  be  re-
com binant  IgE (om alizum ab) therapy. Lim ited  case  reports/ser-
ies suggest decreases in  sym ptom  scores and relapse rates.

In  the  past, oral an t ifungal therapies for  AFS were  proposed;
however, they have  serious  side  e ects, and  there  is  lit t le  evi-
dence to support  their  use. Topical ant ifungal therapy m ay add
som e  benefit  in  reducing  sym ptom s  of  AFS,  but  studies  are
lacking.

107.8  Prognosis
ARS typically responds well to first-line  antibiotics. Progression
of sym ptom s  or  lack  of  im provem ent  after  7  days  of  therapy
should  be  considered  t reatm ent  failure. In  these  cases, the  em -
piric use  of second-line  antibiotics (levofloxacin  or  am oxicillin /
clavulanate) is indicated.

Patients should  be  counseled  that  CRS is a  chronic illness re-
quiring  lifelong  t reatm ent. The  rates  of  lifelong  exacerbations
and  recurrences of CRS despite  m axim al therapy are  h igh, par-
ticularly in  patients  w ith  AFS, 10  to  100% of w hom  experience
recurrence.

107.9  Com plicat ions
All pat ients w ith  ARS or CRS m ay develop  complications secon-
dary to a delay in  diagnosis, recurrence of disease, or  t reatm ent
failure.  Transient  hyposm ia  or  anosm ia  is  typically  reversible
in  cases  of virally  induced  ARS. In  rare  cases  of bacterial  ARS,

Table 107.3  Medical treatment of acute and chronic sinusitis

Condit ion  Treatment

ARS Antibiotics for 10–14 days  First  line: amoxicillin, cephalosporins, trimetho-
prim/sulfamethoxazole, macrolides
Second line: amoxicillin/clavulanate, levofloxacin

Supportive  therapy  Intranasal corticosteroids, nasal decongestants,
saline  rinses

Antibiotics for 3  weeks  Amoxicillin/clavulanate, clindamycin

CRS without  nasal polyposis
Corticosteroids  Intranasal corticosteroid  sprays

± systemic corticosteroids

Allergy treatment
 Maximize  medical therapy for allergies

Consider immunotherapy

Supportive  therapy  Saline  rinses and  nasal sprays

Antibiotics for 3  weeks  Amoxicillin/clavulanate, clindamycin

CRS with  nasal polyposis
Corticosteroids

Intranasal corticosteroid  sprays
Prednisone  40 mg/d  for 5 days, then 20 mg for 5
days, then 10 mg for 5 days, then 5 mg for 5 days

Allergy treatment
 Maximize  medical therapy for allergies

Consider immunotherapy

Supportive  therapy  Saline  rinses and  nasal sprays

Leukotriene  synthesis inhibitor/leukotriene
antagonist

Monteleukast  and  zileuton

Allergy treatment  Allergy evaluation  and  maximal therapy
Aspirin challenge  and  desensitization

Surgery  Disease-directed  sinus surgery

AFS

Corticosteroids

Prednisone  0.5 mg/kg  for several weeks, tapered
to  10 mg/d; continue  taper to  lowest  dose  that
maintains remission
Intranasal corticosteroid  sprays

Allergy treatment  Immunotherapy

Antifungals  Oral and  topical nasal rinses controversial

Abbreviations: AFS, acute  fungal sinusitis; ARS, acute  rhinosinusitis; CRS, chronic rhinosinusitis.
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abscesses involving the  eye, m eninges, or  brain  m ay ensue. The
m ost com m on complication  of ARS is progression  to CRS.

The m ost  worr isom e complication  of CRS is extension  to and/
or  involvem ent  of the  brain  via  the  orbit  (� Table  107.4). Signs
of extension  in to the  orbit  include  proptosis (forward  displace-
m ent  of the eye), gaze restrict ion, decreased visual acuity, color
vision  defects,  and  an  a eren t  pupillary  defect .  These  sym p-
tom s in  the  sett ing of fever, headache, and  cranial nerve  palsy
suggest  the  m ost  t roublesom e  complication, the  developm ent
of cavernous sinus throm bosis.

Alternative  complications and  concerns of therapy are  m edi-
cation  side  e ects, the  em ergence  of an tibiotic resistance, and
the developm ent of an tibiotic allergy.

107.10  Roundsm anship
●  ARS and CRS di er in  the duration  of illness but have sim ilar

sym ptom s.
●  Most cases of ARS are virally induced; patients w ith  sym p-

tom s lasting less than  2 weeks do not  require an tibiotics.
●  CRS represents a spectrum  of disease depending on  the im -

m unologic react ion  to environm ental allergens and infect ion.
●  CRS is a chronic relapsing and rem itt ing disease.
●  CRS is strongly associated w ith  allergic disease.
●  The four cardinal signs of CRS are m ucopurlent drainage, na-

sal obstruct ion , hyposm ia/anosm ia, and facial pain/pressure;
two m ust be present along w ith  evidence of m ucosal inflam -
m ation  to consider CRS.

●  Treatm ent of ARS rarely requires antibiotics; t reatm ent of
CRS requires a m ulti-m odal approach including m edical and
surgery.

●  Signs of proptosis, gaze restr ict ion, decreased visual acuity,
color vision  defects, and an  a eren t  papillary defect  should
alert  you the possibility of orbital extension  and im m ediate
work up should  ensue.
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Table 107.4  Orbital complications of sinusitis

Group  Complicat ion  Descript ion

I  Preseptal cellulitis
Inflammatory edema limited  to  area anterior to orbital septum, caused  by restricted  venous drainage;
eyelids swollen but  not  tender, extraocular muscle  movement  unaffected, no chemosis; proptosis, if
present, mild

II  Orbital cellulitis
 Pronounced  edema of orbital (retroseptal) contents without  abscess; chemosis and  proptosis, but  vision

loss rare

III  Subperiosteal abscess
 Abscess between  bone  and  periosteum  of orbital bone; orbital contents displaced  inferolaterally by

accumulating  pus; chemosis and  proptosis; decreased  vision or ocular mobility rare

IV  Orbital abscess  Intraorbital collection of pus; severe  proptosis, ophthalmoplegia, and  vision loss common

V  Cavernous sinus thrombosis  Bilateral ocular signs, fever, headache, photophobia, proptosis, ophthalmoplegia, rapid  vision loss, and
involvement  of cranial nerves III, IV, V1, V2, and  VI
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108  Surgical Treatm ent  of Sinusit is
Steven David Schaefer

108.1  Int roduct ion
Over  the  past  century or  m ore, surgical procedures  to  treat  si-
nusitis  and  related  diseases  evolved.  The  various  procedures
can  be  roughly divided  in to  those  that  entered  the  a ected  si-
nus  through  face  and  those  that  approached  the  paranasal si-
nuses  through  the  nose.  The  form er  (open)  techniques  pro-
gressed  over  a  century  to  becom e  well  standardized  by  the
1950s,  and  although  less  often  em ployed  today, they  rem ain
usefu l in  selected  pat ients. The  lat ter  (intrana sal, referred  to as
endona sa l  in  Europe)  techniques  were  m ore  problem atic  in
their  early  developm ent  and  required  m odern  optical  tele-
scopes  or  endoscopes  to  visualize  and  operate  on  all  four  si-
nuses  through  the  nose. The  popularization  of these  less  inva-
sive  techniques  awaited  not  only  the  developm ent  of surgical
endoscopes, but  also a  convergence  of our  understanding of si-
nus anatomy, pathophysiology, and funct ion.

108.2  Open Surgical Techniques
108.2.1  Maxillary Sinus
Before  the  popularization  of  endoscopic  in tranasal  sinus
surgery,  the  Caldwell-Luc  operation  was  the  m ost  com m on
procedure  for  the  t reatm ent  of  m axillary  sinus  disease.  This
procedure was indicated  to t reat  chronic infect ion  refractory to
m edical treatm ent , cysts  or  polyps w ithin  the  m axillary sinus,
dental fistulas, and  fractures of the m axilla;  it  was also used  for
decompression  or  rem oval of the floor  of the  orbit  in  the treat-
m ent of thyroid  eye disease and biopsy of neoplasm . The proce-
dure  consists  of two elem ents:  fenestration  of the  canine  fossa
and  creation  of  the  nasal  antral  w indow  (antrostomy).  The
procedure begins w ith  an  incision  beneath  the  upper  lip  in  the
gingivobuccal sulcus above the roots of the teeth . The soft  t issue
over the m axilla is elevated in  the subperiosteal plane to expose
and  preserve  the  infraorbital  nerve. The  anterior  wall  of  the
m axillary  sinus  is  opened  (fenestrated)  w ith  various  types  of

surgical  burs,  bone-cutt ing  forceps,  or  osteotom es
(� Fig. 108.1). Cysts, polyps, tum ors, or  diseased  m ucous m em -
brane  is  then  rem oved  through  the  fenestration. Next, an  ap-
proxim ately  1  x  2-cm  rectangle  of bone  beneath  the  inferior
turbinate is rem oved to create a nasoantral w indow. The proce-
dure  is completed  w ith  reapproxim ation  of the  soft  t issue  over
the anterior m axillary sinus wall w ith  suture.

108.2.2  Frontal Sinus
Chronic  frontal  sinusitis  and  polyps,  m ucoceles,  and  tum ors
w ithin  the frontal sinus have been  addressed  w ith  m ultiple  ap-
proaches  to  the  frontal  sinus  (� Fig.  108.2).  Perhaps  the  first
form  of frontal sinus surgery was t rephination , a fenestration  of
the  anterior  wall of the  sinus  through  a  skin  incision  over  the
brow. Because  in  the  preantibiot ic era  the  treatm ent  of osteo-
myelitis  often  required  the  débridem ent  of infected  bone, the
next  procedure  in  the  evolution  of the  t reatm ent  of infect ions
w ithin  the frontal sinus was the  Riedel operation . In  1898, Rie-
del described  ablation  of the frontal sinus by rem oval of its an-
terior  wall and  floor  (� Fig. 108.3). This  perm it ted  w ide  access
through  the  forehead  skin  but  left  a  significant  cosm etic  de-
form ity. Killian  m odified  the  Riedel procedure  in  1904  by pre-
serving a  10-m m -w ide  bridge  of bone  at  the  supraorbital rim ,
w hich  resulted  in  less  disfiguration  than  the  Riedel operation.
In  the  sam e year, Ho m an  described  opening the  anterior  wall
of the  frontal  sinus  w hile  preserving  its  blood  supply  via  the
periosteum  of the frontal bone, a procedure later  term ed  osteo-
pla st ic  fronta l  sinusotomy. In  1914, Lothrop  described  a  com -
bined in tranasal and external procedure that  resulted in  rem ov-
al of the  floor  of the  entire  frontal sinus, as  well as  rem oval of
the  adjacent  nasal septum  and  in tra-frontal sinus septum . This
procedure  would  await  the  advent  of the  surgical  m icroscope
and  endoscopes to be  repopularized  as an  in tranasal frontal si-
nus drainage  procedure. Using an  external approach  to rem ove
the  cells  of the  ethm oid  sinus and  the  m iddle  turbinate, Lynch
in  1920 described  rem oval of the floor of the frontal sinus. Over

Fig. 108.1  Caldwell-Luc procedure. (a) Buccal–gingival incision to expose the anterior face of the maxilla. (b) The anterior face of the maxillary sinus is
exposed, and  a surgical chisel is used  to create  an  opening  into the  maxillary sinus. (c) A generous fenestration allows adequate  exposure  for the
removal of mucosa of the  right  maxillary sinus.
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the  next  60  years,  several  unsuccessful  m odifications  to  the
procedure  were  m ade  in  order  to avoid  collapse  of the  soft  t is-
sue  of  the  adjacent  orbit  in to  the  drainage  pathway  in to  the
nose. Although variations of the above procedures are still occa-
sionally  used, the  next  m ajor  advance  in  frontal sinus  surgery
was to com bine the  osteoplastic frontal sinusotomy w ith  oblit-
eration  of the  frontal  sinus  w ith  fat , as  described  by  Goodale
and  Montgom ery  in  the  1950s. The  procedure  uses  Ho m an’s
exposure  of the  frontal sinus via  a vascularized  anterior  frontal
sinus  bone–periosteal flap  to  carefully  rem ove  all  norm al and
diseased  m ucous m em brane  w ithin  the  sinus, repair  fractures,
or  rem ove  tum ors  (� Fig. 108.4). The  sinus  is  then  obliterated
w ith  abdom inal  fat ,  w hich  rem ains  part ially  viable  for  m any
years.  When  perform ed  correctly,  th is  operat ion  has  consis-
tently yielded  the  best  long-term  results and  has been  referred
to  as  the  gold  standard  in  frontal sinus  surgery. However, the
advent  of optical endoscopes  and  various  in tranasal fron tal si-
nus procedures  has  significantly reduced  the  use  of the  osteo-
plastic frontal sinusotomy.

108.3  Int ranasal (Endonasal)
Techniques
In  the  United  States,  Harris  Mosher  was  an  early  proponent
of in tranasal  sinus  surgery. His  anatom ical studies  of the  eth-
m oid  and  sphenoid  sinuses  form ed  the  basis  for  in tranasal
ethm oidectomy  and  sphenoidotomy. Others,  such  as  Howard
Lothrop, reported  drain ing  the  frontal  sinus  in to  the  nose  via

Fig. 108.2  Progression  of frontal sinus surgical procedures during  the  past  century. In  the  early 1900s, ablation, or removal of the  anterior, the
posterior, or both  walls of the  frontal sinus, was the  most  common procedure  for the  treatment  of chronic frontal sinusitis. Trephination was a
common form of surgical treatment  since the time of the ancient  Egyptians. In 1904, Hoffman introduced the osteoplastic frontal sinusotomy, which
consisted of opening and replacing the anterior wall of the frontal sinus as a means to access this sinus for treatment. The procedure would later be
reintroduced in the 1950s, and for many years it  served as the most frequent form of frontal sinusotomy. In 1914, Howard Lothrop proposed draining
the frontal sinus into the nose by removing the entire floor of this sinus and the adjacent  nasal septum. Beginning in the 1980s, a series of intranasal
microscopic and  endoscopic frontal sinusotomies was popularized  in  Europe  and  later in  the  United  States.

Fig. 108.3  Patient  several days after removal of the  anterior wall of
frontal sinus, or ablation procedure  of Riedel, for osteomyelitis of the
frontal bone.

Surgical Treatment  of Sinusit is

828



the  com bination  of in tranasal rem oval of the floor  of th is sinus
and  an  external  opening  through  the  brow,  or  sinusotomy
(� Fig.  108.5).  Because  these  are  di cult  procedures  to  per-
form  w ith  only  a  headlight  and  poten tially  m ore  dangerous
than  the  open  approaches, early proponents  would  later  ques-
tion  the  w isdom  of such  surgery. By  1929, Mosher  described
intranasal  ethm oidectomy  as  “one  of  the  easiest  operations
w ith  w hich  to  kill a  patient.” Over  the  next  40  years, relatively
few  surgeons  used  in tranasal approaches to  the  sinuses. How-
ever, by the  early  1980s, Wigand  in  Germ any and  Messerklin-
ger  in  Austria  had  m odified  existing  in tranasal  sinus  proce-
dures  so  that  they  could  be  perform ed  safely,  although  not
necessarily easily, w ith  the  use  of endoscopes. Wigand  used  a
headlight  and  an  endoscope  to  begin  h is  surgery  w ith  resec-
tion  of the  m iddle  turbinate  to  gain  exposure  to  the  posterior
ethm oid  cells  and  face  of the  sphenoid  sinus. Next, he  cannu-
lated  the  sphenoid  sinus  ostium , rem oved  the  anterior  wall of
the  sphenoid  sinus,  and  perform ed  a  total  ethm oidectomy.
This  approach  perm it ted  surgery  to  be  perform ed  w ith  the  il-
lum ination  and  m agnification  of  endoscopes  w hile  the  eth-
m oidectomy was  begun  posteriorly and  the  retrograde  dissec-
tion  of  the  ethm oid  cells  was  directed  away  from  the  skull
base.  Given  the  statem ents  of  Mosher  and  others,  surgeons
were  well aware  of the  risk  for  in tracranial injuries  during in-
tranasal sinus surgery.

In  contrast  to th is procedure, Messerklinger  and  Stam m berg-
er  used  their  studies  of the  physiology of the  sinuses  to  apply
the  optical telescope  to  m odify the  an terior  ethm oidectomy of
Halle. This  procedure  has  the  advantage  of select ively  lim iting
surgery  to  the  pathologic  sinuses. In  an  anterior-to-posterior
approach , the surgery begins w ith  anterior  ethm oidectomy and
is extended  posteriorly depending on  the  diseased  sinuses. The

disadvantage  of such  a  technique  is  the  anterograde  dissection
of the ethm oid cells and poten tial penetration  of the skull base.

Building  upon  the  concepts  of  Messerklinger,  Wigand,
and  Stam m berger, Kennedy o ered  the  concept  of  “funct ional
endoscopic surgery” (� Fig. 108.6). Such  surgery recognizes the

Fig. 108.4  Osteoplastic frontal sinusotomy via a coronal forehead skin
incision, as viewed by the  surgeon at  the head of the table. The outer
periosteum  (white arrow), or pericranium, of the  frontal bone  remains
intact, with  the  anterior wall of the  frontal sinus serving  as its blood
supply. Thus, the  procedure  is referred  to  as an  osteoplastic frontal
sinusotomy. The  osteotomy, or incision  into the  anterior wall of the
frontal sinus, is outlined (black arrows), and the  anterior wall is incised
with  fine-cut ting  burs or saws.

Fig. 108.5  Transfrontal drainage via an osteoplastic frontal sinusotomy
into the  nose. This so-called  marsupialization of the  frontal sinus into
the nose shares the elements essential to the Lothrop or type III frontal
sinusotomy. That  is, the  floor of the  frontal sinus, the  intrasinus
septum, and  the  adjacent  nasal septum  are  removed  to  create  a
maximal sinusotomy (asterisks).

Fig. 108.6  Normal sinus function  can  be  restored  following  surgical
removal of an  obstruction  to  normal ventilation of the  sinuses. (a)
Normal egress of mucus and  ventilation of air into  a sinus. (b) With
obstruction  of this pathway, the  mucous membrane  becomes hyper-
trophic, and  sinusitis then develops as a  result  of stasis of secretions
within  the  sinus. (c) The  selective  removal of the  obstructing  site  by
enlarging  the  ostium  of a sinus restores normal ventilation and
mucociliary flow. (d) Resolution of the mucous membrane hypertrophy
and  return  of normal sinus function.
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principle  of the  “potent ial for  reestablish ing sinus drainage and
m ucosal recovery” through  correction  of the  obstructing sinus
ostium  or  isthm us, and  rem oval  of devitalized  m ucous  m em -
brane  or  bone. The  goals  of the  aforem entioned  surgeons  for
the  t reatm ent  of extensive sinusitis  or  polyposis  over  t im e  be-
cam e the sam e, and  di ered  only in  regard  to such  elem ents as
preservation  of the  m iddle  turbinate  and  dissection  of the  eth-
m oid  labyrinth . The  com binat ion  of these  approaches  seeks  to
bring together  the  salient  features  of the  an terior-to-posterior
and  posterior-to-anterior approaches, w hile  observing the con-
cept of funct ional endoscopic sinus surgery (FESS; � Fig. 108.7).

The basic elem ents of m odern  in tranasal sinus surgery incor-
porate  a  disea se-  and ana tomy-or iented surgical approach, pre-
serving  sinus  anatomy  and  using  anatom ical  relationships  to

conform  to fundam ental surgical principles. A disease-orien ted,
or  funct ional, approach  to  sinus surgery assum es that  in  m any
patien ts, chronic sinusitis  develops from  m edically irreversible
obstruct ion  of the outflow  tract of the sinuses. Such obstruct ion
occurs at  the narrowest  point  of com m unication  of a sinus w ith
the  nasal  cavity, often  the  infundibulum  or  ost ium  of the  in-
volved  sinus. Surgery is directed  toward  rem oving such  restric-
tions to reestablish  norm al m ucociliary flow.

The  first  step  is  exposure  of the  contents  of the  lateral nasal
wall—that  is, the m axillary and ethm oid sinuses. A 0-degree en-
doscope  is  use  to  identify  and  rem ove  the  uncinate  process
(� Fig. 108.8). Com plete  uncinectomy is  necessary to  begin  the
anterior-to-posterior  exenterat ion  of the  inferior  ethm oid  cells.
This perm its visualization  of the m ore lateral ethm oid  cells and
the  lam ina  papyracea.  The  lam ina  papyracea  should  be  re-
garded  as  a  landm ark  and  is  exposed  through  exenteration  of
the  ethm oid  cells. The  complete  rem oval of the  uncinate  proc-
ess  should  expose  the  natural  ostium  of  the  m axillary  sinus
(� Fig. 108.9). If the  ostium  cannot  be  discerned, the  uncinate
process  or  polyps  are  obstruct ing  visualization  and  should  be
rem oved. If the ost ium  appears norm al and  there is no in trinsic
m axillary sinus disease, it  is left  in tact . If the  ostium  is sm all or
stenotic, it  is inferiorly or  posteriorly enlarged w ith  either a dé-
brider  or  forceps. Disease  w ithin  the  sinus is rem oved  w ith  an-
gulated double-spoon or gira e forceps.

Next , the  inferoanterior  wall of the bulla ethm oidalis, or  sec-
ond basal lam ella, is rem oved w ith  m icrocuret , forceps, or m ore
recently  surgical  débrider. If disease  is  lim ited  to  the  an terior
ethm oid  sinus, individual cells  are  exenterated  to  the  basal la-
m ella  of the  m iddle  turbinate  (� Fig. 108.10). The  superior–an-
terior  ethm oid  cells  are  then  rem oved  in  retrograde  fash ion
w ith  m icrocuret, débrider, or  forceps  under  30-  or  45-degree
endoscope visualization . If disea se involves the ent ire ethmoid si-
nus, the  exenteration  continues  posteriorly  to  the  face  of  the
sphenoid  sinus. When  indica ted  by disea se, the anter ior  wall of
the sphenoid is removed. Although the sphenoid sinus can be en-
tered  m edial or  lateral to the  m iddle  turbinate, we  prefer  iden-
tifying the ost ium  just  inferior  to the superior  turbinate. The si-
nusotomy is  enlarged  w ith  bone-cutt ing forceps. With  the  use
of a  30-  or  45-degree  endoscope to visualize  the  skull base, the
residual superior  ethm oid  cells  are  exenterated  in  a  posterior-
to-an terior  or  retrograde dissect ion. Superior cells are  rem oved
by grasping or  curetting in  a  pulling m otion  rather  than  by di-
rect ing instrum ents  toward  the  skull base  (� Fig. 108.11). This
m otion, as previously noted, reflects translation  of the  w isdom
of Mosher  in to m odern  surgical technique  to perm it  safe  in tra-
nasal sinus surgery. In  the absence of frontal sinusit is, the an te-
rior boundary of the procedure is the ethm oid infundibulum .

In  the  presence  of  frontal  sinusit is,  the  location  of  the  ob-
struct ion  to the  outflow  tract  of the frontal sinus and  the  pres-
ence of in tr insic disease or anatom ical variat ions determ ine the
type  of opening or  sinusotomy perform ed. These  variations  in
intranasal frontal sinus surgery are  classified  as types I, IIa, IIb,
and  III frontal sinusotomy (Draf types I through  III) procedures.
The  complexity  of these  procedures  results  from  the  develop-
m ental competit ion  of the  uncinate  process  and  ethm oid  cells
extending  in to  frontal  recess  to  form  the  outflow  tract  of the
sinus. A type  I sinusotomy rem oves  the  anterior  ethm oid  cells
obstruct ing  the  outflow  tract  of  the  frontal  sinus  w ithin  the
frontal recess. The frontal recess is  defined  as a  space  bounded

Fig. 108.7  (a) Cadaver section  showing  removal of the  inferior two-
thirds of the  ethmoid  cells and  uncinate  process (outlined  by white
lines) in  the  anterior-to-posterior approach during  a  combined
approach  to endoscopic intranasal ethmoidectomy. FR, frontal recess;
SER, sphenoethmoid  recess; SS, sphenoid  sinus. (b) Sagit tal cadaver
section  shows the  retrograde, or posterior-to-anterior, approach  to
complete  the  removal of the  remaining  superior ethmoid  cells.
Removal of the  superior uncinate  process is shown in  blue. FR, frontal
recess; SER, sphenoethmoid  recess; SS, sphenoid  sinus.
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Fig. 108.8  (a) Coronal computed  tomographic scan shows relevant  landmarks near the  right  ostiomeatal complex.  asterisk, uncinate  process; es,
ethmoid  air cell; im, inferior meatus; it, inferior turbinate; ms, maxillary sinus; mt, middle  turbinate; s, septum. (b) Intraoperative  view of the  right
middle turbinate (held medially by the curved probe, exposing the uncinate process). The uncinate process forms the anterior and medial boundaries
of the ostiomeatal complex and must  be completely removed to fully visualize the natural ostium of the maxillary sinus, the lateral ethmoid cells, and
the  frontal recess cells.  up, uncinate  process.

Fig. 108.9  Endoscopic exposure  of the  right  natural ostium  of the
maxillary sinus after removal of the  uncinate  process with  a  débrider.
mt, middle  turbinate.

Fig. 108.10  Exposure  of the  basal lamella  (arrow) of the  middle
turbinate  after completion  of anterior ethmoidectomy.
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anteriorly by the  pneum atization  of the  lacrim al bone, posteri-
orly  by  the  anterior  ethm oidal artery, m edially  by  the  m iddle
turbinate, and  laterally by the lateral nasal wall. A type IIa fron-
tal sinusotomy includes  rem oval of the  frontal recess  cells  and
the  floor  of the  frontal sinus bordered  by the  m iddle  turbinate
and  lateral nasal wall. The  type  IIb  sinusotomy di ers from  the
type  IIa  procedure  in  that  it  involves total rem oval of the  floor
of the  sinus. The type  III sinusotomy is the  m ost  extensive  pro-
cedure and  has three elem ents: rem oval of the adjacent  superi-
or nasal septum , rem oval of the entire floor of the frontal sinus,
and  rem oval of the  in tra-frontal  sinus  septum  (� Fig. 108.12).
The  resulting sinusotomy perm its  m axim al drainage  of th is  si-
nus in to the nose. This procedure is also know n  as the m odified
Lothrop  procedure because  it  encompasses the  elem ents of the
original surgery described  in  1914. In  recent  years, the  type  III
sinusotomy has been  increasingly em ployed  for  the  rem oval of
benign  frontal sinus tum ors and  as a  portal to the  anterior  cra-
nial fossa for  the resection  of skull base tum ors.

108.4  Com plicat ions
The  m ost  serious  complications  in  sinus  surgery  involve  the
orbit  and  cranium . Both  types  of complications  m ay  be  m ini-
m ized, but  not  necessarily completely avoided, by careful pre-
operative  evaluation  of the  pat ient  and  the  pat ient’s  im aging,
and  by m eticulous surgical technique. The preoperative evalua-
tion  should  include any h istory of prior  sinus surgeries. In  such
cases, one  should  inquire  about  the  postoperat ive  course. Sur-
prisingly, patients m ay not  volunteer that after surgery they de-
veloped a fever and  sti neck and were adm itted  to the hospital
for  in travenous antibiotics, or  they m ay wonder  w hy they had
clear  fluid  dripping from  their  nose. In  both  examples, the  in-
tegrity of the  anterior  cran ial fossa floor  was breached. The fol-
low ing  should  be  identified  on  preoperative  im aging:  (1)  The
depth  of the  olfactory fossa and  the  plane  of the lateral lam ella
of  the  cribriform  plate. The  lateral  boundary  of  the  olfactory

fossa  is  the  lateral  lam ella  of the  cribriform  plate. The  deeper
the  olfactory  fossa,  the  m ore  ver tical  the  lateral  lam ella  be-
com es. As the  lateral lam ella  becom es m ore  vert ical, the  likeli-
hood  of bony  dehiscence  of the  lam ella  increases, as  does  the
risk for  in tracranial injury. (2) The vert ical height  of the  m axil-
lary  sinus  relative  to  the  vert ical  height  of the  ethm oid  sinus
(� Fig.  108.13).  In  m ost  individuals,  the  ratio  of  the  vertical
height  of the  ethm oid  to the vert ical height  of the  m axillary si-
nus is 1:2. As that  ratio declines to less than  1:2, the  “ver tically
shorter” ethm oid  sinus results in  less ver tical volum e  or  space.
Consequently, the  working  distance  w ithin  the  ethm oid  sinus
betw een  the floor and  the  roof is reduced, and  the  incidence of
intracranial injury increases. (3) Bony dehiscence  of the  carotid
artery and  optic nerve  w ithin  the  sphenoid  sinus. As the  sphe-
noid  sinus  pneum atizes  in to  the  sphenoid  bone, there  m ay be
lit t le  or  no bone surrounding the m edial borders of both  the in-
ternal carotid  artery and  the  optic nerve. (4) Expansion  of the
posterior  ethm oid  cells  in to  the  sphenoid  bone. As  extram ural
ethm oid  cells pneum atize  the  sphenoid  bone, they present  sig-
nificant  surgical hazards. First , these cells m ay expose the m edi-
al surface  of the  optic nerve, form ing w hat  is  referred  to  as  an
Onodi cell. When  this  variat ion  is  present, the  optic nerve  w ill
appear  as  a  tubular  structure  coursing through  the  lateral wall
of the  Onodi cell and  therefore  should  be  avoided. Extram ural
ethm oid  cells  m ay also  expand  into  the  central port ion  of the
sphenoid  bone, giving the  appearance on  coronal computed  to-
m ographic (CT) scans of a horizontal septum  dividing the sphe-
noid  in to  a  superior  and  an  inferior  sinus. At  sphenoidotomy,
surgeons  m ay  erroneously  believe  that  they  are  w ithin  the
sphenoid  sinus,  w hich  is  inferior  to  the  extram ural  ethm oid
cell. (5) The posterior–inferior slope of the an terior cran ial fossa
floor. As a  generalization, the  anterior  cran ial fossa floor  slopes
15  degrees  posteroinferiorly. However, sagit tal CT scans  reveal
that  som e  individuals  have  either  a  nearly  horizontal  floor  or
an  inferior expansion  in to the roof of the ethm oid sinus. (6) The
position  and  presence  of bony  dehiscence  of the  an terior  and

Fig. 108.11  (a,b) Retrograde  dissection  of the  superior ethmoid  cells is illustrated  in  steps 3  through 5.
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Fig. 108.12  (a) Type I intranasal frontal sinusotomy. This procedure consists of removing the anterior ethmoid cells within the frontal recess that  are
obstructing the outflow tract  of the frontal sinus. Note that  the floor of the frontal sinus is not  altered in this procedure. asterisks, ethmoid sinus; FS,
frontal sinus; LT, lower turbinate; MT, middle  turbinate; MS, maxillary sinus; ST, superior turbinate. (b) Type  IIa frontal sinusotomy. Unlike  in  a type  I
frontal sinusotomy, the  floor of the  frontal sinus between the  lamina papyracea and  the  middle  turbinate  is removed. (c) The  elements of a type  III
frontal sinusotomy are removal of the entire floor of both frontal sinuses; the intrasinus septum, which divides the frontal sinus into a left  and a right
cavity; and the upper nasal septum. (d) Coronal computed tomographic (CT) scan of patient  with bilateral frontal sinusitis (1) secondary to extension
of ethmoid cells (2), also described previously as frontal cells, into the floor of the frontal sinus. These ethmoid cells literally balloon into the floor of the
frontal sinus and are visible because of the contrast between the mucus in the frontal and ethmoid sinuses (1) and the air within the ethmoid or frontal
cells (3). (e) Intraoperative CTreconstruction using computer-assisted image-guided surgery. In this image, the end of a probe placed within the right
frontal sinus is identified  at  the  convergence  of the  vertical and horizontal lines. To restore  drainage  of the  frontal sinus, the  floor of the  sinus (1) is
removed, as are  the  intrasinus septum  (2) and  the  upper nasal septum  (3).

108.4  Complicat ions

833



posterior  ethm oidal arteries. As  the  ethm oid  cells  expand  in to
the ethm oid bone during fetal and early postnatal developm ent ,
these  vessels  are  skeletonized,  becom ing  m ore  vulnerable  to
injury during surgery. (7) Bony dehiscence  of the  lam ina papy-
racea. The bony integrity of the  lam ina varies betw een  individ-
uals,  and  the  lack  of  an  in tact  lam ina  m akes  the  orbit  m ore
vulnerable  to surgical injury. Such  injuries are  even  m ore likely
w hen  surgical débriders are used because the periorbita, orbital
fat , and m uscles can  be aspirated in to the débrider.

At surgery, several routine precautions or practices should  be
em ployed, including the  follow ing:  (1) Minim izing in traopera-
tive  hem orrhage.  Increased  in traoperative  bleeding  increases
the  risk for  complications. Reducing hem orrhage begins several
m inutes  before  the  actual surgery  w ith  the  appropriate  use  of
vasoconstr ict ive  agents  and  the  infiltration  of all surgical sites
w ith  a  com bination  vasoconstrictive–anesthetic agent , such  as
1% lidocaine  w ith  1:100,000  epinephrine. (2)  Avoiding myopic
surgery. In  using endoscopes, the novice surgeon  tends to place
the  optic too close  to  site  of surgery and  in  doing so  loses per-
spective  and  anatom ical  awareness  of  im portant  landm arks.
The endoscope is best  kept  at  a slight  distance from  the poin t  of
surgery and  brought  closer  to the  site  of in terest  as m ore  m ag-
nification  is  required. (3)  Avoiding  direct ing  instrum ents  in to
the  skull base. As  discussed  previously in  the  sect ion  on  in tra-
nasal ethm oidectomy, as surgery proceeds an teriorly to posteri-
orly  w ithin  the  nose,  instrum ents  m ust  be  rotated  inferiorly
rather  than  advanced  superiorly. This  observation  is  the  basis
for  com bining an  anterior-to-posterior  approach  for  rem oval of
the  m ajority  of the  ethm oid  cells  w ith  a  posterior-to-an terior
(retrograde)  dissect ion  of  the  rem aining  superior  ethm oid
labyrin th . In  the  latter  elem ent  of the  procedure, instrum ents
are directed  away from  rather  than  in to the skull base. (4) Con-
trolling  bleeding  to  m aintain  visualization. Too  often , the  sur-
geon  m ay attempt  to cont inue surgery w hen  bleeding obscures
the surgical field. In  such  cases, the nose should  be packed w ith
cottonoids  and  the  sites  of bleeding  cauterized. If  bleeding  is
still  problem atic, pack  that  side  of the  nose  and  work  on  the

other  side.  If  th is  fails,  discontinuing  surgery  is  the  w isest
course.

Intracranial injury is uncom m on  and  variable, and  it  requires
im m ediate  attention . Because  the  roof of the  ethm oid  sinus  is
the floor  of the  anterior  cranial fossa, a  violation  of th is bone is
likely  to  cause  cerebrospinal  fluid  rh inorrhea. Although  m any
m ethods  of  repairing  such  defects  have  been  described,  we
strongly  recom m end  the  placem ent  of fat  through  the  defect
and  in to  the  subarachnoid  space. One  con t inuous  piece  of fat
should  be  used, w ith  approxim ately  th ree-quar ters  of the  fat
placed  in t racran ially  and  one-quar ter  w ith in  the  nose.  Th is
“dum bbell”-shaped  fat  graft  should  im m ediately stop  the  rh i-
norrhea. A second  graft  of either  m ucous m em brane  or  an  al-
loplast ic  m ater ial  m ay  be  placed  in tranasally  to  approxim ate
roof of the  ethm oid  and  held  in  place  w ith  t issue  glue  and/or
absorbable  packing. Postoperat ively, the  pat ien t  should  be  in -
structed  to  avoid  for  several  w eeks  nose  blow ing  and  any
other  act ivity  that  increases  in t racran ial pressure. Periopera-
t ive  an tibiotics  at  the  t im e  of injury are  appropriate, w hereas
the  sustained  postoperat ive  use  of  an t ibiotics  should  be
based  on  the  likelihood  of  over t  w ound  con tam inat ion  and
the  viru lence  of  the  sinusit is.  Follow ing  such  injuries,  m ost
pat ien ts  do  w ell  p rovided  there  is  no  residual  in t racran ial
com m unicat ion . In  con t rast ,  the  w orst  outcom es  follow  vas-
cular  in juries;  subarachnoid  hem orrhage  causes in tense  vaso-
constrict ion  of  the  cerebral  vasculature, and  even  w hen  the
site  of hem orrhage  is  con trolled , the  pat ien t  m ay have  a  poor
outcom e.

Orbital injuries vary from  hem orrhage to direct  traum a to the
eye, extraocular  m uscles, or  optic  nerve. Hem orrhage  m ay re-
sult  from  a  transected  ethm oidal artery bleeding in to the  orbit
or  injury to the orbital vasculature. Because the orbit  is a closed
space  bounded  anteriorly  by  its  periosteum  (septum  orbitale)
and the condensat ions of th is fibrous tissue (the m edial and lat-
eral  canthal  tendons)  that  fix  the  septum  to  the  bony  orbit ,
hem orrhage  rapidly  comprom ises  vision.  Increasing  pressure
w ithin  the orbit  and  eye requires im m ediate attention  and  con-
sultation  w ith  ophthalm ology. As a first  step, all packing w ith in
the  nose  should  be  rem oved. If ophthalm ologic help  is  not  im -
m ediately available, a lateral can thotomy and  transect ion  of the
lateral canthal tendon  at  its inser t ion  on  the  orbital rim  should
be  perform ed.  This  procedure  perm its  the  eyeball  to  be  dis-
placed  anteriorly, resulting in  additional volum e w ithin  the  or-
bit  and  lower  pressure. If in traorbital bleeding continues, then
the  orbit  should  be  explored.  Injuries  to  the  extraocular
m uscles, eye, or  optic nerve  should  all be  treated  in  consulta-
tion w ith  an  ophthalm ologist .

108.5  Roundsm anship
●  Frontal sinus surgery has evolved over the past cen tury along

two di erent approaches: drainage of the sinus in to the nose
and obliteration  or ablation  of the sinus. In  the past 20 years,
in tranasal endoscopic approaches to the frontal sinus have re-
duced, but  not elim inated, the need for external procedures.

●  In tranasal sinus surgery is com m on today, but  h istorically it
was uncom m only used in  the United States because of the po-
tentially h igh  complication  rate. With  the advent of surgical
endoscopes to enhance illum ination  and visualization  of the
nose and sinuses, and im proved techniques.

Fig. 108.13  Coronal computed  tomographic scan illustrating  the
vertical relationship of the ethmoid and maxillary sinuses to each other.
The potential for intracranial injury increases in those individuals with a
relatively “short” vertical height  of the  ethmoid  sinus (a) compared
with  the  height  of the  maxillary sinus (b).
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●  FESS (funct ional endoscopic sinus surgery) is a concept, not a
procedure, such as ethm oidectomy. The concept  is based on
the potential recovery of hypertrophic or chronically infected
sinus m ucous m em brane follow ing the restoration  of norm al
sinus aeration  and m ucociliary transport.
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109  Tum ors of the  Nose and Paranasal Sinuses
Ameet R. Kamat and Steven David Schaefer

109.1  Int roduct ion
Benign  and  m alignant  tum ors  of  the  nose  and  sinuses  arise
from  the  uniquely  ectoderm -derived  epithelium  know n  as
schneiderian  epithelium , in  recognition  of the  contributions  of
Victor Conrad Schneider to our understanding of th is organ  sys-
tem . Schneiderian  epithelium  arises  from  the  prim it ive  nasal
sacs  that  invaginate  to  form  the  nasal  placodes  and,  subse-
quently, the  nose  and  sinuses. In  contrast, the laryngobronchial
tree  form s  from  endoderm  or  foregut-derived  epithelium .
Within  the lin ing the nose and sinuses, m ucoserous glands form
by an  in teract ion  betw een  the  ectoderm  and  m esoderm . This
complex  em bryogenesis  gives  rise  to  two  types  of  neoplasia:
that  resulting from  m etaplastic epithelium , form ing squam ous
cell tum ors, and that originating from  m ucoserous epithelium .

109.2  Incidence of Disease
A recent  Danish  review  of the various sinus and  nasal cavity tu-
m ors detailed their frequency (� Table 109.1).

109.3  The Disease Process
109.3.1  Etiology and Pathogenesis
Generally, benign  and  m alignant  tum ors of the  sinus and  nasal
cavities  share  m any initial sym ptom s, depending on  their  ori-
gin , anatom ical site, and  rate  of grow th. Tum ors arising w ithin
the nose or involving its lateral wall can present early w ith  epis-
taxis or  nasal airway obst ruction. Aside  from  the  benign, m uch
m ore  com m on  inflam m atory  nasal  polyps,  papillom as  arise
from  the  nasal  and  rarely  from  the  sinus  m ucous  m em brane.
Because  these  neoplastic grow ths develop  from  the  schneider-
ian  m ucous  m em brane,  arising  nearly  uniform ly  from  either
the lateral nasal wall or septum , appear either fungiform  or ses-
sile,  and  have  a  variable  behavior,  they  are  also  designated
schneiderian  papillom as. Histologically, the  papillom as  appear

either  papillary  and  exophytic, or  exhibit  an  inver ting  epithe-
lial grow th  in to  the  underlying strom a. This  variant  of schnei-
derian  papillom as, also  com m only  referred  to  as  an  invert ing
papillom a, is  m ore  frequently associated  w ith  the  lateral nasal
wall  and  sinuses. On  nasal  endoscopy, papillom as  are  signifi-
cantly m ore solid  than  inflam m atory polyps and  have irregular
surfaces.

109.3.2  Natural History and
Progression
Relat ively  few  schneiderian  papillom as  arise  directly  from  the
sinus cavities; rather, they extend in to the sinuses. Patients m ay
develop  proptosis  or  diplopia  as  the  papillom a  continues  to
grow, expands in to the bony orbit , and  compresses, w ithout  in-
filtrating, the orbital periosteum  or periorbita. Fewer than  5% of
schneiderian  papillom as are  associated  w ith  squam ous cell car-
cinom as.  It  rem ains  unclear  if  such  carcinom as  arise  w ithin
anaplastic changes in  exist ing papillom as, occupy a  cavity that
had preexisting papillom as, or begin  w ithin  foci of carcinom a in
existing papillom as. Whatever  the origin  of these epithelial car-
cinom as,  their  clin ical  course  rapidly  departs  from  that  of  a
m ass obstruct ing the  sinus or  nasal cavities;  they have  the  po-
tential  to  cause  epistaxis  and  directly  extend  in to  adjacent
structures, invading the  orbit , brain , facial soft  tissues, m uscles,
and nerves.

Progressive  invasion  leads  to  im paired  vision,  tr igem inal
nerve sensory and  m otor changes, and  poten t ially altered  m en-
tation  as  the  tum ors  invade  the  brain ;  regional  and  distant
m etastasis m ay also occur.

109.4  Medical Evaluat ion
109.4.1  Im aging
Com puted  tom ography  (CT)  and  m agnetic  resonance  (MR)
im aging are  complem entary exam inations to evaluate  both  be-
nign  and  m alignant  tum ors  of  the  nasal  and  sinus  cavities
(� Fig. 109.1 and � Fig. 109.2). CT rem ains the diagnost ic test  of
choice for defining changes w ithin  the facial skeleton  as tum ors
erode or  invade bone. The rate  of grow th  of a tum or m ay be in-
ferred  from  the  radiographic  findings. As  slow ly  grow ing  tu-
m ors  compress  bone, the  bone  is  rem odeled  and  form s  a  th in
shell around  the  tum or. Although  th is  finding m ay suggest  be-
nign  disease,  a  slow ly  grow ing  m alignant  tum or  m ay  have  a
sim ilar  radiographic appearance. More  typically, m alignant  tu-
m ors  grow  rapidly and  destroy  bone  as  they  invade  the  facial
skeleton. MR im aging better delineates tum ors and dram atically
reveals  di erences  w ithin  the  density  of  soft  t issue.  CT m ay
show  only an  opacified  sinus, w hereas MR im aging reveals the
w hole  range  of possible  reasons  for  the  opacification . During
tum or  evaluation, the  outflow  tract  of  the  sinus  m ay  be  ob-
structed  by the  neoplasm  and  the  sinus  cavity  filled  w ith  m u-
cus.  MR im aging  can  define  the  extent  of  disease  and  allow
treatm ent  planning. At  the  skull base, CT and  MR im aging are

Table 109.1  Distribution of sinus and nasal cavity tumors

Tumor t ype  Percentage  of cases

Squamous cell carcinoma  55%

Adenocarcinoma  28.5%

Adenoid  cystic carcinoma  5%

Undifferentiated  carcinoma  4.5%

Mucoepidermoid  carcinoma  2.5%

Transitional cell carcinoma  1.7%

Small cell carcinoma  1.2%

Carcinoma, not otherwise specified  0.8%

Source: Data from  Throup C, Sebbesen L, Danø H, et  al. Carcinoma of the
nasal cavity and  sinuses in  Denmark 1995–2004. Acta  Oncol 2010;49
(3):389–394.
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complem entary, show ing  bone, dural, and  brain  involvem ent.
Recently, positron  em ission  tom ography  (PET)  has  been  com -
bined  w ith  CT to investigate  unknow n  prim ary neoplasm s, dif-
feren tiate  infect ion  from  benign  or  m alignant  disease,  stage
know n tum ors by searching for regional and  distan t  m etastasis,
and  m onitor  patients  after  t reatm ent  for  potent ial  residual  or
recurrent  disease.

109.4.2  Di erent ial Diagnosis
A second  group  of nonepiderm oid  epithelial  neoplasm s  arise
from  either  the  surface  epithelium  or  any structure  w ithin  its
ducts. These  tum ors  comprise  salivary  and  nonsalivary  histo-
logic types. Exam ples of the form er  are  benign  neoplasm s such
as  pleom orphic  adenom as  and  oncocytom as  and  m alignant

Fig. 109.1  (a) Coronal computed  tomographic
(CT) scan of a patient  with  esthesioneuroblasto-
ma of the  right  ethmoid  sinus (arrow). (b)
Coronal magnetic resonance  image. Superior to
the  arrow, the  image  shows the  intracranial
extent  of tumor, which is much less obvious on
the  CT scan.

Fig. 109.2  (a) Positron emission tomography
(PET)–computed  tomography (CT) of a  55-year-
old woman with adenoid cystic carcinoma arising
in the  right  maxillary sinus and  extending
through the  ipsilateral orbit  to  the  dura of the
right  middle  fossa. On the  left, axial CT scans
through the mid plane of the tumor (arrow) show
excessive  erosion of bone. At  the  upper right,
PET–CT shows moderate  uptake  of the  glucose
tagged  isotope, known as avidity and  quantified
by the  standard  uptake  value  (SUV), reflecting
metabolic activity of the  tumor. At  the  lower
right, PET–CT shows tumor only at  the  primary
site. (b) Axial contrast-enhanced  fat-suppressed
T1 magnetic resonance  (MR) image  of the  same
patient  at  the  mid  plane  of the  right  maxillary
sinus emphasizes the  soft-tissue  elements of the
tumor and its invasion of surrounding structures.
With this MR imaging  protocol, the  tumor signal
is best  separated  from  the  surrounding  tissue,
permit ting  maximal identification  of neoplasia.
(c) Intraoperative photograph of patient  showing
craniofacial resection  of tumor. Arrow indicates
resection  of the  roof of the  right  ethmoid  sinus,
which forms part  of the floor of the right  anterior
cranial fossa. A pericranial flap, which  is derived
from  the  superficial periosteum  of the  frontal
bone and adjacent soft  tissue, is routinely used to
reconstruct  the floor of the anterior cranial fossa.
PF, pericranial flap.
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tum ors  such  as  adenoid  cystic,  m ucoepiderm oid,  acinic  cell,
and  ductal carcinom as. Nonsalivary neoplasm s include  various
types  of  adenocarcinom as,  olfactory  neuroblastom as,  and
adenosquam ous  carcinom as.  Another  m alignant  neoplasm
originates w ithin  the  m elanocytes norm ally present  w ithin  the
m ucosa and  subm ucosa of the  nasal and  sinus cavities. The  de-
velopm ent  of these  m ucosal  m elanom as  is  often  heralded  by
epistaxis;  they  appear  as  black–brow n  pigm ented  lesions  and
m ay in itially seem  to  be  confined  to  an  isolated  site. However,
distant  m etastasis is frequently later evident, and 5-year surviv-
al  is  rare. Olfactory  neuroblastom as, also  know n  as  esthesio-
neuroblastom as, are  derived  from  olfactory  epithelium . These
m alignant  tum ors  often  present  w ith  epistaxis  and  nasal  ob-
struct ion, and  they m ay be  confined  to the  nose  or  involve  the
anterior or m iddle cranial fossa (see � Fig. 109.1).

109.5  Disease Staging
Sinus tum ors are staged w ith  the TNM (tum or node m etastasis)
classification  and  are  grouped  in to  m axillary sinus tum ors and
tum ors involving the ethm oid sinuses and nasal cavity.

A T1 lesion  of the  m axillary sinus is lim ited  to the  m ucosa of
the  sinus  itself, w ith  no  bony  involvem ent. T2  lesions  include
those  w ith  bony involvem ent  of the  hard  palate  and/or  m iddle
m eatus, w ithout  extension  to the  posterior  wall of the  sinus or
pterygoid plates. A tum or that  involves the posterior  wall of the
sinus, subcutaneous  tissues, floor  or  m edial  wall  of the  orbit ,
pterygoid  fossa, or  ethm oid  sinuses is considered  a  T3 lesion . A
tum or  w ith  any invasion  of the anterior orbit , skin  of the cheek,
pterygoid  plates, infratem poral fossa, cribriform  plate, or  sphe-
noid  or  frontal sinuses is  classified  as  a  T4a  tum or. T4b  lesions
m ay  invade  the  orbital  apex, dura, brain , or  m iddle  fossa;  in -
volve  any cranial nerve  other  than  cranial nerve  V2;  or  extend
to the nasopharynx or clivus.

Ethm oid  sinus and  nasal cavity cancers  are  graded  sim ilarly,
w ith  som e  di erences  based  on  anatomy.  T1  lesions  are  re-
str icted to one subsite (nasal cavity: vestibule, floor, lateral wall,
septum ; ethm oid  sinus:  left  or  righ t), w ith  or  w ithout  bony in-
vasion. T2 tum ors involve  two subsites in  a single  region  or  ex-
tend  in to  an  adjacent  region  w ithin  the  nasoethm oid  complex,
regardless  of  bony  invasion. T3  cancers  extend  to  the  m edial
wall or  floor  of the  orbit, m axillary sinus, palate, or  cribriform
plate. T4a tum ors can  invade the  anterior  orbital compartm ent ,
skin  of the nose or cheek, pterygoid  plates, or sphenoid or fron-
tal sinuses or  can  have m inim al extension  in to the anterior  fos-
sa. T4b  lesions,  sim ilar  to  T4b  lesions  of  the  m axillary  sinus,
m ay  invade  the  orbital  apex, dura, brain , m iddle  fossa, cranial
nerves  other  than  the  m axillary  division  of  the  tr igem inal
nerve, or the nasopharynx or clivus.

The  grading of nodal involvem ent  is the  sam e for  both  areas.
Involvem ent  of a  single, ipsilateral  node  sm aller  than  3 cm  is
considered N1 disease. N2a nodal disease indicates involvem ent
of a  single, ipsilateral node  3  to  6 cm  in  size. N2b  disease  is  in-
volvem ent  of bilateral or contralateral nodes sm aller  than  6 cm ,
w hile  N2c  disease  is  involvem ent  of at  least  one  lymph  node
larger than  6 cm .

Staging  is  done  uniform ly  for  both  m axillary  sinus  and  na-
soethm oid  m alignancy.  T1  lesions  w ithout  nodal  or  distant
m etastasis  are  stage  I, and  sim ilarly, T2  lesions  w ithout  nodal
involvem ent  or  m etastasis are considered  stage II disease. Stage

III includes  any  T3  lesion  w ithout  nodal  or  distant  m etastasis
and  any T1–T3  lesion  w ith  N1  neck disease. Stage  IVa  includes
any T4a lesion  or  any T1–T3 lesion  w ith  N2 nodal involvem ent,
and  stage  IVb  indicates  any T4b  lesion . Any distan t  m etastasis
m ust  be stage IVc disease.

109.6  Surgical Treatm ent
Given  the  greater  prevalence  of  m axillary  sinus  carcinom as
than  of other  paranasal sinus  carcinom as, it  is  understandable
that  t reatm ent  for  the past  century or  m ore has focused  on  th is
sinus. Early  attem pts  to  rem ove  the  m axilla  surgically  proved
di cult ,  and  surgery  was  later  com bined  w ith  (and  in  som e
cases replaced  by) radiation  therapy. Because  of the  propensity
of  ethm oid,  frontal,  and  sphenoid  carcinom as  to  involve  the
eyes and  cranial cavity and  the  relat ive  rarit y of these  tum ors,
the  concept  of craniofacial surgery and  m ultidisciplinary  ther-
apy has  been  developed. More  recently, the  experience  gained
from  endoscopic in tranasal sinus surgery  has  m ade  it  possible
to  perform  less  invasive  surgery  in  carefully  selected  patients.
Radiation  and  chem otherapy  are  often  now  applied  pre-  or
postoperat ively  to  perm it  the  possibility  of preserving  impor-
tan t  organs, such  as the eyes, and  im proving patien t  survival. In
this chapter, a range of oncologic procedures are presented.

109.6.1  Maxillectomy
This procedure, an  en  bloc resection  of the  m axilla, is used  pri-
m arily  for  the  surgical  treatm ent  of m alignant  tum ors  arising
w ithin  or substantially involving the m axillary sinus. In  its clas-
sic form , a  lateral facial skin–m uscle  flap  is developed  im m edi-
ately superficial to the  m axilla  and  adjacent  facial skeleton. The
m ost  com m on  flap  uses a Weber-Fergusson  incision, w hich  be-
gins lateral to the  orbit , runs horizontally im m ediately beneath
the ipsilateral eyelid, and then  progresses inferiorly in  the naso-
facial crease  and  around  the  nasal ala to the  upper lip  ph iltrum
(� Fig.  109.3).  The  upper  lip  is  then  divided  by  the  incision,
w hich  is fur ther  carr ied  in to the  labial and  gingival–buccal sul-
cus.  After  exposure  of  the  m axilla,  osteotom ies  are  m ade
through  the m alar em inence to transect  the zygom a and  frontal
bone. The  orbital  floor  and  its  rim  are  incised  and  form  the
superior  aspect  of  the  resect ion  un less  the  eye  or  skull  is
com prom ised  by  tum or.  The  hard  palate  is  d ivided  in  the
m idline  (w ith  preservat ion  of  the  soft  palate),  and  the  eth -
m oid  sinus is separated  from  the  m axilla. The final osteotom y
is  t ransect ion  of the  p terygoid  plates, w hich  are  included  in
the  surgical resect ion .

Medial Maxillectom y
As the  next  step  in  the  evolution  of surgery for  m axillary sinus
neoplasm , m edial  m axillectomy  has  advanced  significantly  in
the  past  40  years. As in itially described, a  Weber-Fergusson  in-
cision was used to expose the m axilla, and the m edial m axillary
sinus and  lateral nasal wall were rem oved  for  low -grade m alig-
nancies  and  benign  neoplasm s  of  th is  site  (� Fig. 109.4).  The
next  m odification  of m axillectomy was exposure of the m axilla
in  selected  tum ors via  m idface  degloving, w hich  involves sepa-
rating  the  facial  soft  t issue  overlying  the  m axilla  through  cir-
cum -m alar, gingivolabial, and  gingivobuccal incisions. The  soft
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Fig. 109.3  (a) A Weber-Fergusson incision is outlined on this patient, who is undergoing radical maxillectomy with orbital exenteration for squamous
cell carcinoma of the left  maxillary sinus involving the  orbit. The  eyelid incision in this patient  is on the  upper lid  for oncologic reasons; typically, the
incision runs just  below the lashes of the lower eyelid. (b) Intraoperative photograph of the patient in (a) showing exposure of the maxillary and orbital
cavities after removal of the sinus tumor and left  eye. N, nose; O, orbital cavity with split-thickness skin graft  lining the cavity; SG, skin graft  surfacing
facial flap  used  to expose  the  maxilla  via the  Weber-Fergusson  incision. (c) Surgical specimen from  patient  consisting  of the  maxillary sinus and
contents of the  orbit. arrow, left  eye; HP, hard  palate; IT, inferior turbinate;). (d) Intraoperative  photo  showing  closure  of wound and  packing  in  left
orbit  supporting  the  skin  graft  lining  the  cavity.
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t issues of the  m idface  are  elevated  and  the  m axilla  is  accessed
from  a sublabial direct ion.

Endoscopic Medial Maxillectom y
This  is  the  m ost  recent  procedure  in  the  century-long  evolu-
tion  of m axillectomy. Like  open  approaches to the  lateral nasal
wall  and  m edial  m axillary  sinus, th is  m odification  includes  a
complete  resection  of th is  site. Because  the  nasolacrim al duct
is  transected  during the  procedure, placing a  stent  in  the  duct
in to  the  nose  or  dacryorhinocystostomy  is  recom m ended  to
prevent  epiphora.  In  general,  endoscopic  m edical  m axillec-
tomy  serves  m ost  patien ts  well.  However,  the  lim itations  of
the  procedure  are  poor  exposure  of  the  anterior  wall  of  the
m axillary  sinus  and  a  lack  of  su cien t  experience  by  m ost
surgeons.

109.6.2  Craniofacial Resect ion
Multiple surgical approaches are now  available for the resection
of benign  and  m alignant  tum ors involving the  face  and  neuro-
cranium . Most  paranasal sinus tum ors are approached via som e
form  of frontal craniotomy to  expose  the  anterior  cranial fossa
floor. The  standard  bifrontal cran iotomy provides  the  best  ex-
posure  of  the  tum or  but  m ay  involve  the  greatest  degree  of
frontal lobe  retract ion  and  therefore  the  slowest  postoperative
recovery  for  the  pat ient  (see  � Fig. 109.2). Tum or  rem oval de-
pends  on  the  degree  of dural and  frontal lobe  infiltration, the
health  of the  pat ient, and  the  ability to reconstruct  the surgical
defect . As a generalization, the floor of the anterior cranial fossa
is  reconstructed  w ith  a  pericran ial flap  or  free  flaps, and  fore-
head  defects  are  repaired  w ith  various  form s  of  bone  grafts.
Radiation  therapy  is  used  in  m ost  centers,  w ith  or  w ithout
chem otherapy,  depending  on  the  type  and  extent  of  tum or.

Preoperative  radiation  and  chem otherapy  m ay  perm it  organ-
sparing  surgery;  som e  esthesioneuroblastom as  or  squam ous
cell carcinom as that  approxim ate the  optic nerve m ay be selec-
tively  m anaged  by  induction  chem otherapy  and  radiation, al-
low ing  preservation  of  the  nerve.  In  contrast,  adenoid  cystic
carcinom as are resistan t  to chem otherapy and  radiation  and re-
quire aggressive surgical resection .

109.6.3  Endoscopic Skull Base Resect ion
Building upon  the surgical skills acquired  from  extensive endo-
scopic sinus surgery, m ore  surgeons are  using in tranasal endo-
scopic  approaches  to  rem ove  benign  and  relatively  low -grade
m alignant  neoplasm s,  such  as  esthesioneuroblastom as.  The
ability  to  successfully  and  oncologically  rem ove  such  tum ors
depends on the follow ing: (1) the surgeon’s experience in  endo-
scopic m edial m axillectomy and  the  other  approaches used  for
tum or  rem oval;  (2)  the  surgeon’s  experience  in  the  repair  of
cerebrospinal  fluid  fistulas  and  encephaloceles,  necessary  to
gain  the  skills needed  for  in tranasal reconstruct ion  of the  skull
base;  (3)  the  surgeon’s  experience  in  orbital  and  optic  nerve
surgery;  and  (4)  the  extent  of the  tum or. When  these  condi-
tions  are  m et, the  surgeon  m ust  seek  to  rem ove  the  en tire  tu-
m or, but  the  m eans  by w hich  th is  is  achieved  m ay di er  from
those  used  in  external surgery. For  example, a  large, bulky tu-
m or w ith  relatively lit t le invasion  of the anterior skull base over
the nose and  septum  prevents easy exposure of the  norm al tis-
sue  m argins. If the  center  of the  tum or  is  rem oved, so that  the
m ass  collapses  upon  itself, then  each  m argin  can  be  identified
and  the  tum or  completely resected. The  next  obstacle  the  sur-
geon  m ust  overcom e is  “watert ight” reconstruct ion  of the dura.
With  sm all dural defects, such  reconst ruction  w ith  fascia  or  al-
lografts  is  relatively  easy. After  complete  rem oval  of the  skull
base, reconstruct ion  is  problem atic and  rem ains  a  barrier  to  a
m ore  universal  application  of the  endoscopic approach. How -
ever, there  is  lit t le  question  that  a  properly perform ed  and  on-
cologically sound  endoscopic resection  is  preferred  by patients
(� Fig. 109.5).

109.7  Prognosis
The  object  of tum or  staging is  to  relate  the  clin ical findings  to
the  prognosis and  to  m anage  treatm ent  based  on  that  progno-
sis. Approxim ately 5% of all hum an neoplasm s occur in  the head
and neck, and  5% of these are w ithin  the nose and sinuses. Neo-
plasm s are m ore  com mon  in  the m axillary than  in  the ethm oid
sinuses, and  frontal  neoplasm s  and  sphenoid  neoplasm s  each
constitute  only  4  to  5% of  sinus  m alignancies. The  prognosis
worsens  as  the  neoplasm  extends  beyond  the  nasal  or  sinus
cavity, invades vital structures, involves regional lymphatics, or
m etastasizes  to  distant  sites. In  the  m axillary sinus, the  Öhng-
ren  line, an  im aginary  line  drawn  from  the  m edial canthus  to
the  angle of the  m andible, is a  usefu l m eans to predict  progno-
sis  and  is  significant  in  tum or  staging;  m axillary sinus  cancers
superior  to th is line  (suprast ructure  neoplasm s) can  invade the
orbit  and  spread  posteriorly  in to  the  infratem poral and  ptery-
gopalatine fossae. Such  neoplasm s carry a m uch  worse  progno-
sis than  do infrastructure m alignancies (inferior  to the Öhngren
line; � Fig. 109.6).

Fig. 109.4  An external approach  to a  right  medial maxillectomy
through a  nasofacial crease  incision provides good  exposure  of the
medial wall of the  maxillary sinus.
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109.8  Roundsm anship
●  Tum ors of the nose arise from  the uniquely ectoderm -derived

epithelium  known as schneiderian  epithelium .
●  Invert ing papillom as are a variant of schneiderian  papillom as,

arising from  an  inversion  of epithelial grow th  in to the
underlying strom a. They m ost frequently are found w ithin
the lateral nasal wall and sinuses. Squam ous cell carcinom as
are associated w ith  inverting papillom as, but  their etiology is
unclear.

●  Epistaxis and nasal airway obstruct ion  m ust  be evaluated by
nasal endoscopy. All patien ts w ith  such  sym ptom s of m ore
than  4 weeks’ durat ion should  be assum ed to have a nasal/si-
nus tum or until it  is proven  otherw ise by nasal endoscopy.

●  Com puted tomography and m agnetic resonance im aging are
complem entary m odalit ies that should both  be em ployed in
evaluating nasal, sinus, and skull base tum ors.

●  The surgical treatm ent of sinus/nasal tum ors has progressed
over the past century toward in t ranasal endoscopic ap-
proaches. Whatever approach is used, complete resection  of
the tum or is m andatory, and all surgeons m ust  have the abil-
ity to use in tranasal and external approaches as indicated.

109.9  Recom m ended Reading
[1]  Batsakis  JG. The  pathology of head  and  neck  tum ors:  nasal cavity and  para-

nasal sinuses, part  5. Head Neck Surg 1980; 2: 410–419
[2]  Ketcham  AS, Wilkins RH, Vanburen  JM, Sm ith  RR. A com bined in tracranial fa-

cial approach to the paranasal sinuses. Am  J Surg 1963; 106: 698–703
[3]  Ohngren  LG. Malignant  tum ours  of  the  m axillo-ethm oid  region:  a  clin ical

study w ith  special reference to the treatm ent  w ith  electrosurgery and  irradi-
ation . Acta Otolaryngol 1933; 19 Suppl: 1–276

[4]  Sessions  RB, Larson  DL. En  bloc  ethmoidectomy  and  m edial  m axillectom y.
Arch  Otolaryngol 1977; 103: 195–202

[5]  Thorup  C, Sebbesen  L, Danø H et  al. Carcinom a of the  nasal cavity and  para-
nasal sinuses in  Denm ark 1995–2004. Acta Oncol 2010; 49: 389–394

Fig. 109.5  Endoscopic resection of an inverting papilloma invading the skull base. On the left, each step of the resection is outlined. Step 1: The tumor
is debulked  to  permit  visualization  of the  margins. Step  2: The  anterior margin  of the  resect ion is cleared  of tumor and  frozen section  sent  for
pathologic examination. Step  3: The  posterior or most  distal margin  is defined and  resected. Step  4: Resection of the  skull is performed. This is the
most  critical aspect  of the  surgery and  requires maximal exposure. The  endoscopic view of the  resection  and  the  dura is seen  on the  right.

Fig. 109.6  An untreated  squamous cell carcinoma of the  right
maxillary sinus illustrates the  natural history of this disease.
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110  Surgical Techniques for the Anterior Skull Base
David Henry Hiltzik and Homere Al Moutran

110.1  Com prehensive Anterior
Skull Base Anatomy and Pathology
The subspecialty of cranial base surgery requires a large am ount
of resources, knowledge, train ing, and  m ultispecialty collabora-
tion. The anatom ical, pathologic, and  surgical complexity of the
cranial base requires a m ultid isciplinary approach  comprising a
dedicated  group  of professionals. An  understanding  of neuro-
surgery, head  and  neck  surgery, m edical  and  radiation  oncol-
ogy,  ophthalm ology,  anesthesia,  and  especially  pathology  is
crit ical in  the treatm ent  of cran ial base neoplasm s and  diseases.
In  th is chapter, the pathology, surgical approaches, and  compli-
cations of the an terior fossa w ill be described and discussed.

110.1.1  Pert inent  Anatomy
The anterior  cran ial base  provides support  for  the  frontal lobes
of the  brain  and  the  grooves for  the  olfactory nerve. The  para-
nasal  sinuses,  specifically  the  frontal  and  ethm oid  sinuses,
along w ith  the  orbital roofs, are  the  focal points of the  anterior
skull base anatomy. The posterior  wall of the frontal sinus is the
anteriorm ost  lim it  of the anterior  skull base. The ethm oid  bone
and  sinuses, including  the  cribriform  plate, fovea  ethm oidalis,
and  orbital  roofs, comprise  the  floor, along  w ith  the  planum
sphenoidale (� Fig. 110.1).

Superiorly, the olfactory apparatus lies in  the cribriform  plate
(i.e., the  foram ina  of the  anterior  cran ial base  that  allow  sinus
access  to  the  central nervous system ). The  keel-like  crista  galli
divides the cribriform  plate in  the m idline and is the area w here
the dura is m ost  adherent. Its position  just  posterior to the fora-
m en caecum  m arks the origin  of the sagittal sinus. This foram en
can  be  a source  of bleeding during anterior  cran iofacial surgery
if not  appropriately ligated  during exposure. The fovea ethm oi-
dalis  m akes  the  greatest  contribution  to  the  central  anterior
floor (see � Fig. 110.1).

However, the dura is m ore adherent  to the cribriform  than  to
the  fovea  because  of the  penetration  of the  olfactory filam ents
through  the  cribriform  plate  in to  the  superior  nasal vault . De-
spite  th is  fact, the  fovea  is still the  area  m ost  suscept ible  to  ia-
trogenic cerebrospinal fluid  (CSF)  leak, part icularly  during en-
doscopic sinus surgery. Both  the an terior and posterior ethm oid
arteries and their adjoin ing vessels help  identify the floor of the
anterior  cran ial base. The optic nerve lies in  the  optic canal ap-
proxim ately  5 m m  posterior  to  the  posterior  ethm oid  artery
(� Fig. 110.2). It  sits im m ediately lateral to the planum  sphenoi-
dale, w hich  dem arcates the  posteriorm ost  border of the  an teri-
or  skull base. The  lam ina  papyracea, a  rather  perm eable  struc-
ture  that  m ay  allow  penetration  in to  the  orbit , comprises  the
lateral edge  of the  ethm oid  sinuses. While  the  periosteum  is  a
barrier  to  tum or  spread, the  th in  fascial  layer  that  surrounds
the orbital fat  contributes greatly to orbital in tegrity, thereby al-
low ing an  additional level of resection.

The  predom inant  blood  supply of the  ethm oids and  anterior
skull base is derived from  both  the in ternal and external carotid
ar tery  system s, through  the  in ternal  m axillary  artery  and  the
anterior  and  posterior  ethm oidal  ar teries,  respect ively.  Sim i-
larly,  the  venous  drainage  is  through  the  nasal  veins,  w hich
drain  in to  the  jugular  system , and  the  ethm oidal veins, w hich
drain  in to  the  cavernous  sinus.  The  sensory  nerve  supply  is
though  the t rigem inal nerve divisions V1 and V2.

110.1.2  Tum ors of the Anterior Skull
Base: Types, Incidence, and Progression
Cranial  base  tum ors, as  an  aggregate, are  relat ively  rare  w ith
varied  pathologies. Anterior  skull  base  tum ors  are  largely epi-
thelial, olfactory, or salivary in  origin. There is also a large set  of
tum ors that m etastasize to the skull base. Sinonasal tum ors that
involve  the  an terior  cranial base  are  those  that  extend  superi-
orly through  the  skull at  the  ethm oid  roof, cribriform  plate, or

Fig. 110.1  Sagit tal and coronal cuts that  demonstrate  the anterior skull base. Note the  distinction between the fovea ethmoidalis and the cribriform
plate.
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planum  sphenoidale, or  posteriorly through  the  posterior  wall
of the  frontal  sinus. Benign  processes, such  as  angiofibrom as,
inverted  papillom as,  chondrom as,  and  encephaloceles/m uco-
celes, as well as m alignant  processes that  are  prevalent  in  these
anatom ical locations require surgical in tervent ion.

Malignant  tum ors  of  sinonasal  origin  are  of  endoderm al,
m esoderm al, and  epiderm al derivation; they include squam ous
cell  carcinom a, esthesioneuroblastom a  (olfactory  neuroblasto-
m a), sarcom a, adenoid  cystic carcinom a, m ucoepiderm oid  car-
cinom a,  m elanom a,  lym phom a,  hem angiopericytom a,  m alig-
nant  giant  cell tum or, basal cell carcinom a, and  m etastatic m a-
lignancies.  The  m ost  com m on  tum or  pathologies  vary  from
study  to  study  and  from  region  to  region  in  the  world. Squa-
m ous  cell  carcinom as, sarcom as, esthesioneuroblastom as,  ad-
enoid  cystic carcinom as, and  adenocarcinom as are  m ost  preva-
lent  in  the  Am ericas. In  European  studies, however, in testinal-
type adenocarcinom as (rare  in  Am erican  studies) predom inate,
and in  Brazil skin  tum ors top the list .

Paranasal tum ors are  generally locally invasive, w ith  lit t le  in -
volvem ent  of the regional lymph  nodes (8%) or  m etastases. Nu-
m erous  classificat ion  system s  have  been  attem pted, including
the Kadish  stage, TNM (tum or  node m etastasis) system , and  in-
ternational  system , but  none  has  significant  prognostic  value.
Overall, the 5-year disease-free survival rate is 50%; adenocarci-
nom a  has  a  better  prognosis  than  squam ous  cell  carcinom a.
Although  m uch  has been  w ritten  about  the  technical details  of
the surgeries, few studies have m ade a great im pact  w ith  regard
to  prognosis  and  long-term  results. The  in ternational collabo-
rative  study group  that  included  1,307  patients  collected  from
17  institutions concluded  that  the  h istology of the  prim ary tu-
m or,  the  status  of  the  surgical  m argins,  and  in tracranial  in-
volvem ent  are  significant  predictors  of  recurrence-free  and
disease-specific  survival.  Other  significant  factors  found  in

sm aller  studies  include  tum or  grade, orbital  involvem ent, and
sphenoid  sinus  involvem ent. It  is  crit ical to  recognize  that  tu-
m or  histology  coupled  w ith  the  poten tial  for  complete  resec-
tion , rather  than  the  TNM  staging  system , is  by  far  the  m ost
im portant  criterion  a ect ing cure.

110.2  Preoperat ive Evaluat ion
110.2.1  Presentat ion, Signs, and
Sym ptom s
A com m on  or  “standard” presentat ion  for  cranial base  tum ors
does  not  exist  because  these  lesions  are  asym ptom atic  until
they  comprom ise  neighboring  structures.  Therefore,  they  are
frequently found  at  advanced  stages. The  present ing sym ptom s
usually  depend  on  the  size  and  location  of  the  tum or  in  the
skull  base  and  on  the  related  structures. Also, a  percentage  of
tum ors  are  identified  incidentally  on  computed  tom ography
(CT) or  m agnetic resonance (MR) im aging perform ed as a result
of a generalized, nonfocal complaint of headache.

The  anterior  skull  base  and  involved  paranasal  sinuses  are
closely related  to the orbit  and  to the cribriform  plate. If the tu-
m or is predom inantly in  the nasal cavity, then  nasal congestion,
epistaxis,  anosm ia,  and  unilateral  otit is  m edia  (e usion)  are
som e  of the  possible  in it ial sym ptom s. Tum ors  of the  anterior
skull  base  often  produce  orbital  signs  result ing  from  m ass  or
destruct ive  e ects, such  as  visual  disturbances  in  the  form  of
diplopia or orbital displacem ent in  the form  of proptosis, as well
as epiphora  and  visual loss. Because  of the  close  vicinity of the
cribriform  plate,  alterations  of  taste  and  sm ell  are  possible.
Neurologic findings becom e apparent  w hen  tum ors erode  in to
the pterygom axillary space, epidural space, or  brain  t issue itself

Fig. 110.2  The relationship of the anterior and posterior ethmoid arteries and the optic nerve is shown relative to the ethmoid and sphenoid sinuses.
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and  can  m anifest  as  headaches, cranial neuropath ies, and  even
frontal lobe sym ptom s, such  as alterations in  personality. Visual
changes dem onst rate  involvem ent  of cranial nerves II, III, IV, or
VI or  of the  orbit . Pain  and  a variety of dysesthesias result  from
involvem ent  of trigem inal nerve  divisions V1 and  V2, especially
the  supratrochlear, supraorbital, and  infraorbital nerves. This is
par ticularly t rue  of adenoid  cystic cancers, w hich  have  the  po-
ten tial  for  substan tial  perineural  spread  w ith  m inim al  tum or
m ass form ation .

110.2.2  Radiology
CT, positron  em ission  tom ography (PET) coupled w ith  CT (PET–
CT),  and  MR im aging  are  the  m ainstays  of  the  preoperative
evaluation  other  than  direct  biopsy. All  lesions  of  the  cranial
base  require  both  CT and  MR im aging for  diagnosis  and  treat-
m ent. Usually  PET–CT coupled  w ith  MR im aging  is  em ployed.
CT provides an  in-depth  understanding of the  cran iofacial skel-
eton  and  its  bony  relat ionship  to  these  lesions,  w hereas  MR
im aging  provides  a  detailed  soft-t issue  description. Axial  and
coronal CT scans  are  required, along  w ith  both  soft-t issue  and
bone  algorithm s  (� Fig. 110.3). MR im aging  generally  includes
axial, coronal, and  sagittal im ages  obtained  from  both  T1  w ith
and w ithout contrast  and T2 series (� Fig. 110.4).

These  MR im aging  techniques  di eren tiate  various  tissue
types on  the  basis  of signal response. MR angiography can  also
be of valuable clinical use. A synthesis of both  m odalit ies allow s
a  detailed  characterization  of the  tum or  w ith  regard  to  di er-
ent ial diagnosis  and  of its  extent  and  resectability  w ith  regard
to  preoperative  planning. This  inform ation  is  extrem ely valua-
ble  considering the  com m on  deficiency in  receiving a t issue  di-
agnosis before surgery as a result  of the locations of m any skull
base tum ors. Because of the clarity of tum or location  and  t issue
characteristics provided  by CT and  MR im aging, a narrow  range
of histologic types can  be defined and t reated accordingly.

PET has  becom e  increasingly  valuable  in  the  evaluation  of
cran ial  base  tum ors. It  p lays  a  significan t  role  w ith  regard  to
in it ial  m etastatic  work-up  as  well  as  postoperative  surveil-
lance.  Preoperatively,  it  contr ibutes  to  the  staging  of  cran ial
base  lesions  and  the  detect ion  of m etastases, w hich  m ay  re-
sult  in  a  change  of  treatm ent  plan .  Postoperat ively,  these
scans  are  im portan t  in  di eren t iat ing  betw een  postoperative
tissue  fibrosis  and  previously undetected  tum or. The  develop -
m ent  of fusion  PET–CT allow s the  sim ultaneous  acquisit ion  of
anatom ical and  m etabolic  data. This  technology  m akes  possi-
ble  the  early  detect ion  of  tum or  recurrence,  guides  endo-
scopic biopsies, and  assists  in  the  select ion  of an  overall t reat-
m ent  p lan .

110.3  Surgical Techniques
In  1954, Sm ith  first  described  anterior cran iofacial resection  for
a tum or arising in  the frontal sinus. Ketcham  subsequently pub-
lished  the  first  series  of cases  and  established  the  first  indica-
tions, m orbidity  issues, and  outcom es  of th is  type  of surgery.
Later  on , Tessier  and  Derom e  im proved  the  technique  and  in-
troduced m odifications to the first  approach  described.

Since  then, anterior  craniofacial  surgery  has  been  im proved
by m ultip le variations and  refinem ents, especially w ith  the rev-
olution  of endoscopic technology. Num erous variations and  ap-
proaches have been  described in  the literature, as follow s:
●  Transcranial
○  Standard bifrontal craniotomy
○  Extended frontal craniotomy
○  Frontotemporal craniotomy

●  Transfacial/transnasal
○  Endonasal (endoscopic, m icroscopic)
○  Midfacial degloving
○  Lateral rh inotomy (Lynch approach)

Fig. 110.3  (a) Coronal (soft-tissue  window) and  (b) sagit tal (bone  window) computed tomographic scans of a large  sinonasal malignancy with mild
erosion of the  right  skull base  and  invasion  into  both  orbits.
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Of note, transcranial and  transfacial approaches are  often  in te-
grated to resect  a single tum or.

110.3.1  Open Approach to the Anterior
Skull Base
For m ost  anterior craniofacial approaches, the patient  should be
placed  in  a  supine  position.  The  head  usually  is  rested  on  a
horseshoe-shaped  holder but  can  be fixed w ith  a Mayfield-type
pinning system .

The  t ranscranial approach  is  preferred  in  m ost  cases  in  light
of its excellen t  visualization  and  its ability to provide broad  ac-
cess to the entire anterior skull base laterally from  orbit  to orbit
and  anteriorly  to  posteriorly  from  the  fovea  and  cribriform  to
the  planum  sphenoidale  (� Fig. 110.5). This  approach  allow s a
complete, often  en  bloc  resection  w ith  m inim al aesthet ic  and
functional deficit . The  t ransfacial approaches  often  leave  scar-
ring  on  the  face  and  o er  lit t le  added  access  to  the  sinonasal
cavity and  anterior  fossa. With  the  t ranscranial subfrontal ap -
proach, the  t ransfacial  approaches  are  largely  used  if  there  is
lateral extension  of the  tum or  in to  the  orbit , lateral m axillary
sinus, and infratem poral fossa.

Mobilizing  soft  t issues  from  the  coronal (frontoparietal)  su-
ture  to  the  superior  orbital  rim s  an teriorly  and  all  the  way  to
the  zygom atic arch  laterally usually necessitates a  bicoronal in -
cision  regardless of the  tum or  location. The  scalp  elevation  can
be  done  in  the  subperiosteal or  subgaleal plane, depending on
the  surgeon’s  preference, w here  a  pericranial  flap  can  still  be
harvested  from  the  cutaneous  flap  at  the  end  of the  surgery
(� Fig. 110.6).

Dissection  is  done  deep  to the  temporoparietal fascia  flap  to
the  level of the  temporalis  fat  pad, w here  the  deep  temporalis
fascia  is duplicated. At  th is poin t, the fat  pad  is entered  and  the

superficial layer  of the  deep  temporalis  fascia  is  elevated  w ith
the  skin  flap  protect ing  the  forehead  branches  of  the  facial
nerve.

The t raditional bifrontal craniotomy begins a few  centim eters
above  the  supraorbital rim s  (see  � Fig. 110.6). Stopping at  th is
level can  result  in  retract ion  of the  frontal lobes  to  access  the
planum  sphenoidale  and  m ore  posterior  structures. For  an  im -
proved  visualization  of the  tum or, facilitating its  total rem oval
and  decreasing, although  not  elim inating, the  m orbidity due  to
brain  retract ion,  the  frontal  bar  (also  called  sub-basal  or  ex-
tended  frontal) approach  is favored. Various other craniotom ies
are  also  described  to  accom plish  the  goal of m inim al brain  re-
traction .  They  involve  additional  osteotom ies  that  enable  re-
m oval of the supraorbital rim s and nasion  en  bloc.

This approach  exposes the w hole area from  the rhinion  ante-
riorly  to  the  sella  posteriorly  and  the  orbits  on  the  sides. The
size  of the  frontal bone  and  the  am ount  of the  orbital rim s in-
cluded  in  the  flap  are  determ ined  by  the  am ount  of exposure
that  w ill be needed.

The supraorbital neurovascular  structures are  dissected  care-
fully out  of the bony foram ina, thereby preserving sensation  to
the forehead and blood  supply to an  eventually needed  pericra-
n ial flap. Follow ing craniotomy, dural elevation  can  extend  pos-
teriorly  to  the  tuberculum  sellae, falciform  ligam ents  over  the
optic nerves, and lesser  w ings of the sphenoid bone.

For  unilateral  tum ors  that  extend  in to  an  adjacent  orbit  or
the  cavernous sinus, a  frontotemporal craniotomy w ith  orbito-
zygom atic  osteotomy  allow s  a  better  access  to  the  superior
orbital  fissure. The  open  approaches  can  also  be  used  in  con-
junct ion  w ith  the  transfacial  approaches,  including  m idfacial
degloving  and  lateral  rh inotomy. For  reasons  of cosm esis  and
functional  preservation,  the  subfrontal  approach  is  preferred
w hen an  “open  approach” is needed.

Fig. 110.4  Magnetic resonance  (MR) image of the  same patient  depicted in the  computed tomographic scan in  � Fig. 110.3. These  (a) anterior and
(b) more posterior coronal MR imaging sections demonstrate the dura and orbital contents more clearly, along with the postobstructive sinusitis in the
maxillary sinus on  the  left.
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The  approaches from  above  allow  the  resection  of larger  tu-
m ors  involving  dura  or  brain  w ith  complete  vascular  control
and  the  ability  to  achieve  an  en  bloc  resection  w ith  negative
m argins. The  ent ire  sinonasal cavity can  be  well visualized  and
accessed, allow ing complete  exenterat ion  of the  ethm oid, m ax-
illary, frontal, and  sphenoid  sinuses, if necessary, as well as the
nasal floor w ith  m inim al m orbidity.

Once  the  resection  is  perform ed, the  skull  base  m ust  be  re-
constructed  to  prevent  com m unication  betw een  the  sinus  and
intracranial cavity. If a CSF leak is created, then  a watert ight  seal
m ust  be achieved. The pericranial flap  is the m ainstay of anteri-
or  fossa reconstruct ion  in  the  open  approaches. A tem poropar-
ietal flap  or  tem poralis  m uscle  flap, as  well  as  fascia  lata  or  a
variety  of biom aterials, can  also  be  used. Exenteration  of the
frontal sinus and obliteration  of the frontal recess are im portant
components in  the closure of these cases to prevent  pneum oce-
phalus  in  the  short  term  and  m ucocele  form ation  in  the  long
term . The  nasal cavity is  often  packed, and  nasal t rum pets  are
placed to avoid pneum ocephalus, as well.

110.3.2  Endoscopic Endonasal
Approach to the Anterior Skull Base
Technologic advancem ents  in  the  form  of in traoperative  navi-
gation  and  instrum entation  plus  the  acquisit ion  of endoscopic
skills and  expert ise through  a better understanding of the anat-
omy of the  skull base  “from  below ” over  the  last  15  years have
brought a true paradigm  shift  in  skull base surgery.

Endoscopic  skull  base  surgery  com prises  a  series  of  ap-
proaches or  “corridors” through  the sinonasal passages, w ith  the
maxim um  of lateral extension  obtained  between  the  two m edi-
al orbital walls  at  the  m iddle  of the  cribriform  plate  (m ean  dis-
tance, 25 to 33 m m), w hile the m ean  distance betw een  the ante-
rior  and  posterior  ethm oidal arteries  at  the  level of the  lam ina
papyracea  is  16 m m . Therefore, the  endoscopic endonasal route
can  be  considered  a  m inimally invasive  technique for  approach-
ing an  area  lim ited  by the  sella  posteriorly, orbits  laterally, and
frontal recess at  the junction  of the crista galli anteriorly.

The  endoscopic  approach  to  the  anterior  skull  base  is  per-
form ed  w ith  a  “four-handed” technique in  w hich  two surgeons
use a t ransethm oid and a transcr ibriform  approach. This dissec-
tion  extends from  the  posterior  wall of the  frontal sinus to the
planum  sphenoidale. At  the beginning of the case, the patient  is
positioned  w ith  the  navigation  apparatus  and  thoroughly  de-
congested.  The  approach  is  in itiated  by  resecting  the  attach-
m ent  of the  an terior  portion  of the  nasal septum  to the  cranial
base  after  the  m iddle  turbinates  have  been  rem oved. A total
ethm oidectomy  along  w ith  an  endoscopic  m odified  Lothrop
procedure  (w ide  opening of the  frontal recesses w ith  a  drilling
out of the frontal sinus floor and in tersinus septum ) is then per-
form ed. After  w ide  exposure  and  visualization  of the  floor  of
the  ent ire  anterior  fossa  have  been  attained, the  fovea  ethm oi-
dalis and  cribriform  plate  are  rem oved  bilaterally. The  lim its  of
th is  m odule  are  both  lam inae  papyraceae  laterally, the  frontal
sinus  anteriorly, and  the  t ransition  w ith  the  planum  sphenoi-
dale  posteriorly.  Although  the  cribriform  exposure  dam ages
olfaction , it  is  likely  that  olfaction  has  already  been  compro-

Fig. 110.5  Schematic depicting  the  desired  extent  of resection  for (a) bilateral and  (b) unilateral anterior (c) craniofacial resection.
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m ised  by the  disease  in  quest ion . Once the  en t ire  bony floor  of
the anterior fossa is rem oved, the dural and in tracranial portion
of  the  tum or  can  be  resected  w ith  negative  m argins.  Recon-
struct ion  of the  skull  base  is  perform ed, preferably  w ith  local
vascularized  tissue. If  vascular  t issue  is  unavailable, avascular
derm al grafts  are  em ployed. In  sim ple  term s, the  “endoscopic
approach” can  accom plish  the  sam e  resection  as the  “open  ap-
proach,” except  that  is  done  from  below  the  skull base  instead
of above it  and w ith  fewer incisions.

110.4  Com plicat ions of Cranial
Base Surgery
Cranial base  surgery poses serious  surgical challenges  that  are
reflected  in  the  relatively high  rate  of postoperat ive  complica-
tions. These tum ors involve crit ical structures, so that  w ide and
extensive  access  is  required  in  both  open  and  endoscopic
approaches, often  leaving extensive and challenging defects. Be-
cause  of an  average complication  rate  of 30 to 50%, proper  pre-
operative planning w ith  regard  to approach  and  reconstruct ion
m ust  be  perform ed.  Potent ial  risk  factors  for  complications
m ust  also  be  assessed, including patien t  dem ographics and  co-
m orbidit ies, prior  surgical and  radiation  treatm ent , the  extent
of anatom ical involvem ent  of the  lesion, and  the  biology of the
tum or  type.  Although  the  surgical  m ortality  of  these  proce-
dures is  less than  4%, central nervous system , wound, and  sys-
tem ic m edical complications occur in  up to 40% of patients. The
m ajority  of complications  are  related  to  CSF leak, m eningitis,
and wound infect ion. Postoperative em ergencies specific to any
in tracranial  procedure  include  cerebral  edem a,  throm bosis,
pseudoaneurysm , air em bolism , and postoperative seizures.

In  m ost  large  studies  of the  complications  of skull base  sur-
gery  for  m alignant  tum ors,  postoperative  wound  infect ions
have been  reported to occur in  up to 20% of cases. These include
superficial wound infections, osteomyelitis, in tracranial abscess,
and  bone  flap  failures. Medical com orbidities  and  prior  radia-
tion  therapy have been  show n to be predictive factors.

Cranial nerve and orbital complications are of concern  in  both
the  in traoperative  and  the  postoperat ive  period  and  are  there-
fore  often  predicted  based  on  tum or  location  and  type  of ap -
proach.  Neurophysiologic  m onitoring  understandably  plays  a
crucial role  in  cranial base  surgery. Any orbital involvem ent  or
resection  of  the  surrounding  structures  can  produce  diplopia
and  visual disturbances. Epiphora can  occur  secondary to lacri-
m al duct  complications  and  an  insu cien t  dacryocystorh inos-
tomy. Deficits of cranial nerves III, IV, and  VI are  m ost  com m on
in  resections involving the cavernous sinus; com bined paralysis
is therefore called  cavernous sinus syndrom e. Total ophthalm o-
plegia  and  diplopia  can  be  expected  in  these  circum stances,
along w ith  conjunct ival inject ion  and edem a.

CSF leaks, along w ith  wound  infect ions, account  for  over  half
of  all  postoperative  complications  after  cranial  base  surgery.
They occur  in  2  to  20% of cases  and  can  often  be  predicted  by
radiology show ing tum or  involvem ent  of the  dura, brain , m id-
dle ear, and eustachian  tube. Prior radiation  therapy, dural inva-
sion, and brain  involvem ent are significant  predisposing factors.
CSF leaks  can  be  categorized  as  low -flow  or  h igh-flow  leaks.
They are  detected  by the history and  the  clin ical and  radiologic
exam ination.  Depending  on  the  surgical  site,  patients  m ay
present  w ith  clear  rh inorrhea or otorrhea at  rest  or on  exertion,
w hich  is  often  associated  w ith  a  salty  taste  and  a  halo  sign  (a
dark ring surrounding a m ore lightly stained  center) on  the  pa-
tient’s  dressings  or  sheets. A collected  fluid  sam ple  can  be  as-
sayed  for β2-transferrin , a protein  found  only in  CSF, perilym ph,
and vitreous hum or. If th is is not feasible and the location  of the
leak cannot be determ ined , MR im aging or, m ore com m only, CT
cisternogragraphy can  be perform ed; CT before and  after  an  in-
trathecal inject ion  of a  radiopaque dye can  identify the leak lo-
cation . Patients  can  also  present  w ith  pneum ocephalus and, in

Fig. 110.6  (a) The bicoronal incision is marked. The  hair is not  shaved
and  is completely preserved  after the  surgery. (b) The  scalp  flap  is
elevated, with  the  pericranium  preserved  in  the  scalp  for later use  in
reconstruction  of the  skull base. (c) The  frontal bone  flap  is removed.
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the  worst  case,  a  life-threatening  tension  pneum ocephalus
(� Fig. 110.7).

High-flow  leaks are m ost often  treated urgently by direct  sur-
gical closure  w ith  nonvascularized  tissue  such  as  fat  or  fascia,
alloplastic m aterials, or  a  com binat ion  of both  along w ith  a  t is-
sue sealant . These leaks can  be  addressed  by either  open  or  en-
doscopic approaches. Low -flow  leaks  can  often  be  resolved  by
lum bar drain  or, if necessary, ventricular or lum bar shunt place-
m ent  in  in tractable  situations.  Excessive  drainage  m ust  be
avoided to prevent  pneum ocephalus.

Meningitis  is  the  m ost  undesirable  complication  of  cranial
base  surgery. The  risk  for  m eningitis  increases  in  the  presence
of a CSF leak, especially in  anterior skull base surgery, w hen  the
intradural space is directly exposed to the paranasal sinuses.

Meningitis  usually  presents  w ith  fever,  headache,  nausea,
vom iting,  and  m ental  status  changes.  There  should  be  a  low
threshold  for  in it iating a  work-up  in  the  clin ical sett ing of any
of these  sym ptom s. CT of the  head  is perform ed  to rule  out  in-
creased  in tracranial  pressure  and  dilated  ventricles. A lum bar
puncture  then  allow s analysis of the  CSF for  color, protein , glu-
cose, red  blood  cells, and  w hite blood  cells, and  a  Gram  stain  is
perform ed. Postoperatively, m eningitis  is  usually  aseptic  or  of
bacterial  origin;  a  viral  origin  is  un likely.  Aseptic  m eningitis
usually  results  from  m eningeal irr itat ion  by  surgical in terven-
tion, blood, or breakdow n products. Bacterial m eningitis, w hich
is m ore com m on, is devastating and often  the result  of large de-
fects that  are at  risk for CSF leaks. Once m eningitis is diagnosed,

treatm ent  w ith  in travenous antibiotics and  close m onitoring of
the CSF leak is in it iated.

Cranial base surgery is a complicated and dem anding subspe-
cialty w ith  a h igh  risk for complications as well as the potential
for  great  rewards. Pat ients requiring an  anterior  craniofacial re-
sect ion  m ust  undergo a  thorough  work-up  w ith  a  detailed  his-
tory, physical exam ination , and  radiologic studies, including CT,
MR im aging, and  PET. Presurgical planning is crucial and  neces-
sitates a m ultidisciplinary team . The surgical approach  depends
on  a  m ultitude  of factors, and  close  postoperative  follow -up  is
essential to avoid serious complications.

110.5  Roundsm anship
●  Skull base surgery requires a m ultidisciplinary approach

across a broad range of subspecialties, w ith  the part icipation
of a head and neck surgeon, neurosurgeon, oncologist, radiol-
ogist, and pathologist .

●  CT, MR im aging, and PET–CT are all necessary in  the evalua-
tion  of anterior fossa tum ors.

●  The surgical approach to the anterior fossa depends on  the
pathologic type and stage of the tum or, the pat ient’s anatomy,
and the surgeon’s skill set.

●  The complications of skull base surgery can  be devastating
and m ust  be avoided w ith  the exercise of surgical judgm ent
and close postoperative m onitoring.
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111  Anatomy and Em bryology of the Ear
Christopher J. Linstrom

111.1  Int roduct ion
An  understanding  of any  pathologic  process  is  based  upon  a
thorough  knowledge  of the  norm al, including norm al develop-
m ent. This  is  especially  true  for  all structures  of the  head  and
neck, and  m ost  importan tly for  the  ear. It  is im possible  to com -
pletely understand the basis for m uch otologic and neurotologic
disease w ithout a firm  grounding in  the em bryology and anato-
my of the ear.

111.2  Ear Developm ent : The Short
of It
Hum ans  are  ver tebrates, and  the  auditory  system  in  all verte-
brates has the follow ing sim ilar structures (� Fig. 111.1):
1. A sound-direct ing appendage, the auricle.
2. A connection  betw een the external sound source and the

outer surface of a sound-conducting m em brane. Sound pres-
sure (force per unit  area) is slightly dim inished as sound
travels through  th is junct ion  and m ust be ream plified.

3. A sound ream plification  system . Most, but  not all, verte-
brates have three ossicles: two long levers (m alleus and in-
cus) articulating w ith  a sm all receiver (stapes).

4. An air pressure–to–fluid compression  sound wave transfor-
m ation  system  (cochlea). Ream plified sound passing through
the stapes sets up a series of waveform s that are carried
through a closed fluid space (perilym ph). Shearing forces
change the resting volum e and shape of the endolymph.

5. A fluid wave–to–electr ical depolarization  transform ation
system  (cochlea). Fluid waves deform ing the resting position
of the inner and outer hair cells depolarize them , thus t rans-
form ing the envelope of analogue sound in to an  elect rical
representation  of sound that  is carr ied along cranial nerve
VIII to the brainstem , m idbrain , and cortex, w here sound is
recognized centrally (Broca speech  area).

The hum an  ear develops from  three t issue sources:
1. The otocyst  (� Fig. 111.2) w ill form  the m em branous (cochle-

ar and vestibular) labyrin th . Mesenchym e around the otocyst
form s cart ilaginous rests, w hich  then  ossify to becom e the
endochondral bone of the otic capsule, the densest of the hu-
m an  bones. The petrous port ion  of the tem poral bone is so
nam ed because of the dense otic capsule w ithin  it .

2. Branchial arches 1 and 2, together w ith  the first  pharyngeal
pouch, w ill form  all of the structures of the external auditory
canal and m iddle ear except  the footplate of the stapes
(� Fig. 111.3). The first  pharyngeal pouch develops in to the
pharyngotym panic (eustachian) tube and m iddle ear cavity.
The m iddle ear cleft  develops around the cart ilage of the first
and second branchial arches to give rise to the ossicles
(� Fig. 111.4).

3. The six m esoderm al h illocks from  branchial arches 1 and 2
develop to form  the auricle. The superficial m esoderm  of
branchial arches 1 and 2 gives rise to six preauricular cart ila-
ginous hillocks arranged around the dorsal part  of the first
branchial cleft . These auricular h illocks (� Fig. 111.5,
� Fig. 111.6, � Fig. 111.2) grow  and m ature to give rise to the

Fig. 111.1  Coronal view of a  right  ear showing  the  external auditory canal, tympanic membrane, middle  ear space  with  the  ossicular chain, tensor
tympani muscle, and  structures of the  inner ear.
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Fig. 111.2  (a–g) Schematic showing  development  of the  membranous vestibular and  cochlear labyrinths from  the  otic pit/vesicle.

Fig. 111.3  Coronal view of a left  ear. Branchial arches 1 and  2 give  rise  to the  first  branchial cleft, which invaginates and meets the  first  pharyngeal
pouch  to  form  the  external auditory canal, tympanic membrane, and  middle  ear cleft.
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Fig. 111.4  Derivatives of the  cartilage  of branchial arch  1  (Meckel cartilage) and  branchial arch 2  (Reichert  cartilage).

Fig. 111.5  Branchial arches 1  and  2  give  rise  to the  six preauricular
cartilaginous hillocks that  will form  the  auricle.

Fig. 111.6  Further development of the six preauricular hillocks into the
cartilaginous skeleton of the  auricle.
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tragus (hillock 1), an terior helix (h illock 2), rem ainder of the
helix (h illock 3), superior part  of the an tihelix (h illock 4), in-
ferior part  of the antihelix (hillock 5), and the antitragus and
lobule (h illock 6). The outer and m iddle ear should be
thought of as one developm ental “unit .” The inner ear devel-
ops sim ultaneously, but  as a separate entity.

111.2.1  Early Em bryonic and Fetal Life
The prim ordium  of the inner ear appears in  early em bryonic life
as  a  collect ion  of plaquelike  ectoderm al  cells  on  the  cephalic
end  of the  em bryo  next  to  the  open  neural tube  of the  rhom -
bencephalon. This  plaque, the  otic  placode  (see  � Fig. 111.2),
m igrates  m edially  in to  the  surrounding  m esenchym e  and
pinches o to form  a pit , the otic vesicle. The otic vesicle contin-
ues to m igrate  m edially toward  the acoustic ganglion  of the de-
veloping brain , from  w hich  it  w ill derive  its  innervation. It  m i-
grates to lie  near  the first  and  second  branchial arches. The five
branchial arches in  the hum an  em bryo (1, 2, 3, 4, and  6; 5 is ru-
dim entary) are  separated  from  one  another  by clefts  (outside)
and  pouches (inside). Each  arch  has a  m esoderm al core, is cov-
ered  w ith  surface  ectoderm , and  is in  close proxim ity to a  pha-
ryngeal pouch  w ith  its  endoderm al lin ing. Each  branchial arch
thus has all th ree structural subunits of developm ent . The m es-
oderm al  center  develops  in to  the  cartilage  of  the  arch:  the
Meckel cartilage  in  branchial arch  1  and  the  Reichert  cartilage
in  branchial arch  2. Each  arch  w ill have  an  arterial supply that
involutes  and  is  replaced  by  a  nam ed  artery, a  corresponding
vein , and  a  nerve. The  ar tery and  nerve  of branchial arch  1  are
the  external  m axillary  artery  and  the  m andibular  division  of

the  tr igem inal  nerve  (V3);  the  arterial  supply  and  nervous
supply  of branchial  arch  2  are  the  facial  ar tery  and  nerve, re-
spectively.

As  the  tubotym panic recess  of pharyngeal pouch  1  m igrates
laterally  through  m esenchym e,  it  form s  the  eustachian  tube
and m iddle ear cleft. Its endoderm al lin ing envelops the ossicles
and  w ill  ult im ately  invest  them  w ith  respiratory  epithelium
(pseudostratified  colum nar  epithelium  contain ing  support ing
cells  and  m ucus-producing  goblet  cells). Meanw hile, the  cleft
betw een  branchial arches 1 and  2 (first  arch  cleft) m igrates m e-
dially to m eet  pharyngeal pouch  1. A “sandw ich” of these three
tissue  layer  derivatives  w ill form  the  tym panic m em brane:  ec-
toderm  (squam ous  epithelium ) laterally, m esenchym e  (fibrous
m iddle  layer  of the  tym panic m em brane)  centrally, and  endo-
derm  (respiratory epithelium ) m edially.

111.3  Ear Developm ent : The Long
of It
111.3.1  The Inner Ear
By the first  m onth  after conception, the otic placode (ectoderm ;
see  � Fig. 111.2)  has  form ed  in  the  region  of the  rhom bence-
phalon. This deepens and m igrates m edially to form  the otic pit ,
subsequently  separating  from  the  surface  and  becom ing  the
otic vesicle. This  is  lined  by ectoderm  (and  w ill  be  innervated
by neural crest  cells derived  from  the  neural crest  of the  rhom -
bencephalon, the  acousticofacial  ganglion)  and  is  term ed  the
otocyst. Two regions of each  otocyst  soon  becom e recognizable:
a  dorsal or  utricular  portion  (� Fig. 111.8), from  w hich  the  en-
dolymphatic duct  arises, and  a  ventral or  saccular  portion . The
otic vesicle  then  begins to  divide  in to three  basic subunits  (see
� Fig.  111.2  and  � Fig.  111.8;  � Fig.  111.9,  � Fig.  111.10,
� Fig. 111.11).

Fig. 111.7  Derivatives of the  six preauricular hillocks in  the  normal
human auricle.

Fig. 111.8  The  otocyst  differentiates into  a  dorsal (utricular) portion,
which also  gives rise  to the  endolymphatic duct, and  a  ventral
(saccular) portion.
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1. First  fold →endolymphatic sac.
2. Second fold →pars superior or  vestibular section  (phyloge-

netically older) →sem icircular canals and utricle.
3. Third fold →pars inferior or cochlear section  (phylogeneti-

cally newer) →cochlea, including the footplate of the stapes
and saccule.

The  second  and  th ird  folds are  connected  by a  constricted  area
called  the  ut riculosaccular  duct , leading from  the  pars superior
(vestibular) to the pars in ferior  (cochlear) to the endolymphatic
duct  and  sac. The  saccule  is  separated  from  the  cochlea  by  a
deep  constriction, term ed  the  ductus  reuniens. The  m em bra-
nous labyrin th  is  form ed  by the  end  of the  seventh  em bryonic
week.

111.3.2  The Sem icircular Canals, Utricle,
and Saccule
Three  flat , disclike  diver ticula  grow  out  from  the  utricular  por-
tion  (from  the  pars  superior), and  soon  the  central portions  of
the  walls  of  these  diver ticula  fuse  and  then  disappear  (see
� Fig.  111.2,  � Fig.  111.8,  � Fig.  111.9,  � Fig.  111.10,
� Fig. 111.11). The peripheral, unfused  portions of the  divert ic-
ula  becom e  the  sem icircular  ducts, w hich  are  attached  to  the
utr icle  and  enclosed  w ith in  the  sem icircular  canals  of  the
labyrinth .  The  three  sem icircular  canals  develop  am pullated
ends, all of w hich  w ill eventually lie  near  the  facial nerve, ori-
en ted  roughly  in  the  x, y, and  z  planes;  each  am pullated  end
contains a  cupula comprising a gelatinous layer  w ith  both  sup-
porting and  neuroepithelial cells, stereocilia, and  kinocilia. The
sem icircular  canals detect  angular  acceleration  w hen  the endo-
lymph m oves toward or away from  the kinocilia, w hich  serve as
a reference. The saccule and utricle develop in to gravity-sensing
organs  w ith  a  gelatinous  otolith ic m em brane, upon  w hich  m i-
croscopic calcium  carbonate  crystals  (otoconia)  lie. These  have
m ass and  are a ected  by gravity. The innervation  is from  below
the  supporting  and  neuroepithelial cells. The  superior  portion
of the  vestibular  ganglion  innervates  the  cristae  am pullares  of
the  lateral and  superior  sem icircular  canals  and  the  m acula  of
the  utricle. The  inferior  port ion  of the  vestibular  ganglion  in-
nervates the  crista am pullaris of the posterior  sem icircular  am -
pulla and the m acula of the saccule.

111.3.3  The Cochlea
From  the  ventral (saccular) port ion  of the  otocyst, a  tubular  di-
verticulum , the  cochlear  duct ,  grow s  and  coils  like  a  snail  in
two and  three-quarter  turns to form  the  cochlea. As the  m em -
branous labyrin th  enlarges, vacuoles appear in  the cartilaginous
otic capsule  and  soon  coalesce to form  the perilym phatic space.
The  m em branous  labyrin th  is  now  suspended  in  a  fluid,  the
perilym ph, w ithin  the  perilym phatic  space. The  perilym phat ic
space  related  to  the  cochlear  duct  develops in to  two  divisions:
the  scala  tym pani and  the  scala  vestibuli. The  cochlear  duct  is
seen  in  the adult  as the scala m edia. The scala tym pani and  sca-
la vestibuli com m unicate  at  the  helicotrem a;  the  scala  m edia is

Fig. 111.9  Derivatives of the pars superior are the vestibular labyrinth,
utricle, and endolymphatic sac. Derivatives of the  pars inferior are  the
saccule, cochlea, and  medial portion of the  stapes footplate.

Fig. 111.10  Further development  leads to distinct  utricular, saccular, and  endolymphatic sac formation.
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always  separate.  Within  the  cochlear  duct  (scala  m edia),  the
connection  of the  cochlea  w ith  the  saccule  (pars  inferior)  be-
com es  constr icted  to  form  the  narrow  ductus  reuniens  (see
� Fig. 111.11).

The  organ  of Corti di eren tiates from  cells  in  the  wall of the
cochlear  duct . Ganglion  cells of cranial nerve  VIII m igrate  along
the turns of the cochlea and  form  the spiral ganglion, w hich  in-
nervates the  organ  of Corti. Within  the  organ  of Corti, the  epi-
thelial  cells  di eren tiate  in to  two  colum nar  ridges,  the  inner
ridge  and  the  outer  ridge, w hich  elaborate  the  tectorial  m em -
brane. The  inner  ridge, called  the  spiral  lam ina, becom es  the
anatom ical  anchoring  point  for  the  organ  of Cort i. The  spiral
lam ina, together  w ith  the helical bony nerve canal, is called  the
m odiolus. The  cartilaginous otic capsule  ossifies from  cartilagi-
nous rests to form  the bony (osseous) labyrinth  of the inner ear.

The  m em branous labyrinth  attains its  adult  size  in  the  fetus.
The  surrounding  otic  capsule  m esenchym e  first  chondrifies,
then  ossifies from  approxim ately 14  to  16  ossification  centers.
Enchondral ossification  takes place in  all areas of the petrom as-
toid  temporal  bone  except  in  those  areas  w ith  endosteal  or
periosteal  surfaces  (e.g.,  fissula  ante  fenestram ).  Therefore,
three bony layers are h istologically present  w ith in  the temporal
bones: the endosteal, enchondral, and periosteal layers.

111.3.4  The Middle  Ear and Ossicles
The dorsal end of the first  branchial arch  cartilage (pars dorsalis
of the  Meckel cartilage) is  closely related  to the  developing ear
and  becom es ossified  to form  the first  two bones of the  m iddle
ear, the m alleus and  the incus (see � Fig. 111.4). The in term edi-

Fig. 111.11  Adult  derivatives of the  membranous labyrinth.
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ate  port ion  of  the  cart ilage  regresses  and  form s  the  anterior
m alleolar  ligam ent.  The  t rigem inal  nerve  (cranial  nerve  V)  is
the  nerve  of the  first  arch . Its  derived  and  innervated  m uscles
include the tensor  tym pani and  the tensor  veli palatin i, and  the
anterior belly of the digastric m uscle.

The  dorsal end  of the  second  arch  cartilage  (pars  dorsalis  of
the Reichert  cart ilage) ossifies to form  the stapes (all except  the
footplate) and  the styloid  process of the temporal bone. The fa-
cial nerve  (cranial nerve  VII)  is  the  nerve  of the  second  bran-
chial arch, and  its  derived  and  innervated  m uscles  include  the
m uscles  of  facial  expression ,  stapedius  m uscle,  and  posterior
belly of the digastric m uscle.

The prim itive pharynx is w ide cranially and narrows caudally
as it  joins the  esophagus. Pairs  of pharyngeal pouches lined  by
endoderm  develop  in  a  craniocaudal  sequence  betw een  the
branchial arches. The  first  pharyngeal pouch  thus lies betw een
the  first  and  second  branchial  arches.  The  first  pharyngeal
pouch  expands in to  an  elongated  tubotym panic recess and  en-
velopes the structures of the m iddle ear cleft , creating an  inves-
titure of respiratory epithelium  over all of the structures w ithin
the  m iddle  ear. The  expanded  distal port ion  of th is  recess con-
tacts  the  first  branchial  groove  (prim ordium  of  the  external
acoustic m eatus)  and  later  contributes  to  the  form ation  of the
tym panic m em brane. During the late fetal period, the tym panic
cavity gives rise  to  the  m astoid  antrum . The  tubotym panic re-
cess invaginates and  pneum atizes the m esenchym e posterior  to
the  ossicles,  form ing  the  aditus  ad  antrum  and  the  an trum .
Even  in  very poorly pneum atized  temporal bones, the antral air
cells  are  alm ost  always  found  because  their  form ation  is  an
early  developm ental  event.  Further  m astoid  pneum atization
occurs during childhood  and  depends upon  norm al eustachian
tube  funct ion. The  epithelial  lin ing  of the  m iddle  ear  induces
erosion  of the surrounding m astoid  bone; th is is at  least  in  part
due to the fact  that  the partial pressure of air  w ithin  the m iddle
ear, aditus  ad  an trum , and  antrum  is  greater  than  the  resting
pressure of bone m arrow.

111.3.5  The External Ear
The  external acoustic m eatus  develops  from  the  dorsal end  of
the first  branchial groove. The ectoderm al cells at  the bottom  of
this funnel-shaped tube proliferate and extend inward as a solid

epithelial plate, the m eatal plug. By the early part  of m onth  7 of
gestation,  the  central  cells  of  th is  plug  degenerate,  thereby
form ing  a  cavity  that  becom es  the  inner  part  of the  external
acoustic m eatus. The early tym panic m em brane is composed  of
the  ectoderm  of the first  branchial m em brane, w hich  separates
the  first  branchial groove  and  the  first  pharyngeal pouch . The
m iddle  layer  of m esenchym e  of the  first  and  second  branchial
arches  persists  betw een  these  two  as  the  fibrous  layer  of the
tym panic m em brane.

The  auricle  develops from  the  superficial m esoderm  of bran-
chial arches 1 and  2, w hich  give rise  to the six preauricular  car-
tilaginous  hillocks  arranged  around  the  dorsal part  of the  first
branchial  cleft . The  preauricu lar  h illocks  grow  and  m ature  to
form  the  auricle  (� Table  111.1;  see  � Fig. 111.5, � Fig. 111.6,
� Fig. 111.7).

The  parts  of the  auricle  derived  from  the  first  branchial arch
are supplied  by the m andibular  branch  of the trigem inal nerve;
those  derived  from  the  second  branchial arch  are  supplied  by
cutaneous branches of the  cervical plexus, especially the  lesser
occipital and great auricular nerves. The facial nerve has few cu-
taneous branches, but  som e fibers contribute to the sensory in-
nervation  of the skin  in  the m astoid region  and auricle.

111.4  Roundsm anship
●  The external and m iddle ear clefts should be thought of as

linked developm ental entit ies.
●  Any end organ  innervated by the central nervous system  de-

velops from  ectoderm . The developm ent of the inner ear
should be thought of as an  event  that occurs sim ultaneously
w ith  but  separately from  the developm ent of the external and
m iddle ear clefts.

●  The external auditory canal develops from  the first  branchial
cleft.

●  The cart ilaginous anlage of the first  branchial arch  is the
Meckel cartilage, w hich gives rise to the m alleus and incus.

●  The m iddle ear, the eustachian  tube, and its adnexa develop
from  the first  pharyngeal pouch.

●  The cart ilaginous anlage of the second branchial arch is the
Reichert cartilage, w hich gives rise to the stapes (except the
footplate) and the styloid process.

●  The auricle (pinna) develops from  six auricular h illocks of car-
tilage, th ree each from  branchial arches 1 and 2.
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Table 111.1  Auricular derivatives of the hillocks of His

Hillock No.  Derivat ive

1  Tragus

2  Anterior helix

3  Majority of the  helix

4  Antihelix (superior part)

5  Antihelix (inferior part)

6  Antitragus and  lobule
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112  Auditory Funct ion and Dysfunct ion
Mila Quinn, Miriam I. Redleaf, and Christopher J. Linstrom

112.1  Int roduct ion
The  auditory  system  has  several  m ajor  distinct ions  from  the
vestibular  system . The  auditory system  depends upon  a  physi-
cal  in terface  w ith  the  environm ent:  that  is,  sound  vibrations
m ust  have  open  access to  entry points in to the  prim ary recep-
tive organ, the  cochlea. Unlike  in  the vestibular  system , there is
no central compensation for unilateral auditory loss. Unlike ves-
tibular  sensations, auditory  sensations  are  usually  forefront  in
the  conscious  m ind  and  are  extensively  m anipulated  for  the
pleasure  they  bring. The  e ects  of  un treated  bilateral  loss  of
auditory  funct ion  are  devastating, in terrupting  the  acquisit ion
of inform ation, social contact, and personal grow th .

112.2  Transm ission of Sound
Waves
The  anatom ical structure  that  allow s the  propagat ion  of sound
waves  is  in  theory  sim ple.  The  external  auditory  canal  m ust
have an  air-filled  lum en—an unobstructed air  passage—to allow
sound  to  arr ive  at  the  tym panic m em brane. Additionally, each
external canal has a resonant  frequency that  am plifies sound  in
the  range  of 3  to  4 kHz, m uch  like  a  narrow-m outhed  bottle.
Structurally, the  external auditory canal is lined  w ith  skin  con-
taining norm al appendages  as  well as  cerum inous  glands. The
m edial portion  of the  canal is bony, w hereas the lateral portion
is  cart ilaginous. The  physiologic purpose  of the  external audi-
tory  canal is  to  direct  sound  toward  the  tym panic m em brane.
However, m any factors, both  congenital and acquired, can  cause
canal occlusion.

The  m ost  com m on  adult  otologic complaint  is  cerum en  im -
pact ion  associated  w ith  secondary  conduct ive  hearing  loss.
Other causes of canal occlusion  in  adults include chronic ear ca-
nal  derm atitis  (i.e.,  chronic  otit is  externa),  chronic  infect ion,
traum a, osteom ata, and  exostoses. In  children , canal occlusion
is  m ost  often  caused  by cerum en. Clearing  the  external ear  of
cerum en  and/or  other  debris  in  m ost  cases  im m ediately  im -
proves hearing, usually to the level of the preoccluded state.

112.3  Congenital Auricular
Atresia/Microt ia
Congenital  auricular  atresia  w ith  m icrotia  occurs  rarely  (ap-
proxim ately 1  in  1,000  live  bir ths), and  the  incidence  varies by
race.  Congenital  canal  atresia  typically  presents  very  early  in
life. Despite  the  desire  of parents  and  referring  physicians  for
early intervention , only otoacoustic em issions testing of the nor-
m al ear  is  appropriate  at  this  tim e. If the  results  of otoacoustic
em issions  testing  are  norm al in  the  una ected  ear, it  is  highly
likely that  this ear  w ill hear  well and  that  the  child  will develop
speech  norm ally;  however, if the  results are  abnorm al or  unob-
tainable, an  auditory brainstem  reflex test  (ABR), either  w ith  se-
dation  or  under  general anesthesia, is required  to docum ent  the
level of audition. In  cases of bilateral congenital auricular atresia,

otoacoustic  em issions  testing  is  not  possible, and  an  ABR w ith
bone  stim uli is  required. Im aging studies, such  as computed  to-
m ography  (CT)  of the  temporal  bones, add  nothing  to  the  im -
m ediate  diagnostic needs of the  child, expose  the  patient  to  ap-
proxim ately  50  tim es  the  radiation  dose  of a  chest  X-ray, and
should  be  perform ed  only  before  a  surgical  intervention.  The
banded  bone-anchored  hearing  aid  (BAHA)  or  baby  BAHA is
FDA-approved  in  the  United  States  for  children  ages  6  m onths
and  older. Thus, there  is  tim e for  both  adequate  diagnostic test-
ing and  therapeutic intervention, even  in  a  child  who has bilat-
eral congenital auricular  atresia w ith  m icrotia.

The  rare  indication  for  CT before  planned  surgical correct ion
of congenital auricular  atresia  (usually no  sooner  than  the  end
of the ch ild’s sixth  or seventh  year) is to rule out  cholesteatom a.
This  m ay hasten  the  t im e  course  of in tervention  but  is  usually
not  the only deciding factor. Surgery is generally not  perform ed
until  the  child  is  old  enough  to  cooperate  w ith  postoperative
care of the ear.

An  older  child  w ithout  am plification  m ay have  speech  delay
or  speech  inaccuracies  as  a  consequence  of bilateral  auricular
conductive  hearing  loss. Again , em phasis  should  be  placed  on
thorough  audiom etric  testing  of each  ear  and  age-appropriate
audiom etric in tervent ion, either w ith  an  air-level hearing aid, if
possible, or  w ith  a  vibrotactile  hearing aid  such  as  the  banded
BAHA. The  insertion  of the  flange  fixture  for  the  BAHA is FDA-
approved  in  the  United  States  after  the  fifth  bir thday.  If  the
child  is  very  sm all, surgical in tervention  m ay be  delayed  until
the  skull is  large  and  th ick enough  to  accom m odate  a  3-  or  4-
m m  flange  fixture, usually after  the  sixth  or  seventh  year. Un-
like  in  adults,  the  insertion  of a  BAHA in  children  should  be
staged, w ith  a  6-m onth  period  allowed  for  osseoin tegration  of
the flange fixture  before  the  abutm ent  is attached  and  the  sur-
rounding soft  t issue is th inned.

Adult  patients  w ith  partial  stenosis  of  the  external  auditory
canal  m ay  com plain  vigorously  about  itching  in  and  drainage
from  the canal, and  they m ay present  w ith  a history of recurrent
ear  infections  accom panied  by  hearing  loss. Physical  exam ina-
tion  of an  adult  w ill reveal the  stenotic canal, and  the  skin  m ay
be  visibly inflam ed. If indicated, CT of the  temporal bones dem-
onstrates the extent  of bony narrow ing of the  external ear, anat-
omy of the  middle  ear, integrity of the  ossicular  chain, anatomy
of the otic capsule, and  intratemporal course of the facial nerve.

Both  m edical treatm ent  and  surgery of the stenotic or  atretic
canal are  di cult  but  not  im possible. Inflam ed  and  th ickened
canal skin  can  occasionally be  treated  successfully w ith  topical
steroids, antifungals, and  antibiotics. Definitive treatm ent  often
involves excision  of the occluding skin , canalplasty (w idening of
the  bony  canal),  and  placem ent  of  a  th in  split-th ickness  free
skin  graft  to resurface the bony canal. The external auditory ca-
nal  m ust  be  carefully  packed  to  support  the  new  grafts  and
treated  w ith  m eticulous  care  during  the  healing  period  (ap-
proxim ately 6 weeks).

In  pediatric  cases  of  canal  atresia,  the  treatm ent  is  m ore
problem atic.  The  atretic  soft  t issue  and  the  calvaria  adjacent
to  the  external  auditory  canal, the  atretic  plate, span  the  site
w here  the  external  canal  would  norm ally  be  located.  The

Auditory Function and Dysfunction

856



ossicles  are  often  m alform ed;  the  m alleus  and  incus  are  typi-
cally fused  and  attached  to  the  bone  of the  tym panic ring, and
there  is  no  tym panic  m em brane.  The  facial  nerve  m ay  run
through  the  m iddle  ear  space  in  an  expectedly  abnorm al
course. Because  of the  lack of height  of the  tym panic ring, the
distance from  the  glenoid  fossa to the  m iddle  cranial fossa m ay
be  too  sm all  to  accom m odate  a  neocanal w ith  an  adequate  lu-
men. The  lack  of adequate  height  forces  the  neocanal to  be  lo-
cated  m ore  posterosuperiorly,  and  the  canal  m ay  not  line  up
perfectly  w ith  the  reconstructed  tym panic  membrane.  Recon-
struct ion  of an  atretic external auditory canal in  children  is suc-
cessful  only  w ith  perfect  surgical  technique  and  m eticulous
postoperative  care. This is not  an  operation  for  the  occasional or
inexperienced  otologist. The  parents  m ust  be  told  that  at  least
som e form  of postoperative stenosis is likely to occur, even  if the
initial meatus is w idely patent, and  that  revisions are  com monly
necessary. A m olded  ear  plug taken  at  the time of the initial sur-
gery or  revision  and  used  during sleep  may help  to keep  the  re-
constructed  canal patent. Meticulous and  frequent  care is always
required. Even  if the  conductive  hearing loss is  not  improved  to
the level of soft  speech  (30 dB), the presence of a patent  external
auditory canal m ay allow  placem ent  of an  air-level hearing aid.

Another  successful option  for  hearing  rehabilitation  m ay  be
the  placem ent  of a  bone  conduction  hearing aid. This  can  be  a
bone-anchored  hearing aid  (BAHA) in  adults 18  years of age  or
older or  in  ch ildren  older  than  5 years, a dentally fixed  conduc-
tion  device  in  adults 18  years of age  or  older  (SoundBite;  Soni-
tus Medical, San  Mateo, CA), or  a t raditional head-banded  bone
conduction  hearing  aid  in  children  (e.g.,  the  banded  BAHA).
Each  device  is  a  vibrotact ile  stim ulator  of  the  cranium  and
cochlea. The  flange  fixture  (screw ) of the  BAHA undergoes  os-
seoin tegrat ion  w ith  the  cran ium  behind  the  stenot ic canal. The
dental appliance  is  attached  to the  subjacent  m axillary m olars,
and the tradit ional bone conduction  aid vibrates against  the ad-
jacent  cranium  via  the  scalp. The  vibratory  signal  propagates
through  the  ent ire  cranium , stim ulat ing the  ipsilateral cochlea.
These devices usually elim inate a sign ificant  portion  of the con-
duct ive  hearing loss  (i.e., only the  neurosensory reserve  of the
cochlea  is  im portant  in  the  preoperative  evaluation). Because
the  BAHA is  a  percutaneous device, the  skin  over  and  adjacent
to the flange fixture m ust  be pierced and th inned.

112.4  Ossicular Am plificat ion of
Sound Vibrat ions
The  next  physiologic step  in  the  auditory  system  is  am plifica-
tion  of the sound waves. Transm ission  of sound waves to the in-
ner  ear  is  accom plished  by  the  tym panic  m em brane, ossicles,
and  oval w indow  footplate. The auricle helps to locate  sound  in
the  ver tical  plane. The  external  canal  has  its  ow n  resonance,
w hich  am plifies the  3-  to 4-kHz range. Physiologically, the  m a-
jor  factors  that  am plify incom ing sound  waves are  the  ratio  of
the area of the tym panic m em brane to the area of the oval w in-
dow  footplate, and the lever act ion  of the ossicles (� Fig. 112.1).

The sound pressure (pressure = force/area) at  ear level is natu-
rally am plified  20-fold  by the  ratio  of the  tym panic m em brane
area  to  the  footplate  area, and  the  lever  action  of  the  native
unobstructed  ossicles  increases  the  sound  pressure  by 1.3. To-
gether,  these  increase  the  signal  of  the  sound  vibrations  by

28 dB from  the lateral surface of the tym panic m em brane to the
undersurface of the stapes footplate.

Any  pathology  that  in terrupts  sound  wave  am plification  to
the  tym panic  m em brane  and/or  ossicles, or  im pedes  ossicular
vibration, m ay  cause  a  m echanical  (conduct ive)  hearing  loss;
m iddle  ear  fluid,  tym panic  m em brane  perforation ,  tym pano-
sclerosis,  tym panic  m em brane  retract ion,  ossicular  erosion ,
m alleus  fixat ion ,  and  otosclerosis  are  com m on  m iddle  ear
pathologies.  Th is  set  of  problem s  represen ts  reversible  oto-
logic  d isease. Com m on  problem s  of the  t ym panic m em brane
and/or  ossicles can  be  t reated  surgically.

With in  the m iddle  ear, the m ost  com m on  pathology that  im -
pedes  ossicular  vibration  is  fluid  from  otit is  m edia, either  the
purulence of acute otit is m edia or  the serous e usion  of chronic
otitis  m edia. Children  m ay not  not ice  or  care  about  their  hear-
ing loss, but  adults are m ore apt  to notice the change in  hearing
and  w ill seek m edical attention . In  addition  to the  physical and
audiom etric exam inations, CT of the  temporal bone  m ay reveal
chronic m astoiditis, dehiscence of the tegm en, and/or encepha-
locele  form ation.  Eustachian  tube  dysfunct ion  m ay  lead  to
chronic  m iddle  ear  and  m astoid  hypovent ilation, and  chronic
infect ion  m ay  develop.  Attempts  have  been  m ade  to  correct
eustachian  tube  dysfunction  w ith  m edical or  surgical in terven-
tion. These techniques include nasal steroids and  other m edica-

Fig. 112.1  Schematic of the  ratio  of tympanic membrane  size  to  oval
window size  (power = force/area = 20), and  the  lever action of the
ossicles (1.3). The  sum  of these  two actions increases the  power
(power = force/area) of footplate displacement  26 times, which is a net
gain  of 28 dB in  amplitude.
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t ions, alm ost  all  of w hich  are  ine ect ive. Surgical  approaches
include  part ial resection  of the  car tilaginous m eatus in  the  na-
sopharyngeal  fossa  of  Rosenm üller  and  balloon  tuboplasty.
These are technically di cult  to perform  w ith  insu cient  proof
of universal benefit , and  they are  not  part  of standard  practice.
The discipline of surgical m anipulation  of the eustachian  tube is
developing. For  adults and  children, the standard  treatm ent  for
m iddle ear fluid  is the pressure equalization  tube.

Problem s  of  the  tym panic  m em brane  and  ossicular  chain
tend  to  be  acquired  rather  than  congenital in  both  adults  and
children.  In  children,  congenital  ossicular  m alform ations  are
usually  found  in  com bination  w ith  canal  atresia  and  tend  to
consist  of m isshapen  or  fused  ossicles that  are  fixed  laterally to
the  atretic plate. Correcting any ossicular  problem  is secondary
to the atresia repair.

If the  external auditory canal is paten t , the  otoscopic exam i-
nation  w ill help  determ ine  the  size  and  location  of a  tym panic
m em brane  perforation , but  an  in tact  tym panic m em brane  is  a
natural barr ier  to full visualization  of the  m iddle ear. An  audio-
gram  is absolutely required  and  should  dem onstrate  a  conduc-
tive or m ixed hearing loss in  the sett ing of tym panic m em brane
or  m iddle  ear  pathology. A well-perform ed  CT of the  tem poral
bones w ith  th in  cuts (1-m m  slices) and  edge enhancem ent  w ill
usually  reveal  fenestral  otosclerosis  or  ossicular  discontinuity

w hen  these are present . Chronic inflam m ation  m ay obscure the
ossicular  chain . It  is  im portan t  that  the  CT be  perform ed  and
the  results  reviewed  by  an  experienced  radiologist .  CT is  the
im aging  m odality  of  choice  w hen  superior  canal  dehiscence,
m alleus fixat ion , or  w ide  cochlear  aqueduct  is  suspected  to  be
the  cause  of conduct ive  hearing loss (� Fig. 112.2). It  is  impor-
tan t  to  bear  in  m ind  that  tym panosclerosis  is  hyalin ized  scar
tissue and not  ordinarily calcified. Its characteristic signal on  CT
is that of a dense shadow, not of calcified  t issue.

Conduct ive hearing loss can be treated m edically w ith  a hear-
ing aid  in  pat ients of any age, or  w ith  a bone conduction  aid, as
previously described. Surgical in tervent ions for tym panic m em -
brane and  ossicular  pathology should  be well-know n  to otolar-
yngologists. Tym panic m em brane  perforations  m ay be  grafted,
the  ossicular  chain  m ay  be  reconstructed, a  stapes  prosthesis
m ay be placed, or a BAHA m ay be inserted.

112.5  Fluid-Filled Spaces of the
Cochlea
At  the  stapes  footplate, sound  waves  are  transform ed  from  vi-
bration  of  the  ossicles  to  undulat ion  of the  perilym ph  in  the
scala vestibuli. The neuroepithelium  of the  cochlea is located  in

Fig. 112.2  Coronal view of the otic capsule  and ossicles demonstrating causes of conductive hearing loss, which are  easily identified  on a computed
tomographic scan: superior canal dehiscence, malleus fixation, and large cochlear aqueduct. The large cochlear aqueduct is in a different coronal plane
and  is superimposed  upon this image.
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the endolymph  of the scala m edia, a closed  tube surrounded  by
a  cont inuous  cushion  of perilym ph  (� Fig. 112.3). At  the  sam e
temperature,  fluid  is  neither  compressible  nor  distensible.
Sound  pressure  at  the  m edial surface  of the  stapes footplate  is
transm itted  throughout  the  entirety of the perilymphatic space
via the helicotrem a. Vibration  of the stapes footplate at  the scala
vestibuli is  propagated  to  the  t ip  of the  cochlea, the  helicotre-
m a, and travels back dow n the length  of the cochlea in  the scala
tym pani to be  “relieved” at  the round w indow  m em brane. Ana-
tom ically, the neuroepithelium  near  the oval w indow —the base
of the  cochlea—is  m ost  stim ulated  by  high-frequency  sounds,
w hereas  the  area  near  the  helicotrem a  is  m ost  stim ulated  by
low -frequency sounds.

Neuroepithelial a erent  signals depend  on  two broad  condi-
tions:  the  endolym phatic  potent ial  and  the  undulating
displacem ent  of  the  scala  m edia  basem ent  m em brane  by  the
perilym ph. The di erential ion  concentrations of the perilym ph
(low  K+, h igh  Na+) and  endolymph  (h igh  K+, low  Na+) are  m ain-
tained  by  sodium –potassium  pum ps  in  the  str ia  vascularis
(� Fig. 112.4). The  net  outcom e  is  an  80-m V positive  charge  in
the  endolym phat ic  spaces, w hich  is  necessary  for  neuroepi-
thelial  fun ct ion .  Physiologically,  two  m echanism s  appear  to
focus  the  undulat ions  of the  perilym ph  to  narrow  the  area  of
st im ulat ion  of the  neuroepithelium . The lum en  shape  and  t is-
sue  dynam ics  of the  per ilym ph  of the  scala  tym pani d isplace
the  basem ent  m em brane  of  the  scala  m edia  at  frequency-

Fig. 112.3  The cochlea as an uncoiled  tube. Oval
window vibration  causes the  perilymph of the
scala  vestibuli to  vibrate, propagating  sound
waves in fluid around the helicotrema to the scala
tympani and  round  window. The  neuroepithe-
lium  in  the  scala  media (cochlear duct) is
tonotopically arranged, with  the  highest  fre-
quencies represented  near the  oval window and
the  lowest  frequencies at  the  helicotrema.

Fig. 112.4  Displacement of the scala media basement membrane by the perilymph of the scala tympani occurs tonotopically and changes the rate of
firing  of hair cells in  the  organ of Corti. Afferent  signals are  transmit ted  by the  nerve  fibers of the  spiral ganglion cells.
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specific locat ions. And, as  w ill be  seen  later, there  is  m odula-
t ion  of  the  a eren t  neural  signal  via  e eren ts  and  via  the
outer  hair  cells.

Pathologic conditions  are  those  that  in terfere  w ith  the  com -
position  of  the  endolymph  and  the  undulat ion  of  the  peril-
ym ph. These conditions are for  the m ost  par t  acquired, not con-
genital. Otosclerosis of the  cochlear  otic capsule  causes atrophy
of  the  subjacent  str ia  vascularis,  disrupts  the  endolymphatic
potential, and  causes a  concom itant  sensorineural hearing loss.
The  undulating  perilym phatic  wave  is  disrupted  by  m any  dis-
ease  processes. Labyrinth itis or  m eningitis can  cause  the  scalae
to  fill  w ith  new  bone  (labyrinthitis  ossificans). Form ation  of a
“third  w indow ”—an  opening in to the  cochlea in  addition  to the
oval and  round  w indow s—m ay cause a conductive hearing loss.
This  is  seen  in  superior  or  posterior  canal dehiscence. Meniere
disease,  or  endolymphatic  hydrops,  classically  causes  unpro-
voked  episodes  of  aural  fullness  and  pressure,  t innitus,  and
acute  hearing  loss,  followed  by  m inutes  to  hours  of  vert igo.
With  repeated  attacks, there m ay be slow ly progressive hearing
loss, w hich  m ay be  related  to the  distort ion  and  dilation  of the
scala m edia.

The  prim ary  complain t  in  all  of these  conditions  is  hearing
loss. The otologic exam ination  is usually norm al. On  tuning fork
exam ination , the Weber test  m ay be abnorm al; the Rinne test  is
usually norm al. A standard  audiogram  is required  to assess the
side  and  type  of  hearing  loss.  Asym m etries  of  sensorineural
hearing  are  never  norm al, regard less  of the  putat ive  d iagno-
sis, and  m ust  be  fur ther  evaluated  w ith  an  appropriate  ret ro-
coch lear  test :  con t rast-enhanced  m agnet ic  resonance  (MR)
im aging  or  CT w ith  con trast .  Vest ibular  evoked  myograph ic
poten tial  (VEMP)  test ing,  described  extensively  in  Chapter
113, m ay help  d iagnose  superior  canal deh iscence  syndrom e.
CT can  be  helpful because  it  can  dem onstrate  fenestral and/or
coch lear  otosclerosis, and  it  usually is  qu ite  helpfu l in  iden t i-
fying ossificat ion  of the  scalae  and  canal deh iscence. If supe-
rior  canal deh iscence  syndrom e  is  suspected, then  CT should
be  perform ed  in  an  orien tat ion  or thogonal  to  the  superior
sem icircu lar  canal.

Treatm ent  for  these  condit ions  includes  hearing  aids. It  is
im portan t  to  note  that  in  Men iere  d isease, the  pat ien t’s  nar-
row ed  dynam ic  range  m ay  result  in  hyperacusis  and/or  re-
cruitm en t,  causing  the  am plified  signal  to  becom e  pain ful
and/or  d istor ted;  am plificat ion  clipping  essen t ial, so  that  the
am plified  signal from  the  hearing  aid  w ill not  cause  discom -
for t .  Sim ilarly,  in  sem icircu lar  canal  deh iscence  syndrom e,
am plificat ion  m ay  cause  d izziness  (Tullio  phenom enon).
These  poten t ial p roblem s m ust  be  considered  by the  dispens-
ing audiologist .

Sensorineural hearing loss  due  to  scala  tym pani ossification
and  far-advanced  otosclerosis  can  be  compensated  by cochlear
im plantat ion.  The  conductive  hearing  loss  of  superior  canal
dehiscence  can  be  arrested  or  som etim es improved  w ith  canal
occlusion  via a m iddle cran ial fossa approach , but  th is is a tech-
nically di cult  operat ion. The  hearing loss  of Meniere  disease
m ay be  arrested  or  som etim es im proved  by endolymphatic sac
decompression  and/or  shunting,  an  operation  w hose  e cacy
rem ains  controversial  because  the  perceived  im provem ents
m ay  be  due  to  the  natural  unpredictable  fluctuations  of Me-
niere disease or a placebo e ect .

112.6  Neuroepithelium  of the
Organ of Cort i
The  cochlea, seen  schem atically  in  � Fig. 112.5, is  35 m m  long
in  m ost  people and  is coiled  in  two and  one-half tu rns. The sca-
la m edia contains the prim ary auditory organ, the organ  of Cor-
ti (see � Fig. 112.5), w hose funct ion  is to transduce the m echan-
ical displacem ent  of the  perilym ph  wave in to neurotransm itter
firing. The organ  of Corti is a complex collect ion of neuroepithe-
lium  consist ing of inner and  outer hair cells, as well as essential
support ing cells (� Fig. 112.6).

The  inner  hair  cells  synapse  w ith  a erent  fibers  of the  audi-
tory  nerve, w hile  the  outer  hair  cells  synapse  w ith  e erent  fi-
bers from  the  sam e  nerve. The  organ  is  elongated, running the
ent ire  length  of the  scala  m edia. The  composition  of the  endo-
lymph  creates  a  positive  poten tial  relative  to  the  perilym ph.
Within  the  tunnel  of Corti  (the  space  betw een  the  inner  and
outer  hair  cells), a  di erent  elect rolyte  composition  creates yet
another  funct ionally  distinct  space. The  tips  of the  inner  and
outer  hair  cells have stereocilia, w hich  extend  in to the  tectorial
m em brane.  When  the  basem ent  m em brane  undulates,  these
stereocilia  are  sheared  one  direct ion, then  another, altering the
firing rates of the hair cells.

The  sensory inform ation  from  the  hair  cells  travels  m edially
into  the  osseous spiral lam ina  toward  the  neurologic center  of
the  cochlea, the  m odiolus (see  � Fig. 112.5). Type  1  and  type  2
spiral ganglion  cells are the prim ary sensory a erent cell bodies
for the auditory nerve.

Many pathologic conditions  a ect  the  function  of the  organ
of Cort i. The congenital disorders that  cause organ  of Corti m al-
form ations  and  dysfunct ion  are  num erous.  The  types  of
congenital  m alform ations  of  the  otic  capsule  associated  w ith
varying degrees of m em branous labyrinth  dysgenesis and organ
of Corti m alform ation  are  show n  in  � Fig. 112.7. Most  of these
m alform ations are visible w ith  the resolution  available  on  fine-
cut  CT. However, in  m ost  congenital form s  of hearing loss, the
CT scan  appears norm al, and  in  recent  years evaluation  has re-
lied  m ore  heavily on  genetic studies. The  curren t  classification
system  for  congenital  hearing  loss  is  the  dfna/dfnb/dfnx  and
m ito  system . In  th is  classification,  dfn  denotes  nonsyndrom ic
hereditary  deafness, a  indicates  an  autosom al-dom inant  m ode
of  inheritance,  b  indicates  autosom al-recessive  inheritance,  x
denotes  X-linked  inher itance,  and  mito  indicates  m itochon-
drial  inheritance.  The  m ost  com m on  form  of  nonsyndrom ic
sensorineural hearing  loss  iden t ified  at  presen t  is  m alform a-
t ion  of the  connexin  genes, w hich  encode  gap  junct ion  pro-
teins  betw een  cell  m em branes  and  m ay  be  responsible  for
m ain tain ing  the  sodium –potassium  gradien ts  essen t ial  for
neuroepithelial funct ion .

The  types  of  congenital  hearing  losses  that  are  associated
w ith  other  disorders  or  syndrom es are  diverse. For  example, a
w idened  vestibular  aqueduct  and  enlarged  endolymphatic sac
can  be associated w ith  Pendred syndrom e (thyroid goiter/hypo-
thyroidism  and  bilateral congenital sensorineural hearing loss).
Many  of the  craniofacial  syndrom es, such  as  Apert  syndrom e
(acrocephalosyndactyly), Crouzon  syndrom e  (cran iosynostosis,
low -set  ears, exophthalm os, hypertelorism , hypoplastic m andi-
ble, often  w ith  patent  ductus  arteriosus  and  coarctation  of the
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aorta), and  Waardenburg syndrom e  (iris  pigm ent  abnorm ality,
w hite  forelock or  w hite  hair  on  other  areas of the  body, hyper-
telorism ), are  apparent  on  first  exam ination. It  is  standard  to
look  for  disorders  of  thyroid  and  kidney  funct ion  during  the
routine  laboratory testing of ch ildren  w ith  sensorineural hear-
ing loss, and to check for Usher syndrom e (retin itis pigm entosa)
by referral to an  ophthalm ologist  for an  exam inat ion  of the reti-
na  and  possibly an  electroretinogram . An  elect rocardiogram  is
required  to  rule  out  Jervell  syndrom e  and  Lange-Nielsen  syn-
drom e,  in  w hich  a  m utation  of  genes  coding  for  potassium
channels m ay cause  prolongation  of the  QTinterval, in  addition
to sensorineural hearing loss. It  rem ains unclear how  these con-
genital  structural  m alform ations  and  gene  defects  im pair  hair
cell signaling at  the  cellular  level. Repair  at  the  cellular  level is
not  possible at  th is t im e.

The  infant  is  often  identified  because  he  or  she  has  failed
a  new born  hearing  screening  exam ination  and  is  referred  for
fur ther  testing. An  older  ch ild  w ill be  given  the  benefit  of the
doubt  for  about  12 m onths. If the child  does not  say “m am a” or
“dada”  by  then,  patience  and  denial  of  the  problem  are  ex-
hausted, and parents want  a sw ift  diagnosis. The hearing screen
can  be  perform ed  w ith  otoacoustic  em issions  testing,  w hich
m easures cochlear  events, or  w ith  an  ABR, w hich  is  a  m ore  in-
volved  test  of both  the  peripheral and  central auditory system .
The  ABR is  an  early-latency evoked  response  in  that  the  wave-
form s elicited  occur  w ithin  a  few  m illiseconds of the  stim ulus.
In  m ost  cases, the  child  w ill eventually be  referred  for  otologic
evaluation ,  w hich  involves  a  gestat ional  and  fam ily  history,
physical  exam ination ,  age-appropriate  audiom etric  confirm a-
tory  testing, im aging, laboratory  testing, and  genet ic  counsel-

Fig. 112.5  The  scalae  of the  cochlea, coiled  2.5  times in  successively smaller turns. The  scala media (cochlear duct) with the  organ of Corti is seen,
along  with  the  scala  vestibuli and  scala  tympani, osseous spiral lamina, stria  vascularis, modiolus with  spiral ganglion cells,  and  auditory nerve.
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Fig. 112.6  Structure  of the  organ of Corti, showing  the  inner and  outer hair cells, tunnel of Corti, and  supporting  cells. Shearing  of the  hair cell
stereocilia modulates firing  rates.

Fig. 112.7  (a) Congenital malformations of the  otic capsule. (b) Corresponding  computed  tomographic profiles.  CT, computed  tomography.
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ing. It  is  im portan t  not  to  jum p  to  diagnostic  or  therapeutic
conclusions on  the first  visit. Even  if severe or profound hearing
loss  is  suspected,  it  is  in it ially  very  di cult  for  parents  to
understand  and  accept  th is in  their  child. In  m any cases, a  brief
tr ial of am plification  and  repeated  testing m ay be perform ed  to
help  parents  to  understand  the  severity of the  problem . Above
all, the  physician  m ust  be  em pathetic and  absolutely sure  that
the audiom etric evaluation  has been  perform ed thoroughly and
properly before  m aking any significant  recom m endations, such
as cochlear im plantation.

Acquired  hearing  loss  in  adults  is  quite  com m on. The  m ost
com m on  type  is  presbycusis, w hich  is  the  dow n-sloping  high-
frequency hearing loss of aging. The actual m echanism  rem ains
unclear,  as  does  prevent ion . Noise  exposure  and  exposure  to
ototoxic  m edications  have  long  been  know n  to  cause  sensori-
neural  hearing  loss.  Otosclerosis  m ay  cause  conductive  or
m ixed  hearing loss. Autoim m une  hearing loss, or  autoim m une
inner  ear  disease, ordinarily  follow s  a  pattern  of a  dow nward
fluctuat ion  and  inexorable  dim inution  of hearing. It  is  usually
bilateral, but  the  hearing  loss  m ay  be  sequential  (i.e., one  ear
m ay  lose  hearing  and  then  the  other  after  a  delay  of 6  to  12
m onths). The pattern  of fluctuat ion  is very im portant  in  m aking
the  diagnosis. Many bat teries of serologic testing are  available,
m uch  as  for  any  rheum atologic disease. These  should  be  done
to  help  support  or  refute  the  diagnosis  of autoim m une  inner
ear disease.

The  causation  of hearing loss  in  adults  often  rem ains uncer-
tain . The  audiogram  describes the  pattern  of loss, not  the  rea-
son  for  the loss. Otoacoustic em issions, w hich  reflect  outer hair
cell funct ion, are usually absent. CTof the temporal bone is usu-
ally norm al. MR im aging of the brain  w ith  contrast, w ith  part ic-
ular  atten tion  to the  in ternal auditory canal, is  usually norm al.
The  pat ien t  is  often  left  w ith  the  diagnosis  of  “sensorineural
hearing loss” but  not  a  reason  for  the  loss. It  should  be  a  com -
fort  for  the  pat ient  that  a  thorough  diagnost ic  evaluation  w ill
defin itively  exclude  a  retrocochlear  tum or  as  a  cause  of  the
hearing loss.

By  far  the  m ost  frust rating  form  of acquired  hearing  loss  is
“sudden  deafness,” or  sudden  idiopathic sensorineural hearing
loss, w hich  occurs unilaterally over a period of m inutes or hours
(by  defin ition, a  30-dB in teraural  di erence  in  three  adjacent
frequencies over a period of no m ore than 3 days) and for w hich
no  real  etiology  is  identified. Sudden  idiopathic  sensorineural
hearing loss is  thought  to  be  a  cochlear  event . Because  nobody
dies of th is  condition , there  is  no  event-related  histopathology
to define the cause. Oral or in tratym panic steroids are currently
the treatm ent  of choice and  m ay reverse the hearing loss if giv-
en  in  a  tim ely fashion  and  in  large  enough  quantit ies. There  is
no place for antiviral m edication  in  the t reatm ent of sudden idi-
opath ic sensorineural hearing loss.

The  treatm ent  of sensorineural hearing  loss  in  children  and
adults is am plification. Hearing aids are t ried  first , even  in  ch il-
dren  w ith  profound  sensorineural  loss. Parents  are  instructed
on  how  to  watch  for  any benefit  from  hearing aid  use, such  as
startling  to  noises, recognizing  and  m im icking  environm ental
sounds, and beginning to phonate. Adults w ho start  using hear-
ing aids  can  be  tested  behaviorally and  can  describe  for  them -
selves how  am plificat ion  m ay be helping. If the hearing aids are
of lim ited  benefit , evaluation  for  cochlear  im plantation  can  be
initiated.

112.7  Auditory Nerve and Cent ral
Pathways
The  cell bodies  for  the  auditory  nerve  are  the  sp iral ganglion
cells  in  the  m odiolus  of the  coch lea. These  becom e  the  audi-
tory  nerve  and  t ravel  in  the  in ternal  auditory  canal  to
synapse  in  the  ipsilateral  coch lear  nucleus. From  there, ipsi-
lateral  and  con t ralateral  project ions  travel  to  h igher  cen ters,
m erging  w ith  input  from  the  con tralateral  auditory  nerve
(� Fig. 112.8).

Rarely,  there  is  congenital  absence  of  the  auditory  nerve.
This  is  suspected  during  new born  auditory  screening  and  is
usually accompanied  by a  m alform ation  of the  otic capsule  on
CT.  The  in ternal  auditory  canal  can  be  narrow.  MR im aging
can  help  in  identifying how  m any nerves are  present  in  the  in-
ternal auditory canal. If only one  nerve  is  identified, and  if the
face  has norm al funct ion , the  nerve  is  assum ed  to be  the  facial
nerve. An  elect rical ABR, in  w hich  an  elect rode  is placed  trans-
tym panically  in to  the  prom ontory  to  stim ulate  the  spiral
ganglion  cells,  can  help  determ ine  if  there  is  a  function ing
cochlear  nerve. The  presence  of a  wave  v on  an  elect rical ABR
indicates  funct ion  of  the  auditory  nerve  and  would  support
cochlear  im plantation , if the bilateral hearing level is appropri-
ately dim inished.

Another pediatric diagnosis in  hearing loss is cen tral auditory
neuropathy;  the  best-understood  example  of th is  is  the  pres-
ence of central hem osiderin  deposits (kern icterus) in  new borns
w ith  high  postpartum  bilirubin  levels. Central auditory neuro-
pathy  is  also  diagnosed  funct ionally  in  pat ients  w ith  auditory
neuropathy (auditory dyssynchrony). These  patients have  poor
sensorineural funct ion. Although  otoacoustic em issions m ay be
present, the ABR is abnorm al and  often  absent, indicating a dis-
connect  betw een  the  cochlea  and  the  eighth  cranial  nerve.
Although  these  pat ients  m ay  not  be  the  very  best  candidates,
cochlear  im plantation  is  indicated  because  am plification  is  of
very lit t le benefit , if any.

Path ologic cond it ion s of the  auditory ner ve  in  adu lts  cause
sensorineural  hearing  loss  th at  is  characterized  by  d isp ro-
por t ionately  low  speech  d iscrim inat ion  scores.  Th e  m ost
com m on  acquired  ben ign  pathology of the  auditory  nerve  is
a  vest ibu lar  schw annom a  (or  acoust ic  neurom a),  w h ich
grow s  from  eith er  the  superior  or  in ferior  vest ibu lar  nerve
and  im pairs  auditory  funct ion  by  d irect  com pression  of the
auditory  nerve.  The  auditory  n erve  also  m ay  be  im plicated
in  presbycusis.

Any neurologic condition  that occurs spatially in  areas of cen-
tral auditory pathways can  a ect  hearing. Multiple sclerosis can
cause  sensorineural  hearing  loss, as  can  other  central autoim -
m une  diseases, such  as  polyarterit is  nodosa. Central  auditory
processing  testing  can  identify  cent ral  presbycusis. Any  in tra-
cranial space-occupying lesion  can  a ect  hearing.

The  diagnosis  of hearing loss  is  properly  m ade  by an  audio-
gram .  An  unexpectedly  low  speech  discrim ination  score  and
norm al otoacoustic em issions, a  test  of outer  hair  cell funct ion,
suggest  problem s  in  the  auditory  nerve  or  centrally.  Central
auditory processing tests, such  as auditory discrim inat ion  tests,
temporal  processing  and  pattern  discrim ination  tests, and  di-
chot ic speech  tests, can  help  distinguish  peripheral dysfunct ion
from  central  dysfunct ion .  After  these  funct ional  tests  are
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obtained, MR im aging of the brain  and  in ternal auditory canals
w ith  and  w ithout  gadolin ium  is im perative. When  a neurologic
disease  is  suspected,  a  neurology  consult  is  appropriate. Any
disease process that  m ay be identified  should  be t reated appro-
priately.

The t reatm ent of sensorineural hearing loss, w hether of coch-
lear or ret rocochlear etiology, is am plificat ion. Cochlear im plan-
tation  is  an  appropriate  treatm ent  m odality  for  those  people
w ho  cannot  be  helped  w ith  hearing aids. At  one  tim e, the  re-
placem ent  of  cochlear  function  w ith  a  cochlear  im plant  was
considered  inappropriate  treatm ent  for  central  sensorineural
hearing  loss, but  opin ion  on  th is  has  changed. These  patients
comprehend  speech  better  w ith  a cochlear  implant  than  w ith  a
hearing aid. The patients m ust  be  instructed, however, that  the
possible  im provem ent  after  cochlear  im plantation  w ill be  lim -
ited  by  the  underlying  pathology.  Specifically,  their  speech
understanding (especially in  noise) m ay not  be  as good  as  that
of  t raditional  users  of  cochlear  im plants.  Hearing  retrain ing
program s  are  now  available  for  adults  w ith  decreased  central
auditory  processing,  although  im provem ents  in  central  audi-
tory processing disorder tests after  retrain ing have not  been  es-
tablished. Perhaps the  appropriate  m etric to  quantify improve-
m ent has not  yet been  found.

112.8  Disease-Specific Diagnost ic
Test ing
It  is  som etim es  helpful  to  reconsider  m echanism s  of  hearing
loss and  to survey the tests that  help  clarify each  situation. The
m ost  com m on  cause  of hearing loss is  m iddle  ear  fluid. This is
diagnosed  by visualization  of the  tym panic m em brane  and  in-
su ation  w ith  a  pneum atic otoscope. The tym panogram  in  the
setting of m iddle ear fluid is usually, but  not always, flat . Myrin-
gotomy m ay reveal m iddle  ear  fluid  even  in  patien ts w ith  nor-
m al  otoscopy  and  peaked  tym panogram  tracings.  Finally,  CT
can  identify  fluid  in  the  m iddle  ear  and  m astoid, especially  in
the case of chronic m astoiditis.

Conduct ive  hearing  loss  is  diagnosed  by  tuning  fork  testing
and  audiography. The  Weber  and  Rinne tests show  characteris-
tic findings, w ith  the Weber  test  lateralizing to the a ected  ear.
Air  conduction  m ay  be  less  than  bone  conduction  in  the  af-
fected ear, w hile air conduction  is greater than bone conduction
in  the  norm al  ear. The  audiogram  usually  show s  an  air–bone
gap. However, bone  thresholds  m ay be  unreliable, especially  if
there are bilaterally reduced  thresholds and  if there is di culty
in  m asking out  one side. Very rarely, w hat  is in terpreted  by the

Fig. 112.8  Central projections of the  auditory nerve.
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audiologist  as  a  sensorineural loss  m ay in  fact  be  a  conductive
loss. Because  crucial  hearing-related  advice  and  decisions  are
based  upon  audiom etric  testing, the  audiologist  m ust  be  well
trained  and  experienced.  Self-adm inistered  hearing  tests  are
notoriously unreliable  and  should  not  be  used. CT at  th in  slice
intervals and  w ith  edge  enhancem ent  m ay be  helpful in  defin-
ing the  cause  of conduct ive hearing loss. It  can  show  soft  t issue
in  the  m iddle  ear  space, ossicular  erosion, otosclerosis, m alleus
fixation, a large cochlear aqueduct , and  dehiscence of the supe-
rior or posterior sem icircular canal.

Sensorineural  hearing  loss  should  be  suspected  in  anyone
w ith  nonpulsatile  tinn itus,  w hether  or  not  the  individual  is
aware of any hearing loss. The Weber and  Rinne tests can  iden-
tify asym m etric hearing loss because air conduct ion w ill exceed
bone  conduction  bilaterally, and  the  Weber  test  w ill lateralize
to  the  una ected  side. These  tests  yield  inform ation  about  the
physics  of audition  but  not  about  the  level of audition . Profes-
sionally  perform ed  audiography  is  required  to  dem onstrate
sensorineural loss. Speech  discrim ination  scores that  are  lower
than pure tone thresholds m ay indicate dysfunct ion  of the audi-
tory nerve  or  central hearing loss. The  presence  of recruitm ent
w ith  tuning fork testing is diagnostic of cochlear losses. Norm al
otoacoustic  em issions,  w hich  reflect  outer  hair  cell  in tegrity
and  funct ion, suggest  retrocochlear  rather  than  cochlear  losses.
In  cases of asym m etric sensorineural hearing loss, MR im aging
of the in ternal auditory canals w ith  gadolinium  contrast  should
be  obtained  to  rule  out  a  cerebellopontine  angle  or  an  in ternal
auditory canal m ass.

The  presence  of  a  “th ird  w indow ” should  be  suspected  in
adults  w ith  no  history of otit is  w ho have  unilateral conductive
hearing  loss  docum ented  on  an  audiogram . Vestibular  evoked
myographic potential (VEMP) testing  show s a  lower  threshold
in  the  a ected  ear. CT m ay identify the  site  of otic capsule  de-
hiscence.

112.9  Roundsm anship
●  Physiologically, the m ajor factors that am plify incom ing

sound waves are the ratio of the area of the tym panic m em -
brane to that of the oval w indow  footplate, and the lever ac-
tion  of the ossicles.

●  The neuroepithelium  near the oval w indow  (basal turn  of the
cochlea) is m ost  stim ulated by high-frequency sounds,
w hereas the area near the helicotrem a is m ost  stim ulated by
low -frequency sounds.

●  Neuroepithelial a erent  signals from  the cochlea depend on
two broad conditions: the endolymphatic potential and the
undulating displacem ent of the scala m edia basem ent  m em -
brane by the perilym ph.

●  Type 1 and type 2 spiral ganglion  cells are the prim ary sen-
sory a erent cell bodies for the auditory nerve.

●  From  the cochlear nucleus, ipsilateral and contralateral pro-
ject ions t ravel to h igher centers of the brain  and m erge w ith
input from  the contralateral auditory nerve.

●  The m ost com m on cause of hearing loss is m iddle ear fluid.
This is diagnosed by visualization  of the tym panic m em brane
and insu ation  w ith  a pneum atic otoscope.

●  The m ost com m on cause of acquired hearing loss in  adults is
presbycusis.

●  Sensorineural hearing loss should be suspected in  anyone
w ith  nonpulsatile t innitus, w hether or not  the individual is
aware of any hearing loss.

●  Pathologic conditions of the auditory nerve in  adults cause
sensorineural hearing loss, w hich is characterized by dispro-
portionately low  speech  discrim ination  scores.

●  The treatm ent of sensorineural hearing loss, w hether of coch-
lear or retrocochlear etiology, is am plificat ion.
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113  Equilibrium  Funct ion and Dysfunct ion
Mila Quinn, Miriam I. Redleaf, and Christopher J. Linstrom

113.1  Int roduct ion
A norm ally  funct ioning  vestibular  system  calls  no  atten tion
to  itself.  When  everyth ing  is  working  well,  individuals  are
unaware  of balance, m uch  as  they  are  unaware  of a  norm ally
functioning heart. A norm ally functioning system  can  be m anip-
ulated  to  bring  casual  pleasure, such  as  rolling  dow n  a  snow -
covered  hill,  going  on  “fun  rides,”  or  watching  a  large-screen
IMAX m ovie.  Other  than  these  entertainm ents,  m ost  people
rarely think about  spinning or  balance. In  contrast , any dysfunc-
tion  of the  vestibular  system  is acutely noted  by m ost  individu-
als, w ho are  unable  to ignore their  sym ptom s. They usually can-
not  tell  w hich  side  is  m alfunctioning,  or  w hat  act ivities  elicit
their  unsteadiness; however, they are usually intensely bothered
by their  im balance  and  dem and  com fort  and  relief. It  only com -
plicates the  picture that  any m edication  or  illness can  be  associ-
ated  w ith  im balance  and  that  im balance  occurs  in  100% of the
population. The  goal of this  chapter  is  to  guide  the  general oto-
laryngologist  toward a diagnosis and  treatm ent  plan  for  patients
w ith  vest ibular  complaints. It  is unreasonable  to expect  that  the
otolaryngologist  w ill cure  every patient. The  role  of the  m edical
professional is to diagnose  the  end  organ  that  is the likely cause
of the problem  and to o er  reasonable treatm ent.

This  chapter  provides  an  outline  of  the  functional  compo-
nents of the  vestibular  system . For  each  funct ional component,
the  anatomy,  physiology,  dysfunct ion,  diagnostic  tests,  and
treatm ent options are surveyed.

113.2  Orientat ion of the
Peripheral and Cent ral Vest ibular
System s
The peripheral vestibular system  consists of a bony capsule sur-
rounding  m em branous  canals  that  are  floating  in  perilym ph
and  filled  w ith  endolymph. This  fluid  in  turn  bathes  the  five
functional neuroepithelium  end  organs:  the  three  am pullae  of
the  sem icircular  canals and  the  two m aculae  of the  utricle  and
saccule  (� Fig. 113.1). The  elect rolyte  composition  of the  endo-
lymph  and  perilym ph  di ers because of the act ions of sodium –
potassium  pumps. St im ulation  of the  neuroepithelium  causes
changes in  the discharge rates of the type 1 and type 2 hair cells
that  m ake  up  the  m aculae  and  am pullae. These  vestibular  hair
cells synapse  w ith  the bipolar  neuronal cells of the  Scarpa gan-
glion,  the  cell  bodies  of  the  two  vestibular  nerves.  Im pulses

Fig. 113.1  Drawing  of the  peripheral vestibular system, illustrating  the  otic capsule, ampullae  of the  semicircular canals, maculae  of the  utricle  and
saccule, and  inferior and  superior vestibular nerves.
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from  the  five  loci  of  neuroepithelium  continue  centrally  to
form  elaborate  connect ions  to  the  ocular  nuclei,  cerebellum ,
proprioceptive  tracts,  and  cervical  nuclei  (� Fig.  113.2).  The
peripheral vestibular  system  is  enclosed  in  a  continuous  bony
capsule  that  has  only  one  opening—the  vest ibular  aqueduct
connecting  the  vestibule  to  the  posterior  cran ial  fossa.  Only
two  structures  adjacent  to  a  nonpathologic  vestibular  capsule
can  a ect  equilibrium :  (1)  The  air  of the  m iddle  ear  space  is
adjacent  to  the  lateral  sem icircular  canal,  and  changes  in  air
temperature  can  cause  the  sensation  of  m otion,  and  (2)
m otion  at  the  stapes  footplate  can  also  cause  the  sensation  of
m otion.  Som e  individuals  are  so  sensitive  to  alterations  in
footplate  dynam ics  that  any  dysfunction  of  the  eustachian
tube ventilation  causes dizziness.

113.3  Bony Anatom y and
Physiology of the Peripheral
Vest ibular System
The bony otic capsule  encloses  the  sem icircular  canals  and  the
vestibule. The  result ing capsule  is  the  only endochondral bone
in  the  body, and  it  cannot  repair  itself if fractured. Instead, fi-
brous  t issue  form s  in  the  fracture  line, but  th is  repair  usually

cannot  preserve  funct ion. By the  tim e  of bir th , the  otic capsule
has attained adult  size and is completely form ed of endochodral
bone.

Any  of  the  three  perpendicular  sem icircular  canals  can
undergo  erosion, w hich  uncovers  the  perilym ph  and  exposes
the  endolym ph  w ith in  the  m em branous  canal  to  pressure
changes, causing  disequilibrium  (� Fig. 113.3).  This  is  term ed
semicircula r canal dehiscence. Erosion  of the lateral sem icircular
canal by cholesteatom a causes im balance w ith  Valsalva m aneu-
ver, w ith  finger  pressure  in  the  ear  canal, or  w ith  loud  noises.
The  superior  sem icircular  canal  can  be  uncovered  by  m iddle
cranial fossa erosion, resulting in  the array of sym ptom s seen  in
th is  dehiscence  syndrom e:  general  unsteadiness,  autophonia,
unsteadiness caused  by loud  noises (Tullio  phenom enon), con-
duct ive  hearing  loss,  and  occasional  hyperacusis.  Less  com -
m only, the  posterior  sem icircular  canal can  becom e  dehiscent
as  a  consequence  of cholesteatom a, a  prom inent  jugular  bulb,
or a cerebellar plate in  a hypoaerated temporal bone.

The  diagnosis of dehiscence  in  any of the  sem icircular  canals
can  be  established  w ith  fine-cut  computed  tom ography (CT) of
the  temporal bone. Dehiscence  of the  lateral sem icircular  canal
can  be  seen  on  axial or  coronal CT. Dehiscence  of the  posterior
sem icircular  canal is  well seen  on  the  Poschl project ion, w hich
consists of sections parallel to the superior sem icircular canal.

Fig. 113.2  Schematic of the  vestibular nerves and  their central connections to the  cerebellar, ocular, cervical, and  proprioceptive  systems.

113.3  Bony Anatomy and Physiology of the Peripheral Vest ibular System

867



Erosion  of  the  lateral  semicircular  canal  can  be  established
with  a  fistula  test, in  which  a  reliable  seal is  made  between  an
insu ating ear canal speculum  and the skin  of the external canal.
Positive  pressure  is  applied  without  a  leak, so  that  the  tympanic
membrane  is  compressed  toward  the  promontory. This  in  turn
compresses the  exposed  lateral semicircular  canal periosteum. In
lateral canal dehiscence, any positive pressure will cause the  eyes
to deviate away from  the insu ated  ear (Hennebert  sign).

Vestibular  evoked  myogenic  potentials  (VEMPs), also  called
balance  evoked  myogenic poten tials (BEMPs), are  illustrated  in
� Fig. 113.4. The physiology of the response is based on  a prim i-
tive  pathway in  w hich  the  saccule, norm ally a vestibular  organ,
functions as a m ixed auditory and vestibular organ. When noise
is  in troduced  in to  the  ear  canal, and  ultim ately  to  the  stapes
footplate, the  auditory impulse  stim ulates central pathways for
proprioception  and  spatial  orientation.  The  VEMP  response

therefore  is  the  involuntary m otion  of the  extraocular  m uscles
or  involuntary  relaxation  of  a  tensed  sternocleidom astoid
m uscle  w hen  noise  is in troduced  unilaterally in to an  ear  canal.
The decibel threshold  for  the  causing th is m uscular  response  is
usually roughly equivalen t  in  each  ear. However, in  the superior
canal  dehiscence  syndrom e,  the  decibel  threshold  in  the  af-
fected ear is reduced relative to that  in  the una ected ear.

The  t reatm ent  for  canal  dehiscence  is  surgical. Cholesteato-
m as  that  erode  the  lateral or  posterior  sem icircular  canals  put
hearing  at  risk  and  w ill  deafen  the  patient  if  left  unt reated.
These  m ust  be  m eticulously rem oved  under  m icroscopic m agni-
fication  and  the  canal  imm ediately  patched  with  appropriate
materials, such  as fascia or  periosteum . In  a large dehiscence, the
lum en  of the  canal can  be  obliterated  with  bone  paste  or  bone
cem ent, w ith  every e ort  m ade not  to tear  the  m embranous ca-
nal. Superior canal dehiscence from  erosion  of the m iddle cranial

Fig. 113.3  Erosion of the superior, lateral, and posterior semicircular canals. Superior canal dehiscence from  erosion of the middle cranial fossa dura,
lateral canal dehiscence  from  cholesteatoma, and  posterior canal dehiscence  from  the  jugular bulb  or cerebellar plate.
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fossa dura carries less risk for  inner  ear  fistula  and  sensorineural
hearing  loss.  Instead,  the  discom fort  from  conductive  hearing
loss  and  dizziness  must  be  weighed  against  the  m orbidity  of a
middle cranial fossa approach  to canal plugging.

113.4  Mem branous
Endolym phat ic Canals
The  m em branous  vestibular  labyrinth  is  enclosed  by  the  bony
vestibular  capsule  (� Fig. 113.5). The  m em branous  labyrinth  is

filled  w ith  endolymph,  in  w hich  the  ratio  of  potassium  to
sodium  is  h igher  than  in  perilym ph. Because  of the  di erence
betw een  the  ratios  of K+ to  Na+ in  the  two  fluids, endolym ph
has  a  net  positive  charge  of 89 m V compared  w ith  perilym ph.
The m em branous canals are continuous w ith  the scala m edia of
the  cochlea  via  the  ductus  reuniens, and  cont inuous  w ith  the
endolymphatic  sac  on  the  cerebellar  plate  via  the  vestibular
aqueduct . The connection  betw een  the vestibular  aqueduct  and
the  posterior  cran ial  fossa,  although  porous,  is  not  directly
open. Any breach  of the  m em branous labyrin th  causes m arked

Fig. 113.4  Positioning  of electrodes, of acoustic stimulation, and  of the  patient  for VEMP testing.  VEMP, vestibular evoked  myogenic potential.
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vestibular sym ptom s and m ay be the basis for the disabling ver-
tiginous episodes that occur in  Meniere disease.

Most  balance  disturbances  related  to  the  endolymphatic ca-
nals are not  caused  by actual rupture of the m em branous canal.
Instead, exposure of the perilym ph to direct  pressure or leakage
of  perilym ph  usually  causes  im balance.  As  previously  m en-
tioned , dehiscence  of the  sem icircular  canals  causes im balance
w hen  pressure  changes  are  in troduced  to  the  exposed  perios-
teum  of  the  canal.  Additionally,  im balance  can  be  caused  by
leakage  of perilym phat ic fluid. Leakage  is usually from  the ves-
tibule  via  the  oval  w indow, fissula  ante  fenestram , or  fossula
post  fenestram , but  som etim es  from  the  scala  tym pani of the
cochlea  via  the  round  w indow  niche, or  from  the  am pullated
end  of  the  posterior  sem icircular  canal  via  the  Hyrtl  fissure
(� Fig. 113.6). The fissula, fossula, and  Hyrtl fissure are  congen-
ital fissures filled  w ith  soft  tissue that  are  present  in  all tempo-
ral bones, but  they usually are not porous.

Diagnostic  tools  to  distinguish  perilym ph  exposure,  peril-
ym ph  leak, and  Meniere  disease  are  varied. The  eyes  deviate
away from  the  a ected  ear  w ith  positive  pressure  and  toward
the  a ected  ear  w ith  negative  pressure. This  is  the  Hennebert
sign.

When  this  m aneuver  seem s  unam biguous, leak  can  be  con-
firm ed  by  direct  observation  of  the  round  and  oval  w indow
niches.  Rarely,  a  sam ple  of  clear  fluid  from  these  sites  can

confirm  the  presence  of β2-transferr in . Sem icircular  canal  de-
hiscence  has  previously  been  described  and  can  be  identified
w ith  VEMP testing and Poschl views on  tem poral bone CT.

Meniere disease has a typical and reliable set of sym ptom s, in
w hich  recurrent  episodes  of  un ilateral  ear  pressure,  t innitus,
and  hearing loss are accom panied  by disabling vertigo. The epi-
sodes last  for  hours, but  not  days, and  audiom etric testing con-
firm s  a  low -frequency sensorineural hearing loss  that  is  worst
during the  acute  spell and  gradually returns  to  a  new  baseline
afterward. The  pathophysiology of the  disease  is  thought  to be
increased  fluid  pressure  in  the  endolymphatic  canals, causing
dilation  of the m em branous canals. The abnorm al physiology of
Meniere  disease  can  be  detected  by  elect rocochleography,
w hich  show s the  ratio  of the  sum m ation  and  act ion  potent ials
in  response to an  auditory stim ulus to be  abnorm ally large (SP/
AP > 0.50; � Fig. 113.7). It  would  be reassuring to assert  that  ec-
trocochleography is  the  gold  standard  for  establish ing Meniere
disease  in  a  dizzy  patient, but  the  changes  seen  on  electroco-
chleography  are  unreliable, and  the  test  is  uncom fortable  for
m ost  pat ien ts and di cult  to organize.

Treatm ent  for  exposure  of  the  m em branous  labyrinth  or
leakage  of  perilym ph  is  surgical.  Fistulas  are  approached  via
m iddle ear  exploration  w ith  the placem ent  of fat , fascia, or  are-
olar  t issue  in to  the  m ost  likely  sites  of leak. Canal resurfacing
w ith  fascia  or  periosteum  and  canal plugging  w ith  bone  paste

Fig. 113.5  Membranous canals within  the  bony otic capsule.
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as well as  bone  cem ent  have  previously been  described. Treat-
m ents  for  Meniere  disease  range  from  stress  reduct ion  to  cra-
niotomy w ith  vestibular nerve sect ion. Because Meniere disease
is  very  responsive  to  increases  in  psychological  stress, sim ple
inform ation  about  the  disease  and  w hat  to expect , and  referral
for  psychological techniques of stress  reduct ion, are  enough  to
m anage  the  disease  in  som e  patien ts.  The  next  t ier  of  treat-
m ents  involves  salt  restriction  and  daily  diuretics.  Som e  pa-
tients  benefit  from  the  placem ent  of  a  pressure  equalization
tube in  the a ected  ear, and  som e benefit  from  tube  placem ent
followed  by  the  application  of positive  pressure  for  5 m inutes
several t im es per day (the Meniett  m achine). Decom pression  of
the  endolym phat ic  sac  can  bring  relief  for  som e  patien ts,
although  th is m ay be a placebo e ect . Destruct ive in terventions
are  in tratym panic instillations of gentam icin , sacculotomy, lab-
yrin thectomy,  and  in tracranial  vestibular  nerve  section.
Although  gentam icin  is considered  a  select ive  vestibulotoxin , it
often  causes incidental sensorineural hearing loss, and  the  pa-
tient  m ust  be cautioned  of th is risk.

113.5  Neuroepithelium
The  peripheral sensory organs  for  balance  are  the  am pullae  of
the  lateral  sem icircular  canals  and  the  m aculae  of the  utricle
and  saccule.  The  canals  are  perpendicular  to  one  another,
although  they are  all t ilted  up  at  an  angle  of 30  degrees  from

the  horizontal.  Therefore, the  horizontal  sem icircular  canal  is
30  o  the  horizontal plane, and  the  two  other  canals  are  per-
pendicular  to that  plane. The sem icircular canals detect  angular
m otions  and  turns.  When  the  head  m oves,  the  endolymph
m oves relat ive  to  the  am pulla  of the  canal, and  that  deflect ion
of the  crista  of the  am pulla  causes  an  increase  or  decrease  in
the  baseline  firing rate  of the  type  1  and  type  2  vestibular  hair
cells  (� Fig. 113.8). The  presence  of cold  or  warm  water  in  the
ear  canal  changes  the  temperature  of  the  m iddle  ear  space,
cooling  or  warm ing  the  endolymph  of the  lateral sem icircular
canal and  causing that  am pulla  to  deflect  away from  the  vesti-
bule or  toward the vestibule.

The  utricle  is  located  on  the  ceiling of the  vestibule, directly
inferior  and  m edial to  the  horizontal facial nerve  as  it  courses
over  the  oval w indow  niche. The  utricle  is  basically  in  the  x-y
plane. The  saccule  is  located  on  the  anterior  m edial wall of the
vest ibule, just  an terior  and  m edial  to  the  an terior  lip  of the
oval w indow. The  saccule  is  basically  in  the  y-z  plane. These
two organs detect  linear  accelerat ion  and  falling. The  sensory
neuroepithelium  of the  utr icle  and  that  of the  saccule  are  the
m aculae,  in  w hich  the  t ype  1  and  type  2 hair  cells  are  or i-
en ted  toward  a  cent ral  st riola;  their  baseline  firing  rates  are
m odified  by accelerat ion .

Disorders of the neuroepithelium  are twofold; those resulting
from  abnorm al  stim ulation  of  the  neuroepithelium  or  those
caused by death  or hypofunct ion  of the neuroepithelium .

Fig. 113.6  Sites of perilymph leakage: the fissula ante fenestram, fossula post  fenestram, scala tympani via the round window niche, and ampullated
end  of the  posterior semicircular canal via  the  Hyrtl fissure.

113.5  Neuroepithelium

871



Benign  paroxysm al  positional  vertigo  (BPPV)  is  caused  by
nonphysiologic  stimulation  of  the  am pullae  by  otoliths, w hich
are  loose  neuroepithelial com ponents composed  of calcium  car-
bonate  around  a  m atrix protein. In  this disorder, w hich  tends to
occur  most  often  in  the  posterior  sem icircular  canal,  norm al
head  m otions cause  abnorm al stim ulation  of the  posterior  canal
neuroepithelium  w ith  an  exaggerated  central response  that  pa-
tients find  unpleasant. BPPV is diagnosed  by Dix-Hallpike testing
(� Fig. 113.9), in  w hich  the  patient  is  positioned  w ith  the  head
turned  and  hanging so that  the aberrant  otoliths of the posterior
semicircular  canal  cause  m axim al  stim ulation  and  nystagmus.
The  characteristic result  is a  rotatory and  lateral nystagm us that
beats  toward  the  ground  w hen  the  subject’s  head  is  hanging
backward  w ith  the  problem  ear  down. The  nystagm us begins  a
second  or  two  after  the  provocative  position  is  assum ed, grow s
in  intensity, and  then  abates. Sitt ing up  reverses the  direct ion  of
the  nystagmus. Each  subsequent  cycle  of stim ulation  is  shorter
and  less intense. BPPV is by far  the  m ost  com m on  reason  for  re-
ferral to an  otolaryngologist’s o ce for  im balance.

Other  disorders of the  neuroepithelium  result  from  death  of
the  type  1  and  type  2 hair  cells. Ototoxins, usually in travenous
antibiotics  given  for  life-threatening  infect ions, cause  general-
ized  nonresponsiveness of the  am pullae and  m aculae to stim u-

lation . Caloric testing elicits  reduced  or  no  sym ptom s and  nys-
tagm us. The  pat ien t  cannot  fix  any  visual target  on  the  retina
w hile  the  head  is  m oving (oscillopsia), result ing in  an  inability
to read signs or recognize faces w hile walking.

Labyrinthit is  (infect ion  or  inflam m ation  of the  perilym ph  or
endolymph) causes hair cell death  and  nonfunction. This would
be  identified  by  a  reduced  response  on  caloric  testing  or  by
enhancem ent  in  one  labyrin th  on  m agnet ic  resonance  (MR)
im aging  w ith  and  w ithout  gadolinium . A key  feature  of  t rue
labyrinthitis is that  the in traotic inflam m ation  and infect ion  are
devastating to vestibular  and  auditory funct ion , and  the pat ien t
becom es  quite  ill, w ith  roaring  t innitus  in  the  a ected  ear. In
the long term , unilateral peripheral vestibular loss would be ex-
pected,  w ith  completely  absent  caloric  responses  and  robust
horizontal  nystagm us  toward  the  una ected  ear  w hen  vibra-
tion  is applied to the m astoid  of the a ected side.

Loss of utricle  funct ion  can  be  identified  by the  ocular  coun-
tertorsion  test , in  w hich  the  subject  sits w ith  the head  upright.
The  exam iner  picks  a  landm ark  on  the  subject’s  iris  and  then
tilts  one  ear  up, looking for  physiologic righting of the  iris—an
ocular  countertorsion . If th is does not  occur, if the iris t ilts w ith
the  head  w ithout  compensation, hypofunction  of the  superior
utr icle is indicated.

Fig. 113.7  Electrocochleography technique. Acoustic stimuli can be  introduced  via  the  canal or transtympanically. An electrical response  within  the
first  2.0  milliseconds consists of the  summation potential and  action potential.  SP, summation  potential; AP, action  potential.
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A com m on  and  perhaps  m ore  serious  m alfunction  of  the
neuroepithelium  is alcohol in toxication. As ingested alcohol dif-
fuses in to the endolym ph, the  endolym ph  rises, giving the sub-
ject  a  sensation  of m otion . A characteristic nystagm us follow s.
Although  th is condition  requires no treatm ent  except  t im e, it  is
probably  responsible  for  m ore  deaths,  in  m otor  vehicle  acci-
dents, than  any other form  of dizziness.

The  t reatm ent  for  loss of neuroepithelial funct ion  consists of
support ive  care  in  the  short  term  and  physical therapy  in  the
long  term . There  is  no  m ethod  of restoring  the  lost  funct ion ,
and  in  the  acute  phase  of unequal  vestibular  inputs  from  the
two  ears, a  vestibular  suppressant  and  m edical  leave  are  the
best  that  can  be o ered. In  the long term , w hen ver tigo has giv-
en  way to  general unsteadiness, physical therapy can  help  the
patien t  regain  som e balance, independence, and confidence.

The  t reatm ent  for  BPPV, on  the  other  hand, can  in tervene  at
the  site  of the  problem  and  show  good  results. The  treatm ents
for BPPV range from  interventions during a single  o ce visit  to
surgical  obliteration  of the  m alfunct ioning  sem icircular  canal.

The particle repositioning (Epley) m aneuver can  allow  the loose
otoliths to fall in to the  vestibule, w here  they becom e asym pto-
m atic. Habituation  exercises  can  retrain  the  central  vestibular
system  to  ignore  the  aberran t  inform ation  from  the  a ected
ear. In  patients w ith  long-term  BPPV, the posterior  sem icircular
canal can be obliterated, or the cingulate nerve can be sectioned
in  an  infracochlear approach.

113.6  Vest ibular Nerves
The  five  islands  of  vestibular  neuroepithelium  transm it  their
varying discharge  inform ation  to the  superior  and  inferior  ves-
tibular  nerves, w hich  are  a eren t  (sensory) nerves. The m acula
of the  utricle  and  am pullae  of the  superior  and  lateral sem icir-
cular  canals  synapse  w ith  the  superior  vestibular  nerve, w hile
the m acula of the saccule and  am pulla of the posterior  sem icir-
cular  canal  synapse  w ith  the  inferior  vestibular  nerve.  The
portion  of  the  inferior  vestibular  nerve  that  travels  from  the

Fig. 113.8  (a) Maculae  and  (b) ampullae: orien-
tation of type  1  and  type  2 hair cells and  the
response  of firing  rates to  hair cell deflection.
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am pulla  of the  posterior  sem icircular  canal is  called  the  cingu-
late  nerve. The  nerve  cell bodies for  the  bipolar  prim ary axons
of the  vestibular  nerves are  located  in  the  in ternal auditory ca-
nal, form ing the Scarpa ganglion. From  the in ternal auditory ca-
nal,  the  nerves  progress  across  the  cerebellopontine  angle  to
enter the brainstem .

Isolated  dysfunct ion  of any  of  these  nerves  can  occur.  The
reasons  are  usually hard  to  identify. Isolated  neuronitis  occurs
secondary  to  autoim m une  disease,  presum ed  viral  infect ion,
idiopathic inflam m ation , and  neoplasm s along the  nerve  route.
The  sym ptom s  are  nonspecific  and  usually  consist  of general-
ized  unsteadiness and  spinning w ithout  ear  sym ptom s or  posi-
tion  sensitivity. A coordinat ion  of tests can  help  identify w hich
vestibular  nerve  is  hypofunctioning;  absent  caloric  responses
iden t ify  superior  vest ibular  nerve  m alfunct ion  because  later-
al canal st im ulat ion  is  ine ect ive. Increased  VEMP th resholds
iden t ify  in ferior  vest ibu lar  nerve  m alfunction  because  the
saccule  requires m ore  auditory st im ulat ion  to  elicit  the  prim -
it ive  auditory–vest ibular  response.  Norm al  hearing  (by  an
audiogram  and/or  otoacoust ic  em ission  test ing)  helps  to  ex-
clude  labyrin th it is  as  a  possible  cause  of  d izziness  because
the  hearing  in  the  putat ive  ear  should  be  a ected  as  w ell  as
balance  in  labyrin th it is.

If the hearing is sym m etrical and  unchanged, the diagnosis of
vestibular neurit is (aka vestibular neuronitis) m ay be supported
by a  reduced  bitherm al caloric response  on  one  side  or  abnor-
m al  results  of sym m etry, phase  and  gain  testing  on  the  Har-
m onic Rotat ion  Chair  test . Of these exam inations, the bitherm al
caloric  test  on  the  Visual  Elect ronystagm ogram  (VNG)  done
w ith  infrared  goggles  or  on  the  Elect ronystagm ogram  (ENG)
perform ed w ith  t ransderm al elect rodes is both  localizing (w hat
place w ith in  the inner ear?) and lateralizing (w hich  side?).

Like  the  treatm ent  for  neuroepithelial  loss,  previously  de-
scribed,  the  t reatm ent  for  vestibular  nerve  hypofunct ion

consists  of  supportive  care  in  the  acute  phase  and  physical
therapy in  the long term .

113.7  Cent ral Pathways
The m any and complex central connect ions for  the a eren t  ves-
tibular  im pulses  are  diagram m ed  in  � Fig. 113.3.  The  central
dow nstream  cross-connect ions for  the a eren t  vestibular in for-
m ation  appear  to  coordinate  two  m ajor  system s. The  inform a-
tion  from  the  two  peripheral vestibular  organs  is  coordinated
so that  a  stim ulus of the  canals  of one  ear  is  in terpreted  along
w ith  an  equal and opposite counterstim ulus of the canals of the
contralateral  ear.  Far  m ore  complex  than  th is  coordination,
however, is the  constant  repositioning and  reassessm ent  of the
orien tation  of the  ocular  globe, the  head  on  the  neck, and  the
ent ire  body along  its  ver tical axis. The  central connections  for
the  vestibular  system  therefore  in terpret  the  di ering  a erent
inform ation  from  each  ear  and  instruct  the  rest  of the  body—
eyes, neck, and posture—to adjust.

Any  central  disease  can  cause  m alfunct ion  of the  coordina-
tion  of the  vestibular  input  and  therefore  can  cause  im balance.
Multiple  sclerosis, cerebral vascular  events, cerebral in flam m a-
tory diseases, and m igraine can  all cause vestibular dysfunct ion.
On  testing in  these cases, the audiogram  tends to be sym m etric
and  uninform ative.  Sim ple  cerebellar  testing—finger  to  nose,
repetit ive  m otions,  Rom berg  test—m ay  identify  problem s  in
cerebellar  funct ion. The  caloric  responses  are  norm al  in  each
ear. However, the head thrust  test , in  w hich  the clin ician  rotates
the  subject’s  head  quickly to the  side, m ay reveal that  the  eyes
do not  stay fixed  on  their  target  but  instead  show  a compensa-
tory saccade after  the thrust  is complete. Sim ilarly, oculokinet ic
tests m ay find  that  the  eyes do not  track norm ally. Many other
findings  on  elect ronystagm ography  (ENG)  are  indicative  of

Fig. 113.9  Dix-Hallpike  testing: position  of the  left  posterior semicircular canal in  the  left  head-hanging  position. The  canal is positioned  to  cause
maximal stimulation and pooling  of the  otoconia away from  the  ampulla. In the  Epley maneuver, the  canal is then rotated  270 degrees to allow the
otoconia to  pour into the  vestibule. The  canal is pictured  in  mid  rotation as the  otoconia begin  to  fall into the  vestibule.
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nonspecific central disease:  nystagm us, which  does not  depend
upon  position  and w hich  is not  suppressed; the inability to track
a sinusoidal motion; and  the inability to perform  saccades.

Posturography (� Fig. 113.10) tests the  input  and  in tegrat ion
of  the  peripheral  vestibular  system , eyes,  and  proprioceptive
tracts. These  m ay be  quite  abnorm al in  central disease. Postur-
ography  is  also  a  good  tool  for  identifying  m alingerers,  w ho
tend  to  sway and  alm ost  fall during the  easiest  conditions  but
w ill m anage to keep  their  balance  during the  m ore  challenging
conditions to avoid hurt ing them selves.

If central disease  is  suspected, MR im aging of the  brain  and
internal  auditory  canals  w ith  and  w ithout  gadolinium  can  be
perform ed.

Migraine-equivalent  vertigo  m ay  be  the  diagnosis  for  m any
patien ts  w ho  sim ply defy classification . Pathognom onic sym p-
tom s are the conversion  of m igraine headaches in to vertiginous
episodes  that  have  the  sam e  temporal  patterns  and  the  sam e

tr iggers.  For  example, a  40-year-old  wom an  has  experienced
m igraines  at  the  sam e  tim e  as  her  m enstrual  cycle  for  years.
Then  suddenly the  m igraines stop, and  she  instead  experiences
vertiginous episodes at  the sam e t im e of the m onth  and  for  the
sam e  num ber  of days. These  patients  respond  well to  preven-
tive  m easures and  to topiram ate  or  verapam il. However, m any
patients  w ho  m ost  likely  have  th is  syndrom e  do  not  fit  easily
in to  th is  pattern  of  sym ptom s. Patients  w ho  experience  epi-
sodes of im balance  w ith  no  audiologic findings, and  w ith  nor-
m al  ENG  and  norm al  MR im aging  findings,  m ay  warrant  a
closely m onitored tr ial of verapam il.

113.8  Directed Diagnost ic
Inquiries
The diagnosis and  treatm ent  of pat ien ts w ith  dizziness is not  a
science  derived  from  first  principles.  Instead,  it  is  a  struggle
through  inexact  h istories, contradictory tests, the  pat ient’s  de-
spair, and  the  clin ician’s frust ration  at  not  being able  to help. A
further  complicating feature  is  that  people  w ho  report  several
episodes or days or  years of dizziness often  have additional epi-
sodes  of  dizziness  resulting  from  a  new  cause.  For  example,
people  w ith  Meniere  disease  m ay  have  recurrent  episodes  of
BPPV. The  key  to  m anaging  the  stresses  of the  clin ic  visit  and
subsequently to  devise  a  reasonable  treatm ent  plan  is  to t ry to
keep the m any diagnostic possibilit ies in  m ind.

The  h istory can  give  significant  clues. E or t  should  be  m ade
to obtain  a concise and specific answer to one key quest ion: Did
th is  dizziness star t  one  day and  has it  continued  since  then, or
does it  com e in  episodes?  The answer to th is question  is usually
very di cult  to elicit  because  m ost  people  cannot  verbally dis-
tinguish  betw een  a constant  sym ptom  of varying in tensity, like
BPPV or  an  ototoxic  e ect , and  a  sym ptom  that  started  years
ago  but  is  episodic. Pat ien ts  prefer  to  describe  how  uncom -
for table  they are  and  w ill have  to  be  redirected  un t il th is  key
quest ion  is  answ ered. Although  m ost  referrals  to  the  otolar-
yngologist ’s  o ce  o ce  for  im balance  are  u lt im ately  for
BPPV, the  m ajorit y  of  patien ts  w ith  pathognom onic  nystag-
m us  on  Dix-Hallpike  test ing  do  not  give  a  h istory  of ver t igo
after  posit ion  change.

Because  m ost  dizziness  is  BPPV, the  m ost  im portan t  feature
of the physical exam ination  is the extent  to w hich  the dizzy pa-
tient  unconsciously guards against  head  m otion  during the  in-
terview. A look  at  the  tym panic  m em brane  usually  does  not
add  any inform ation. A special feature  of the  physical exam ina-
tion  is  insu ation  w ith  a  pneum atic speculum  to  look  for  eye
deviation  toward  the contralateral ear  in  cases of perilym phat ic
fistula.

An  audiogram  must  be  performed  to  look  for  unilateral  oto-
logic  loss  and  for  Meniere  disease.  Patients  w ith  unilateral
losses often  are  unaware  of them . Otoacoust ic em issions estab-
lish  cochlear  function  and  can  help  distinguish  labyrin th itis
from  neuronitis.

O ce  tests  for  vestibula r  funct ion  include  the  Dix-Hallpike
test, ocular  countertorsion  test , head  thrust, and  vibration  test ,
These  m aneuvers  look  for  BPPV, utr icular  failure, central  dys-
function , and unilateral peripheral vestibular loss, respect ively.

VEMP test ing can  help  identify  superior  canal  dehiscence  if
the  threshold  is  lower  in  the  a ected  ear, or  unilateral inferior

Fig. 113.10  Posturography measures the  subject’s maintenance  of
vertical body orientation in progressively more difficult  conditions. The
visual background is fixed or sways. The platform on which the subject
stands is flat  or wobbles. The  subject’s eyes may be  open  or closed.
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vestibular  nerve  dysfunct ion  if the threshold  is h igher. ENG can
distinguish  central  from  peripheral  dysfunct ion,  and  caloric
testing  can  help  identify  superior  vestibular  nerve  hypofunc-
tion. Elect rocochleography is  not  helpful pract ically, but  theo-
retically  it  can  help  identify  Meniere  disease.  Rotatory  chair
testing can  help identify unilateral vestibular loss.

Posturography gives an overall view of visual and propriocep-
tive balance in tegration. CT identifies canal dehiscence, and  MR
im aging looks for  in flam m ation  of the  vestibular  labyrin th  and
nerves and for central disease.

113.9  Roundsm anship
●  When  the head m oves, the endolym ph m oves relative to the

am pulla of the canal, deflecting the crista of the am pulla and
causing an  increase or decrease of the baseline firing rate of
the type 1 and type 2 vestibular hair cells.

●  The m acula of the utricle and the am pullae of the superior
and lateral sem icircular canals synapse w ith  the superior  ves-
tibular nerve, w hile the m acula of the saccule and the am pul-
la of the posterior sem icircular canal synapse w ith  the inferior
vestibular nerve.

●  Leakage or exposure of the perilym ph to direct  pressure, or
any breach  of the m em branous labyrinth , causes m arked ves-
tibular sym ptom s.

●  It  is very helpful to obtain  from  the patien t  a specific answer
to the question, Did th is dizziness star t  one day and has it
continued since then, or does in  com e in  episodes?

●  The m ost  im portant  feature of the physical exam inat ion  is the
extent  to w hich  the dizzy patient  unconsciously guards
against head m otion during the in terview  because m ost dizzi-
ness is benign  paroxysm al positional vert igo.

●  In  lateral canal dehiscence, any positive pressure w ill cause
the eyes to deviate away from  the insu ated ear (Hennebert
sign).

●  Any of the three m utually perpendicular sem icircular canals
can  undergo erosion, w hich  uncovers the perilymph, exposes
the endolymph w ith in  the m em branous canal to pressure
changes, and can  cause disequilibrium .

●  The diagnosis of canal dehiscence in  any of the sem icircular
canals can  be established w ith  fine-cut  CT of the tem poral
bone.

●  Benign  paroxysm al positional vertigo is caused by nonphysio-
logic stim ulation  of the am pullae by loose neuroepithelial
components term ed otoliths.

●  The abnorm al physiology of Meniere disease can  be detected
by elect rocochleography, in  w hich  the sum m ation  and action
potentials in  response to an  auditory stim ulus show  an abnor-
m ally large ratio (SP/AP > 0.50).

●  Elect roneurography can  dist inguish  central from  peripheral
dysfunct ion , and caloric testing can  help  identify superior
vestibular nerve hypofunct ion.

●  Posturography tests the input and in tegration  of the periph-
eral vestibular system , eyes, and proprioceptive t racts.

●  The treatm ents for benign paroxysm al positional vert igo
range from  intervent ions during a single o ce visit  to surgi-
cal obliteration  of the m alfunctioning sem icircular canal.

●  The treatm ent for loss of neuroepithelial or  vestibular nerve
function  consists of supportive care in  the short  term  and
physical therapy in  the long term .
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114  Diagnost ic Audiology
Shlomo Silman and Carol A. Silverman

114.1  Int roduct ion
This chapter provides an  overview of tun ing fork tests; behavio-
ral hearing tests, including pure-tone  threshold  tests, m asking,
and speech  audiom etry; physiologic m easures of auditory func-
tion,  including  tym panom etry,  acoust ic  reflex  threshold  and
acoustic  reflex  adaptation  testing,  and  otoacoustic  em issions
testing;  auditory evoked  potent ials testing, including elect roco-
chleography, auditory brainstem  response testing, and  auditory
steady-state  testing;  testing for  the  identificat ion  of funct ional
hearing  loss;  hearing  screening;  pediatr ic  audiologic  assess-
m ent; and  vestibular  testing, including electronystagm ography,
videonystagm ography,  sinusoidal  harm onic  accelerat ion ,
com puterized  dynam ic  p latform  posturography, and  vest ibu-
lar  evoked  m yogen ic  poten t ial  test ing.  Understanding  the
in terpretat ions of these  audiologic tests  w ill assist  the  otolar-
yngologist  in  the  diagnosis  and  m anagem en t  of hearing  and
vest ibular  d isorders.

114.2  Tuning Fork Tests
Tuning forks have two t ines that, w hen  struck against  an  object ,
produce a tone close to a pure tone at a specific frequency (w ith
som e  lower-in tensity  overtones  [harm onics]).  The  m ost  com -
m only  em ployed  tuning  fork  is  the  512-Hz  tuning  fork.  The
1024-  and  2048-Hz tuning forks generally provide  supplem en-
tal inform ation. The  256-Hz tuning fork can  produce  vibrotac-
tile  sensations  that  the  patien t  m ay m istake  for  sound, so  th is
tuning  fork  is  infrequently  used. The  m ost  useful  tuning  fork
tests are the Weber and Rinne tests.

With  the  Weber  tun ing  fork  test ,  the  tuning  fork  base  is
placed  on  the  m idline  of the forehead, and  the  pat ient  is asked
on  w hich  side  the  sound  is  louder. If the  sound  is  equally loud
in  both  ears  or  heard  in  the  center  of the  head, the  absence  of
lateralization  is consistent  w ith  sym m etric hearing loss or sym -
m etric, norm al hearing sensitivity. Lateralization  indicates:  (1)
conductive  hearing loss  in  the  ear  to  w hich  the  sound  lateral-
ized;  (2) sensorineural hearing loss in  the  ear  opposite  the  ear
to w hich  the sound lateralized; or (3) asym m etric sensorineural
hearing loss  that  is  worse  in  the  ear  opposite  the  ear  to w hich
the tone is lateralized. Sound w ill lateralize to the ear  w ith  con-
duct ive  hearing loss because  of one  of the  follow ing:  (1) an  oc-
clusion  e ect  that  traps sound  pressure  generated  in  the  exter-
nal ear canal w ith  vibration  of the ear canal walls; (2) a reduced
m iddle  ear  resonant  frequency  w ith  a  m ass-loaded  ear  (as  in
ossicular  discontinuity  or  som e  cases  of  m iddle  ear  e usion
w ith  m ore viscous fluid);  or  (3) a phase  advance w ith  a sti en-
ing  pathology  (e.g., ossicular  fixation  or  som e  cases  of m iddle
ear e usion  w ith  less viscous fluid) that  creates a t ight  coupling
betw een  the footplate  and  oval w indow, resulting in  a m ore  di-
rect  path  to the inner ear.

In  the Rinne tuning fork test, bone-conduct ion  (BC) hearing is
compared  w ith  air-conduct ion  (AC)  hearing. The  base  of a  vi-
brating  tuning  fork  is  held  firm ly  against  the  m astoid  process
for about  2 seconds; the tun ing fork then  is held  vertically w ith

the tips of the t ines located  at  about  1 to 2 cm  lateral to the  en-
trance  of the  ear  canal. If hearing by AC produces a  louder  sen-
sation  than  hearing by BC, the  result  is consisten t  w ith  norm al
hearing  sensitivity  or  sensorineural hearing loss;  th is  result  is
term ed  a  positive  Rinne  (AC> BC). If hearing by BC produces  a
louder  sensation  than  hearing by AC, then  the  result  is  consis-
tent  w ith  conduct ive hearing im pairm ent;  th is result  is term ed
a  negative  Rinne  (BC> AC). If  the  loudness  sensation  by  BC is
equal  to  that  by  AC,  the  result  is  classified  as  an  equivalent
Rinne (AC= BC), consisten t  w ith  norm al hearing sensitivity or  a
m ild  conductive  hearing  loss. A study  of  the  accuracy  of  the
Rinne  test  on  100  ears  w ith  various  conductive  pathologies
(w ith  m asking  of the  contralateral, nontest  ear)  revealed  that
the  m inim um  air–bone  gap  for  the  Rinne  tuning  fork  test  to
m eet  a  75% correct  detect ion  criterion  is  55  to  60 dB at  512 Hz
and  larger  at  1024 Hz;  trial perform ance  of the  Rinne  test  w ith
the  2048-Hz tuning fork fails to  m eet  even  a  50% (chance) cor-
rect  detect ion  criterion  even  for the largest  air–bone gaps. Thus,
the Rinne tun ing fork test  is not  useful in  the detect ion  of m ini-
m al  air–bone  gaps  or  conductive  pathologies  producing  high-
frequency hearing losses.

114.3  Behavioral Hearing Tests
114.3.1  Classificat ion of Type and
Magnitude of Hearing Loss Based on the
Pure-Tone Audiogram
Hearing sensitivity conventionally is  assessed  at  the  pure-tone
octave  frequencies of 250, 500, 1000, 2000, 4000, and  8000 Hz.
Pure-tone  AC threshold  testing is  done  w ith  earphones  placed
over the pinnae of the outer ears or  w ith  inser t  earphones worn
in  the ear canals. BC threshold  testing is perform ed w ith  a bone
vibrator/oscillator  placed  on  the  m astoid  process of the  tempo-
ral  bone. The  outcom e  of threshold  testing  is  recorded  on  an
audiogram  (� Fig. 114.1), w hich  displays  test  frequency  along
the  x-axis  and  in tensity  along  the  y-axis.  A threshold  that  is
better  than  0 dB HL (decibels hearing level;  e.g., –5 dB HL) indi-
cates hearing sensitivity that  is better  by 5 dB than  the  hearing
sensitivity of a young adult  w ithout hearing or ear problem s.

When  BC testing is  perform ed, the  threshold  results  furnish
inform ation  about  the  sensorineural m echanism . Auditory sig-
nals delivered  through  an  earphone  worn  over  the  pinna or  an
insert  receiver  in  the  ear  canal pass through  the  ear  canal in to
the m iddle ear and  cochlea, w here the sound is transduced  in to
a  neural im pulse  that  then  t ravels  through  the  auditory  nerve
and cochlear nuclei (and  through  the rest  of the auditory brain-
stem  to the  auditory cortex). Thus, an  AC threshold  reflects  in-
tegrity of both  the  sensorineural and  conductive  m echanism s.
An  elevated  AC threshold  therefore indicates a hearing problem
in  the  conduct ive  and/or  sensorineural m echanism . The  di er-
ence  in  decibels  between  the  AC and  the  BC thresholds  is  re-
ferred  to  as  the  a ir–bone  gap  (ABG), w hich  yields  in form ation
on the status of the conduct ive m echanism .
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The upper lim it  of the norm al range of BC thresholds is 15 dB
HL, although  som e clin icians consider  25 dB HL to be the  upper
lim it. The  upper  lim it  of the  norm al range  of AC thresholds  is
25 dB HL in  adults. With  conductive  hearing  im pairm ent , the
BC threshold is w ithin  norm al lim its but  the AC threshold is ele-
vated  beyond  the  norm al lim it, yielding  a  significant  (> 10 dB)
ABG. With  sensorineural  hearing  im pairm ent, the  AC and  BC
thresholds both  are  elevated  beyond  the  norm al lim its  and  are
approxim ately  equal, w ithout  significant  ABGs. Mixed  hearing
im pairm ent  (hearing impairm ent  a ect ing both  the  conductive
and  sensorineural m echanism s) is  characterized  by AC and  BC
thresholds that  are  elevated  beyond  the  upper  lim it  of norm al
and  AC thresholds  worse  than  BC thresholds, yielding  signifi-
cant  ABGs. A m edically significant conductive m echanism  prob-
lem  can  be present  w ithout a hearing im pairm ent  per se, as sig-
nificant  ABGs  can  be  present  although  neither  the  AC nor  BC
threshold  exceeds  the  upper  lim it  of norm al  (norm al  hearing
sensitivity  w ith  significant  ABGs).  A  m ixed  hearing  loss  is
present  only w hen  elevated  AC and  BC thresholds and  a signifi-
cant  ABG are  present  at  the  sam e  frequency. Various  types  of
hearing loss are  show n  in  � Fig. 114.2. Com m on  causes of con-
duct ive  and  sensorineural  hearing  loss  are  show n  in  � Ta-
ble 114.1.

The  m agnitude  of the  hearing impairm ent  is specified  based
on  the  pure-tone average  (PTA), w hich  usually is a  3-frequency
average  of the  AC thresholds for  500 Hz, 1000 Hz, and  2000 Hz,
but  also  can  be  a  4-frequency  average  (e.g., 500, 1000, 2000,
and  3000 Hz or  500, 1000, 2000, and  4000 Hz). The  Com m it tee
on  Hearing and  Equilibrium  of the  Am erican  Academy of Oto-
laryngology—Head  and  Neck Surgery has  adopted  the  use  of a
4-frequency  PTA (based  on  500, 1000, 2000, and  3000 Hz) for
the evaluation  of Meniere disease, vestibular  schwannom a, and
conductive hearing loss. In  their guidelines for  the evaluation  of
conductive  hearing loss, they also  specify the  use  of th is  4-fre-
quency average for reporting ABGs.

� Table  114.2  show s a  classificat ion  of the  degree  of hearing
loss  based  on  the  PTAs  over  the  so-called  speech  frequencies
(500, 1000, and  2000 Hz); the classificat ion  ranges from  norm al
to profound. Note that the classification of the degree of hearing
loss is sim ilar for children  and adults except  that the upper lim it
of norm al hearing sensitivity is 15 dB HL for ch ildren  and  25 dB
HL for  adults;  consequently, the  range  from  16  to  25 dB HL is
classified as slight  hearing loss in  children. This table also show s
the  im pact  of  the  various  degrees  of  hearing  loss  on  speech
understanding w ithout  am plification, given  that  soft  conversa-
tional speech  is approxim ately 35 dB HL, conversational speech
is  approxim ately  45  to  50 dB  HL,  and  loud  conversational
speech  is approxim ately 65 dB HL. � Table 114.2 also show s the
predicted  im pact  of various  degrees  of hearing loss  on  speech
and  language w hen  early in tervent ion  is not  provided. Persons
w ith  a  norm al  PTA but  w ith  hearing  im pairm ent  in  the  high
frequencies  m ay experience  di culty hearing conversations  in
noisy, group, or  reverberant  situations, even w hen  the high-fre-
quency  im pairm ent  is  m ild. The  e ect  of a  unilateral  hearing
loss  is  less  adverse  than  that  of a  bilateral  hearing  loss, but
it  becom es  m ore  pronounced  in  m ore  com petit ive  listen ing
situat ions.

Frequency-specific  threshold  data  based  on  a  behavioral
audiologic evaluation  often  can  be obtained from  infants having
a cognitive age as young as 6 m onths. In  an  infan t  w ith  a cogni-
tive  age  younger  than  6  m onths, behavioral observation  audio-
m etry is lim ited  as it  can  help  rule  out  on ly m oderate  or  worse
hearing im pairm ent in  at  least one ear.

Pure-Tone Configurat ion
The pure-tone audiogram  can  be  classified  not  only in  term s of
the  type  and  degree  of hearing  loss, but  also  in  term s  of  its
audiom etric  configuration.  � Fig.  114.3  illustrates  som e  com -
m on  audiom etric  configurations,  such  as  flat ,  sloping,  rising,

Fig. 114.1  Audiogram template. Intensity is shown on the ordinate, and frequency is shown on the abscissa. Thresholds are reported based on the use
of a 5-dB-intensity step size. The legend shows the symbol used for recording pure-tone air conduction and bone conduction thresholds for each ear,
and  in  the  sound  field. LE, left  ear; NR, no  response; PTA, pure-tone  average; RE, right  ear.
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trough,  h igh-frequency,  low -frequency,  inverted  scoop  or
trough, fragm entary  or  corner, notched, and  peak. The  audio-
m etric configuration  m ay be  suggestive  of an  etiology but  usu-
ally  is  not  pathognom onic. A flat  audiom etric configuration  is
seen,  for  example,  w ith  late-stage  Meniere  disease.  Sloping
audiom etric configurations  are  com monly seen  in  presbycusis.
Ears  w ith  relatively  early-stage  Meniere  disease  often  show  a
rising  audiom etric  configuration.  Som e  individuals  w ith  con-
genital  hearing  loss  have  a  t rough  audiom etric  configuration,
w hereas individuals w ith  an  inverted  scoop  or  inverted  trough
audiom etric configuration  have a hereditary hearing loss. Som e
cases  of  hereditary  hearing  loss  produce  a  fragm entary  or
corner  audiogram .  Occupat ional  hearing  loss  often  in it ially
produces  a  hearing  loss  w ith  a  notch  cen tered  at  frequencies
w ith in  3000  to  6000 Hz. Som e  pat ien ts  w ith  Meniere  d isease
display  a  2000-Hz  peak  audiogram  w hereby  the  pure-tone
th resholds  are  w ith in  norm al  lim its  at  2000 Hz  but  then  in -
crease  as  frequency increases  above  and  decreases  below  the
peak frequency.

Audiom etric configuration  also is a ected  by the type of con-
duct ive  hearing im pairm ent. An  audiogram  w ith  a  sti ness t ilt
refers  to  an  audiom etric configuration  for  a  sti ening  conduc-
tive  lesion  in  w hich  the  conduct ive  hearing  loss  preferentially
a ects  low  frequencies, w hereas  one  w ith  a  m ass t ilt  refers  to
an  audiom etric configuration  for  a m ass conduct ive lesion  (e.g.,
ossicular  discontinuity)  in  w hich  the  conductive  hearing  loss

a ects  the  h igh  frequencies  m ore  than  the  low  frequencies. A
Carhart  notch  refers to an  audiom etric configuration  often  seen
in  patients w ith  otosclerosis w hereby the  BC threshold  is poor-
er at  2000 Hz than  at  the adjacent frequencies because of loss of
ossicular  resonance.  Som e  cases  of  m iddle  ear  e usion  and
chronic  ear  disease  show  a  peak  audiogram  w hereby  the  AC
threshold  peaks at  2000 Hz;  th is  finding suggests the  presence
of a  sti ness  e ect  at  the  low  frequencies  that  disappears  at
2000 Hz, together w ith  a m ass e ect  that  begins to be observed
above 2000 Hz.

Ototoxic Monitoring with Standard Pure-Tone
Audiom etry
Ototoxic (cochleotoxic and/or vestibulotoxic) e ects m ay be ob-
served in  patients receiving am inoglycoside antibiotics (e.g., ka-
namycin  and  am ikacin), loop  diuretics (e.g., ethacrynic acid  and
furosem ide), cancer  agents  (e.g., cisplat in  and  carboplatin), or
h igh  doses  of  aspirin  and  an tim alar ials  (e.g.,  quinine).  Often,
these  e ects  are  perm anent , although  they m ay be  temporary
and  reversible.  Pat ients  receiving  ototoxic  drugs  should  have
audiologic  m onitoring. A com m only em ployed  protocol estab-
lished  by  the  Am erican  Speech-Language-Hearing  Association
(ASHA) is  to  obtain  a  baseline  audiogram  before  or  w ithin  72
hours  after  the  first  dose  of an  am inoglycoside, and  w ithin  1
week before  or  w ith in  24 hours after  the first  dose  of a chem o-

Fig. 114.2  (a) In the  right  ear at  the low frequencies, the masked (true) right  bone conduction (BC) thresholds are beyond the normal limits and the
masked (true) air conduction (AC) thresholds are also beyond the normal limits without  significant air–bone gaps (ABGs), consistent  with the presence
of sensorineural hearing  loss at  these  frequencies; in  the  right  ear at  the  higher frequencies above  500 Hz, the  masked  (true) right  BC thresholds
beyond the normal limits and the masked (true) right AC thresholds beyond the normal limits, with significant  ABGs (30 to 50 dB), are consistent  with
the presence of a mixed hearing loss at  these frequencies. In the left  ear at  the low frequencies, the unmasked BC thresholds represent  the cochlear
reserve of the left  ear (although the symbol indicates BC vibrator placement  on the right  mastoid); the masked (true) BC thresholds for the right  ear
are  elevated, so  the  unmasked  BC thresholds must  represent  the  BC hearing  for the  left  ear. The  unmasked  BC thresholds (representing  left  BC
hearing) and the  left  AC thresholds both are  within normal limits without  significant  ABGs, so they are  consistent  with normal hearing sensitivity at
these low frequencies. In the left  ear at  frequencies above 500 Hz, the unmasked BC thresholds (representing left  BC hearing) and left  AC thresholds
remain with  normal limits, but  significant  ABGs are  present  (20  to 25 dB), consistent  with  normal hearing  sensitivity with  significant  ABGs at  these
frequencies. (b) In the left  ear at  the low–mid frequencies through 1000 Hz, the left  masked (true) BC thresholds are within normal limits but  the left
AC thresholds are  elevated  beyond  the  normal limits with  significant  ABGs (30 to 35 dB), consistent  with  conductive  hearing  impairment  at  those
frequencies; at  frequencies above  1000 Hz, the  unmasked  BC thresholds (representing  left  BC hearing) remain  within  normal limits and  the  left  AC
thresholds remain  beyond  the  normal limits with  significant  ABGs (20  to 25 dB), also  consistent  with  conductive  hearing  impairment  at  these
frequencies in the left  ear. In the right  ear at  low–mid frequencies through 1000 Hz, the unmasked BC thresholds, representing right  BC hearing, and
the AC thresholds are within normal limits, consistent  with normal hearing sensitivity at  those frequencies; above 1000 Hz, the right  masked (true) BC
thresholds and right  AC thresholds are  elevated beyond normal limits without  significant  ABGs, consistent  with a sensorineural hearing loss at  those
frequencies. ANSI, American National Standards Institute.
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therapeutic  agent .  In  responsive  pat ients,  the  AC thresholds
should  be  done  over  the  range  of  250  through  8000 Hz. The
ASHA protocol specifies weekly m onitoring for  am inoglycoside
antibiotics  and  m onitoring  w ithin  24  hours  of each  dose  of a
platinum  derivative. A change  in  hearing sensitivity, calculated
w ith  reference to the baseline  results, is a worsening of thresh-
old  by at  least  20 dB at  any one frequency or by at  least  10 dB at
any two frequencies, or  a  loss of response  at  three  consecutive
test  frequencies  at  w hich  responses  previously  could  be  re-
corded. Any change needs to be confirm ed  at  a retest  w ithin  24
hours. If any change is significant, then  acoustic adm ittance and
BC threshold  testing needs to  be  done  to  rule  out  changes due
to a  conductive  component. With  unresponsive  patients, phys-
iologic  m easures  such  as  otoacoustic  em issions  testing  and
auditory brainstem  response  testing should  be  used  for  audio-
logic m onitoring of patients receiving ototoxic drugs.

Extended High-Frequency Audiom etry
Extended  high-frequency pure-tone AC testing involves obtain-
ing thresholds  above  8000 Hz—that  is, at  9000, 10,000, 11,200,
12,500, 14,000, 16,000, 18,000, and  20,000 Hz. Ultra-high-fre-
quency audiom etry has been  used  to  m onitor  ototoxic hearing
changes because m any ototoxic drugs (e.g., cisplat in) m ay a ect
the  ultra-high  frequencies  before  a ect ing  the  tradit ional
audiom etric  frequency  range  (250  through  8000 Hz).  Various
rapid  protocol  threshold  test  procedures  involving  extended

high-frequency audiom etry  frequently  have  been  em ployed  to
identify the so-called  sensitive range of ototoxicity (SRO). A sig-
nificant  lim itation  of extended  high-frequency  audiom etry  is
that  the  threshold  increases w ith  frequency, and  also w ith  age.
Thus, a  baseline  threshold  m ay be  beyond  the  output  lim its  of
the  audiom eter,  precluding  the  possibility  of  seeing  ototoxic
changes at  that frequency, particularly in  older adults.

114.3.2  Speech Audiom etry
The  procedure  for  m easuring the  speech  recognition  threshold
(SRT) involves having the patient  repeat spondaic words spoken
w ith  equal stress  on  each  of the  two  syllables. The  SRT is  the
lowest  in tensity  at  w hich  the  patien t  can  correctly  repeat  the
speech  stim uli w ith  50% accuracy. Agreem ent  betw een  the  SRT
and  PTA is determ ined  by m easuring the  decibel di erence be-
tween  these  m easures. When  the  audiom etric configuration  is
flat  w ithin  the  speech  frequencies  (i.e., not  m ore  than  a  5-dB
di erence between  two adjacent  octave frequencies in  the 500-
through  2000-Hz range), the  comparison  is  m ade  betw een  the
SRT  and  3-frequency  PTA.  Sim ilarly,  w ith  sloping  or  rising
audiom etric configurations, w hereby m ore  than  a  5-dB di er-
ence exists betw een  two adjacent  octave frequencies in  the 500
through  2000 Hz  range, the  comparison  is  m ade  betw een  the
SRT and  the 2-frequency PTA based  on  the best  two AC thresh-
olds am ong 500, 1000, and 2000 Hz. Agreem ent, as indicated by
a sm all decibel di erence between  the  SRT and  PTA, substanti-

Table 114.1  Common causes of conductive and sensorineural hearing loss

Conduct ive  Sensorineural: cochlear  Sensorineural: eighth  nerve  or  cochlear  nuclei

Aural atresia  Noise-induced  hearing  loss  Vestibular schwannoma

Eustachian tube  dysfunction  Ototoxicity  Auditory neuropathy spectrum  disorder

Otitis media  Meniere  disease  (endolymphatic hydrops)  Some  cases of vascular loop  syndrome

Cholesteatoma  Presbycusis  Presbycusis

Temporal bone  trauma/fracture  affecting  the
outer ear and/or middle  ear

Temporal bone  trauma/fracture  affecting  the
cochlea

Temporal bone  trauma/fracture  affecting  the
auditory nerve  and/or cochlear nuclei

Otosclerosis  Otosyphilis  Otosyphilis

Glomus tumor within  the  middle  ear space
(occasionally mixed hearing loss when the tumor
invades the  cochlea)

Meningitis  Meningitis

Exostoses and osteomas that  are large enough to
close  off the  ear canal

HIV/AIDS  HIV/AIDS

External otitis with  swelling  of the  ear canal
sufficient  to  close  off the  ear canal

Other infections affecting  newborns (Rh incom-
patibility, cytomegalovirus infection, rubella, tox-
oplasmosis)

Other infections affect ing  newborns (Rh incom-
patibility, cytomegalovirus infection, rubella, tox-
oplasmosis)

Hereditary (genetic)  Hereditary (genetic)  Hereditary (genetic)

Tympanosclerosis  Perilymph fistula (can also be mixed hearing loss)

Ossicular chain  discontinuity  Idiopathic sudden  sensorineural hearing  loss

Larger tympanic membrane  perforations  Diabetes mellitus

Autoimmune  inner ear disease

Superior semicircular canal dehiscence  syndrome
(air–bone  gaps are  considered  to be  artifactual)
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ates the validity of the AC thresholds for a given  ear. If technical
factors  can  be  ruled  out,  an  SRT significantly  better  (> 12 dB)
than  the  PTA m ay indicate  the  presence  of funct ional (nonor-
ganic)  hearing  im pairm ent.  If  the  SRT is  significantly  worse
(> 12 dB) than  the  PTA, the  di erence  is  usually att ributable  to
language factors.

Supra-threshold  speech  recognition  perform ance  (speech
discrim ination) is obtained  for each  ear  under  the earphones to
determ ine  how  well  a  person  can  understand  speech  at  an
intensity  that  is  well  beyond  the  SRT.  The  m aterial  used  for
suprathreshold  speech  recognition  testing  ranges  from  non-
sense  syllables  to  words  to  sen tences, but  m ost  com m only  in-
volves  m onosyllabic words. The  speech  recognition  score  for  a
given  ear  generally is  reported  as  the  percentage  of item s cor-
rectly repeated  by the  patien t  w hen  the  speech  is presented  at

a  level that  is at  about  25  to 40 decibels sensation  level (SL:  dB
above  the  SRT).  A h igh  speech  recognition  score  in  a  person
w ith  a  hearing  loss  suggests  that  a  pat ient  w ill  obtain  signifi-
cant  benefit  from  am plification. Frequently, a patient  w ho is fit-
ted  w ith  a  hearing aid  also  receives speech  recognition  testing
in  noise in  sound field (stim uli delivered through a loud speaker
rather  than  through  an  earphone) to determ ine how  well a  pa-
tient  w ill function w ith  a hearing aid in  noisy situations.

A statistical  approach  has  been  applied  to  analysis  of  the
speech  recognition  scores  as  the  95% confidence  lim its  have
been  established  for  each  percentage  word  recognition  score.
These  95% crit ical  di erences  lim its  can  be  used  to  compare
word  recognition  perform ance  betw een  ears,  assum ing  m ost
im portant ly that the pure-tone thresholds are essentially equiv-
alent  for  the  two  ears  and  that  recorded  m aterials  are  used. If

Table 114.2  Pure-tone average, degree of hearing loss, impact of hearing loss on speech, and impact of hearing loss on speech and language

Pure-tone  average  (dB HL)  Degree  of hearing  loss  Impact  on  hearing  and  speech
(without  amplificat ion)

Impact  on  speech  and  language
without  intervent ion

0–15  Normal  None  None

16–25 (children)  Slight  May have  hearing  difficulty in  the
classroom

May have  slight  articulation, lan-
guage, and  educational problems

16–25 (adults)  Normal  None  or minimal when  listening  to
conversation  in  competitive  situa-
tions

None

26–40  Mild  May have  difficulty understanding
faint  speech, speech at  a distance, or
speech in  competitive  situations

Adults: none
Children: more  likely to show some
articulation, language, and  educa-
tional problems

41–55  Moderate  Difficulty generally experienced
hearing  conversational speech at  3
to 6 feet, as well as difficulty hearing
faint  or distant  speech or speech in
competitive  situations

Adults: usually none
Children: effects of hearing  loss on
articulation, voice  quality, language,
and  educational achievement  more
pronounced  than  for mild  hearing
loss

56–70  Moderate  to  severe/severe  Usually difficulty hearing loud as well
as conversational speech, faint  or
distant  speech, or speech in  com-
petitive  situations

Adults: deterioration in  speech may
occur
Children: increasingly adverse effects
of hearing  loss on articulation, voice
quality, and  educational achieve-
ment

71–90  Severe  May hear some loud sounds near the
ear; difficulty hearing  loud  and  con-
versational speech as well as faint  or
distant  speech, or speech in  com-
petitive  situations

Adults: usually deterioration in  ar-
ticulation  and  voice  quality
Children: in  addition  to  adverse
effects on articulation, voice  quality,
language, and  educational achieve-
ment, speech and  language  gener-
ally do  not  develop  spontaneously

91 +  Profound  Will not  hear faint  or distant  speech,
conversation  in  quiet  surroundings
at 3 to 6 feet, loud speech, or speech
at  1  foot  from  the  ear

Adults: more  pronounced adverse
effects on  articulation and  voice
quality
Children: increasingly adverse effects
on  articulation, voice  quality, lan-
guage, and  educational achieve-
ment; speech and  language
generally do not  develop  spontane-
ously; benefit  substantially more
limited  for hearing  aids than for
cochlear implants

Abbreviation: dB HL, decibels hearing level.
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the  score for  one  ear  falls significantly outside  th is range, it  can
be  concluded  that  word  recognition  perform ance  is  sign ifi-
cantly poorer  for  one  ear  than  for  the  other  ear. Such  a  finding
m ay suggest  a  retrocochlear  pathology, but  the  ut ility of such  a
finding  is  som ew hat  lim ited, given  that  vestibular  schwanno-
m as  are  likely  to  be  associated  w ith  asym m etric  audiom etric
configurations. The  95% confidence lim its m ay be  m ore  useful
for  com paring speech  recogn it ion  perform ance  in  a  given  ear
at  a  past  test  session  w ith  perform ance  at  a  curren t  test
session ,  provided  that  the  pure-tone  resu lts  have  rem ained
stable  over  t im e.

The  sizes  of  the  95% confidence  in tervals  are  narrower  for
scores  at  the  extrem e  ends  of  the  range  (i.e.,  close  to  0% or
100%) and  for  longer  word  lists, and  are  w ider  for  scores in  the
m iddle of the range and  for shorter  word  lists. These 95% confi-
dence  in tervals  have  been  w idely  em ployed  in  audiology. For
example, they have  been  used  to  determ ine  w hich  hearing aid
or  hearing-aid  elect roacoustic characteristic produces a  signifi-
cant  im provem ent  in  the  word  recognition  score  or  to  deter-
m ine w hether aural rehabilitation produces a significant benefit
in  com m unicative e ciency.

An  individual  w ith  norm al  hearing  sensit ivity  w ho
presen ts  w ith  deficits  in  auditory  processing,  such  as  d i -

culty understanding speech  in  background  noise, d ist ract ibil-
ity  or  d i culty  at tending  to  speech , auditory  m em ory  prob-
lem s,  or  d i culty  in  auditory  discrim inat ion ,  m ay  have  a
cen tral auditory disorder. A bat tery of sensit ized  speech  tests
(e.g., filtered  speech , speech  in  noise, rapid  speech) and  elec-
t rophysiologic m easures  has  been  em ployed  to  detect  cen tral
auditory  disorder  in  individuals  w ith  norm al  hearing  sensi-
t ivit y and  auditory-processing deficits.

114.3.3  Masking
Clinical  m asking  of  the  nontest  ear  (NTE)  during  audiologic
assessm ent  often  is  necessary  to  preven t  the  NTE  from
par t icipat ing  in  the  assessm ent  of the  test  ear  (TE). In  som e
situations,  sound  presen ted  to  the  test  ear  is  heard  by  the
non test  ear, yielding  a  false  im pression  of the  hearing  sensi-
t ivit y of the  test  ear.

An  understanding  of the  concepts  of in teraural attenuation ,
crossover,  and  cross-hearing  is  required  to  understand  w hen
m asking is required  to block out  participation  of the NTE. In ter-
aural attenuation  refers  to the  loss in  in tensity of a  sound  as  it
travels from  the  TE to the  NTE by BC. A sound  presented  by AC
loses approxim ately 40 dB as it  t ravels from  the  TE to the  NTE.

Fig. 114.3  Various audiometric configurations. (a) A high-frequency hearing  loss audiometric configuration refers to  a  hearing  loss present  only at
high frequencies (left  ear). A low-frequency hearing loss audiometric configuration refers to a hearing loss present  only at  low frequencies (right  ear).
(b) With a flat  audiometric configuration, the pure-tone thresholds generally are roughly equivalent (within about ± 20 dB) across the frequency range
(right  ear). With  a rising  configuration, the  pure-tone  thresholds improve  as the  frequency increases (left  ear). (c) With  a sloping  audiometric
configuration, the pure-tone thresholds worsen as the frequency increases (left  ear). With a trough (also called saucer) audiometric configuration, the
pure-tone  thresholds are  worse  in  the  mid  frequencies than in  the  low or high  frequencies (right  ear). (d) An inverted  scoop or inverted  trough
audiogram  has a configuration that  is the opposite  of that  for the trough or saucer audiogram, with pure-tone thresholds worse  in the low and high
frequencies than in the mid frequencies (left  ear). A fragmentary or corner audiogram refers to an audiogram with hearing thresholds present only for
the  low frequencies near the  output  of the  audiometer (right  ear). (e) A notched  audiometric configuration is indicative  of hearing  loss within  a
restricted frequency range that  recovers above and below the  notch frequencies (left  ear). A peak audiogram  refers to an audiogram  with pure-tone
thresholds that  are  normal at  a single  or restricted  range of frequencies but  are  consistent  with hearing loss at  frequencies above or below the peak
frequency (right  ear). ANSI, American  National Standards Institute.

Diagnost ic Audiology

882



Hence,  the  in teraural  attenuat ion  for  AC sounds  is  approxi-
m ately 40 dB. The in teraural attenuat ion  largely reflects the dif-
ference in  im pedance betw een  air  and  the skull, resulting in  re-
ject ion  of energy w hen  AC sound  penetrates and  sets the  skull
bones  and  the  cochleae  in to  vibration;  lit t le  loss  of  in tensity
then  occurs as the  sound  travels by BC through  the  skull bones
to  the  cochleae  of both  ears. If a  tone  is  presented  to  the  right
ear  at  70 dB HL by  AC (through  the  earphone), then  it  is  esti-
m ated  to  arrive  at  the  cochlea  of the  left  ear  at  30 dB HL. Thus,
the  crossover  level of that  70-dB HL tone presented  to the  TE is
30 dB HL. Cross-hearing occurs if the BC threshold  of the NTE is
su cien t  to  hear  the  crossover  level (i.e., is  30 dB HL or  better
in  th is example). If cross-hearing occurs, then  the unm asked  AC
threshold  for  the  TE represents  the  hearing  sensitivity  of the
NTE rather  than  that  of the  TE;  m asking of the  NTE is required
to  establish  the  t rue  AC threshold  of the  TE. A general rule  for
AC m asking, based  on  th is  in teraural  attenuat ion  for  AC, is  to
m ask  w henever  the  threshold  of the  TE m inus 40 dB equals  or
exceeds the  BC threshold  (or  AC threshold  since  the  AC thresh-
old  som etim es  is  slightly  better  than  the  BC threshold).  The
need  to obtain  a m asked  AC threshold  should  be based on  com -
parison  of the AC threshold  for  the TE w ith  the AC threshold  for
the  NTE. For  example, if the  right  ear  AC threshold  is  20 dB HL
and  the  left  ear  AC threshold  is  70 dB HL, then  the  m asked  left
ear  AC threshold  needs  to  be  obtained  w ith  m asking  noise  in
the right  ear. The m asked  AC threshold  can  be equivalent  to the
unm asked  AC threshold  or  up  to about  60 or  65 dB poorer  than
the  BC threshold  of the  TE because  the  largest  possible  ABG is
approxim ately 60 to 65 dB.

The  results  of several studies  suggest  that  the  in teraural at-
tenuat ion  for  inser t  earphones is significantly greater  than  that
for  tradit ional supra-aural earphones. Thus, we suggest  the fol-
low ing rule w hen  inser t  earphones are used: If the depth  of the
inser t  earphone  inser t ion  is  deep, then  consider  the  in teraural
attenuation  to  be  65 dB at  250  and  500 Hz, and  55 dB at  the
higher frequencies; if the depth  of the inser t earphone inser t ion
is shallow, then  use  in teraural attenuat ion  values that  are  5 dB
lower than  those for deep insertion.

The  in teraural attenuation  for  BC sounds  is  essentially  0 dB,
w hich  m eans that  sounds delivered  through  the bone oscillator
travel by BC to the cochleae of both  ears, essentially w ith  no loss
in  in tensity. If a tone is presented  to the right  ear at  70 dB HL by
BC (through  the bone oscillator), then  it  is estim ated to arr ive at
the  cochlea of the left  ear  at  70 dB HL (70 dB HL – 0 dB interau-
ral attenuation). Because the in teraural attenuation  for BC is ap -
proxim ately  0 dB, the  unm asked  BC threshold  represents  the
better  cochlea,  regardless  of  w hether  the  bone  vibrator  is
placed  on  the  right  or  left  m astoid  process  of  the  temporal
bone. Thus, the  unm asked  BC threshold  is  needed  for  only one
ear, and  the  obtained  BC threshold  represents  the  cochlear  in-
tegrity of the  better  ear. The  ABG should  be  exam ined  in  each
ear  to determ ine the  need  for  obtaining a  m asked  BC threshold
w hereby the true BC threshold  for  the TE is obtained  by using a
bone  vibrator  on  the  m astoid  process  of the  TE w hile  m asking
noise  is  presented  by  AC through  an  earphone  on  the  NTE. If
the  ABG in  a  given  ear  exceeds  10 dB,  then  the  m asked  BC
threshold should be obtained.

Consider  an  example  in  w hich  the  unm asked  BC threshold
is  30 dB HL, the  righ t  AC is  30 dB HL, and  the  left  ear  is  40 dB
HL. In  th is  example, the  left  BC threshold  m ust  be  30 dB HL (it

cannot  be  any  better  than  the  unm asked  BC threshold, and  it
cannot  be  poorer  than  the  AC threshold  of that  ear). In  the  left
ear, the best  the BC threshold  can  be  is 30 dB HL, and  the worst
it  can  be  is  40 dB HL (equivalent  to  the  righ t  AC threshold).
Thus, m asking is unnecessary in  th is situation  as we can  consid-
er  the BC threshold  to be 30 dB HL, bilaterally. Consider another
example  in  w hich  the  unm asked  BC threshold  is  30 dB HL, but
the  right  and  left  AC thresholds are  50 dB HL. In  th is  example,
the  ABG is  20 dB, bilaterally, so  m asked  BC thresholds  need  to
be  obtained  for  both  ears. The  clin ician  obtains  the  m asked  BC
threshold first  for the righ t ear, putt ing m asking noise in  the left
ear, and  obtains  a  right  m asked  BC threshold  of 45 dB HL. This
sh ift  would  obviate  the  need  for  obtaining  the  m asked  BC
threshold  for  the left  ear, w hich  can  be  assum ed  to be  30 dB HL
(the  unm asked  BC threshold), w hich  has  to  represent  the  BC
threshold  for  at  least  one  ear. If, however, the  righ t  m asked  BC
threshold  did  not  change  significantly from  30 dB HL, then  the
left  m asked  BC threshold  would  need  to be  obtained  because  it
could be 30, 35, 40, 45, or 50 dB HL.

The  situation  for  m asking during speech  audiom etry is sim i-
lar  to the situat ion  for  pure-tone testing except  that  the speech
level in  the  TE is  compared  against  each  BC threshold  (and  AC
threshold  to be conservative) at  all frequencies. Masking should
be  em ployed  w henever  the  speech  level in  the  TE exceeds any
AC or BC of the NTE by 40 dB or m ore.

Masking  cannot  always  be  achieved  because  in  som e  situa-
tions the m asking noise in  the NTE w ill cross over and reach  the
BC threshold  of the TE, thereby resulting in  cross-hearing of the
noise  by  the  TE. In  such  a  situation, the  m asking  noise  in  the
NTE has  confounded  threshold  m easurem ent  in  the  TE. This  is
term ed a m asking dilem m a. The audiom etric configuration  that
is m ost  likely to be  associated  w ith  a m asking dilem m a is m ax-
im al bilateral ABGs. For example, let  us consider the situation  in
w hich  the  unm asked  BC threshold  is  10 dB HL and  the  un-
m asked  AC threshold  is  60 dB HL.  In  th is  example,  w hen  a
m asked  BC threshold  is  obtained  for  one  of the  ears, say  the
right  ear, a  relat ively high  start ing level of m asking noise  needs
to  be  in troduced  in to  the  left  ear  because  the  AC threshold  is
relatively  h igh  there. It  is  possible  that  the  noise  crosses  from
the  NTE to  the  TE w ith  an  in teraural attenuation  of 40 dB (the
noise  is  presented  by  AC)  and  m ay  reach  the  BC threshold  of
10 dB in  the TE, thereby elevating the BC threshold in  the TE.

� Fig. 114.4  show s the  unm asked  and  m asked  pure-tone and
speech  results in  a patient  w ith  an  asym m etric hearing loss.

114.4  Physiologic Measures of
Auditory Funct ion
114.4.1  Acoust ic Adm it tance Test ing
A tym panogram  is a  graph  of the  adm ittance  (Y) of the  m iddle
ear  as a  funct ion  of the  air  pressure  in troduced  in to the  ear  ca-
nal through  a probe inser ted  in to the ear canal. The variat ion  in
air  pressure  generally  is  in  the  range  of about + 200  to  –300
decapascals  (daPa)  A  probe  tone  is  in t roduced  th rough  a
speaker  in  the  probe  assem bly;  som e  of the  energy is  adm it-
ted  in to  the  m iddle  ear  th rough  the  t ym pan ic  m em brane,
and  som e  of  the  energy  is  rejected  at  the  tym pan ic  m em -
brane.  The  m icrophone  in  the  probe  assem bly  picks  up  the
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Fig. 114.4  The  unmasked  and  masked  pure-tone  and  speech results in  a  patient  with  an  asymmetric hearing  loss. Note  that  the  unmasked  air
conduction (AC) thresholds for the right  ear range between 0 and 15 dB HL, consistent  with normal hearing sensitivity. The unmasked AC thresholds
for the left  ear, ranging between 50 and 60 dB HL, are 40 to 50 dB poorer than the AC thresholds for the right  ear; because the interaural at tenuation
for AC is 40 dB, subtracting  40 dB from  the  unmasked  AC thresholds of the  left  ear indicates that  the  right  ear may be  cross-hearing  the  tones
presented to the left  ear; therefore, masking noise was presented to the right  ear while the AC thresholds were reestablished in the left  ear to obtain
the true masked AC thresholds for the left  ear. The levels of masking noise are  shown in the table below (test  ear left, noise  in R), mode AC, and the
masked left  AC thresholds (see box symbols) are shown at  levels between 60 and 80 dB HL. Note that  the unmasked bone conduction (BC) thresholds
were obtained with the bone vibrator placed on the left  ear; these thresholds, between 0 and 15 dB HL, reflect  the integrity of the cochlea on the right
side  because  the  interaural at tenuation of BC is 0 dB, and  the  ear with the  better cochlea is the  right  ear. To determine the  masked true  left  ear BC
thresholds, masking  noise  was presented  to the  right  ear while  the  BC thresholds were  reestablished  in  the  left  ear. The  levels of masking  noise  are
shown in the  table  below (test  ear left, noise  in  R), mode  BC, and  the  masked  left  BC thresholds (see  bracket  symbols) are  shown at  levels that  are
between  more  than  40 dB HL at  250 Hz (output  limit  for BC is 40 dB at  that  frequency) and  70 dB HL at  4000 Hz. Thus, this patient  has a  flat
sensorineural hearing loss in the left ear of moderately severe degree. The speech table shows that  the speech recognition threshold (SRT) is 5 dB HL in
the  right  ear, consistent  with  the  normal-hearing  pure-tone  threshold  levels in  that  ear; the  unmasked  SRT in  the  left  ear is 50 dB HL. Because  the
interaural at tenuation for speech AC stimuli is about  40 dB, and because some of the right  AC and BC thresholds are 10 dB HL or better, the  right  ear
may be  cross-hearing  the  speech stimuli presented  to the  left  ear, so  the  left  masked, true  SRT needs to be  reestablished  while  masking  noise  is
presented in the right ear. The masked left  SRT is 65 dB HL, consistent  with the masked left  pure-tone AC thresholds. As the speech table shows, word
recognition testing was done at 35 dB SL re: SRT in the right ear (so the presentation level was the SRT level of 5 plus 35 dB, which equals 40 dB HL) and
at  30 dB SL re: SRT in the left  ear (so the presentation level was the SRT level of 65 plus 30 dB, which equals 95 dB HL). With a word-presentation level
of 40 dB in the right ear, the crossover level into the left  ear is 0 dB HL, so cross-hearing by the left  ear is not possible, and masking noise in the left  ear
was not needed while the word recognition score was obtained for the right ear, which was 100%. But  with a word-presentation level of 95 dB HL in the
left  ear, the  crossover level is 95 dB – 40 dB= 55 dB HL, resulting  in  cross-hearing  in  the  right  ear. Thus, masking  noise  was needed  in  the  right  ear
(75 dB HL of masking  was used) while  the  word  recognition score  was obtained  for the  left  ear, which was 76%. ANSI, American National Standards
Institute; dB HL, decibels hearing  level; dB SL, decibels sensation level; LE, left  ear; RE, right  ear.
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rejected  energy and  t ransm it s it  to  a  device  that  m easures its
adm it tance  in  m illim hos (m m ho). The adm it tance  of the  m id-
dle  ear  provides  in form ation  regarding  the  presence  of  any
sti en ing  (e.g.,  otosclerosis)  or  loosen ing  (e.g.,  m ass  lesion
such  as ossicular  d iscon t inuit y) in  the  m iddle  ear.

Tym panom etric Peak Pressure
The  peak  of the  tym panogram  occurs  w hen  the  ear  canal  air
pressure  against  the  lateral  side  of  the  tym panic  m em brane
from  the probe assem bly inserted in  the ear canal equals the air
pressure  exerted  laterally from  the  m iddle  ear  against  the  m e-
dial side  of the  tym panic m em brane. The  air  pressure  at  w hich
this  occurs  is  referred  to  as  the  tym panom etric  peak  pressure
(TPP), m easured  in  decapascals. The TPP also represents the ear
canal air  pressure  at  w hich  the  adm ittance  of acoustic energy
into the m iddle ear from  the ear canal is m axim al (� Fig. 114.5).
Although  it  correlates closely w ith  m iddle ear  pressure, the TPP
is not  an  exact  m easurem ent  of the  pressure  in  the  m iddle  ear.
In  patients older  than  12  years of age, the  TPP is  considered  to
be w ith in  norm al lim its if it  is greater  than  –50 daPa. A TPP that
is equal to or  m ore  negative than  th is cuto reflects eustachian
tube  dysfunct ion  in  that  ear, w ith  or  w ithout  m iddle  ear  e u-
sion; the TPP is obliterated  (beyond  the negative lim it  of the air
pressure  range em ployed  by the  device) w hen  the fluid  level in
the  m iddle  ear  in  cases  of m iddle  ear  e usion  is  su cient  to
reach the ossicles.

Peak-Com pensated Stat ic-Acoust ic Adm it -
tance and Equivalent  Ear Canal Volum e
The  peak-com pensated  static-acoustic  adm ittance  (in  m illi-
m hos) is obtained  from  the tym panogram . When  the tym pano-
gram  is run  at  “baseline  on” (� Fig. 114.5b), the  device  w ill ex-
clude  the  adm ittance  from  an  extrem e  ear  canal  air  pressure
such  as + 200 or –300 daPa, w hich  grossly represents the adm it-
tance  of the  ear  canal (term ed  the  equivalent  ear  canal volum e
in  cubic  cent im eters), from  the  tym panogram . So, the  tails  of
the  tym panogram  generally  w ill be  at  about  0 m m ho, and  the

peak-compensated  static-acoustic adm ittance, in  m m ho, w hich
can  be read  from  the  ordinate  at  the  peak height  of the tym pa-
nogram , essentially is the adm ittance of the m iddle ear. For  the
226-Hz probe tone, 1 m m ho = 1 cm 3. If the  tym panogram  is run
at  “baseline  o ” (� Fig. 114.5a), then  the  adm ittance  at  the  TPP
represents the  com bined  adm ittance  of the  outer  ear  and  m id-
dle ear, and the clin ician  m ust  subtract  the displayed equivalen t
ear  canal volum e  from  this  com bined  adm ittance  of the  outer
ear  and  m iddle  ear  to  derive  the  peak-compensated  static-
acoustic adm ittance.

A norm al range for  peak-com pensated  stat ic-acoust ic adm it-
tance is approxim ately 0.35 to 1.30 m m ho. A peak-com pensated
static-acoustic  adm ittance  that  is  sign ificantly  reduced
(< 0.35 m m ho)  is  consisten t  w ith  the  presence  of a  sti ening
m iddle  ear  disorder.  A peak-com pensated  stat ic-acoustic  ad-
m ittance that  is significantly increased  (> 1.30 m m ho) is consis-
tent  w ith  the  presence  of ossicular  discontinuity or  a  sti ening
m iddle  ear  pathology  in  conjunct ion  w ith  a  flaccid  tym panic
m em brane  (or  healed  tym panic m em brane  perforation)  w hen
significant  ABGs are  present. Because  of the  considerable  over-
lap  in  peak-com pensated  static-acoustic  adm ittance  betw een
norm al  and  pathologic  ears,  th is  param eter  should  be  in ter-
preted  in  conjunction  w ith  the  audiom etric and  other  acoust ic
adm ittance  findings. An  abnorm ally large  value  of the  equiva-
lent  ear  canal  volum e  (Vec), above  2.5 cm 3 in  adults  or  above
2.0 cm 3 in  children, is consistent  w ith  the presence of tym panic
m em brane perforation  or a patent  tym panostomy tube. In  such
cases, the  tym panogram  w ill appear  to  be  flat  because  the  TPP
w ill be  absent. If the  Vec in  a  patient  w ith  a  know n  tym panos-
tomy tube  is  sign ificantly  below  2.5 cm 3 in  an  adult  or  signifi-
cantly below  2.0 cm 3 in  a child, then  the finding m ay be sugges-
tive  of  a  blocked  tym panostomy  tube;  in  such  cases,  if  the
blockage  is  lim ited  to  the  tym panostomy  tube, a  TPP w ill  be
seen , probably w ithin  norm al lim its.

The shape  of the  tym panogram  tradit ionally has been  classi-
fied  as type  A, type  AD, type  As, or  type  B (� Fig. 114.6). Type A,
w ith  a  norm al TPP and  norm al peak  am plitude, is  in terpreted
as consisten t  w ith  norm al m iddle  ear  funct ion. Type  AD, w ith  a
greater  than  norm al  peak  am plitude  or  a  peak  in  w hich  the

Fig. 114.5  (a) A tympanogram  obtained  in  the
baseline-off mode. (b) A tympanogram  obtained
in the  baseline-on  mode. The  tympanometric
peak pressure (TPP) is 5 daPa in (a) and is 0 daPa
in (b). Note  that  in  the  tympanogram  in  (a), the
ear canal volume (Vec) can be  read by looking at
the ordinate value associated with an air pressure
of + 200 daPa and  also  by reading  the  C1 value
(1.0) below the  tympanogram. The  value  of
1.7 ml represents the  combined  admit tance  of
the  outer and  middle  ear, so  the  peak-compen-
sated  static-acoustic admit tance  is obtained  by
subtracting  the  C1 value  (1.0) from  the  ml value
at  the  TPP (1.7) to  yield  0.7 mmho. In  the
tympanogram  in  (b), the  Vec cannot  be  read
from  the  tympanogram  curve; the  value  is
displayed below the tympanogram  as 1.2 cc. The
peak-compensated  static-acoustic admit tance  is
the  value  (1.0 mmho) on the  ordinate  associated
with the  TPP; it  also  is displayed  below the
tympanogram.
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Fig. 114.6  The  various admit tance  tympanogram  (baseline  on) types for the  226-Hz probe  tone. (a) Type  A tympanogram  with  a  normal
tympanometric peak pressure  (TPP) of 5 daPa and a normal peak-compensated  static-acoustic admit tance  of 0.5 mmho. (b) Type  AS tympanogram
with a normal TPP (–10 daPa) but  a reduced peak-compensated static-acoustic admit tance (0.2 mmho). (c) Type C tympanogram  with a significantly
negative  TPP (–115 daPa). (d) Type  AD tympanogram  with  an  abnormally increased  peak-compensated  static-acoustic admit tance  (1.7 mmho).
(e) Type  B tympanogram  is flat, with  an  absent  TPP.

Diagnost ic Audiology

886



righ t  and  left  slopes  do  not  m eet, is  consistent  w ith  increased
adm ittance of sound  energy in  the m iddle  ear, w hich  can  occur
w ith  ossicular  discontinuity. Type  As, characterized  by  a  peak
am plitude  that  is  reduced  and  a  norm al  TPP, has  been  in ter-
preted  as  consistent  w ith  a  sti ening  m iddle  ear  pathology,
such  as  ossicular  fixation . Type  C, w ith  a  significantly negative
TPP, has  been  in terpreted  as  consistent  w ith  eustachian  tube
dysfunct ion. Type  B is  consistent  w ith  an  associated  pathology
that  produces greatly increased  sti ness, such  as m iddle  ear  ef-
fusion , or  a  condition  such  as tym panic m em brane perforation ,
in  w hich  the  adm ittance  in  the  m iddle  ear  does  not  vary w ith
air  pressure. However, we  believe  it  is m ore  useful to  in terpret
TPP and peak-com pensated static-acoustic adm ittance first  sep-
arately  and  then  together,  rather  than  to  in terpret  just  the
shape  of  the  tym panogram . If  these  tym panogram  classifica-
tions  are  used, then  the  peak  am plitude  should  be  considered
norm al  if the  peak-compensated  static-acoustic  adm ittance  is
w ithin  the  norm al range;  sim ilarly, the  peak am plitude  should
be  considered  reduced  if the  peak-compensated  static-acoustic
adm ittance  is  below  the  norm al  range, and  it  should  be  con-
sidered  increased  if  the  peak-compensated  static-acoustic
adm it tance  is  beyond  the  norm al range. Type  C should  not  be
interpreted  as  consisten t  w ith  the  absence  of m iddle  ear  e u-
sion. Also, because  m any st i en ing and  m ass lesions m ay have
peak-compensated  static-acoustic  adm it tance  values  w ith in
the  norm al  range, m any  of  these  sti en ing  and  m ass  lesions
yield  a  norm al type  A tym panogram .

High-Frequency Tym panom etry in  Older
Children and Adults
As m ent ioned  in  the  previous sect ion, significantly high  peak-
compensated  static-acoustic  adm ittance  values  can  be  seen  in
ears  w ith  ossicular  discontinuity and  in  ears  w ith  otosclerosis
in  conjunction  w ith  either  a  flaccid  tym panic m em brane  or  a
healed  tym panic m em brane  perforation. However, these  path-
ologies also  can  yield  peak-compensated  static-acoustic adm it-
tance  values  w ithin  the  norm al  range.  When  peak-com pen-
sated  static-acoustic  adm ittance  exceeds  0.75 m m ho  and  the
audiogram  show s  significant  ABGs, consistent  w ith  the  pres-
ence  of  m iddle  ear  pathology, h igh-frequency  tym panom etry
perform ed  w ith  the  678-Hz  probe  tone  m ay help  di erentiate
betw een  ossicular  discontinuity and  ossicular  fixation  w ith  ei-
ther  a  flaccid  tym panic m em brane or  a  healed  tym panic m em -
brane perforation.

In  order  to  perform  high-frequency tym panom etry w ith  the
678-Hz probe  tone, the  m ajor  components of adm ittance—sus-
ceptance and  conductance—have to be  exam ined. Acoustic sus-
ceptance  comprises  sti ness  susceptance  and  m ass  suscep-
tance. The  form er  represents  the  acceptance  of sound  energy
into sti ness; the latter  represents the  acceptance of sound  en-
ergy  in to  m ass.  Conductance  represents  the  acceptance  of
sound  energy in to resistance. With  the  226-Hz probe  tone, the
adm ittance  (Y)  tym panogram  is  obtained.  With  the  678-Hz
probe  tone, tym panogram s  for  the  susceptance  component  of
adm ittance  (sym bol is  B)  and  for  the  conductance  component
of adm ittance  (sym bol is G) are  obtained. The  susceptance  and
conductance tym panogram s for  th is probe tone frequency have
certain  characteristics for  ears w ith  ossicular  discontinuity that
di er  from  the characteristics for  ears w ith  ossicular  fixation  in

conjunct ion  w ith  either  a  flaccid  tym panic  m em brane  or  a
healed tym panic m em brane perforat ion .

� Fig. 114.7  illustrates  h igh-frequency  tym panogram s  (678-
Hz  probe  tone) for  an  ear  w ith  ossicular  discontinuity and  for
an  ear  w ith  otosclerosis in  conjunct ion  w ith  a  flaccid  tym panic
m em brane  or  a  healed  tym panic m em brane. Note the  m ultiple

Fig. 114.7  High-frequency tympanometry (660-Hz probe  tone) for an
ear with  ossicular discontinuity and  for an  ear with  otosclerosis in
conjunction  with  a  flaccid  tympanic membrane  or a  healed  tympanic
membrane. The  susceptance  (B) and  conductance  (G) tympanograms
are shown for each ear. Both of these  ears had abnormally large peak-
compensated  static-acoustic admit tance  values on  the  admit tance
tympanogram  for the low-frequency probe tone (not  shown here). (A)
and  (B) show the  B and  G tympanograms for the  ear with  ossicular
discontinuity. The findings are consistent  with ossicular discontinuity as
more than 3 extrema (positive and negative peaks) are  seen for G and
more  than 5  extrema are  seen  for B. (C) and  (D) show the  B and  G
tympanograms, respectively, for an  ear with  otosclerosis and  a flaccid
tympanic membrane. This ear shows 3  extrema for the  B tympano-
gram  and  3  extrema for the  G tympanogram, and  the  number of
extrema does not exceed normal limits, so ossicular discontinuity is not
present. (Used with permission from  Silman S, Silverman CA. Auditory
Diagnosis: Principles and  Applications. San Diego, CA: Singular
Publishing; 1997. )
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positive and  negative peaks (called  extrem a) for both  the B and
G tym panogram s in  the  case  of the  ear  w ith  ossicular  disconti-
nuity. More than  5 peaks are  present  for  both  the B and  G tym -
panogram s, consisten t  w ith  the presence of a m ass-loaded m id-
dle  ear  system , w hich  has  shifted  the  resonance  frequency  of
the m iddle ear dow nward from  the norm al of around 900 Hz. In
contrast, note  that  on ly three  extrem a  are  seen  in  the  B and  G
tym panogram s in  the  ear  w ith  otosclerosis  and  a  flaccid  tym -
panic m em brane  or  a  healed  tym panic m em brane  perforation.
The  criteria  for  abnorm al h igh-frequency  (678-Hz  probe  tone)
tym panom etric  findings  are  as  follow s:  (1)  m ore  than  5  ex-
trem a  for  the  B tym panogram ;  or  (2) m ore  than  3  extrem a for
the  G tym panogram ;  or  (c)  the  air  pressure  in terval  betw een
the  outerm ost  extrem um  for  a  tym panogram  w ith  5  extrem a
(either B or G) exceeds 100 daPa, or  the air  pressure in terval for
the  outerm ost  extrem um  for  a  tym panogram  w ith  3  extrem a
(either  B or  G)  exceeds  75  daPa. The  air  pressure  in terval be-
tween  the  outerm ost  extrem um  in  the  ear  w ith  ossicular  dis-
continuity w ith  a flaccid  tym panic m em brane or a healed  tym -
panic m em brane perforation  is less than  75 daPa for both  the G
and  B tym panogram s;  th is  finding, along  w ith  the  num ber  of
extrem a not exceeding 3 for both  the B and G tym panogram s, is
consistent  w ith  the  absence  of  ossicular  discontinuity  and
points  to  ossicular  fixation  w ith  a  flaccid  tym panic m em brane
or a healed tym panic m em brane perforat ion .

114.4.2  Acoust ic Reflex Threshold and
Decay
The  acoustic reflex prim arily involves contract ion  of the  stape-
dius m uscle in  response to a su ciently in tense sound. The sta-
pedius  m uscle  originates  from  the  pyram idal em inence  on  the
posterior  wall of the  tym panic cavity of the  m iddle  ear, and  its
tendon  inserts  on to  the  neck  of  the  stapes. Act ivation  of  the
acoustic reflex decreases the  volum e  of the  m iddle  ear  as con-
traction  causes m edial m ovem ent  of the  ossicles and  tym panic
m em brane  m edially. The  decreased  volum e  leads  to  increased
sti ness, resulting in  the  reject ion  of sound  energy (decreased
adm ittance of sound in  the m iddle ear).

The  acoustic reflex is  bilateral, even  for  acoust ic signals  pre-
sented  to only one ear. Therefore, the change in  acoustic adm it-
tance elicited  by a sound  can  be  m onitored  either  in  the ear  re-
ceiving  the  in tense  auditory  signal  (ipsilateral  acoust ic  reflex
threshold  testing) or  in  the  opposite  ear  (contralateral acoust ic
reflex  threshold  testing).  Ipsilateral  acoustic  reflex  threshold
(ART) testing involves, like  tym panom etry, inser tion  of a  probe
assem bly in to  one  ear. An  in tense  act ivator  (e.g., at  500, 1000,
and/or  2000 Hz) is presented  through  the  speaker  of the  probe
assem bly in to  the  ear  canal. The  clin ician  adjusts  the  air  pres-
sure to m atch  the TPP through  one of the tubes of the probe as-
sem bly. A constant  probe tone (typically 226 Hz) at  about  85 dB
SPL also  is in troduced  in to the  ear  canal through  the  probe  as-
sem bly. A m icrophone  in  the  probe  assem bly m easures the  dB
SPL in  the  ear  canal, and  the  acoustic  adm ittance  device  con-
verts  that  reading  in to  acoustic  adm ittance.  If  the  acoustic
reflex does not  occur, then  no change in  dB SPL or  acoust ic ad-
m ittance occurs. If the acoustic reflex is elicited  by a su ciently
intense  act ivator, the  dB SPL and  acoust ic  adm ittance  w ill  in-
crease because of the e ect  of the acoust ic reflex on  the m iddle
ear  volum e and  adm ittance. Contralateral ART testing is sim ilar

to ipsilateral ART testing, except  that  the  act ivator  is presented
through  an  insert  in  the  ear  canal opposite  to  the  one  that  has
the  probe  assem bly. The  in tensity  of the  activator  is  increased
in  one ear  until a  deflection  is observed  in  the  contralateral ear
w ith  the  probe  assem bly. The  ARTs  generally  are  reported  for
each  ear  for  each  act ivator  (convent ionally  500,  1000,  and
2000 Hz) for the ipsilateral and/or contralateral m ode of testing.
The ART is labeled  for  the ear  that  receives the act ivator. There-
fore, for  contralateral  ART testing, if the  probe  assem bly  is  in
the  right  ear, the  act ivator  is  in  the  left  ear, and  the  recorded
ART is the left  contralateral ART because the activating sound in
the left  ear  tr iggered the acoust ic reflex.

The  ART represents  the  lowest  sound  in tensity  that  yields  a
detectable  decrease  in  acoustic  adm ittance  on  the  readout  of
the acoustic adm ittance device w hen the device is set  to display
the  acoustic adm ittance as a  funct ion  of tim e lapsing from  pre-
sentation  of the sound.

The  ARTs  are  a ected  by  conductive  pathology,  significant
sensorineural  hearing  im pairm ent  att ributed  to  cochlear
causes, and  disorders  of  the  acoust ic  reflex  arc, w hich  a ect
cranial nerve  VIII (cochleovestibular  nerve), the  cochlear  nuclei
of the  auditory brainstem , the  superior  olivary complex of the
auditory brainstem , the  m otor  nucleus of cranial nerve  VII (fa-
cial nerve), or  cranial nerve  VII, w hich  innervates the  stapedius
m uscle. The acoustic reflex pattern  can  be  predicted  by consid-
ering w hether  the pathology a ects the  a erent  acoustic reflex
arc  and/or  the  e erent  acoustic  reflex  arc. In  the  case  of  the
acoustic reflex, the  a erent  (sensory) arc involves sound  trans-
m ission  through  the  outer  ear, m iddle  ear, cochlea, cochleoves-
tibular  nerve,  cochlear  nuclei,  and  superior  olivary  complex.
The e eren t  (m otor) arc involves the m otor nucleus of the facial
nerve, facial nerve, stapedius, and stapes.

A cochlear hearing loss of approxim ately 50 dB or m ore is suf-
ficien t  to  a ect  the  ART by  elevating  it  or  m aking  it  absent.
Cochlear hearing losses involve the a erent  arc, so, for example,
if the hearing loss is in  the right  ear, then  the right  contralateral
ART and right  ipsilateral ART w ill be a ected because right  con-
tralateral and  right  ipsilateral acoustic reflex testing involve ac-
tivator  presentation  to  the  right  ear,  w hich  then  carries  the
auditory inform ation  through  the  right  cochleovestibular  nerve
to the superior olivary complex. The e ect  is frequency specific,
so  the  ART is  a ected  at  activator  frequencies  w ith  significant
cochlear hearing loss. Vestibular  schwannom as also involve the
a eren t  arc in  a  sim ilar  m anner  to  cochlear  hearing losses, ex-
cept  that  the e ect  on  the ART is m ore pronounced  than  that  of
cochlear  hearing  losses  and  the  frequency  e ect  is  unpredict-
able. The Silm an  and  Gelfand  90th  percentiles, w hen  applied  to
the  contralateral  ARTs,  can  enable  di erentiat ion  betw een
cochlear and  retrocochlear lesions and  can  enable the detect ion
of retrocochlear  pathology w hen  the  hearing sensitivity is nor-
m al  and  ABGs  are  not  present. The  90th  percentiles  establish
the cuto s for the e ect of cochlear pathologies of varying m ag-
nitudes and  norm al hearing sensitivity. Therefore, if the  ART is
elevated  beyond  the  90th  percent ile  (and  ABGs  are  absent),
then  the  finding m ay be  consistent  w ith  retrocochlear  pathol-
ogy. The  90th  percentiles cannot  be  applied  w hen  the  cochlear
hearing loss reaches a m agnitude of 80 dB HL or m ore.

A facial nerve  lesion  that  is  m edial to the  origin  of the  nerve
to  the  stapedius  m uscle  can  a ect  the  ART by a ect ing the  ef-
feren t  arc. Therefore, if the  lesion  a ects  the  right  facial nerve
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m edial to the branch  to the stapedius, then  the left  contralateral
ART and  right  ipsilateral  ART w ill  be  a ected  (elevated  or  ab-
sent) at  one  or  m ore  frequencies;  left  contralateral ART testing
involves the a ected  e erent  arc on  the right  side, and  right  ip -
silateral ART testing involves the a ected e erent  (as well as af-
feren t) arc on  the r ight side.

A conductive  pathology  has  dual  e ects. The  a erent  arc  is
a ected  because  sound  transm ission  through  the  m iddle  ear  is
a ected  by  the  ABG. The  e erent  arc  is  a ected  because  the
pathology prevents  acoustic reflex contraction  in  the  ear  w ith
the  conductive  pathology  at  all  act ivator  frequencies.  In  the
case  of a  righ t  m iddle  ear  e usion, the  right  contralateral ART
w ill be elevated  or absent  at  a given  act ivator frequency accord-
ing  to  the  m agnitude  of the  ABG at  that  frequency, w hich  af-
fects  the  a erent  arc;  the  act ivator  is  in  the  ear  w ith  the  ABG
(a erent  arc), and  the  probe  assem bly  is  in  the  norm al ear  in
w hich  the  acoustic  reflex  is  m onitored  (e erent  arc is  in tact).
With  left  contralateral ART testing, the  activator  is  in  the  nor-
m al left  ear  (a eren t  arc), but  the  probe  is  in  the  ear  w ith  the
conductive  pathology;  the  conductive  pathology in  the  left  ear
prevents  the  acoustic  reflex  from  contracting, so  the  e erent
arc is a ected  and  the left  contralateral acoustic reflexes w ill be
absent at  all act ivating frequencies. The right  ipsilateral ARTw ill
be  absent  for  all activators because  the  e erent  arc is im paired
by  the  conductive  pathology  in  that  ear,  w hich  prevents  the
acoustic reflex from  contract ing. The left  ipsilateral ART w ill be
present at expected levels as both  the act ivator and probe are in
the  norm al ear. ARTs are  m ore  sensitive  to  conduct ive  pathol-
ogy than  any other acoustic adm ittance m easure. With  bilateral
conductive pathology, right  and left  contralateral and  ipsilateral
ARTs  all w ill  be  absent  at  all  activator  frequencies  because  all
ART testing w ill involve  insert ion  of the  probe  in  an  ear  w ith  a
conductive  lesion  that  a ects  the  e eren t  arc, so  that  acoustic
reflex  contraction  cannot  occur.  Eustachian  tube  dysfunct ion
w ithout  m iddle  ear  e usion  generally is  too  m ild  to  a ect  the
ARTs unless the dysfunct ion  is severe  (extrem ely negative TPP).
Recall  that  ART testing  is  done  at  TPP, w hich  generally  over-
com es the e ect  of the negative TPP.

114.4.3  Acoust ic Reflex Adaptat ion
Acoust ic  reflex  adaptat ion  (ARA)  or  decay  represents  the  de-
crease  in  m agnitude  of the  acoust ic reflex over  t im e  during the
presentation  of an  acoustic stim ulus  over  a  period  of about  10
seconds. Like  ART testing, ARA testing can  be  perform ed  in  the
ipsilateral or  contralateral m ode w ith  the probe tone frequency
at  226 Hz and  act ivating stim uli at  500  and  1000 Hz. The  act i-
vating stim uli are presented  at  10 dB SL re: ART. Thus, ARA m ay
not  be  accom plished  if the  ART is  absent  or  elevated  near  the
output  of the  acoustic  adm ittance  device. If the  m agnitude  of
the  acoustic reflex  decays  by 50% or  m ore  over  a  period  of 10
seconds, then  the  ARA is  recorded  as  positive, possibly consis-
tent  w ith  retrocochlear  pathology.  Di erent iation  betw een  a
retrocochlear lesion  a ect ing the  a erent  arc and  a facial nerve
lesion  (m edial to  the  branch  to  the  stapedius) a ect ing the  ef-
feren t  arc can  be  m ade  based  on  the  comparison  of ipsilateral
and  contralateral ARA findings for  each  ear, sim ilar  to the com -
parisons betw een the ipsilateral and contralateral ARTs.

The sensitivity and false-positive rate for the di erential diag-
nosis  of retrocochlear  pathology  based  on  com bined  contrala-

teral ART testing using the Silm an  and  Gelfand  90th  percent iles
and ARA testing are 83% and 10%, respect ively.

114.4.4  Otoacoust ic Em issions
Otoacoust ic  em issions  (OAEs),  low -level  sounds  generated  in
the  cochlea  of the  inner  ear, can  be  detected  w ith  a  sensitive,
low -noise  m icrophone  placed  w ith in  the  external  auditory
m eatus. They represent  a  by-product  of norm al auditory phys-
iologic  processes  involving  the  in teraction  betw een  the  outer
hair  cells  and  the  t raveling  wave  along  the  basal  m em brane.
Spontaneous  otoacoustic  em issions  (SOAEs)  occur  in  the  ab-
sence  of sound  stim ulat ion . They are  generated  at  specific sites
along  the  basal  m em brane  of  the  cochlea  and  produce  two
waves  t raveling  in  opposite  direct ions. The  wave  t raveling  to-
ward the apical end of the basal m em brane dissipates; however,
the  wave  traveling  backward  in  the  basal direct ion  stim ulates
the  ossicles of the  m iddle  ear  and  tym panic m em brane, gener-
ating sound  in  the  external ear  canal. SOAEs have  lit t le  clin ical
applicability  because  they are  absent  in  approxim ately  30% of
individuals w ith  norm al hearing.

Transien t  otoacoustic em issions (TOAEs) and  distort ion  prod-
uct  otoacoustic  em issions  (DPOAEs)  are  evoked  otoacoustic
em issions because  sound  stim ulat ion  is  necessary for  their  ge-
neration. With  TOAEs, a  cochlear  echo  is  generated  by an  out-
going  wave;  th is  represents  a  reflection  of the  t raveling  wave
along the basal m em brane that  is produced at  a point  of irregu-
larity  along  the  basal m em brane. The  outer  hair  cells  enhance
the  reflected  wave  in  a  nonlinear  m anner, so  dam age  to  these
hair cells adversely a ects the OAEs. The latency of the so-called
cochlear  echo is roughly 3  to 10  m illiseconds, representing the
travel t im e through  the ear  to the poin t  on  the basal m em brane
w here  the  reflected  wave is generated  and  then  the t ravel t im e
for  the  wave  to  be  propagated  back outward. This  m echanism
involving irregularit ies of the basal m em brane and the reflected
traveling  wave  also  underlies  DPOAEs.  With  DPOAEs,  two
short-duration  pure-tone signals of di eren t  frequencies are si-
m ultaneously  presented  in to  the  ear  canal.  Because  of  outer
hair cell nonlinearit ies, in term odulation  distort ion  products are
produced, resulting  in  em issions  at  frequencies  that  represent
certain  sum s  and  di erences  of  the  stim ulating  frequencies.
The  in term odulation  distort ion  product  occurring  at  the  fre-
quency  representing  2f1  –  f2  usually  is  the  one  m easured  and
reported  in  DPOAE testing because th is in term odulation  distor-
tion  product  is  the  largest  of  the  in term odulation  distort ion
products.

Transient  Otoacoust ic Em issions
� Fig. 114.8 show s a tracing for TOAEs in  an  adult  ear  w ith  nor-
m al  hearing  sensitivity  and  norm al  m iddle  ear  funct ion. Sug-
gested  criteria for  a pass result  on  TOAEs are  as follow s: (1) sig-
nal-to-noise  ratio of at  least  6 dB for  at  least  four  of the  follow -
ing  frequencies  (1000 Hz,  2000 Hz,  3000 Hz,  4000 Hz,  and
6000 Hz);  (2)  70% or  greater  stability  of the  stim ulus  peak  dB
SPL;  and  (3)  overall  waveform  reproducibilit y  of at  least  70%.
Studies  show  that  w hen  the  average  pure-tone  thresholds
across  the  en tire  audiom etric  frequency  range  do  not  exceed
20 dB HL, the  probability of passing TOAE testing exceeds  90%.
For average pure-tone thresholds betw een  20 and  40 dB HL, the
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probability of passing TOAE testing declines as the  hearing loss
increases, from  over  90% at  20 dB HL to  approxim ately  50% at
30 dB HL and  approxim ately 8% at  40 dB HL. Thus, a  pass result
of the  TOAE m ay not  rule  out  slight  to  m ild  hearing loss up  to
about  40 dB HL. TOAEs are  obliterated  w ith  conduct ive  pathol-
ogy  for  ABGs  of at  least  20  to  25 dB. They also  are  obliterated
w ith  a  substantially  negative  TPP less  than  or  equal  to  –200
daPa, even  w hen  ABGs  are  not  present. Approxim ately  80% of
patients  w ith  retrocochlear  pathologies  fail  OAEs  testing;  one
reason  for  th is, in  the  case  of vestibular  schwannom as, is  in-
volvem ent of the cochlear artery.

Distort ion Product  Otoacoust ic Em issions
� Fig. 114.9  show s  a  tracing  for  DPOAEs  in  an  adult  ear  w ith
norm al  hearing  sensitivity  and  norm al  m iddle  ear  funct ion.

Various  clin ics  em ploy  di erent  pass  criteria  for  the  DPOAEs.
We suggest  that  the criterion  for a pass result  on  the DPOAEs be
a  signal-to-noise  ratio  of at  least  6 dB at  1000, 2000, 3000, and
4000 Hz;  the  presence  of a  signal-to-noise  ratio  of at  least  6 dB
at  1500, 5000, and  6000 Hz as  well as  at  the  other  frequencies
strengthens a pass finding.

Studies  show  that  w hen  the  average  pure-tone  thresholds
across  the  entire  audiom etric  frequency  range  do  not  exceed
20 dB HL, the probability of passing DPOAE testing exceeds 90%,
sim ilar  to  the  probability  of passing  TOAE testing. For  average
pure-tone thresholds betw een  20 and  25 dB HL, the probability
of passing DPOAE testing declines to about  60% at  25 dB HL. For
average  pure-tone  thresholds  betw een  25  and  40 dB HL,  the
probability of passing DPOAE testing declines fur ther  to  12% at
40 dB HL (for  tradit ional  h igh-level-stim ulus  in tensities).  The
probability  of  passing  DPOAE testing  w ith  average  pure-tone

Fig. 114.8  A transient  otoacoustic emissions (TOAEs) recording in a normal ear. Section A represents the  waveform  (intensity over time) of the click
stimulus. Section B shows the frequency spectrum  (intensity as a function of frequency) for the click stimulus, which has a peak sound pressure level
(SPL) of 78.5 dB in this example. Section C shows a 93% stability of the stimulus peak dBSPL during this recording. Section D shows a 32.3-dB SPL noise
level measured in the ear canal during the recording; with a noise level for rejection of sweeps set  to 47.3 dB, only one sweep was rejected (see  NOISY
XN), which is extremely low. The lower part  of the figure (section E) shows the amplitudes of the section A and section B TOAE waveforms over a 20-
ms period. The  mean amplitude  of the  section  A and  section  B averages of the  response  waveform  (A&B MEAN) is 16.1 dB SPL (section  F). The  A-B
difference (A-B DIFF) is –0.9 dB, indicating that  the noise level in the ear canal is very low. The amplitude of the response (16.1 dB SPL) is shown below
this, with  a waveform  reproducibility (WAVE REPRO) of 98%. Also shown are  the  reproducibility and  signal-to-noise  ratios for each of five  frequency
bands centered  at  1000, 2000, 3000, 4000, and  5000 Hz. Here, the  signal-to-noise  ratios greatly exceed  6 dB at  1000, 2000, 3000, and  4000 Hz.
Section G shows the  frequency analysis of the  noise  (light  shaded area) compared  with  the  frequency analysis of the  TOAEs (dark shaded area).
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thresholds equivalent  to  50 dB HL is  about  5%. Thus, a  pass re-
sult  on  DPOAE testing  m ay  not  rule  out  slight  to  borderline
m oderate  hearing loss up  to  about  40  to  45 dB HL. Like  TOAEs,
DPOAEs are  obliterated  w ith  conductive  pathology for  ABGs of
at  least  20  to  25 dB and  w ith  a  substantially  negative  TPP less
than  or equal to –200 daPa (even w hen ABGs are not  present).

114.5  Auditory Evoked Potent ials
Auditory evoked  poten tials represent  changes in  the  elect roen-
cephalogram  (EEG)  during  auditory  stim ulation.  Recording
electrodes, usually placed  on  the  scalp, detect  the  elect rical ac-
tivity from  the  brain . Recordings of auditory evoked  potent ials
show  the response waveform  (am plitude of the electr ical activ-
ity  elicited  by  the  sound  stim ulation  over  t im e  [latency]).
Because the voltage  of the background  EEG w ith  elect rophysio-
logic noise  is  m uch  larger  than  the  voltage  of the  poten t ial eli-
cited by sound stim ulat ion, averaging of responses to num erous
signal  presentations,  am plification  of  the  response,  response
filtering, and  other  procedures  are  em ployed  to  enhance  the

evoked  potential  and  reduce  the  background  EEG and  noise.
The auditory evoked potent ial tests that have the greatest  appli-
cation  for  otolaryngologists  include  electrocochleography
(ECochG), auditory brainstem  response (ABR) testing, and  audi-
tory steady-state response (ASSR) testing.

114.5.1  Elect rocochleography
The  evoked  potent ials  that  are  typically  recorded  and  in ter-
preted  in  ECochG include the sum m ating poten t ial (SP) and  the
action  potential  (AP). The  SP is  a  direct  curren t  poten tial  that
represents the  extracellular  act ivity of the  hair  cells  w ithin  the
organ  of Cort i of the cochlea. Its am plitude is on  the scale of m i-
crovolts (µV), ranging from  about  a fract ion  of a m icrovolt  up  to
about  1  µV in  a  norm al  ear,  for  extratym panic  placem ent .
Slightly  larger  am plitudes  are  obtained  w ith  transtym panic
placem ent. The AP is an  alternating-polarity potential that  rep-
resents the  synchronous firing of the thousands of fibers of the
auditory nerve for  a  short-duration  stim ulus such  as a  click. Its
am plitude  also is on  the  scale  of m icrovolts, typically about  2.0

Fig. 114.9  A distortion product  otoacoustic emissions (DPOAEs) recording. The  f2/f1 ratio, shown at  the top of the recording, is 1.221. The intensities
for f1 and f2, also shown at  the top of the recording, are 65 dB SPL and 55 dB SPL, respectively. The “Ear canal response” shows the frequency spectrum
of the noise in the ear canal before testing is initiated. The DP-gram is a frequency spectrum. The light and dark shaded areas in the DP-gram show the
frequency spectrum  of the  noise  levels during  testing. The  open circles show the  intensity of the  emissions at  each frequency, usually f2, as shown
here. The SPL values for the emissions should be compared against  the SPL values of the noise to determine the signal-to-noise ratio. In this example,
the  SPL values for the  emissions are  substantially more  than 6 dB greater than the  noise  levels across the frequency range. The  graph labeled  “noise
distribution” shows the  amplitude  distribution of the  noise  floor.
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µV, but  can  be  as  large  as  about  5  µV Its  latency  ranges  from
about 1.3 to 1.7 m illiseconds (roughly around 2.0 m illiseconds);
the latency of the SP, w hich  precedes the AP, is slightly less than
that of the AP.

ECochG can  be  perform ed  w ith  the  transtym panic or  extra-
tym panic placem ent  of the  act ive (noninverting) electrode. The
form er  involves  inser tion  of  a  needle  elect rode  through  the
tym panic m em brane  onto  the  prom ontory of the  cochlea  and
generally  is  done  under  local  anesthesia.  It  is  m ore  invasive
than  ECochG recorded  w ith  extratym panic  elect rodes.  Extra-
tym panic placem ent  can  involve  placem ent  of an  elect rode  at
the  tym panic m em brane  or  m ore laterally in  the  ear  canal. The
TIPtrode  (Etym otic  Research , Elk  Grove  Village, IL)  extratym -
panic elect rode is a gold foil–w rapped inserted earphone w ith  a
foam  tip  that  is  placed  near,  but  not  at,  the  tym panic  m em -
brane. Regardless of the  approach, a ground  elect rode  is placed
on  the  forehead, and  the  reference  (inverting) electrode  is  usu-
ally placed  on  the  contralateral earlobe. The  am plitudes of the
ECochG  potent ials  decrease  as  the  electrode  placem ent  be-
com es  m ore  lateral;  thus,  they  are  larger  for  t ranstym panic
than  for  extratym panic elect rode placem ent. The stim ulus usu-
ally is a h igh-intensity click at  approxim ately 80 to 95 dB nHL.

� Fig. 114.10  show s  an  ECochG recording. Note  that  the  SP
precedes  the  AP. ECochG typically  has  been  em ployed  in  pa-
tien ts  suspected  of  having  endolymphatic  hydrops.  In  such
cases, the  SP/AP am plitude  ratio  is  calculated  for  each  ear, and
an  elevated  SP/AP ratio  (due  to  elevation  of the  SP)  is  consid-
ered  consistent  w ith  endolym phatic hydrops; an  enlarged  ratio
also is seen  in  perilym phat ic fistula and  som e cases of superior
sem icircular  canal  dehiscence. The  specific  SP/AP ratio  that  is
the  cuto  for  norm alcy  should  be  determ ined  by  each  clin ic;
generally, th is  ratio  ranges  from  about  0.35  to  0.5. The  results
of several investigations reveal a lack of sensitivity of the SP/AP

ratio  (25  to  55%) for  Meniere  disease, regardless of the  disease
classification  as defin ite versus less than  defin ite. Study findings
also reveal that  the sensitivity of th is ratio is lower  if ECochG is
perform ed  w hen  no  vertigo  is  present  than  if  it  is  perform ed
w hen vert igo is present . Som e have suggested  that  the sensitiv-
ity of the  SP/AP ratio  is  enhanced  w ith  t ranstym panic electro-
des, but  th is is not  universally accepted.

114.5.2  Auditory Brainstem  Response
Test ing
Neurodiagnost ic Auditory Brainstem
Response
ABR (brainstem  auditory  evoked  potent ials  [BAEPs]  or  brain-
stem  auditory evoked  responses [BAERs]) waveform s include  a
series of peaks (� Fig. 114.11) and generally occur  w ith in  about
10 m illiseconds after  stim ulus onset . Wave I is generated  at  the
distal  part  of the  auditory  nerve  and  represents  the  status  of
the  cochlea. Wave  II is  generated  at  the  proxim al  part  of  the
auditory  nerve  (junct ion  of the  auditory  nerve  w ith  the  audi-
tory brainstem ). Wave  III is generated  m ainly by the  ipsilateral
cochlear nucleus and m ay receive a sm all contribut ion  from  the
eighth  nerve  fibers  entering  the  cochlear  nuclei.  Wave  IV is
probably generated  m ain ly by the m idline brainstem  structures
(e.g., superior  olivary  complex, trapezoid  bodies, and  acoustic
str ia). The origin  of the positive component of wave V prim arily
is  the  contralateral lateral lem niscus  (side  opposite  the  side  of
stim ulation).  Although  waves  I  and  II  have  single  generator
sites, the  later  waves have  m ultiple  generator  sites. The  m ulti-
plicity of generator sites for  the later  waves m akes it  di cult  to
localize  the  lesion  to a  specific generator  site. The  m ajor  waves
that  are  evaluated  diagnostically  are  waves  I,  III,  and  V.  The
m ean latencies in  norm al individuals at  m oderately high  to high
intensities are  roughly 1.5  m illiseconds for  wave  I, 3.5  m illisec-
onds for  wave III, and  5.5 m illiseconds for  wave V. The absolute
peak  latencies  decline  w ith  m aturation  in  infants.  Wave  I
achieves  adult  latency  values  at  about  3  m onths  of  age,  and
wave V achieves adult  values at  about  1.5 to 3  years of age. The
interw ave  in terval (IWI), also called  the  in terpeak latency, rep -
resents  the  di erence  in  absolute  latency  betw een  two  waves,
such  as  the  I to  III IWI, III to  V IWI, and  I to  V IWI. The  I to  III
IWI, approxim ately  a  lit t le  m ore  than  2.0  m illiseconds, t radi-
tionally  was  thought  to  represent  the  travel t im e  through  the
auditory nerve  and  caudal auditory brainstem ; the  III to V IWI,
approxim ately  a  lit tle  less  than  2.0  m illiseconds, tradit ionally
was  thought  to  represent  the  travel  t im e  through  the  rost ral
auditory brainstem  to the level of the lateral lem niscus; and the
I to  V IWI, approxim ately 4.0  m illiseconds in  norm al individu-
als, t raditionally was thought to reflect  travel t im e from  the dis-
tal auditory nerve  to  the  lateral lem niscus. The  I to  V IWI also
has  been  referred  to  as  the  central  conduction  tim e  or  brain-
stem  transm ission  tim e,  although  peripheral  pathology  and
stim ulus param eters do slightly a ect  the in terpeak latency. Be-
cause  peak  latencies  shorten  w ith  m aturation , the  I to  V IWI
does not achieve adult  values until about 3 years of age.

Another  im portant  m easure  for  the  evaluation  of the  neuro-
diagnostic  ABR is  the  in teraural  latency  di erence  of  wave  V
(ILD V); th is is the di erence betw een the latencies of wave V in
the  two ears. The  ILD in  norm al ears typically does not  exceed

Fig. 114.10  An electrocochleographic recording  for a  normal ear. The
amplitude  is 0.03 µV (measured  from  the  base) for the  summating
potential and  0.25 µV (measured  from  the  base) for the  action
potential. Thus, the  amplitude  ratio  is 0.03  µV/0.25 µV, which equals
0.1  or 10%, which is non-significant  for Meniere  disease. AP, action
potential; SP, summating  potential.
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0.3  to  0.4  m illiseconds. The  peak am plitude, largest  for  wave  V
and  sm allest  for  wave  I, generally  does  not  exceed  1  µV. The
am plitude param eter is not  as sensitive to retrocochlear pathol-
ogy as the IWI or ILD V. Wave V is the m ost  robust  wave, and  it
generally is the  only wave  seen  at  threshold. Wave  I is the  first
wave to disappear w ith  stim ulus in tensity reduct ion.

The  elect rode  m ontage  typically  involves  placem ent  of  the
active  (noninverting)  electrode  on  the  vertex  of  the  skull  or
upper  forehead, reference  (invert ing)  electrode  on  the  m edial
earlobe  of  the  ear  receiving  auditory  stim ulation,  and  the
ground  (com m on) elect rode. St im uli typically include clicks for
neurodiagnostic ABRs and  tone bursts for  the  estim ation  of be-
havioral  thresholds  from  the  ABR. The  t ransducer  can  be  ear-
phones or a bone vibrator.

The e ect  of cochlear  pathology is to prolong the peak laten-
cies. As the  m agnitude  of the hearing loss increases, the  proba-
bility of an  absent  wave I also increases, w hich  in  turn  results in
a decrease in  the probability of obtaining the I to V IWI. Cochle-
ar  hearing loss is not  associated  w ith  prolongation  in  the  I to  V
IWI.  Som e  clin icians  obtain  a  latency–intensity  function  for
wave  V in  w hich  the  wave  V latency is  show n  on  the  ordinate
and  the stim ulus in tensity on  the abscissa of a graph . In  norm al
individuals, the slope of th is funct ion  is dow nward  because the
wave V latency decreases as in tensity increases. In  persons w ith
cochlear  hearing loss, the  slope  becom es  steeper  than  w hat  is
seen  in  individuals w ith  norm al hearing or  in  individuals  w ith
conductive hearing loss. Thus, at  the lower in tensities, the wave
V latency  is  prolonged  in  comparison  w ith  that  in  individuals
w ith  norm al  hearing,  but  at  the  h ighest  in tensity  levels,  it

becom es equivalent  to or  nearly equivalent  to that  seen  in  indi-
viduals  w ith  norm al  hearing.  Sim ilar  findings  are  obtained
w hen  the  m agnitude  of a  flat  cochlear  hearing loss  reaches  or
exceeds  about  60 dB HL, except  that  the  wave  V latency at  the
highest  in tensities  does  not  approach  that  seen  in  individuals
w ith  norm al  hearing.  With  steeply  sloping  h igh-frequency
cochlear  hearing im pairm ent, the  function  m ay be  sh ifted  sig-
n ificantly to  the  right  of that  of individuals  w ith  norm al hear-
ing, and  the wave V latency value m ay plateau  at  a significantly
prolonged  value  (i.e., not  show  further  decline  w ith  continued
increases in  stim ulus in tensity).

With  a conductive hearing im pairm ent, the I to V IWI, if wave
I  is  present,  is  not  prolonged.  The  wave  V latency–intensity
function  is sh ifted  to the  righ t  of the funct ion  seen  in  individu-
als w ith  norm al hearing, and  the  degree of shift  correlates w ith
the m agnitude of the ABG.

The e ect  of an  eighth  nerve retrocochlear  pathology such  as
a vestibular  schwannom a or  m eningiom a is  to  prolong the  I to
V IWI, and  especially the  I to  III IWI;  the  cuto value  depends
on  the  clin ic  norm ative  data,  but  th is  value  usually  approxi-
m ates  2.3  to  2.4  m illiseconds. The  III to  V IWI usually is  unaf-
fected  by  th is  kind  of  lesion  unless  the  lesion  is  a ect ing  the
auditory brainstem  because of its large size; the cuto value de-
pends  on  the  clin ic norm ative  data, but  th is  value  usually ap-
proxim ates 2.1  m illiseconds. The I to V IWI w ill be  prolonged  if
either  the  I to  III or  the  III to  V IWI or  both  are  prolonged.
Although  the  cuto value  for  the  I to  V IWI should  depend  on
the  clin ic norm ative  data, th is value  is approxim ately 4.3  to 4.4
m illiseconds. The  sensitivity  and  false-positive  rate  of the  I to

Fig. 114.11  Auditory brainstem  response  re-
cordings in  an individual with  a  right  acoustic
tumor. (a) Tracings from  a normal ear and  (b)
tracings from  an ear with a 3-cm  acoustic tumor
of the  cerebellopontine  angle. In  both  ears, the
top tracings are the contralateral recordings (test
and  retest), and  the  bottom  tracings are  the
ipsilateral recordings (test  and  retest). In  (a), the
absolute  peak latencies are  as follows: 1.40
milliseconds for wave  I (amplitude  of 0.37 µV),
3.48 milliseconds for wave  III, and  5.72 milli-
seconds for wave V (amplitude of 0.21 µV). Thus,
the  I to  III interwave  interval (IWI) is 2.08
milliseconds, the  III to  V IWI is 2.24 milliseconds,
and  the  I to  V IWI is 4.32 milliseconds. All
absolute  peak latencies and  IWIs are  within
normal limits for this ear. In  (b), only wave  I is
present  at  1.76 milliseconds (amplitude  of 0.18
µV). Although wave  I is within  normal limits, the
large tumor has obliterated the later waves. Such
tumors do not  affect  wave  I because  wave  I is
generated  on the  auditory nerve  distal to the
auditory brainstem.
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III/I to V IWIs are  approxim ately 90% and  less than  10%, respec-
tively. ABR testing is the  audiologic m easure  w ithin  the  audiol-
ogist’s arm am entarium  that has the greatest  sensitivity w ith  re-
spect  to eighth  nerve and  auditory brainstem  tum ors. Nonethe-
less, the  sensitivity of ABR to  eighth  nerve  tum ors is  m arkedly
reduced w hen tum or size is below  1 cm . If wave I is absent, then
the in teraural wave V is a useful diagnost ic indicator of retroco-
chlear pathology, except  if the pathology is bilateral. With  bilat-
eral  prolongations  of wave  V latency, w hen  the  I to  V IWI is
absent  because  of an  absent  wave  I, the  wave  V latency should
be  compared  w ith  the  norm ative  data, and  the  patient  should
be considered  to be at  risk for  retrocochlear  pathology if the la-
tency is prolonged  beyond  2 to 3 standard  deviations above the
m ean. With  som e eighth  nerve tum ors that  are large enough  to
displace  the  auditory  brainstem , the  ABR is  obliterated  in  the
a ected  ear, but  a  contralateral  e ect  on  the  ABR latencies  is
seen  in  the  una ected  ear.  The  III to  V IWI tradit ionally  has
been  considered  as  an  indicator  of pathology in  the  h igh  audi-
tory  brainstem , but  eighth  nerve  tum ors  also  can  a ect  the  III
to V IWI, and  h igh  auditory brainstem  lesions can  be associated
w ith  absence of the later  waves, prevent ing m easurem ent  of an
IWI. Correct ion  factors that  increase latency cuto values for in-
creasing hearing loss should not be em ployed because they lead
to increased false-negative rates.

Although  reported  in  one case study, the use of a h igh  stim u-
lus repetition  rate should  not  be considered  as a sensitized  ABR
m easure for the detect ion  of eighth  nerve pathology.

Bone Auditory Brainstem  Response
ABR threshold  testing  w ith  BC stim ulation, em ploying click  or
tone  bursts,  has  been  used  to  estim ate  the  cochlear  reserve,
particularly  in  infants  and  ch ildren  and  individuals  w ith  aural
atresia. Although  peak  latencies  for  BC ABRs  are  prolonged  in
comparison  w ith  those for AC ABRs in  adults (the reverse is true
in  infants), the ABR thresholds are essentially sim ilar for AC and
BC in  individuals  w ith  norm al  hearing. Careful  calibration  of
the  BC stim uli is  essential. Because  of output  lim itations  w ith
the BC transducer compared  w ith  the AC t ransducer, m axim um
BC presentat ion  levels  are  at  about  50  to  60 dB HL. Masking of
the  contralateral ear  is  always  required  w hen  a  BC ABR test  is
done  because  the  BC stim ulation  is  arriving at  both  ears  at  the
sam e intensity. The ABG can  be grossly estim ated by comparing
the BC ABR threshold w ith  the AC ABR threshold.

114.5.3  Auditory Steady-State  Response
The  ASSR is the  latest  auditory evoked  potential technology de-
veloped  to  estim ate  behavioral  audiom etric  thresholds  beyond
the  capability  of  the  ABR,  w hich  is  lim ited  when  individuals
w ith  hearing  loss  over  80 dB HL are  tested. ASSR testing  com -
m only  em ploys  am plitude-m odulated  stim uli  because  (1)  the
auditory nervous system  is very responsive to am plitude  m odu-
lation  and  (2)  amplitude  m odulation  greatly  reduces  the  spec-
tral splash  of the stim ulus so that  high  ASSR thresholds are valid
estim ates of the behavioral thresholds. The ASSR printout  show s
a threshold  audiogram  (� Fig. 114.12). The ASSR thresholds gen-
erally are w ithin  5 to 10 dB of the behavioral thresholds.

In  addition  to the fact  that  ASSR testing can  quantify hearing
losses up  to 120 dB HL (ABR testing is di cult  w ith  hearing loss

greater  than  80 dB HL), a  statist ical  algorithm  is  em ployed  by
ASSR devices for object ive detect ion  of the threshold in  a stand-
ard  m anner,  w hereas  threshold  identification  in  ABR testing
(w ith  diagnostic devices) generally involves the subject ive judg-
m ent  of the  clin ician. Another  advantage of ASSR testing is that
m ultiple  stim ulus frequencies in  both  ears can  be  tested  sim ul-
taneously. The m ajor lim itation  of ASSR testing is its lack of sen-
sit ivity to m ild  hearing loss. However, OAEs and/or ABR is sensi-
tive to m ild  hearing loss.

114.6  Test ing for Funct ional
Hearing Loss
The presence of discrepant  findings w ithin  an  audiologic evalu-
ation  or  betw een  audiologic evaluations  that  cannot  be  attr ib-
uted to a known  organic cause is referred  to as funct ional hear-
ing loss. Other  term s, such  as  nonorganic hear ing loss and  ma-
linger ing,  have  been  used;  the  form er  term  is  inaccurate  be-
cause  a  functional  overlay  often  occurs  in  individuals  w ith  an
organic hearing loss, and  the  latter  term  implies conscious de-
ception  by  the  pat ient. Functional hearing  loss  is  m ore  preva-
lent  in  workers  in  industr ial  sett ings  w ho  file  compensation
claim s for hearing im pairm ent caused by occupat ional noise ex-
posure, veterans  w ho  file  compensation  for  service-connected
hearing  loss, and  children  w ho  are  experiencing  unexplained
academ ic di culties.

114.6.1  Funct ional Indicators w ithin the
Rout ine Audiologic Evaluat ion
Several m easures  w ith in  the  basic audiologic exam ination  can
provide indications of the  possible  presence of funct ional hear-
ing loss. Pure-tone AC threshold  testing routinely involves a re-
test  threshold  at  1000 Hz in  both  ears. Such  test–retest  reliabil-
ity norm ally is  w ith in  ±5 dB. Test–retest  reliability of ±15 dB or
m ore  is  seen  in  approxim ately 10% of patients  w ith  funct ional
hearing loss. Lack of test–retest  reliability is not  pathognom onic
for funct ional hearing loss.

In  individuals  w ith  an  asym m etric hearing loss, the  absence
of a  shadow  curve  in  the  AC configuration  w hereby the  di er-
ence  in  unm asked  AC thresholds  exceeds 85 dB also  is  sugges-
tive  of  funct ional  hearing  loss  because  in teraural  attenuation
values for AC signals are not th is large.

The presence of a sign ificant discrepancy or disagreem ent be-
tween  the  SRT and  the  PTA, w ith  the  SRT significantly  better
than  the PTA, can  be indicat ive  of funct ional hearing loss w hen
other factors (e.g., instrum entation, lack of understanding of in -
struct ions, language  fam iliarity)  are  ruled  out. Speech  stim uli
are  louder  than  pure-tone  stim uli, so  a  pat ient  using a  m ental
yardstick to respond to stim uli w ill respond to speech  stim uli at
lower  levels  than  pure-tone  stim uli.  The  sensitivity  of  th is
m easure  for  functional hearing loss is approxim ately 60  to 70%
and m ay be h igher in  children because of their naïveté.

The pure-tone or  speech  Stenger can  be  perform ed  w hen  the
interaural di erence in  unm asked  AC thresholds (or  SRTs in  the
case  of a  speech  Stenger)  is  at  least  40 dB. It  is  based  on  the
Stenger  principle:  w hen  two  tones  are  presented  bilaterally at
the  sam e frequency, the  tone  is heard  only in  the  ear  receiving
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the tone at  a h igher  threshold. For example, if the  AC threshold
is 20 dB HL in  the  right  ear  and  is 60 dB HL in  the  left  ear, then
presentation  of a  tone  at  30 dB HL to the  right  ear  but  at  85 dB
HL in  the left  ear results in  a sensation  level of 10 dB in  the right
ear  and  25 dB in  the left  ear;  thus, the  tone  is heard  only in  the
poorer, left  ear. A patient  w ith  funct ional hearing loss, hearing
the  tone  only in  the  poorer  ear, m ay m ake  the  conscious deci-
sion  not  to  respond  to  the  tone  in  the  poorer  ear. By  keeping
the  tone  at  a  constant  10 dB SL re:  threshold  in  the  better  ear
and then  raising the in tensity of the tone in  the poorer ear un til
the  patien t  stops responding (or  the  adm itted  threshold  is  ob-
tained), the  threshold  of the  poorer  ear  can  be  estim ated  to  be
15 dB better  than  the  level  at  w hich  the  patient  stopped  re-
sponding. A sim ilar  procedure  is followed  for  a  speech  Stenger,
except  that  spondaic words  rather  than  pure-tone  stim uli  are
presented.

Som e  clin icians  posit  the  presence  of  funct ional  hearing
loss  based  on  subject ive  behavioral  signs,  such  as  in tense  lip

reading, exaggerated  attempts  to  hear, and  unfam iliarity  w ith
am plificat ion  if the pat ient  wears am plificat ion. These behavio-
ral signs  are  not  diagnostic of funct ional hearing  loss  because
m any persons w ith  organic hearing loss dem onstrate  these be-
haviors. The  presence  of these  behaviors  should  serve  to  alert
the clin ician to the possibility of a functional hearing loss on  ob-
ject ive audiologic m easures.

114.6.2  Physiologic and
Elect rophysiologic Measures
ARTs cannot  occur  at  levels equivalen t  to, or  below, the  adm it-
ted  behavior  thresholds  because  acoustic  reflexes  are  elicited
by intense  acoustic stim ulation. In  fact, funct ional hearing loss
should  be suspected  even  if the  ARTs are  elicited  at  10 dB SL re:
adm itted  pure-tone  thresholds.  Elect rophysiologic  threshold
testing w ith  ABR or ASSR can  enable object ive estim ation  of the
pure-tone thresholds in  each  ear. Otoacoustic em issions testing

Fig. 114.12  Auditory steady-state  response (ASSR) recording for a 15-month old  girl. (a,b) ASSR thresholds are  shown for both ears. (c,d) Estimated
behavioral pure-tone thresholds are shown for both ears. At 500 Hz, the ASSR results suggest  a severe hearing loss at best  and a profound hearing loss
at  worst, bilaterally; at  the  higher frequencies, the  results suggest  a  profound hearing  loss bilaterally.
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can  be helpful in  supporting the auditory evoked potent ial find-
ings, particularly w hen  OAEs are present.

114.7  Hearing Screening
The  US Prevent ive  Services  Task  Force  recom m ends  hearing
screening in  all new borns. The task force has identified  the fol-
low ing  indicators  of  risk  for  perm anent,  bilateral,  congenital
hearing  loss:  stay  in  the  neonatal  in tensive  care  unit  for  2  or
m ore days, fam ily history of hereditary childhood sensorineural
hearing  loss,  craniofacial  abnorm alities,  and  congenital  syn-
drom es  and  infect ions  know n  to  be  associated  w ith  hearing
loss. It  recom m ends  the  use  of  a  one-  or  two-step  validated
protocol, such  as  OAEs  testing  w ith  ABR testing  done  if OAEs
testing  is  failed.  New borns  failing  hearing  screening  should
receive  audiologic  and  m edical  follow -up  after  discharge  and
before  3  m onths  of age  so  that  early  in tervent ion  services  can
be im plem ented.

The  Com m ittee  on  Pract ice  and  Am bulatory  Medicine  and
the  Sect ion  on  Otolaryngology-Head  and  Neck Surgery upheld
prior  recom m endations of the  Am erican  Academy of Pediatrics
for  new born  hearing screening and  periodic hearing screening
throughout  childhood  until 21 years of age. The com m ittee fur-
ther  recom m ended that  any child  w ith  one or  m ore risk factors
for  hearing  loss  should  receive  hearing  screening  appropriate
for  developm ental age  w ith  at  least  one  comprehensive  audio-
logic evaluat ion  by  2  to  2.5  years  of age. All children  w ith  fail
results  on  hearing  screening  should  undergo  comprehensive
audiologic  follow -up. Hearing  screening  should  be  perform ed
upon  parental expression  of concern  regarding the child’s hear-
ing status. The com m ittee also recom m ends referral for  follow -
up  by an  otolaryngologist  and  pediatr ic  audiologist  w hen  fac-
tors such  as developm ental and  behavioral delay and  problem s
m ay  a ect  the  validity  of  routine  hearing  screening.  When
hearing loss is docum ented, follow -up w ith  the im plem entat ion
of early in tervention  should  involve the specialties of otolaryng-
ology, audiology, speech–language pathology, and genet ics.

The  guidelines  prom ulgated  by  the  Am erican  Speech-Lan-
guage-Hearing  Association  for  pure-tone  hearing  screening  in
children  betw een  3  years of age  and  th ird  grade are  as follow s:
pure-tone  AC screening at  1000, 2000, and  4000 Hz if acoust ic
adm ittance testing is part  of the identification  protocol and also
at  500 Hz  (provided  am bien t  noise  levels  do  not  exceed  per-
m issible  levels) if acoust ic adm ittance  screen ing is  not  par t  of
the  iden t ificat ion  protocol. The  screen ing level is  20 dB HL at
all frequencies. A ch ild  m ust  pass  all frequencies  in  both  ears
to  pass the  hearing screen ;  any other  resu lt  is  a  fail resu lt . All
screen ing  failures  m ust  be  rescreened  w ith in  2  w eeks, pref-
erably w ith in  the  sam e  test  session  after  rem oval and  reposi-
t ion ing  of  the  earph ones  and  reinstruct ion .  A  ch ild  w ith
pure-tone  hearing screen ing failure  should  be  referred  for  an
audiologic evaluat ion .

A very diverse  range  of protocols  has  been  used  for  hearing
screening in  the elderly, in  w hom  the prevalence of sensorineu-
ral  hearing  loss  is  h igh .  A com m only  em ployed  approach  to
hearing  screening  in  the  elderly  involves  the  AudioScope
(Welch  Allyn , Skaneateles Falls, NY), a  hand-held  otoscope that
also  can  be  used  for  pure-tone  AC hearing  screening  at  500,
1000, 2000, and/or  4000 Hz at  the  level of 20, 25, and/or  40 dB

HL.  The  h ighest  sensitivity  (over  90%),  w ith  good  specificity
(about  70  to  80%), is  ach ieved  w ith  2000 Hz at  40 dB HL. Som e
studies  suggest  that  individuals  w ho  fail  pure-tone  hearing
screening at  th is  level are  m ore  likely  to  go  for  audiologic fol-
low -up  than  individuals  w ho  fail  at  lower  levels. Another  ap-
proach  to  geriatric hearing screening  is  the  10-item  screening
version  of  the  Hearing  Handicap  Inventory  for  the  Elderly
(HHIE), w hich  is a self-adm inistered  questionnaire that  was de-
veloped  to exam ine the  e ects of hearing im pairm ent  on  social
and  em otional adjustm ent . A score  of at  least  10 (scale  of 0, as-
sociated  w ith  no  handicap,  to  40,  associated  w ith  m axim um
handicap) suggests that  the  individual perceives that  he  or  she
has  a  hearing  handicap  and  should  be  referred  for  audiologic
rehabilitative  follow -up. Som e  protocols  for  hearing  screening
in  the elderly em ploy both  approaches.

114.8  Behavioral Audiologic
Test ing in the Pediat ric Populat ion
Generally, by  6  m onths, infants  begin  to  localize  to  sound  by
turn ing their  head. The use  of visual reinforcem ent  audiom etry
(VRA) in  ch ildren  w ho are  developm entally betw een  6  m onths
and  2.5  years of age is based  on  the  em ergence of th is auditory
developm ental m ilestone. With  VRA, auditory stim uli are  pre-
sented  through  a  loudspeaker  in  a  sound-treated  audiom etric
booth . A toy that  ligh ts  up  (som etim es it  also  m akes noise) on
top  of the  speaker  usually resides  w ithin  a  sm oked  plast ic en-
closure  and  does not  becom e  act ive  (illum inated  w ith  or  w ith-
out  noise)  until  the  audiologist  presses  the  control  but ton. A
lim itation  of VRA in  sound field  is that  the thresholds represent
the  hearing  sensitivity  only  for  the  better  ear, so  VRA usually
fails  to  detect  a  un ilateral  hearing  loss.  Pure-tone  AC testing
through  earphones  (traditional  or  insert  earphones)  m ay  be
em ployed  in  VRA in  m any children  w ithin  th is  range  w ho  are
developm entally  older  (perhaps  about  1  year  of age  or  m ore).
Condition ing  would  be  accom plished  in  a  m anner  sim ilar  to
that  for  auditory stim ulus presentat ion  through  a  speaker. The
use of tradit ional or insert  earphones in  VRA allow s an  ear-spe-
cific assessm ent.

Play audiom etry generally is  perform ed  in  children  w ho  are
developm entally betw een  2.5  and  4  years of age. Traditional or
inser t  earphones  are  used  for  AC testing, allow ing ear-specific
assessm ent, and  the bone vibrator  is used  for  BC testing. If only
one  audiologist  is doing the hearing testing, a  screening audio-
m eter is used, the earphones are placed on  the table, and a tone
at  a  m oderately in tense level is presented;  the  audiologist  then
guides the child  to perform  a task such  as throw ing a block in to
a  box. Any behavioral task can  be  em ployed, such  as building a
pyram id, stacking rings on  a  peg, or  even  clapping or  slapping
the  audiologist’s  hand. SRT testing  often  can  be  accom plished
by using a  sm aller  set  of spondaic words that  are  in tended  for
young children  or  by using spondaic words for  w hich  there  are
picture  or  toy representat ions. Supra-threshold  SRT m ay be  ac-
complished  by  using  word  lists  w ith  vocabularies  developed
specifically for  the assessm ent of young children .

Hearing testing in  older ch ildren  usually can  be accom plished
w ith  convent ional  audiom etry  involving  hand-raising  re-
sponses to sound presentations.
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114.9  Vest ibular Test ing
The basic vestibular  test  battery includes videonystagm ography
(VNG),  w hich  has  largely  replaced  electronystagm ography
(based  on  recordings of the  corneoretinal poten t ial), sinusoidal
harm onic  acceleration  (SHA)  testing,  computerized  dynam ic
platform  posturography (CDPP)  testing, and  vestibular  evoked
myogenic potent ial (VEMP) testing. Both  VNG and  SHA testing
are based on  the vestibulo-ocular reflex (VOR).

The cristae am pullares, the sensory receptors of the am pullae
of the sem icircular canals in  the vestibular  labyrinth , detect  an-
gular  acceleration  (head  turns in  the  horizontal and/or  vertical
planes). The  right  and  left  horizontal sem icircular  canals detect
angular  acceleration  in  the horizontal plane. Detect ion  of angu-
lar acceleration  in  the vertical planes is accom plished by pairing
of the  left  posterior  sem icircular  canal and  right  anterior  sem i-
circular canal, w hich  are in  parallel planes, and by pairing of the
right  posterior  canal and  left  an terior  sem icircular  canal. When
an  individual is standing so that  the head  is upright, the elect ri-
cal  act ivit ies  generated  by  the  cristae  am pullares  of the  right
and  left  horizontal (lateral) sem icircular  canals are  equal. With
head  turn  to  the  right  (right  angular  acceleration), the  endo-
lymph  w ithin  the m em branous labyrinth  of both  horizontal ca-
nals lags the  head  turn  because  of iner tia, and  its m ovem ent  is
in  the opposite  direct ion  (leftward). Because the location  of the
utricle  is  m edial  to  each  of  the  horizontal  canals,  the  endo-
lymph  in  the  right  horizontal  canal  m oves  toward  the  right
utr icle  (utr iculopetal) and  the  endolymph  in  the  left  horizontal
canal m oves away from  the left  ut ricle  (ut riculofugal). Utr iculo-
petal stim ulation  w ill  result  in  bending  of the  kinocilia  of the
hair cells in  the crista am pullaris of the right horizontal sem icir-
cular canal toward the ut ricle in  the right  labyrinth , result ing in
increased  electr ical discharge  from  that  canal;  additionally, the
utriculofugal stim ulation  w ill result  in  bending of the  kinocilia
of the  hair  cells  of the  left  horizontal  sem icircular  canal  away
from  the  utricle  in  the  left  labyrinth ,  resulting  in  decreased
electrical discharge from  that  canal. Therefore, the  right  vestib-
ular  nerve is excited, w hereas the left  vestibular  nerve is inh ib-
ited. The  increased  elect rical activity  from  the  righ t  vestibular
nerve  is  t ransm it ted  to  the  right  vestibular  nuclei  and  then
through  several neurons to lateral rectus extraocular  m uscle  of
the  left  eyeball and  to  the  m edial rectus  extraocular  m uscle  of
the  right  eyeball.  The  act ivation  of  these  m uscles  m oves  the
eyes slow ly to the left . This slow  eye m ovem ent  to the left  is fa-
cilitated  by inhibit ion  of the  left  vestibular  nerve. This chain  of
events  describes  the  VOR, the  purpose  of w hich  is  to  m ain tain
visual fixat ion  on  an  object  through  compensatory  eye  m ove-
m ents w hen the head turns.

At the end of the VOR, w hen the slow  eye m ovem ent deviates
from  the  m idline  to  a  crit ical  extent, a  central  process  is  t rig-
gered that m oves the eyes quickly to the right  to return  the eyes
to m idline. This fast  m ovem ent  is a saccade. The com bination  of
the  slow -phase  eye  m ovem ent  in  one  direction  (away from  the
head  m ovem ent) followed  by a  fast-phase  saccade  in  the  direc-
tion  opposite  that  of the  slow -phase  eye  m ovem ent  is  term ed
nystagmus,  w hich  is  said  to  beat  in  the  direct ion  of  the  fast
phase  (saccade). Thus,  head  turn  to  the  right  yields  slow  eye
m ovem ent  to  the  left , w hich, if the  deviation  is  great  enough,
tr iggers a saccade to the right, yielding right-beating nystagm us.
The  slow -phase  velocity  (SPV) is  the  physiologic com ponent  of

eye  m ovem ent,  and  the  saccade  is  the  correct ive  phase  of
the  eye  m ovem ent.  In  norm al  individuals,  the  am plitude  of
the  VOR is  greatest  in  a  dark  environm ent  and  least  in  a  light
environm ent.

Each  of the  th ree  sem icircular  canals  in  each  labyrin th  re-
sponds  best  to  head  rotat ion  in  its  p lane.  In  th is  way,  the
sem icircular  canals  t ranslate  head  rotat ion  direct ion  in  the
th ree-dim ensional space.

Nystagm us can  be induced in  a norm al person w hen warm  or
cool water  or  air  is  injected  in to  an  ear  canal. The  inject ion  of
warm  water  in to  the  righ t  ear  canal causes  the  endolymph  in
the  right  horizontal  sem icircular  canal  to  expand  and  rise,
thereby m oving in  a utriculopetal direct ion. Thus, the  electrical
discharge  from  the  righ t  horizontal  sem icircular  canal  is  in-
creased  relative  to  the  elect rical  discharge  from  the  left  hori-
zontal sem icircular  canal. Ultim ately, the  left  lateral rectus and
right  m edial rectus  m uscles  are  act ivated, so  the  slow  phase  is
to  the  left  and  the  fast  phase  is  to  the  right , consistent  w ith
right-beating  nystagm us. The  inject ion  of cool  water  in to  the
right  ear  canal  causes  the  endolymph  in  the  right  horizontal
sem icircular  canal  to  contract ,  becom e  denser  and  falling,
thereby m oving in  an  utriculofugal direct ion . Thus, the  electri-
cal discharge from  the righ t  horizontal sem icircular canal is de-
creased  relative  to  the  elect rical  discharge  from  the  left  hori-
zontal sem icircular  canal. Because  the  asym m etry  in  electr ical
discharge from  the right  and  left  canals favors the left  side, ulti-
m ately the right  lateral rectus m uscle and  the left  m edial rectus
m uscle  are  activated, so  both  eyeballs  are  pulled  slow ly to  the
right. When  the  slow  eye m ovem ent  to the  right  exceeds a cer-
tain  poin t,  a  central  process  is  t riggered  that  m oves  the  eyes
quickly to the left  to return  the eyes to m idline. Thus, the injec-
tion  of cool water  in  the  right  ear  yields slow  eye m ovem ent  to
the  right , and  then  a  fast  phase  to the left, yielding left-beating
nystagm us.

Note  that  in  the  vestibular  system , a  peripheral  disorder  is
one  that  a ects  the  vestibular  labyrinth  and/or  the  vestibular
nerve. The  vestibular  nuclei  are  considered  to  be  part  of  the
central vestibular  system . A left  peripheral vestibular  lesion  re-
duces  the  electrical activity generated  by the  crista  am pullaris
of the left  horizontal canal, in  comparison w ith  the elect rical ac-
tivity generated  by the  crista  am pullaris of the  right  horizontal
canal. The  asym m etry in  electrical discharge betw een  the  right
and  left  sides favors the  righ t  side, so the  right  vestibular  nerve
is  excited, and  the  chain  of events  is  sim ilar  to  that  described
for  warm  water  stim ulation  of the  right  ear  canal. Thus, left-
sided  Meniere  disease  causes  a  slow -phase  eye  m ovem ent  to
the  left  and  fast-phase  eye  m ovem ent  to  the  right;  th is  repre-
sents right-beating nystagm us.

114.9.1  Elect ronystagm ography and
Videonystagm ography Standard Bat tery
In  electronystagm ography (ENG), electrodes  are  placed  on  the
outer  can thus  of each  eye  and  a  ground  elect rode  is  placed  on
the  m iddle  of  the  forehead  (electrodes  are  also  placed  above
and  below  one eye  if eye  m ovem ents are  recorded  in  the  vert i-
cal plane). ENG is based on  the corneoretinal potential. The eyes
have  an  elect rical  potential  (corneoretinal  poten tial)  w hereby
the  cornea  has a  positive  electr ical charge  and  the  retina  has a
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negative electr ical charge. The elect rical potential di erence be-
tween the cornea and retina m akes the eye behave like a dipole.
When  horizontal eye  m ovem ents  are  recorded, the  noninvert-
ing elect rode is placed on  the outer canthus of the right eye and
the inverting elect rode is placed on  the outer canthus of the left
eye. When  the  eyes  m ove  to  the  right, the  noninvert ing  elec-
trode detects a large positive charge; the positive cornea m oves
away  from  the  inverting  elect rode, w hich  therefore  detects  a
sm aller positive charge that  is inverted to becom e a sm all nega-
tive  charge. The  resultant  charge  is  positive. Thus,  rightward
eye m ovem ent  is associated w ith  a positive charge, and  the pen
of  the  device  records  an  upward  deflect ion.  When  the  eyes
m ove to the left, the noninvert ing elect rode detects a sm all pos-
it ive  charge  (because  of dipole  m ovem ent), and  the  invert ing
elect rode  detects  a  large  positive  charge  that  is  inverted  to be-
com e  a  large  negative  charge. The  resultan t  charge  is  negative.
Thus,  leftward  eye  m ovem ent  is  associated  w ith  a  negative
charge, and  the  pen  of the  device  records  a  dow nward  deflec-
tion. � Fig. 114.13  show s right-beating and  left-beating nystag-
m us for an  ENG recording.

Many vestibular  clin ics have adopted  video recording techni-
ques in  place  of the  corneal retinal potent ial recording techni-
ques in  ENG devices. VNG devices substitute  video eye  tracking
for  m easurem ent  of the  corneal ret inal potent ial, so  VNG test-
ing  is  done  w ithout  electrodes. The  video  eye  tracking  uses  a
video cam era to m easure  pupil position  and  gaze angle. Gener-
ally, w ith  VNG, the  patient  wears goggles w ithin  w hich  a  cam -
era(s) is  m ounted. The  goggle  lens  acts  like  a  m irror  to  reflect
the  im age  of  the  pupil  to  the  infrared  cam era, the  output  of
w hich  is fed  to a  computer  (for  analysis of the  eye  m ovem ents)
and  to a video m onitor  (for  direct  observation  of the  eye  m ove-
m ents). Based  on  the  reflection  from  the  cornea, the  x-  and  y-
coordinates  of the  center  of the  pupil  then  are  used  to  deter-
m ine eye position  and angle of gaze.

Clin ics increasingly have adopted VNG testing in  place of ENG
testing because video eye  tracking is m ore  convenient  than  the
use  of elect rodes. Additionally, VNG does  not  require  t im e  for
light  or dark adaptation , as does ENG. Other  advantages of VNG
over  conventional  ENG include  increased  accuracy  of saccade
velocity m easurem ents, absence of m uscle  artifacts and  elect ri-
cal in terference, and  stability  of the  recording over  t im e. VNG
testing  also  can  be  perform ed  in  m any  blind  individuals  w ho
lack or have an  insu cien t  corneal retinal potent ial. Calibration
m ust  be  accom plished  at  several  points  through  the  ENG test
battery but  is generally necessary only at  the beginning of VNG.
Regarding the  m agnitude  of the  SPV, the  in terpretat ion  is  very
sim ilar  for  ENG and  VNG. � Fig. 114.14  show s the  results  of a
VNG test  bat tery for a pat ient.

Saccade Test
Saccades  originate  from  the  frontal  eye  field  of  the  cortex,
w hich projects to the contralateral pontine param edial reticular
form ation. Neural act ivity then  is t ransm itted  through  neurons
to the  ipsilateral abducens nucleus (ultim ately to the  ipsilateral
lateral rectus  m uscle)  and  to  the  contralateral oculom otor  nu-
clei (and  ultim ately to  the  contralateral m edial rectus  m uscle).
Thus, a  left  saccade  is  controlled  by the  right  frontal eye  field,
left  pontine  param edial  reticular  form ation ,  left  abducens
nucleus  to  the  left  lateral rectus  m uscle, and  right  oculom otor

nuclei to  the  righ t  m edial rectus  m uscle. The  saccade  test  usu-
ally involves a light  bar. The pat ien t  is instructed to quickly look
betw een  two  targets  (w ithout  head  turns)  in  the  horizontal
and vert ical planes. The t racing of the saccade waveform  can  be
obtained  in  VNG as well as ENG; it  show s rectangular  waves in
norm al  individuals.  The  VNG  printout  for  the  saccade  test
show s (1) peak  SPV as  a  funct ion  of degrees from  the  m idline,
(2) accuracy of the saccade (degree of overshoot or  undershoot)
as  a  funct ion  of  degrees  from  m idline,  and  (3)  latency  of
the  saccade  (tim e  from  the  onset  of the  target  to  the  onset  of
the  eye  m ovem ent)  as  a  funct ion  of  degrees  from  m idline.
The  latency  param eter  is  m ore  susceptible  to  aging  e ects.
Saccade  test  results  for  a  patient  are  show n  in  � Fig. 114.14.
Abnorm alit ies  on  saccadic  testing, such  as  saccadic  dysm etria
(overshoot  or  undershoot  of  saccades,  prim arily  a ect ing

Fig. 114.13  Electronystagmography (ENG) recording (horizontal
channel) showing  (a) right-beating  nystagmus and  (b) left-beating
nystagmus. (a) The  diagonal line  on the  right  side  of any vertical line
shows that  the  eye  movement  is slowly to the  left  (slow phase)
because  the  pen deflection  is downward  from  the  top  of the  vertical
line; the vertical line that follows, a rapid upward deflection, shows that
the eye movement is quickly to the right (fast phase), bringing the eyes
back to  midline. Because  the  fast  component  is to the  right, it  is
labeled as right-beating  nystagmus. (b) The  diagonal line  on the  left
side  of the  vertical line  shows that  the  eye  movement  is slowly to the
right (slow phase). The steep downward vertical line that follows shows
that  the eye movement  is then quickly to the left  (fast phase), bringing
the eyes back to midline. Because the fast component is to the left, it  is
labeled  left-beating  nystagmus. A quick method  for determining
beating  direction  is to  look at  a  vertical line  and  a  diagonal line
beginning at  the  top of the  vertical line; if that  diagonal line  is on the
right side of the vertical line, then the nystagmus is right-beating; if the
diagonal line  is on the  left  side  of the  vertical line, the  nystagmus is
left-beating.
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Fig. 114.14  Videonystagmography (VNG) test  results. (a) Saccadic tracking (slow-phase velocity [SPV], accuracy, and latency) is within normal limits
in this patient. Gaze testing (shown only for gaze  right) reveals no nystagmus for gaze  center, left, or right. Pendular tracking is within normal limits
(see smooth sinusoidal curves and tracking gain within normal limits). (b) Hallpike maneuver produced no nystagmus with head right or left  (only head
left  shown). Positional testing  produced  no nystagmus with  head  supine, right, left, or hanging  (only head  left  is shown here). Bithermal calorics
revealed a total right  ear SPV of 48 degrees (30 minus –18) and a total left  ear SPV of 20 (7 minus –13). Unilateral weakness (%) is calculated as [(48 –
20)/(48 + 20)] x 100 = 41% weakness in  the  left  ear in  this case. Directional preponderance  (DP; %) reveals a  total right-beating  nystagmus of [–  (–
18) + –13] = 31 degrees per second and a total left-beating nystagmus of (30 + 7) = 37 degrees per second, so the DP is (31 – 37)/(31 + 37) x 100 = –9%
(DP to the  left,  within  normal limits). The  caloric findings are  consistent  with  left  peripheral vestibular pathology. A left  acoustic neuroma was
confirmed at  surgery.
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accuracy), saccadic slow ing (SPV abnorm ally reduced), and  de-
layed saccades (abnorm ally increased  latencies), m ay be consis-
ten t  w ith  central nervous system  disorder. Fatigue, inattention,
and drug e ects need to be ruled out  w ith  saccadic slow ing and
delayed saccades.

Sm ooth Pursuit  (Tracking) Test
The  sm ooth  pursuit  system  enables  the  tracking  of  a  target
m oving  slow ly  and  sm oothly  in  a  sinusoidal  m anner.  The
sm ooth  pursuit  system  m aintains the im age of the target  on  the
fovea during the  sinusoidal m ovem ent  of the  target. The  origin
of sm ooth  pursuit  eye m ovem ents is the parieto-occipital visual
association  area  of the  cerebral cortex  ipsilateral  to  the  direc-
tion  of m ovem ent  of a  target. Thus, visual  pursuit  of a  target
slow ly  m oving to  the  left  is  controlled  by the  left  hem isphere.
Neural activity from  the parieto-occipital visual association  area
of the cerebral cortex is t ransm it ted  through  neurons to the ip-
silateral  pontine  param edial  reticular  form ation,  and  then  to
the ipsilateral abducens nucleus (and ultim ately to the ipsilater-
al  lateral  rectus  m uscle)  and  contralateral  abducens  nucleus
(and  ultim ately to the  contralateral m edial rectus  m uscle). The
patient  is  instructed  to visually follow  a  light  target  m oving si-
nusoidally (back and forth), usually on  a light  bar. The tracing of
the sm ooth  pursuit  waveform  can be obtained w ith  VNG as well
as ENG; it  show s a sm ooth , sinusoidal waveform  in  norm al indi-
viduals. With  VNG, the m easures of in terest are (1) velocity gain
(peak eye velocity divided  by peak target  velocity) as a function
of frequency for  righ tw ard  and  leftward  target  m ovem ent  and
(2)  phase  angle  (degree  to  w hich  eye  m ovem ent  lags  or  leads
target  m ovem ent) as a  function  of frequency in  each  direct ion.
Sm ooth  pursuit  test  results  for  a  patient  are  show n  in
� Fig. 114.14. Bilateral saccadic pursuit , m anifested  by reduced
velocity gain  (< 0.2), m ay be  consistent  w ith  a  cent ral nervous
system  disorder;  drug  e ects, inattention, and  lack  of under-
standing of the instruct ions m ust  be ruled out. Unilateral sacca-
dic pursuit , m anifested  by asym m etry in  velocity gain , is a non-
localizing finding. Unilateral saccadic pursuit  m ay be consisten t
w ith  acute  spontaneous  nystagm us  associated  w ith  an  acute
peripheral vestibular  lesion;  in  th is case, the saccadic pursuit  is
im paired, w ith  visual pursuit  in  the  direction  of the  fast  phase
of the spontaneous nystagm us.

Optokinet ic Test
In  tradit ional ENG testing, the  optokinet ic eye  m ovem ent  sys-
tem  was  presum ed  to  be  involved  w hen  an  individual  at-
tempted  to follow  visual targets m oving across the  visual field,
such  as a  display of ver tical str ipes m oving w ith  a  constan t  ve-
locity toward  the  right  or  toward  the  left . With  a  ligh t  bar, the
stim uli are a series of lights (like pulses) m oving to the right fol-
lowed  by a  series  of lights  (like  pulses) m oving to  the  left. The
patient  is  instructed  to  watch  the  im ages  w ithout  head  turns.
The  use  of  a  m onitor  or  project ion  system  enables  a  m uch
greater  proport ion  of the  visual  field  (ideally, at  least  90%)  to
have repeated  m oving stim uli;  th is kind  of stim ulus is m ore  ef-
fect ive than  the light  bar stim ulus, w hich  involves a lim ited vis-
ual  field. Studies  suggest  that  the  nystagm us  recorded  on  the
optokinetic test  includes a sm ooth  pursuit  as well as an  optoki-
netic component. The sm ooth  pursuit  component  is m inim ized

during  the  “optokinetic after  nystagm us” component  w hereby
recording  cont inues  in  darkness  after  about  30  seconds  of re-
cording  in  the  light  condition.  The  instruct ions  influence  the
nature of the response in  optokinet ic testing. If the patien t  is in-
structed  to follow  a single  target  in  the  optokinetic visual field,
the  sm ooth  pursuit  component  is  em phasized  in  the  response;
the  response  to  th is  instruct ion  is  called  “look  nystagm us.” If,
however, the  pat ient  is instructed  to stare  at  the  center  and  at-
tempt  to  count  the  num ber  of targets  passing  by, the  sm ooth
pursuit  component  is  m inim ized, and  the  optokinet ic  compo-
nent  is m axim ized in  the response; the response to th is instruc-
tion  is  called  “stare  nystagm us.” The  param eter  of in terest  for
optokinetic  nystagm us  (look  or  stare)  is  the  velocity  gain  as  a
function  of t im e  for  each  stim ulus (e.g., 40  degrees per  second
for  the  im ages  m oving  left  and  40  degrees  per  second  for  the
im ages m oving right). � Fig. 114.14 show s the results of optoki-
netic  testing for  a  pat ient. Bilaterally  reduced  optokinet ic nys-
tagm us, m anifested  by bilaterally reduced  velocity gain , m ay be
consistent  w ith  a central nervous system  disorder;  drug e ects,
visual impairm ent, and  inattention  m ust  be ruled  out. Unilater-
ally reduced  optokinetic nystagm us, m anifested  by asym m etric
velocity gain , m ay be  consistent  w ith  a  central nervous system
disorder or m ay reflect the presence of spontaneous nystagm us.
The  clin ical  significance  of  abnorm al  optokinetic  findings  is
strengthened w hen they are obtained in  conjunct ion  w ith  other
abnorm al  ENG/VNG findings.  Aging  also  increases  the  likeli-
hood  of abnorm al findings on  optokinet ic testing. These lim ita-
tions  reduce  the  clin ical  ut ility  of  th is  ENG/VNG optokinetic
subtest.

Gaze Test
During  the  gaze  test, the  patient  sits  w ith  the  head  erect  and
looks straight  ahead  at  a light  target  on  the light  bar at  di erent
poin ts, such  as, m idline, 25 to 30 degrees to the right of m idline
(horizontal righ t), 25  to 30  degrees to the  left  of m idline  (hori-
zontal left), 25  to  30  degrees  above  m idline  (vert ical up), and
25  to  30  degrees  below  m idline  (vert ical dow n). The  presence
of spontaneous nystagm us is  established  by exam ining the  re-
cordings of the eyes m idline w ith  vision  and also w ith  vision  oc-
cluded  (by  “shuttered”  goggles  in  VNG or  by  eye  closure  in
ENG). The  VNG printouts show  the  SPV over  t im e  (waveform ).
� Fig. 114.14  show s the  results  of gaze  testing for  a  patient. In
norm al individuals, spontaneous  nystagm us is  absent  or  m ini-
m ally  present  during  the  gaze  m idline  (or  w ith  vision  oc-
cluded). The presence of sign ificant  spontaneous nystagm us is a
nonlocalizing finding. If spontaneous nystagm us is present  and
is unchanged in  in tensity and  direction  w ith  eccentric gaze po-
sit ions, then  the  gaze  nystagm us  reflects  spontaneous  nystag-
m us;  if it  changes  in  in tensity or  direct ion  w ith  gaze  position,
then  gaze nystagm us also is present .

Bilateral gaze  nystagm us  that  is  right-beating  for  right  gaze
and  left-beating  for  left  gaze, and  that  has  an  in tensity  in  the
nonoccluded  vision  condition  that  is  undim inished  compared
w ith  that  in  the  occluded  vision  condition, m ay  be  consistent
w ith  central nervous system  pathology, usually brainstem  path-
ology; drug e ects, however, m ust be ruled out.

If sign ificant  spontaneous nystagm us is present and gaze nys-
tagm us beats in  the  sam e direct ion  as the  spontaneous nystag-
m us  in  both  eccentric  gaze  positions, then  the  possibility  of a
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pattern  reflect ing  Alexander’s  law  should  be  considered,
w hereby the nystagm us in tensity increases w ith  gaze in  the di-
rect ion  of the fast  phase of the spontaneous nystagm us. For ex-
am ple, a patien t dem onstrates left-beat ing spontaneous nystag-
m us  and  left-beating  nystagm us  on  right  and  left  horizontal
gaze that  is strongest  for  the left  horizontal gaze (because of the
additive  e ects of com bining spontaneous and  gaze  nystagm us
w hen  the direct ion  of the gaze is in  the direct ion  of the sponta-
neous  nystagm us)  and  weakest  for  the  righ t  horizontal  gaze
(because  the  gaze  is  in  the  direction  opposite  that  of the  spon-
taneous  nystagm us).  Such  pattern  is  usually  consistent  w ith
peripheral  vestibular  pathology  (in  th is  example, on  the  right
side), although  the possibility of central nervous system  pathol-
ogy cannot  be  ruled  out . Horizontal unilateral gaze  nystagm us
refers  to  nystagm us  for  a  single  eccentric  gaze  direct ion;  th is
finding m ay be  consistent  w ith  a central nervous system  disor-
der  if its  in tensity  in  the  norm al visual  condition  is  undim in-
ished  relat ive  to  that  in  the  occluded  vision  condition  (or  the
nystagm us is present  in  the  norm al visual condition  but  not  in
the vision  occluded condition).

Vertical  gaze  nystagm us  (dow n-beating  or  up -beating)  m ay
be consistent  w ith  a central nervous system  disorder.

Dix-Hallpike Procedure
The  Dix-Hallpike  procedure  usually  is  perform ed  before  static
positional tests  so  that  if benign  paroxysm al positional ver tigo
(BPPV) is  present, m ovem ent  in to  the  various positions during
static  positional  testing  does  not  fat igue  the  BPPV.  Posterior
sem icircular canal BPPV can  be identified  w ith  the Dix-Hallpike
procedure. With  the t raditional m aneuver, the patient  sits w ith
the  head  turned  slow ly  45  degrees  to  the  right  and  w ith  the
eyes open. The clin ician , w ho is behind  the pat ien t  and  has one
hand  at  the top  of the pat ient’s head  and  the other hand  on  the
patien t’s  back, then  rapidly pulls  the  patient  back dow n, keep-
ing  the  head  in  the  turned  position , un til  the  patien t  is  lying
supine  w ith  the  head  hanging to  the  right  over  the  end  of the
exam ining table. The  pat ient  is  asked  w hether  any dizziness is
experienced. The nystagm us should  be  up-beating and  torsion-
al  toward  the  ear  that  is  underneath . The  patient  then  is  re-
turned  to the  sit t ing posit ion , and  the  procedure  is  repeated  if
nystagm us  was  present  to  determ ine  if  the  response  is  fat i-
gable. This  en tire  procedure  then  is  repeated  w ith  the  head
turned  to  the  left  (after  the  patien t  is  brought  back  to  the  sit-
t ing posit ion). The  m ost  useful param eters to  exam ine  are  the
SPV over  t im e  and  the  nystagm us  waveform s.  The  Dix-Hall-
pike  results  for  a  patien t  are  show n  in  � Fig. 114.14. The  clas-
sic  response,  consisten t  w ith  posterior  sem icircular  canal
BPPV,  is  characterized  by  the  follow ing:  (1)  Latency  of  the
nystagm us  is  less  than  10  seconds;  (2)  the  nystagm us, w hich
develops  in  in tensity  and  then  declines  in  in tensity, is  t ransi-
en t  and  has  a  durat ion  of less  than  1 m inute;  (3)  the  nystag-
m us  and  sym ptom s of dizziness  are  fat igable  on  the  repeated
m aneuver;  and  (4)  the  nystagm us  is  up-beating  w ith  a  tor-
sional  component  in  the  direct ion  of  the  underneath  ear
w hen  the  patien t  is brough t  to the  supine  posit ion . Thus, clas-
sic  Dix-Hallpike  findings  are  both  localizing  and  lateralizing.
The  response  is  nonclassic  if  any  of  these  features  are  not
noted, and  the  results are  non localizing.

Stat ic Posit ional Tests
With  positional testing, recordings are m ade w ith  the pat ient  in
various positions, including the follow ing: (1) supine w ith  head
elevated  30 degrees, (2) supine w ith  head  turned  90 degrees to
the right or r ight  lateral (w hole body right on  the right side), (3)
supine w ith  the head  turned to the left  90 degrees or left  lateral
(w hole  body left  on  the  left  side), and  (4) head  hanging (lying
on the exam inat ion table w ith  the head hanging over the end of
the  table).  Lateral  positions  are  preferred  to  the  head-turned
positions  because  the  latter  can  elicit  cervical vertigo  in  som e
individuals and  neck rotation  ability is restricted  in  som e  indi-
viduals. All positional testing is  accom plished  in  the  vision  oc-
cluded  condition  (eyes  closed  in  ENG). The  patient  perform s
m ental tasking  (e.g., count  by twos, nam e  anim als)  to  prevent
nystagm us suppression. If nystagm us is present  in  any position ,
then  testing  under  visual  fixation  is  perform ed  to  determ ine
w hether  visual fixation  can  reduce  the  nystagm us;  inability of
visual fixation  to  reduce  the  nystagm us is  suggestive  of a  cen-
tral nervous system  disorder. The param eters of in terest  are the
SPV over  t im e  and  any nystagm us waveform s. Static positional
test  results for a patient  are show n in � Fig. 114.14.

Positional  nystagm us  that  is  present  in  the  eyes  occluded
condition  (and  is  absent  under  the  visual fixat ion  condition) is
considered  to  be  abnorm al  if  its  SPV exceeds  the  norm ative
cuto value  (e.g., 4  degrees per  second  for  VNG, 6  degrees per
second  for  ENG) for  at  least  one  position . It  is  a  nonlocalizing
(peripheral or central vestibular pathology) finding.

Horizontal  positional  nystagm us  that  is  present  in  the  eyes
occluded  condition  and  is  direct ion-changing  w ithin  a  single
head  position  in  the eyes occluded  condition  m ay be consistent
w ith  a central nervous system  disorder.

Positional  nystagm us  (any  in tensity)  present  in  the  eyes
occluded  condition  and  in  the  visual  fixation  condition  is  a
pathologic, nonlocalizing finding if visual fixation  significantly
reduces  the  in tensity;  it  is  consistent  w ith  a  cent ral  nervous
system  disorder  if  visual  fixat ion  fails  to  significantly  reduce
the in tensity.

Vertical positional nystagm us in  the  eyes occluded  condition
is  considered  to  be  consistent  w ith  a  central  nervous  system
disorder  if  its  m agnitude  exceeds  the  norm ative  cuto  value
(about  6 to 7 degrees per second) and  visual fixation  fails to re-
duce the in tensity of the nystagm us.

Alcohol ingestion  should  be  ruled  out  if (1) direction-chang-
ing geotropic nystagm us is obtained  w hereby the  nystagm us is
right-beating w ith  the right  ear  dow n  and  left-beat ing w ith  the
left  ear dow n  (and absent  in  the sit t ing and supine positions) or
if  (2)  direction-changing  ageotropic  nystagm us  is  obtained
w hereby the  nystagm us is right-beating w ith  the left  ear  dow n
and left-beating w ith  the righ t ear dow n.

Caloric Test ing
Standard  alternate  binaural  bitherm al  caloric  testing  involves
the  inject ion  of cool or  warm  water  or  air  directly  in to  an  ear
canal w ith  the  pat ient  supine  and  the  head  elevated  about  30
degrees. Testing  is  done  w ith  vision  occluded  (eyes  closed  in
ENG)  and  then  in  the  norm al  visual  condition  (eyes  open  in
ENG)  to  test  for  visual  fixation  suppression  after  peak  SPV is
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obtained  in  the  vision  occluded  condition .  The  patient  does
m ental tasking during the vision  occluded  condition  to prevent
nystagm us suppression. Each ear is irr igated, one at a t im e, w ith
a  cool stim ulus or  a warm  stim ulus (or  vice  versa). With  water
irr igation, the  cool  temperature  is  set  to  about  30°C and  the
warm  temperature  is set  to  about  44°C. With  air  irr igation, the
cool temperature  is  set  to  about  21°C and  the  warm  tempera-
ture  is  set  to  about  51°C. In  norm al individuals, the  SPV of the
nystagm us is  w ith in  norm ative  lim its  and  approxim ately equal
for the two ears for each  temperature, and  it  is right-beating for
right  warm  and  left  cool  irr igations  and  left-beat ing  for  left
warm  and  right  cool irr igations. The  param eter  of greatest  in-
terest  is  the  SPV over  t im e  for  each  irr igation. Caloric  test  re-
sults for a pat ient are show n in � Fig. 114.15

The  presence  of bilateral weakness  is  assessed  by looking at
(1) the  sum  of the  peak SPV across the  four  irr igations, (2) the
sum  of the peak SPV for the righ t ear (across the warm  and cool
irr igations) and  the  sum  of the  peak SPV for  the left  ear  (across
the  warm  and  cool irr igations), and  (3)  the  peak  SPV for  each
irr igation. If the  total peak SPV across the four  irr igations is as-
sessed, bilateral weakness  is  thought  to  be  present  w hen  it  is
less than approxim ately 20 to 22 degrees per second. If the indi-
vidual ear SPV (across both  tem perature irr igations) is assessed,
then  bilateral weakness is thought  to be present  w hen  the peak
SPV for each  ear is less than  about  12 degrees per second. If the
SPV for  each  irr igation  is  assessed, then  bilateral  weakness  is
through  to be  present  w hen  each  peak SPV is less than  approx-
im ately  8  degrees  per  second. Bilateral weakness  is  consistent
w ith  bilateral peripheral vestibular  pathology or a central nerv-
ous  system  disorder.  The  peak  SPV also  is  exam ined  for  the
presence of hyperactive responses (> 60 to 150 degrees per sec-
ond)  in  one  or  both  ears;  the  norm ative  cuto  value  di ers
w idely  am ong  investigators  but  m ore  com m only  ranges  be-
tween  about  140  and  150  degrees per  second. It  is  a  relatively
rare finding, part icular  w hen  it  is unilateral, and m ay be consis-
ten t  w ith  cerebellar  dysfunction  w hen  tym panic  m em brane
perforation  and technical factors are ruled out. Som e clin ics also
perform  ice water calorics w hen  caloric responses are  absent  to
determ ine if any residual response is present  w ith  ice water sti-
m ulation.

If  bilateral  weakness  is  absent,  the  presence  of  unilateral
weakness (as a percentage) is calculated  w ith  the follow ing for-
m ula: {[(righ t cool peak SPV – right  warm  peak SPV) m inus (left
warm  peak  SPV –  left  cool  peak  SPV)]/(right  cool  peak  SPV+
right  warm  peak  SPV+ left  cool  peak  SPV+ left  warm  peak
SPV)} x  100. This  form ula  essentially  is  equivalent  to  the  total
peak SPV for  the  right  ear  m inus the  total peak SPV for  the  left
ear, w ith  th is  di erence  then  divided  by sum  of the  total peak
SPV across all four  irr igations, t im es 100. Unilateral weakness is
abnorm al if  its  absolute  value  exceeds  a  criterion  level  (20  to
25%). A significantly positive  unilateral weakness  indicates  left
ear  weakness, w hereas a significantly negative unilateral weak-
ness indicates righ t  ear  weakness (peripheral vestibular  pathol-
ogy). Any spontaneous nystagm us should  be  considered  in  the
interpretation  of caloric responses.

Typically,  right  warm  and  left  cool  irr igations  yield  righ t-
beating  nystagm us,  and  left  warm  and  righ t  cool  irr igations
yield  left-beating  nystagm us. In  norm al individuals, the  right-
beating  nystagm us  and  left-beat ing  nystagm us  are  sim ilar  in
m agnitude  (although  opposite  in  direct ion). An  individual has
direct ional preponderance (DP) if the m agnitudes of the caloric
responses beating in  one direct ion are stronger than those beat-
ing in  the  other  direct ion. Thus, the  DP (%) = {[(–peak SPV right
warm  –  peak  SPV left  cool)  m inus  (peak  SPV right  cool + peak
SPV left  warm )]/(peak  SPV right  warm + peak  SPV left  cool +
peak  SPV left  warm + peak  SPV right  cool)} x  100. The  clin ical
significance  of DP is  controversial  and  neither  lateralizing  nor
localizing; however, the presence of significant  DP does indicate
w hether  the  nystagm us  beats  m ore  strongly  in  one  direct ion
than  another. DP is  significant  if it  is  greater  or  equal to  25  to
30%. A positive DP value indicates that  responses obtained  from
the  left  cool  and  right  warm  irr igations  (right-beating)  are
stronger  than  the  responses from  the  right  cool and  left  warm
irrigations  (left-beat ing);  a  negative  DP  value  indicates  that
the  left-beat ing  responses  are  stronger  than  the  right-beating
responses.

Failure  of fixation  suppression  (%)  is  calculated  by  dividing
the  SPV obtained  just  before  the  e ect  of visual fixation  is  de-
term ined  by the  peak SPV (norm al visual condition  after  visual
fixation). This generally is m easured  for  at  least  two irr igations

Fig. 114.15  Sinusoidal harmonic acceleration results in a normal patient. Note that  the gain, phase, and symmetry are  within the normal range at  all
chair oscillation  frequencies.
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(right  and  left  warm  or  right  and  left  cool). Com plete  suppres-
sion  by  fixation  yields  a  fixation  index  near  0%,  w hereas
complete lack of fixation yields a fixation  index exceeding 100%.
Abnorm al failure  of fixation  suppression  greater  than  approxi-
m ately  50  to  60% is  consisten t  w ith  a  central  nervous  system
disorder.

A recent  study of 77  patients  w ith  unilateral peripheral ves-
tibular  pathology and  80  control subjects  revealed  caloric test
sensitivity  and  specificity  values  of 83% and  78%, respect ively.
The m ost  im portant  caloric param eter was unilateral weakness,
followed  by the  SPV for  warm  irr igations, followed  by  SPV for
cool irr igations. DP was of lim ited clin ical importance in  the dif-
feren tial diagnosis of unilateral peripheral vestibular pathology.

114.9.2  Sinusoidal Harm onic
Accelerat ion
SHA testing  involves  m easurem ent  of the  slow -phase  velocity
(SPV) of nystagm us induced by side-to-side sinusoidal rotations
of a  m otorized  chair  in  a  dark  room ;  the  patient  is  tested  (the
head  is t ilted  dow nward  by about  30 degrees for  perpendicular
orien tation  of the  horizontal sem icircular  canals relative  to the
rotat ional axis) w ith  the eyes open  (and perform s m ental arith-
m etic  to  prevent  suppression  of  nystagm us),  and  recording
electrodes  are  placed  at  the  outer  canthi  of  the  eyes  w ith  a
ground  electrode  on  the  forehead. With  chair  rotation  in  the
clockw ise  direct ion, the  SPV of the  nystagm us is  counterclock-
w ise, and  vice  versa. Chair  rotat ion  typically is  perform ed  over
at  least  five  m ultiple  sinusoidal  oscillation  frequencies  (e.g.,
0.01, 0.02, 0.04, 0.08, 0.16, 0.32, and  0.64 Hz) w ith  peak angular
velocit ies of 50  to  60  degrees per  second. The  instrum entation
perform s  a  fast  Fourier  transform  analysis  to  rem ove  the  fast
phase so that  the  eye SPVs can  be  reported  in  comparison  w ith
those of the head/chair. The param eters generally m easured  in-
clude  phase, gain , and  sym m etry. Phase  represents the  tempo-
ral relation  betw een  SPV (degrees per  second) of the  eyes and
SPV of the head/chair and  is expressed in  degrees. With  a phase
lead, the peak SPV of the eyes occurs before the peak SPV of the
head/chair;  w ith  a  phase  lag, the  peak  SPV of the  eyes  occurs
after  the peak SPV of the head/chair. The gain  param eter  repre-
sents  the  SPV of the  eyes divided  by the  SPV of the  head/chair.
Sym m etry (%) refers to the  di erence betw een  peak SPV of the
eyes in  the condition  in  w hich  the  chair  m oves clockw ise  (slow
phase  of the  eye  m ovem ent  is  in  the  opposite  direct ion)  and
peak SPV of the  eyes in  the  condition  in  w hich  the  chair  m oves
counterclockw ise  (slow  phase  of the  eye  m ovem ent  is  in  the
opposite direction), referenced to the total of the m axim um  eye
SPVs in  both  direct ions. The instrum entation  prin tout of the ro-
tary chair results generally displays each  of these param eters as
a  funct ion  of chair  oscillation  frequency. � Fig. 114.15  displays
the SHA results from  a norm al individual.

Typical findings for a unilateral acute peripheral vestibular le-
sion  such  as  vestibular  neurit is  or  active  Meniere  disease  in-
clude  the  follow ing:  abnorm ally  increased  phase  leads, largely
at  the  lower  oscillation  frequencies, and  asym m etry, w hereby
the peak SPV in  one direct ion  (usually toward the side of the le-
sion) is greater  than  that  in  the  opposite  direct ion, part icularly
at  the h igher  frequencies. In  the case of a slow ly developing pe-
ripheral vestibular  lesion, such  as  a  vestibular  schwannom a, a
vestibular  compensation  process  occurs  that  often  norm alizes

results for the sym m etry param eter; thus, if vestibular compen-
sation  has occurred, then  the sole  abnorm al finding m ay be  in-
creased  phase  leads  that  are  greatest  at  the  lower  oscillation
frequencies. When  abnorm al findings are  obtained  on  the sym -
m etry  m easure,  they  can  be  m onitored  over  t im e  to  see  if
central compensation  occurs, w hich  is correlated  w ith  a  dim in-
ution  of  the  subject ive  feeling  of dizziness. Sym m etry  results
need  to  be  adjusted  w hen  spontaneous  nystagm us  is  present;
for  example, a  left-beating  spontaneous  nystagm us  augm ents
the left-beating nystagm us that  occurs w ith  right  rotations and
decreases the  right-beating nystagm us that  occurs w ith  left  ro-
tations. The  results  of a  recent  large  sam ple  study  of patien ts
w ith  a  variety  of peripheral vestibular  disorders  and  a  control
group  revealed  that  the  correct  classification  of individuals  as
norm al  or  as  having  unilateral  peripheral  vestibular  impair-
m ent  is best  for  the  0.01-Hz frequency, second best  for  the  0.1-
Hz frequency, and  th ird  best  for  the  0.05-Hz frequency (the  os-
cillation  frequencies  evaluation  included  frequencies  of  0.01,
0.02, 0.05, 0.1, and  0.2 Hz at  the peak velocity of 50 degrees per
second). The  phase  param eter  had  the  greatest  diagnostic utili-
ty. SHA test  sensitivity and  specificity at  0.01 Hz were  84% and
64%, respect ively. The  sensitivity  and  specificity  of the  unilat-
eral  weakness  m easure  on  caloric  testing  in  th is  group  were
83% and 79%, respect ively.

Gain  often  is abnorm ally reduced  in  bilateral peripheral ves-
tibular  pathology.  Abnorm ally  reduced  gain  has  som etim es
been  observed  in  unilateral acute  peripheral vestibular  lesions.
Very  low  gain  results  lim it  the  diagnostic  utility  of other  SHA
param eters.

The  SHA test  yields inform ation  about  asym m etry in  the  pe-
ripheral vestibular  system  in  response  to low -frequency (slow )
stim ulation. A benefit  of the  SHA test  is  that  it  furn ishes infor-
m ation  about  the  presence  of  residual  caloric  responses  in
patients w ho have  absent  response  to bitherm al caloric stim u-
lation, including  ice  testing. Also, sim ilar  to  caloric  vestibular
testing, the  SHA test  is  sensitive  only to  pathologies that  a ect
the  horizontal sem icircular  canal or  superior  vestibular  nerve.
The best  application  of SHA testing is for  the  detect ion  of bilat-
eral vestibular  pathologies; it  is m ore challenging to detect  uni-
lateral  vestibular  disorders  w ith  SHA testing,  w hich  involves
the sim ultaneous stim ulation  of both  ears. SHA testing also has
value for  m onitoring central compensation  over  t im e in  unilat-
eral peripheral vestibular disorders.

114.9.3  Com puterized Dynam ic
Plat form  Posturography
CDPP provides an  evaluat ion  of the patien t’s ability to use visu-
al,  vestibular,  and  som atosensory/proprioceptive  input  to  re-
m ain  standing  upright  w ithout  swaying or  falling. This  ability
not  on ly depends on  the reception  of appropriate sensory input
by the brain  but  also requires coordination  of the  m uscles such
that  the body m ass is centered  over an  area spanned by the feet
(center  of gravity  [COG]);  the  ability  to  stand  upright  involves
both  sensory and  m otor components. Sway refers to m ovem ent
in  the  COG and  is  assessed  in  the  an teroposterior  and  lateral
planes. Pressure  sensors  on  the  force  plate(s)  of the  platform
detect  pressure  changes  exerted  on  the  platform  associated
w ith  sway w ith  feet and/or body m ovem ent.
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The  patien t  stands on  a  platform  w hile  wearing a  harness to
prevent  falls. A visual  surround  is  in  front  and  to  the  sides  of
the  pat ient. Both  the  visual surround  and/or  the  platform  can
m ove under computer control. The test  is perform ed in  the eyes
open  and  eyes closed condition; in  the eyes open  condition, the
test  is  adm inistered  under  norm al vision  and  distorted  vision
(the visual surround sways so that  visual cues are inaccurate).

The two components of the  CDPP test  are  the sensory organ-
ization  test  (SOT)  and  the  m otor  control  test  (MCT). The  SOT
has  six  subtests  (� Table  114.3).  The  m ost  di cult  subtest  is
SOT 6  because  both  visual input  and  som atosensory  input  are
distorted, creating sensory input  conflict  to  the  brain;  balance
in  th is  subtest  is  dependent  upon  the  vestibular  system . Dis-
torted  input  a ects  balance  m ore  than  absence  of  input. The
equilibrium  score  (%) is provided  for  each  subtest  based  on  the
m agnitude  of sway. A composite  equilibrium  score  across  the
subtests also is provided. The range in  equilibrium  scores is 0 to
100%, w ith  0% indicating a fall and  100% indicating no sway and
good stability.

� Fig. 114.16  show s the  CDPP test  findings  in  a  pat ien t. The
sensory analysis  looks  at  the  pat tern  of results  across  the  SOT
subtests and  displays how  well the  patien t  uses som atosensory
input  to  m aintain  postural  control  (based  on  a  comparison  of
the results of SOT1 and SOT2), visual input  to m aintain  postural
control (based  on  a comparison  of SOT1 and  SOT4), and  vestib-
ular  input  to  m ain tain  postural  control  (based  on  SOT1  and
SOT5), and  the  degree  to  w hich  reliance  on  visual input  is  ap-
propriate (based on  SOT3 and SOT6). Higher scores indicate bet-
ter perform ance. The COG alignm ent  scatterplot  show s the COG
relative  to  the  center  of base  support  before  each  t rial. In  nor-
m al  individuals, the  COG is  near  the  center  of  the  base.  The
strategy analysis  results  indicate  the  extent  to  w hich  a  pat ient
m oves  h is  or  her  COG around  the  ankle  or  h ip  to  m ain tain
postural control; the ankle strategy is dom inant  in  norm al indi-
viduals, and  the  less e cient  h ip  strategy is dom inant  in  m any
individuals  w ith  equilibrium  problem s. Unlike  elect romyogra-
phy  recordings, CDPP testing  does  not  involve  the  placem ent

of t ransderm al  electrodes  on  the  body. Therefore, conclusions
about  ankle  versus  h ip  st rategies  based  on  CDPP  findings
are  subject  to  the  d isadvan tage  of  a  lack  of  d irect  m uscle
in form at ion .

In  the  MCT,  the  platform  m akes  sudden  front-to-back  or
back-to-front  jerk m ovem ents (translations) of sm all, m edium ,
and  large  am plitudes. The  m uscle  react ion  latency of each  foot
to each  of these two types of translations is reported. The  MCT
results also are show n in � Fig. 114.16. Prolonged MCT latencies
m ay be  suggestive  of a  lesion  w ithin  the long loop  pathway in-
volving  the  nonvestibular, spinal  cord, brainstem , and/or  sub-
cort ical  components  of the  pathway. Exam ples  of pathologies
that m ay be associated w ith  bilaterally prolonged MCT latencies
include peripheral neuropathy and  m ultiple sclerosis. Exam ples
of localized  brainstem  lesions that  m ay be  associated  w ith  pro-
longed MCT latencies include stroke and cerebral palsy.

The  m ajor  purpose  of  CDPP testing  is  to  exam ine  postural
control  in  pat ients  w hose  sole  balance  complaint  is  unsteadi-
ness  or  unexplained  falls  and  in  patients  w ith  bilateral  hypo-
function, w hich  puts  them  at  increased  risk  for  falls, part icu-
larly as  age  increases. Som e  have  suggested  such  testing in  all
patients w ho experience unsteadiness or balance di culty dur-
ing periods w hen  vertigo is absent. Thus, from  the otologic per-
spective, CDPP essentially represents funct ional assessm ent  for
the purpose of planning and  m onitoring vestibular  and  balance
rehabilitation  to reduce the r isk for and rate of falls.

114.9.4  Vest ibular Evoked Myogenic
Potent ial Test ing
In  the  VEMP test, change  in  m uscle  tone  is elicited  by brief, in -
tense  acoustic  stim ulation  and  is  recorded  electromyographi-
cally  w ith  surface  elect rodes  placed  on  the  skin  overlying  the
neck  or  spinal  m uscles.  The  VEMP  is  a  vestibulocollic  reflex
originat ing  in  the  saccule  w ith  neural  transm ission  through
the  inferior  vestibular  nerve  and  descending  vestibular  spinal

Table 114.3  Conditions for each component of the sensory organization test in computerized dynamic platform posturography

Sensory organizat ion  test  Platform, visual surround, eyes open  or  closed  Sensory input  to  the  brain:
visual,  vest ibular,  somatosensory

1  Eyes open
Visual surround  stable
Platform  fixed

Visual accurate
Vestibular operational
Somatosensory accurate

2  Eyes closed
Platform  fixed

Visual absent
Vestibular operational
Somatosensory accurate

3  Eyes open
Visual surround  changes
Platform  fixed

Visual conflict
Vestibular operational
Somatosensory accurate

4  Eyes open
Visual surround  stable
Platform  moves

Visual accurate
Vestibular operational
Somatosensory inaccurate

5  Eyes closed
Platform  moves

Visual absent
Vestibular operational
Somatosensory inaccurate

6  Eyes open
Visual surround  moves
Platform  moves

Visual inaccurate
Vestibular operational
Somatosensory inaccurate
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pathways that  supply the  neck and  spinal m uscles. The  saccule
is positioned  in  the  labyrinth  just  below  the  anterior  half of the
stapes footplate, so  intense  sound  m ay elicit  responses from  the
hair  cells  of the  m aculae  of the  saccule, which  ultimately result
in  muscle tone changes within  a contracted m uscle. The m aculae
of the  saccule  detect  linear  acceleration  in  the horizontal or  ver-
tical  plane  w hen  the  head  and  body m ove  together  as  a  single
unit. The  VEMP notably  di ers  from  an  auditory evoked  poten-
tial in  that  it  can  be  elicited  by nonacoustic (e.g., tact ile) as well
as acoustic st im ulation  and  is myogenic rather  than  neurogenic.

Elicitation  of  VEMPs  is  optim ized  w ith  tone  bursts  at  the
nom inal frequency of 500  or  1000 Hz. As w ith  auditory evoked
potentials,  averaging  and  filtering  of  the  responses  are  em -
ployed. The m ost com m only em ployed electrode sites (ipsilater-
al to  the  ear  receiving acoustic stim ulation) involving the  ster-
nocleidom astoid  m uscle  (cervical  VEMP)  are  as  follow s:  (1)
noninverting (act ive)  elect rode  on  the  upper  belly of the  ster-
nocleidom astoid  m uscle,  invert ing  elect rode  on  the  sternum ,
and  ground  over  the  sternocleidom astoid  m uscle;  (2)  nonin-
verting electrode  on  the  forehead, invert ing electrode  over  the

Fig. 114.16  The results of computerized dynamic platform posturography testing in a patient  with a confirmed right acoustic neuroma. The results of
sensory analysis are  consistent  with  a  significant  abnormality in  the  vestibular modality. See  text  for more  details. COG, center of gravity.
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belly  of the  sternocleidom astoid  m uscle, and  ground  over  the
m iddle of the sternocleidom astoid  m uscle. The form er m ontage
yields an  in itial positive deflect ion  that  is upward (P1) and  then
a negative  deflect ion  (N1); w ith  the lat ter  m ontage, deflections
are  in  the  reverse  direct ion  (i.e., dow nward  for  P1  and  upward
for  N1). � Fig. 114.17  show s a  VEMP from  a  norm al individual.
The  VEMP also  can  be  recorded  from  the  infraorbital  region;
the literature for cervical VEMPs is m uch larger  than  that for in -
fraorbital VEMPs because the  infraorbital VEMP is an  em erging
technology. The  origins of infraorbital VEMPs currently are  be-
lieved to be the utr icle and superior  vestibular nerve.

In  a com m only em ployed approach  to achieve su cient  tens-
ing  of  the  sternocleidom astoid  m uscle,  the  pat ient  is  lying
dow n  in  a supine position  (typically at  a 30-degree angle, as for
caloric vestibular testing) and in  a sem irecum bent position w ith
the  neck  turned  m axim ally  to  the  side  away  from  the  ear  re-
ceiving the acoustic stim ulation; the pat ient  then  lifts h is or her
head  just  o  the  table. Often , the  ongoing  elect romyographic
activity is m onitored  to ensure that  m uscle tension  during test-
ing  rem ains  stable. The  signal  stim ulation  period  needs  to  be
short  to reduce the adverse e ects of m uscle fatigue on  the res-
ponse  and  to  m inim ize  the  possibility that  the  patient  w ill re-
cruit  other  m uscles  to  m ain tain  the  head  elevation. The  VEMP
param eters  of in terest  include  its  threshold, P1  latency, N1  la-
tency, and  the  P1–N1 (VEMP) am plitude  in  each  ear. The  in ter-
aural latency  di erence  is  m easured  based  on  P1  and  N1. The
asym m etry ratio  (%) is  calculated  as follow s:  [VEMP am plitude
(right  –  left)]  divided  by [VEMP am plitude  (left + right)] x  100.
For  cervical VEMPs in  a  norm al adult , the  VEMP threshold  oc-
curs at  about  70 to 90 dB HL, P1 latency is about  12 to 13 m illi-
seconds, and  N1 latency is about  22 to 23 m illiseconds. Norm a-
tive  data  based  from  the  individual  testing  center  are  used  to
define  the  upper  lim its of norm alcy for  these  param eters. Con-
duct ive hearing im pairm ent generally abolishes an  AC VEMP.

A m ajor  application  of the  VEMP has  been  to  evaluate  pa-
tients  w ith  superior  sem icircular  canal  dehiscence. The  VEMP
threshold  m ay  be  significantly  better  (i.e.,  lower)  in  patients
w ith  superior  sem icircular  canal dehiscence than  in  norm al in-
dividuals  because  the  dehiscence  shunts  sound  energy  away
from  the cochlea through the vestibular labyrin th .

The  VEMP is  absent  or  its  am plitude  is  reduced  in  approxi-
m ately 80% of patients w ith  vestibular  schwannom a, reflecting
involvem ent  of the  inferior  vestibular  nerve, and  it  m ay be  ab-
norm al even  w hen  caloric findings are  norm al;  low  specificity
rates around 50% have been  reported.

Study findings suggest  that  absent  VEMPs or VEMPS w ith  de-
creased  am plitude m ay occur  in  pat ients w ith  vestibular  neuri-
tis w hen the inferior  vestibular nerve is involved.

A lim itation  of the  VEMP a ect ing test–retest  reliability and
in tersubject  comparisons  is  norm alization  of m uscle  tone. Ob-
taining  a  prestim ulus,  baseline  electrom yogram  to  norm alize
the  electromyogram  helps alleviate  th is lim itation  but  does not
overcom e it  because of m uscle tone changes during acoustic sti-
m ulation . Maturation  and  aging a ect  the  VEMP, so  norm ative
data  for  the  various age  groups need  to be  obtained. Given  the
sensitivity and  specificity rates in  the  literature  for  the  various
disorders, and the great diversity in  recording, stim ulus, and in-
strum entation  param eters,  VEMPs  should  in terpreted  cau-
tiously  and  in  conjunct ion  w ith  other  vestibular, otologic, and
audiologic findings.

114.10  Internet  Resources
●  AudiologyOnline (http://w w w.audiologyonline.com )
●  Audiology Educational Resources Online (h ttp://w w w.worl-

daudiology.com /resource/audiology-educat ional-resources/)
●  Audiogram  Tutorials and Audiology Links (http://audsim .com /

Business/linksbusiness.h tm )

Fig. 114.17  Vestibular evoked  myogenic potential recording  from  a normal individual.
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115  Radiology of the Tem poral Bone
George Alexiades

115.1  Int roduct ion
Tem poral bone  im aging is  an  im portan t  diagnostic tool for  the
otolaryngologist–head  and  neck  surgeon. The  two  m ain  im ag-
ing m odalit ies  used  today are  computed  tom ography (CT) and
m agnetic resonance (MR) im aging. The strength  of CT lies in  op-
tim al  view ing  of the  bony  arch itecture  of the  temporal  bone,
w hereas  MR  im aging  is  excellent  at  delineating  soft-t issue
structures. MR im aging does not  im age bone well at  all.

115.2  Com puted Tom ography
CT is  the  process  of using a  computer  to  create  an  im age  from
m ultiple  “slices” of X-rays. The  early CT m achines were  know n
as CAT (computed axial tom ography) scans because they gener-
ated  im ages only in  the axial plane. Newer m achines are able to
gather  the  data  and  reform at  the  im age  in  any  plane, or  even
create a three-dim ensional im age.

In  temporal bone im aging, CT is excellent  for show ing the bo-
ny  architecture. (From  th is  poin t  forward, all  references  to  CT
scans  w ill  be  w ith  the  assumpt ion  that  they  are  weighted  for
bone—i.e.,  the  contrast  and  brightness  of  the  im age  were
changed  to reveal bony architecture  w hile  show ing all soft-t is-
sue  densities  as  a  m edium  gray.)  This  is  in  contrast  to  typical
soft  t issue–weighted  CT scans, w hich  can  show  di erent  den-
sit ies  of  soft  t issues;  however,  they  tend  to  overexpose  bone
and  obscure  its  architecture. On  the  tem poral bone  scan, bone

and  highly  calcified  tissue  w ill  appear  w hite,  air  w ill  appear
black, and soft  t issue and fluid w ill appear gray (� Fig. 115.1).

The  temporal  bone  is  actually  m ade  up  of  five  di erent
bones:  the  squam ous  bone, petrous  bone, m astoid,  tym panic
ring, and  styloid  process. The  squam ous bone  is  the  lateral flat
bone to w hich the temporalis m uscle attaches. The petrous por-
tion  comprises  the  m edial  pyram idal  bone, w hich  houses  the
otic capsule  and  m iddle  ear  space. The  m astoid  comprises  the
lateral aerated  portion  of the temporal bone. The tym panic ring
is a U-shaped bone that form s the anterior, inferior, and posteri-
or  walls of the external auditory canal. The tym panic ring art ic-
ulates w ith  the  squam ous bone  an teriorly (form ing the  tym pa-
nosquam ous  suture)  and  w ith  the  m astoid  bone  posteriorly
(form ing the tym panom astoid  suture). Finally, the styloid  proc-
ess  arises  out  of the  inferior  aspect  of the  tem poral bone  and
serves  as  an  excellent  landm ark  for  the  stylom astoid  foram en,
through  w hich the facial nerve exits the temporal bone.

In  assessing temporal bone  CT scans, it  is  im portant  to  view
the bone globally before focusing on  the pathology. The lifelong
history of the temporal bone can  be  deduced  by its characteris-
tics  on  the  scan. The  three  m ain  features of the  temporal bone
to assess on  a CT scan  are its developm ent , pneum at ization, and
aeration.

Development refers to the presence, absence, or  m alform ation
of the  labyrinthine  structures:  the  cochlea, sem icircular  canals,
vestibule, and in ternal auditory canal. In  a well-developed bone,
these  structures  w ill  all  appear  norm al, signifying  norm al de-
velopm ent  of  the  ear  in  utero  (weeks  3  to  16  of  gestation).

Fig. 115.1  Axial computed tomographic scans of the left  temporal bone. The scan on the left is a more superior cut. A, antrum; B, middle cranial fossa;
C, posterior cranial fossa; D, subarcuate artery; E, superior semicircular canal; F, posterior semicircular canal; G, internal auditory canal; H, vestibule; I,
lateral semicircular canal; J, vestibular aqueduct.
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Pneumatiza t ion  refers to  the  presence  or  absence  of air  cells  in
the  m astoid. A well-pneum atized  bone  w ill show  extensive  air
cells  in  the  m astoid  and  m inim al bone  m arrow  in  the  m astoid
tip.  Oftentim es, there  is  pneum atization  of  the  petrous  apex.
Pneum atization  occurs from  birth  unt il early adolescence and is

inhibited  by frequent  episodes of otit is m edia  or  prolonged  se-
rous otit is m edia. However, inhibition  can  be reversed  by vent i-
lating  the  m iddle  ear  space  w ith  tubes. Finally, aera t ion  refers
to  the  status  of  the  air  cells  present—w hether  they  are  filled
w ith  air  or  fluid. This refers to the  short-term  status of the  ear.

Fig. 115.2  Axial computed tomographic scans of the left  temporal bone. The cuts are more inferior than the cut in � Fig. 115.1, and again the scan on
the left  is a more superior cut. A, labyrinthine segment of facial nerve; B, geniculate ganglion; C, tympanic segment of facial nerve; D, head of malleus;
E, body of incus; F, sigmoid sinus; G, petrous apex; H, cochlea; I, manubrium  of malleus; J, long process of incus; K, external auditory canal; L, stapes
suprastructure  (very faint) and  footplate.

Fig. 115.3  Axial computed  tomographic scans of the  left  temporal bone. These  are  more  inferior cuts, and  again  the  scan  on the  left  is a  more
superior cut. A, foveate depression (gasserian ganglion lies within it); B, basal, middle, and apical turns of the cochlea; C, mastoid air cells; D, petrous
carotid  artery; E, temporomandibular joint; F, descending  facial nerve; G, cochlear aqueduct.
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An  ear  can  have  poor  pneum atization  and  norm al  aeration,
w hich  would  signify  frequent  ear  infect ions  during  ch ildhood
that  the  pat ient  is  no  longer  experiencing. Conversely, a  well-
pneum atized  temporal  bone  that  is  poorly  aerated  signifies  a
current  problem  in  the  ear, w ithout  necessarily  a  chronic his-
tory of infect ions.

� Fig. 115.1, � Fig. 115.2, and  � Fig. 115.3  show  all the  m ajor
landm arks  in  the  tem poral  bone  through  a  series  of axial  im -
ages  as  one  progresses  in  a  superior  to  in ferior  direction .
� Fig. 115.4 show s coronal cuts through  the temporal bone. It  is
im portant  to note that a CT scan  show s the bony anatomy of the
ear  and  that  these  structures are  identified  as such. The  m em -
branous structures of the  inner  ear  lie  w ithin  these bony struc-
tures. The vestibule is the central bony cham ber that houses the
utricle  and  saccule  and  that  the  sem icircular  canals  enter. The
internal auditory canal is the  bony canal th rough  w hich  the  fa-
cial,  cochlear,  and  superior  and  inferior  vestibular  nerves  all
course on  their  way from  the brainstem  to the otic capsule. The
vestibular aqueduct  is a bony channel that houses the endolym -
phatic duct  as  it  courses  to  the  endolym phat ic sac. Finally, the
cochlear aqueduct  is a bony channel that  lies parallel and inferi-
or  to  the  in ternal auditory canal and  courses from  the  cerebel-
lopont ine  angle  to  the  basal  tu rn  of the  cochlea  at  the  round
w indow. It  does not  house  any structures but  is often  patent  in
younger  persons  and  serves  as  a  tract  for  inflam m ation  in  the
cochlea  and  subsequent  hearing loss in  patients w ith  m eningi-
tis, w hich  explains  w hy there  is  preferential ossification  of the
cochlea at  the basal turn  in  these instances.

Cholesteatom a  is  one  of  the  m ore  com m on  diagnoses  for
w hich  a  CT scan  is  obtained. The  diagnosis  of cholesteatom a  is
based  on  the physical exam inat ion, and  the CT scan  serves only
to delineate  its extent . Only in  infrequent  cases can  a  definitive
diagnosis  of cholesteatom a  be  m ade  on  a  CT scan . � Fig. 115.5
show s an  axial and  a coronal cut  through  a temporal bone w ith
cholesteatom a. Here, scalloping  of the  bone  is  clearly  evident,
w hich  is a hallm ark of cholesteatom a. Erosion  of the otic capsu-
le  is  another  sign  of an  erosive  lesion. Ossicular  erosion  can  be
seen  in  chronic otit is m edia and  cannot  be used  for  the diagno-
sis of cholesteatom a.

In  addition, a contrast  agent can  be used during CT to identify
vascular  lesions.  Iodine  is  the  contrast  agent  used,  and  care
m ust  be  taken  in  individuals w ith  an  allergy to iodine, asthm a,
or  renal  insu ciency. MR im aging  has  largely  replaced  CT of
the  temporal bone  w ith  contrast  because  it  o ers  m uch  better
contrast of the soft-t issue structures.

Fig. 115.4  Coronal computed tomographic scans of the left  temporal bone, moving in an anterior to posterior direction (left  to right). A, cochlea; B,
malleus; C, external auditory canal; D, middle  cranial fossa; E, internal auditory canal; F, vestibule; G, superior semicircular canal; H, round  window
niche; I, lateral semicircular canal; J, descending  facial nerve.

Fig. 115.5  (a) Axial and  (b) coronal temporal bone  computed  tomo-
graphic scans demonstrating  a  cholesteatoma lateral to  the  incudo-
malleolar joint, with  erosion of the  scutum.
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Fig. 115.6  Axial magnetic resonance  images of normal internal auditory canals. (a) T1  before  contrast. (b) T1  after gadolinium  contrast  (note
enhancement of the sigmoid sinus and nasal mucosa). (c) T2 sequence (note that  the cerebrospinal fluid spaces and globes are bright). a, cerebellum;
b, mastoid; c, fourth ventricle; d, carotid artery; e, sigmoid sinus; f, cochlea; g, carotid artery; h, temporal lobe; i, cerebellopontine angle (note cochlear
and  inferior vestibular nerves traversing  angle  and  entering  the  internal auditory canal).

Fig. 115.7  Magnetic resonance images showing a large left  vestibular schwannoma that  is indenting the brainstem. (a) The lesion is bright on T1 with
gadolinium  (arrow). (b) It  is darker on T2 (arrow).
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115.3  Magnet ic Resonance
Im aging
MR im aging  technology  is  relatively  new;  it  was  first  used  in
hum ans in  1977. Unlike  CT, w hich  uses  ion izing radiation, MR
im aging uses powerful m agnetic fields to align  hydrogen  atom s
in  the  body. In  tem poral bone  radiology, w hereas CT is  used  to
visualize  the  bony anatomy, MR im aging is  excellen t  for  delin-
eating soft-t issue anatomy. Various pulse sequences can be used
to  increase  the  contrast  betw een  tissues. This  depends  on  the
tim e  of excitat ion  (TE) and  the  repetit ion  rate  (TR) of the  m ag-
netic field. Furtherm ore, contrast (gadolinium ) can  be used dur-
ing MR im aging  to  help  identify  lesions  w ith  increased  vascu-
larity. MR im aging m achines  today typically use  a  1.5-T (tesla)
m agnet,  w ith  3.0-T  m agnets  becom ing  m ore  com m onplace.
With  increased strength  com es increased resolution.

The  first  sequence  created  for  MR  im aging  was  the  T1-
weighted  sequence. This sequence has a  relatively short  TE and
TR. In  MR im aging  of the  brain , the  cerebrospinal  fluid  (CSF)
w ill  appear  dark, subcutaneous  fat  w ill  have  a  h igher  density,
and  there  w ill  be  good  contrast  betw een  the  gray  and  w hite
m atter. In travenous gadolinium  is often  used  w ith  T1-weighted
im aging  to  visualize  neoplasm s.  T2-weighted  im aging  uses  a
relatively long TE and TR; as a result , CSF and  other  t issues w ith
a high  water content  appear  very bright. Fat-density t issues ap-
pear m uch darker on T2-weighted than  on T1-weighted im ages;
th is weighting is very good for dem onstrating edem a in  t issues.
The  FIESTA (fast  im aging  em ploying  steady-state  acquisit ion)
sequence  is  a  h igh-resolution  T2-weighted  im aging  sequence
that  is  often  used  to  visualize  the  in ternal auditory canals  and
cerebellopontine  angles  to  identify neoplasm s, even  in  the  ab-
sence of contrast  inject ions. A FLAIR (fluid-a ttenuated  inversion

recovery) sequence is created  to suppress the signal of CSF. This
is  often  useful  in  visualizing  lesions  such  as  m ultiple  sclerosis
plaques  or  in  assessing  w hether  fluid  in  the  m astoid  is  CSF in
cases of suspected CSF leak. Many other sequences are available
for  MR im aging  but  fall  outside  the  scope  and  depth  of  th is
chapter.

One  of the  m ost  com m on  indications for  ordering MR im ag-
ing of the in ternal auditory canals is to rule  out  the  presence  of
a cerebellopontine  angle lesion  in  the evaluation  of asym m etric
sensorineural hearing loss  (� Fig. 115.6). Of these  lesions, ves-
tibular  schwannom a, also  know n  as  acoustic  neurom a, is  the
m ost  com m on. This is covered  in  depth  in  Chapter  134, Posteri-
or  Skull  Base  Diseases  and  Surgery.  � Fig.  115.7  show s  the
im aging characteristics of a typical vestibular schwannom a. The
lesion  is  of  m edium  density  on  T1  sequencing  and  enhances
w ith  gadolinium  contrast. On T2, the lesion  fades and  is usually
seen  as  a  filling  defect  of  the  in ternal  auditory  canal. Sim ilar
im aging  characteristics  exist  for  m eningiom as, w hich  are  also
com m only found in  the cerebellopontine angle, w ith  the excep-
tion  that  m eningiom as  can  be  di erentiated  by  “dural  tails.”
Because m eningiom as arise  from  the  dura, enhancem ent  of the
dura often  extends beyond  the border  of the tum or. Also, m en-
ingiom as are not  always based  in  a pattern  concentric to the in-
ternal auditory canal, but  m ay arise in  a fashion  eccentric to the
in ternal auditory canal.

Cholesterol granulom a is another  com m on lesion  of the tem -
poral bone and  often  arises in  the  petrous apex of a well-pneu-
m atized  temporal  bone.  In  th is  location ,  obstructed  air  cells
subsequently bleed  in to  them selves, creating a  slow ly expand-
ing m ass that  can  be quite destructive if left  un treated. Because
of the  presence  of blood  breakdow n  products and  a  h igh  water
content , cholesterol granulom as tend  to be bright  on  T1 and  T2
sequences (� Fig. 115.8).

Fig. 115.8  (a) Coronal T1-weighted magnetic resonance (MR) image with gadolinium shows a cholesterol granuloma extending from  the mastoid up
into the temporal lobe (arrow). (b) Axial T2-weighted MR image of the same patient. Note that  the lesion is bright on both T1 and T2 imaging (arrow).
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115.4  Roundsm anship
●  CTof the tem poral bone is excellent for delineating bony anat-

omy, w hereas MR im aging is excellent for providing soft-t is-
sue detail.

●  MR im aging rule of thum b: as one goes from  T1- to T2-
weighted im ages, fat  fades (becom es dark on T2) and inflam -
m ation  enhances (becom es brighter on T2).
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116  Diseases of the External Ear
Christopher J. Linstrom

116.1  Int roduct ion
The typical otolaryngologist–head  and  neck surgeon  sees m any
patients w ith  infect ions of the  external ear. The  infect ions m ay
be  classified  by  locat ion ,  cause,  and  t im e  course  as  acute,
subacute, or  chron ic. Before  d iscussing  the  individual d isease
processes, w e  review  the  norm al anatom y and  physiology  of
the  external ear.

116.2  Anatomy and Physiology
The  external ear  is  composed  of the  auricle  and  external audi-
tory  canal  (EAC).  Both  contain  elastic  car tilage  derived  from
m esoderm  and  a sm all am ount  of subcutaneous tissue, covered
by skin  w ith  its  adnexal appendages. There  is  fat  but  no  cart i-
lage in  the lobule. The auricle  is derived  from  six hillocks, three
each  from  branchial arches  1  and  2  (� Fig. 116.1). During nor-
m al  gestation ,  the  cart ilaginous  hillocks  m erge  to  form  the
auricle, and  w ith  selective  grow th  of the  m andible, the  auricle
rises  from  its  original position  near  the  lateral  com m issure  of
the m outh  to the temporal area. The tragus and  antit ragus form
a part ial barrier to the entrance of m acroscopic foreign  bodies.

The  EAC canal is  derived  from  the  first  ectoderm al branchial
groove  between  the  m andibular  (1)  and  hyoid  (2)  arches. The
epithelium  lin ing th is groove contacts the endoderm  of the first
pharyngeal pouch, thus  form ing  the  tym panic m em brane, the

m ost  m edial exten t  of the  EAC. Connect ive  t issue  of m esoder-
m al origin  is  found  betw een  the  ectoderm  and  endoderm  and
becom es the  fibrous layer  of the  tym panic m em brane. Because
of its or igin , the  EAC, including the  lateral surface  of the  t ym -
pan ic  m em brane,  is  derived  from  ectoderm  and  is  lined  by
squam ous epithelium .

The  process  of canalizat ion  is  complete  by about  week 12  of
gestation , at  w hich  tim e  the  canal  fills  w ith  epithelial  t issue.
The canal ordinarily recanalizes by about  week 28 of fetal life.

The outer  40% of the  EAC in  its anterior  and  inferior  aspect  is
cartilaginous  and  contains  a  th in  layer  of subcutaneous  tissue
betw een  the  skin  and  cartilage.  The  inner  60% is  osseous,  is
form ed  prim arily by the tym panic ring, and  contains very scant
soft  tissue  betw een  the  skin  and  periosteum .  The  average
length  of the  adult  external auditory canal is 2.5 cm . Because of
the oblique position  of the tym panic m em brane, the posterosu-
perior  part  of the  canal  is  about  6 m m  shorter  than  the  an te-
roinferior  portion. The  junct ion  of the  cartilaginous  and  bony
portions of the canal is a narrowed section  term ed the isthmus.

Laterally to m edially, the  canal curves sligh tly superiorly and
posteriorly  in  a  gentle  'S'  shape.  Three  m acroscopic  defense
m echanism s protect  the EAC and lateral surface of the tym panic
m em brane: the tragus and antit ragus, the skin  w ith  its cerum en
coat, and the isthm us of the canal.

The  skin  of the  cart ilaginous  canal  contains  m any  hair  cells
and  sebaceous  and  apocrine  glands, such  as  cerum en  glands.
Together, these  three  adnexal  structures  provide  a  protect ive
function  and  are  term ed  the  apopilosebaceous  unit. Glandular
secretions  com bine  w ith  sloughed  squam ous  epithelium  to
form  an  acidic coat  of cerum en, one  of the  prim ary barriers  to
infect ion  of the  canal. An  invagination  of the  epiderm is  form s
the  outer  wall of the  hair  follicle, and  the  hair  shaft  form s  the
inner  wall. The  follicular  canal is  the  space  betw een  these  two
structures.  The  alveoli  of  the  sebaceous  and  apocrine  glands
em pty in to short, straight  excretory ducts, w hich  drain  in to fol-
licular  canals. Obstruct ion  of any part  of the ductal system  pre-
disposes to infect ion.

The  canal  is  norm ally  a  self-protecting  and  self-cleansing
structure. The  cerum en  coat  gradually  works  its  way  past  the
isthm us to  the  lateral part  of the  canal and  sloughs  externally.
Instrum entation  and  excessive  cleansing  of  the  canal  disturb
this prim ary protect ive  barrier  and  m ay lead  to infect ion. Indi-
vidual  variations  in  the  anatomy of the  canal  m ay  predispose
som e people to wax accum ulat ion.

The  canal in terfaces on  all but  its  lateral surface. Medially, it
is  bound  by  the  tym panic  m em brane, w hich  w hen  in tact  is  a
good  barrier  to  the  spread  of infect ion. The  horseshoe-shaped
tym panic ring separates the canal from  the m iddle cranial fossa.
The posterior  bony canal serves as the anterior boundary of the
m astoid  cavity. Several  vessels  penetrate  the  canal,  especially
along  the  tym panom astoid  suture, w hich  m ay  be  involved  in
the  hem atogenous extension  of infect ion  from  the  canal to  the
m astoid  segm ent.  Posterior  to  the  cart ilaginous  canal,  dense
connective tissue  overlies the m astoid, w hich  m ay becom e sec-
ondarily infected.

Fig. 116.1  The auricle  is formed from  six auricular hillocks, three  each
from  branchial arches 1  and  2.
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Superiorly, the canal is bound  by the m iddle cranial fossa and
inferiorly by the infratem poral fossa and base of the skull. Infec-
tions  extending through  the  roof of the  canal m ay extend  in to
these  structures. Anteriorly, the  canal is  bordered  by the  tem -
porom andibular joint  and the parotid gland.

The  lym phatic drainage  of the  canal is  an  im portan t  channel
for  the  spread  of in fect ion. Anteriorly and  superiorly, the  canal
drains  to  the  preauricular  lym phatics  in  the  parotid  gland  and
the superior deep  cervical nodes. The inferior  port ion  of the ca-
nal drains  in to  the  infra-auricular  nodes  near  the  angle  of the
m andible. Posteriorly, the lym phatics drain  in to the postauricu-
lar  nodes and  the superior deep  cervical nodes. The auricle and
EAC receive  their  arterial supply from  the  superficial temporal
and  posterior  auricu lar  branches  of  the  external  carot id  ar-
tery. Venous  drainage  from  the  auricle  and  m eatus  is  via  the
superficial tem poral and  posterior  auricular  vein s. The form er
joins  the  retrom andibular  vein ,  w h ich  usually  d ivides  and
joins  both  jugular  veins;  the  lat ter  join s  the  external jugular
vein  but  m ay  also  drain  to  the  sigm oid  sinus  th rough  the
m astoid  em issary vein .

Sensation  to  the  auricle  and  EAC is  supplied  by  cutaneous
and cran ial nerves, w ith  contribut ions from  the auriculotempo-
ral branches of the tr igem inal (V), facial (VII), glossopharyngeal
(IX), and  vagus  (X)  nerves  and  the  great  auricular  nerve  from
the  cervical  plexus  (C2–C3). The  vestigial  extrinsic  m uscles  of
the  ear—anterior,  superior,  and  posterior  auricular—are  sup -
plied by the facial nerve (VII).

116.3  Infect ious and Inflam m atory
Diseases
116.3.1  Ot it is Externa
Otit is externa is a spectrum  of infect ion  of the EAC. The appear-
ance  of the  canal varies  according  to  the  t im e  course  of infec-
tion: acute, subacute, or chronic.

Acute otit is externa is a bacterial infection  of the canal caused
by a break in  the norm al skin/cerum en  protect ive barrier  in  the
m ilieu  of elevated  hum idity  and  temperature. Acute  otitis  ex-
terna  m ay be  caused  by anything that  results in  rem oval of the
protect ive  lipid  film  from  the  canal, allow ing bacteria  to  en ter
the  apopilosebaceous unit . It  usually begins w ith  itch ing in  the
canal, and  scratching by the  pat ient  allow s bacteria  to  prolifer-
ate  in  locally m acerated  skin  and  sets up  an  itch–scratch  cycle.
The  m oist  environm ent  of the  canal is  now  a  perfect  m edium
for rapid  bacterial grow th . Later, pain  ensues as the swollen  soft
t issues of the canal distract  the periosteal lin ing of the bony ca-
nal. As  the  disease  progresses, purulent  discharge  begins, and
the auricle and periauricular soft  t issues m ay becom e involved.

In  patients in  w hom  the  disease  does not  resolve  after  treat-
m ent, a subacute or chronic form  m ay occur. This condition  rep-
resents  a  spectrum  of disease  ranging  from  m ild  drying  and
scaling to  complete  obliteration  of the  canal by chronically in-
fected, hypertroph ic skin .

Bacteriology
The  usual  pathogens  responsible  for  acute  otitis  externa  are
Pseudomona s aeruginosa , Proteus mirabilis, staphylococci, strep -

tococci, and various gram -negative bacilli. For a m ild  or uncom -
plicated  infect ion , culture  of the  canal  is  ordinarily  not  taken
because  it  w ill usually dem onstrate  a  m ixed  pat tern  of grow th .
For  recalcitran t  infect ions, culture  m ay identify a  predom inant
organism  and assist  in  the choice of antibiotic therapy.

Natural History
The  natural h istory  of untreated  acute  otitis  externa  is  one  of
increasing pain , swelling, and  discharge from  the  canal. The in-
fect ion  m ay  spread  to  the  adjacent  periauricular  soft  t issues,
face, and neck. In  an  im m unocomprom ised  pat ien t, w hat  began
as an  isolated  superficial in fect ion  of the  apopilosebaceous unit
of the  EAC m ay progress to perichondritis, chondritis, cellulitis,
and  erysipelas.  Rich  lymphatic  and  hem atogenous  drainage
pathways  favor  the  spread  of  infect ion  to  local  and  regional
sites in  the head and  neck. Few  pat ients progress to such  an  ad-
vanced stage before seeking m edical atten tion.

The natural h istory of chronic otit is externa is far less dram at-
ic  than  that  of  its  acute  counterpar t . The  chronic  scaling  and
itching  m ay  lead  to  repeated  episodes  of acute  otit is  externa.
With  t im e,  the  canal  skin  m ay  becom e  lichenified,  and  ulti-
m ately the canal m ay becom e completely obliterated.

Medical Evaluat ion
The  h istory and  funct ional inquiry should  include  inform ation
regarding duration, num ber of occurrences, nature and  severity
of pain , antecedent  otologic disease, previous  auricular  instru-
m entation  or  traum a (especially the use of cotton-tipped  appli-
cators), and predisposing factors, such as diabetes, radiotherapy,
or  any  condition  causing  im m unosuppression .  Any  previous
otologic or head and neck surgery is noted.

Pain ,  fullness,  itching,  and  hearing  loss  are  the  four  m ajor
sym ptom s  of  external  otit is,  although  not  every  patient  has
each sym ptom .

Physical Examinat ion
On  initial  inspection,  redness,  swelling,  lateral  protrusion ,
discharge, and  evidence  of cellulitis  involving the  periauricular
tissues  should  be  noted. Pain  w ith  dist ract ion  of the  auricle  is
typical in  the sett ing of otit is externa.

The canal should  be thoroughly débrided and exam ined. Top-
ical and  local anesthesia  is  usually of lit t le  e ect  in  hyperem ic,
m acerated  t issue  and  no  substitute  for  reassurance  and  pa-
tience. The canal m ay be  cleaned  w ith  suct ion, a cerum en  loop,
or  alligator  forceps.  Gentleness  and  thoroughness  in  cleaning
the ear are very important.

Di erent ial Diagnosis
The di eren tial diagnosis of external otit is is large and  includes
conditions  w ith  sim ilar  features, such  as  necrotizing  otit is  ex-
terna, bullous external otitis, granular  external otit is, perichon-
dritis,  chondrit is,  relapsing  polychondrit is,  furunculosis,  and
carbunculosis,  as  well  as  m any  derm atoses, such  as  psoriasis
and  seborrheic  derm atitis.  All  have  features  in  com m on  w ith
acute  and  chronic  external  otit is  yet  enough  dissim ilarit ies  to
be considered distinct clin ical entit ies.

116.3  Infect ious and Inflammatory Diseases

915



Carcinom a involving the EAC m ay present  as in fect ion, and in
its  earliest  stages it  is  often  m istaken  for  infect ion  and  t reated
inappropriately. The  m ost  com m on  m alignant  neoplasm  of the
external  ear  is  squam ous  cell  carcinom a,  although  other  pri-
m ary  carcinom as  have  been  described:  basal  cell  carcinom a,
m alignant  m elanom a, cerum inous  adenom a  or  adenocarcino-
m a, adenoid  cystic carcinom a, and m etastatic carcinom as to the
temporal bone  w ith  extension  to  the  EAC, such  as  breast, pro-
static, sm all (oat) cell, and renal cell carcinom as.

Staging
The clin ical course of external otit is m ay be divided  in to the fol-
low ing  stages:  preinflam m atory;  acute  inflam m atory  (m ild,
m oderate, or  severe);  and  chronic inflam m atory. Typically, the
preinflam m atory stage  begins  w hen  the  stratum  corneum  be-
com es  edem atous  because  of  rem oval  of  the  protect ive  lipid
layer  and  acid  m antle  from  the  canal, result ing  in  plugging  of
the  apopilosebaceous unit . As obstruct ion  continues, a  sense  of
fullness  and  itching  begins.  The  disrupt ion  of  the  epithelial
layer allow s the invasion  of bacteria that either reside in  the ca-
nal or  are  in troduced  on  foreign  objects inserted  in to the  canal.
This produces the acute inflam m atory stage, w hich  is accom pa-
nied  by pain  and  tenderness of the auricle. In  the earliest  stage,
the  skin  of the  EAC show s m ild  erythem a  and  m inim al edem a
(� Fig. 116.2). A sm all am ount of a clear or slightly cloudy secre-
tion  m ay be seen  in  the  canal. As pain  and  itching increase, the
disease  progresses  to  the  m oderate  stage, in  w hich  the  canal
show s  m ore  edem a  and  a  th icker,  m ore  profuse  exudate
(� Fig. 116.3). Further  progression  of the inflam m ation  leads to
the  severe  inflam m atory stage, characterized  by increased  pain
and  obliteration  of the  lum en  of the  canal. A profuse, purulent
exudate and  edem a of the canal skin  m ay obscure the tym panic
m em brane. In  addition, sm all w hite papules are often  visible on
the surface of the canal skin . P. aeruginosa  or  another  gram -ne-
gative  bacillus  can  alm ost  always  be  cultured  at  th is  stage. In

the severe stage, the physician  often  sees evidence of extension
of the  infect ion  beyond  the  canal  to  involve  the  adjacent  soft
t issues and cervical lymph nodes.

In  the  chronic  inflam m atory  stage, the  pat ien t  experiences
less  pain  but  m ore  profound  itching. The  skin  of the  external
canal  is  th ickened,  and  superficial  flaking  m ay  be  seen .  This
condition  is likened  to eczem a and  m ay range from  m ild  drying
and  th ickening  of  the  canal  to  complete  obliteration  of  the
external canal by chronically in fected, hypertrophic skin  (� Ta-
ble 116.1).

Medical Treatm ent
The  four  fundam ental  principles  in  the  treatm ent  of external
otit is  in  all stages  are:  (1)  frequent  and  thorough  cleaning;  (2)
the judicious use of appropriate antibiotics; (3) the treatm ent of
associated  inflam m ation  and  pain;  and  (4)  recom m endat ions
regarding the prevention  of future infect ions. In  any stage of in-
fect ion, thorough  cleaning is a  priority. In  the  preinflam m atory
stage, a complete cleaning m ay be all that  is required. In  the ab-
sence  of purulence, a  brief course  of an  acidifying drop  such  as
alum inum  sulfate–calcium  sulfate  is  e ect ive  in  discouraging
bacterial or fungal grow th.

Treatm ent  of  the  acute  inflam m atory  stage  varies  w ith  the
extent  of disease. In  the m ildest  form , cleaning as above is indi-
cated. An  antibiotic otic drop  is recom m ended  to cover  w hat  is
probably a  Pseudomona s infect ion. At  th is  stage, edem a  of the
EAC should  not  be severe, and  the  pat ient  should  be  able  to in-
still drops in to the ear  by t ilt ing the head  to the side or by lying
dow n  w ith  the  involved  ear  upright. In  the  m oderate  stage  of
inflam m ation, edem a of the canal m ay in terfere w ith  the instil-
lation  of drops. The  physician  should  then  insert  a  porous  ex-
pandable  w ick in to  the  canal and  instill drops  on  it . Often , the
canal m ay accom m odate  two  or  even  three  w icks. As the  w ick
expands,  it  presses  the  soft  t issues  and  periosteum  centrifu-
gally;  th is  alone  m ay relieve  pain . The  w ick  is  rem oved  by the

Fig. 116.2  Otitis externa, moderate  acute  in-
flammatory stage. The  external auditory canal is
more  edematous than in  the  acute  stage, with
the  lumen nearly obliterated  and  with  a  more
profuse  exudate.
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physician  at  the  tim e  of reexam ination . If the  edem a  has  not
been  significantly  reduced,  repacking  is  indicated.  Antibiotic
drops  should  be  continued  for  at  least  2  to  3  days  after  the
cessation  of pain , itching, and  drainage  so  that  complete  eradi-
cation  of infect ion  m ay  be  ensured. An  oral  analgesic  is  often
prescribed  for  pronounced  pain .  The  patient  is  caut ioned  to
avoid  m anipulation  of the  canal. If the  infect ion  has not  spread
beyond  the  boundaries  of  the  external  canal,  the  use  of  oral
antibiotics w ill be of lit t le to no value.

In  the severe stage, in fect ion  usually extends beyond the lim -
its of the  canal. In  addition  to the  cleaning, packing, and  use  of
antibiotic drops discussed previously, soft-tissue involvem ent  is
treated  by  adm inistering  an  oral  antibiotic  w ith  broad-spec-
trum  coverage.  In  addition  to  antipseudom onal  ear  drops,
com m on  choices  of  oral  an tibiotics  include  antipseudom onal
fluoroquinolones  (e.g.,  ciprofloxacin  or  levofloxacin),  antista-
phylococcal penicillins, and cephalosporins. In  children younger

than  12  years of age, one should  discuss the  use  of these  m edi-
cations  w ith  the  patient’s  pediatrician  before  prescribing  oral
fluoroquinolones.

Warm  soaks (norm al saline or a m ild alum inum  sulfate–calci-
um  acetate  solution)  are  also  useful  for  treating  the  crusting
and  edem a involving the  auricle  and  surrounding skin . Culture
of the  canal for  aerobic bacteria  and/or  fungi is  indicated  only
for  patients in  the  severe  stage  or  for  patients w ho have  previ-
ously  been  t reated  w ithout  resolution . Treatm ent  is  generally
continued  for  10  to 14  days if there  is a  good  response. For  the
rare  patients  w ho  do  not  respond  to  th is  regim en, hospitaliza-
tion, vigorous  daily local care, repeated  culturing, and  in trave-
nous an tibiotics are indicated.

The  chronic stage  of external otit is  is  m anifested  by m arked
th icken ing of the  skin  of the  EAC due  to  long-standing  in fec-
t ion .  Exam inat ion  reveals  flakes  of  dry,  scaly  skin  in  the
canal. Although  rem oval of debris  is  recom m ended, th is  m ay

Table 116.1  Diagnosis of otitis externa

History  Physical examinat ion  Laboratory

Pain  Preinflammatory  Mild  erythema  Culture  Pseudomonas aeruginosa

Fullness  Edema  Proteus mirabilis

Itching  Acute  inflammatory  Auricular tenderness  Staphylococcus species

Discharge  Erythema  Streptococcus species

Edema  Radiology  Rarely indicated

Discharge

Chronic inflammatory  Thickening, flaking  of canal
skin

Eczematization

Ulceration

Fig. 116.3  Otitis externa, severe  stage. Infection
extends beyond the  limits of the  canal to  involve
adjacent  soft  tissues and  cervical lymph nodes.
Erythema of the  conchal skin and  scaliness are
secondary to profuse  drainage.
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be  di cult  because  of narrow ing  of the  lum en  of the  canal.
Repeated  clean ing  and  the  inst illat ion  of an t ibiot ics  and  ste-
roids  are  indicated . Triam cinolone  aceton ide  0.25% cream  or
oin tm ent ,  fluocinolone  0.01% oil,  or  dexam ethasone  sodium
phosphate  0.1% oph thalm ic drops  m ay be  used. A final o ce
visit  is  im portan t  to  ensure  that  the  in fect ion  has  com pletely
resolved  and  the  canal is back to its norm al state.

All patients should  be instructed  to avoid  future infect ions by
not instrum enting the ear. Sw im m ers should  be taught  to towel
dry the  concha  and  lateral canal, to  shake  water  out  of the  ca-
nal,  or  to  instill  an  acidifying  drop  after  sw im m ing. Patients
w ho have repeated infect ions are best advised to use an  acidify-
ing drop  composed  of equal m easures of vinegar  and  water, or
ethyl alcohol and  water, w hen  exposed  to  high  hum idity. One
should  suspect  otomycosis  if  all  other  reasonable  m easures
have failed  and should  treat  w ith  drying agents, especially pow -
ders. Custom -m ade ear m olds are useful for  these pat ients.

Recalcit rant  Ot it is Externa
The physician  w ill be  able  to judge very quickly w hich  patients
are responding. The prolonged  use of antibiotic drops m ay sup-
press  the  return  of the  norm al flora  of the  external canal and
lead  to a fungal superinfect ion. This should  be suspected, espe-
cially  if  a  grayish  m atted  discharge  is  found  in  the  ear  even
w hen  telltale  hyphae  are  absent. If a  fungus has been  cultured,
the infection  should be treated w ith  drying agents such as pow -
ders, an  antifungal drop, or  a  system ic oral an tifungal m edica-
tion  such  as  fluconazole. If no  progress  is  m ade  in  the  o ce,
rare  patien ts  m ay have  to  be  adm itted  as  inpat ien ts. Frequent
and  thorough  exam inat ion  and  cleaning  are  essential.  Subtle
signs  of chronic m iddle  ear  disease  (e.g., granulation  tissue  or
the opening of a t iny perforation) m ay be obscured by a swollen
tym panic m em brane, giving  a  “fish  m outh” appearance  to  the
perforation. A “sewer  cap” of crust  on  the  drum  m ay  reveal a
cholesteatom a  underneath .  Signs  of  underlying  chondrit is  or
perichondritis, especially di use crust ing or exudative weeping,
m ay  be  present. Com puted  tom ography  (CT)  of the  temporal
bones m ay give additional in form ation.

The  pat ient  is  placed  on  daily  aural  drops,  preferably  one
covering P. aeruginosa , and  in travenous  antibiotics  w ith  gram -
positive  and  gram -negative coverage. Ciprofloxacin  is a reason-
able  in it ial  treatm ent , but  in  very  rare  cases, a  cephalosporin
together  w ith  an  am inoglycoside  is  a  logical  com bination  if
m onotherapy  is  unsuccessful.  Therapy  should  be  tapered  ac-
cording to  culture  and  sensitivities. Severely swollen  ears  m ay
calm  dow n w ith  required steroids.

Many recalcit rant  infect ions occur because of noncom pliance
or chronic instrum entation  of the canal skin . The patient  should
be counseled to am end bad habits. The rare patient  w ill need to
be  adm itted  for  in travenous  antibiotics  and  daily  aural  toilet
(see Box Treatm ent of Otit is Externa (p.918)).

Surgical Managem ent  of Hypert rophic
Chronic Ot it is Externa
When  such local m easures are insu cient  to eradicate infect ion
and reestablish  the lum en of the canal, it  is necessary to rem ove
the  involved  canal skin  and  any adjacent  involved  cutaneous or
cartilaginous tissue. This is very rarely required  but  is best done

through  a  postauricular  incision ,  w hich  allow s  better  visual-
izat ion  of the  involved  t issues. A generous  am ount  of conchal
car t ilage  is  rem oved  to  e ect  a  w ide  m eatoplasty.  The  bony
canal is en larged  w ith  a  drill;  the  in traoperative  use  of a  facial
nerve  m onitor  facilitates protect ion  of the  vert ical segm ent  of
the  facial nerve. The  canal is  resurfaced  w ith  a  split-th ickness
skin  graft  that  is  tem porarily  held  in  place  w ith  sten ts  or
packing.

Treatm ent  of Ot it is  Externa

Medical
●  Frequent, thorough cleaning
●  Antibiotic coverage
○  Drops
○  Oral
○  Intravenous as needed

●  Treatment of inflammation, pain
●  Recommendations for prevention

Surgical
●  Excision of involved canal skin
●  Wide meatoplasty
●  Resurfacing of the canal with a split-thickness skin graft

116.3.2  Skull Base Osteomyelit is
(Necrot izing [Malignant ] Ot it is Externa)
This potent ially life-threatening disease should  be viewed w ith-
in  the  larger  context  of osteomyelit is of the  temporal bone  and
skull base. Thanks in  large part  to newer an tipseudom onal an ti-
biotics,  the  prevalence  of  skull  base  osteomyelit is  (SBO)  has
decreased  significantly, although  the  disease  still m ay be  seen,
especially am ong diabetics, the  im m unocomprom ised, and  the
elderly. SBO rem ains  w ithin  the  di erential  diagnosis  of a  re-
fractory external ear infect ion  in  the pat ien t at  risk.

Bacteriology
The causative organism  is alm ost  always P. aeruginosa , although
other organism s, such  as P. mirabilis, Aspergillus fumiga tus, Pro-
teus species, Klebsiella  species, and  Staphylococcus species, have
been  isolated.

Natural History
The natural h istory of SBO is one of relen tless progression  to in-
volve  the  cranial nerves, especially the  facial nerve. The  pain  is
inexorable  and  deep-seated. Multiple  cran ial nerves m ay be  af-
fected, especially cranial nerves VII, IX, X, and XI.

Present ing Com plaints
The  diagnosis of SBO is m ade  in  a  patien t  w ith  the  appropriate
history, physical exam ination  findings, and  support ing labora-
tory  findings. Four  key features  are  seen:  (1)  persistent, deep-
seated, severe  otalgia  for  longer  than  1  m onth ;  (2)  persisten t
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purulent  otorrhea w ith  granulation  t issue for several weeks; (3)
diabetes  m ellitus, another  im m unocomprom ised  state, or  ad-
vanced age; and (4) cranial nerve involvem ent.

SBO usually  begins  as  an  acute  external otit is  that  does  not
resolve  despite  m edical  therapy, as  described  previously. The
history is  sign ificant  for  a  long-standing infect ion  of the  exter-
nal  canal  accom panied  by  aural  discharge  and  severe,  deep-
seated  pain . The  disease  usually occurs in  elderly pat ien ts w ith
poorly  controlled  diabetes,  although  it  m ay  be  found  in  any
chronically  ill,  debilitated,  or  im m unocomprom ised  pat ien t,
and the HIV status should be assessed if unknow n.

Physical Examinat ion
Most  pat ients  w ith  SBO have  granulation  tissue  visible  in  the
inferior  aspect  of the canal (or even  extruding from  it) that  m ay
obscure  the  tym panic  m em brane  (a  rare  finding  in  routine
cases of otitis externa). The skin  of the canal is often  erythem a-
tous, indurated, and  som etim es m acerated. Puru lent  secretions
are com m on. Lower cranial nerve palsies m ay be seen.

Radiographic Findings
CT of the temporal bone w ith  contrast  w ill yield  excellent  bony
detail, w ith  less precise inform ation  about soft  t issue. It  m ay de-
fine  subtle  bony changes, such  as  erosion  of the  anterior  canal
wall w ith  involvem ent of the temporom andibular joint and ero-
sion  of the  tym panic ring and  base  of the  skull. It  m ay dem on-
strate soft-t issue th ickening and m astoid clouding.

Magnet ic resonance  (MR) im aging  w ithout  and  w ith  gadoli-
nium  enhancem ent  m ay be advantageous in  defining the m edi-
al extent  of disease  at  the  skull  base. Dural enhancem ent  and
involvem ent of the m edullary bone spaces are seen  w ith  central
skull  base  invasion. Underlying  cerebral  involvem ent  is  easily
visualized w ith  gadolin ium -enhanced  MR im aging. MR im aging
yields  very  im precise  inform ation  about  bone. The  patency  of
the dural sinuses and great  vessels of the neck m ay be  assessed
in  a  noninvasive  fash ion  w ith  MR angiography or  venography.
Changes seen  on  MR im aging do not  quickly resolve  w ith  clin i-
cal im provem ent, so although  MR im aging is a useful diagnost ic
tool to assess the extent  of disease, it  is less useful to follow  the
clin ical course of SBO.

Technet ium  99 m  bone  scanning  and  gallium  67  scanning
have been  advocated  in  the  evaluation  of SBO. Their  sensitivity
for  the  presence  of infect ion  is far  greater  than  their  specificity
for  the  cause. 99mTc scanning gives excellent  in form ation  about
bone  funct ion  but  poor  inform ation  about  bone  structure.  A
positive scan  is thought  to represent  osteoblastic activity as lit-
t le  as  10% above  norm al.  The  scan  is  positive  in  acute  and
chronic osteomyelit is and in  areas of active bone repair  w ithout
infect ion, as in  traum a. Its use  in  the  evaluation  of SBO is com -
plem entary to that of 67Ga scanning. 67Ga is thought to be incor-
porated  in to  proteins  and  polym orphonuclear  leukocytes  at
sites  of active  infect ion  as  a  67Ga–lactoferr in  complex. It  w ill
h ighlight  an  acute  infect ive  focus  but  not  the  fu ll extent  of an
osteomyelit ic  process. As  treatm ent  progresses, the  67Ga  scan
w ill  rever t  to  norm al (negative), w hile  the  99mTc scan  w ill  lag
behind  for  m any  m onths. Baseline  studies  w ith  both  are  thus
recom m ended, so that  sequential im aging can  be used to m oni-
tor  the  response  to  therapy. Planar  scintigraphy  w ith  indium
111–labeled  leukocytes  has  been  dem onstrated  to  yield  better
results  for  the  detection  of  osteomyelitis  than  either  planar
scintigraphy or tom ography w ith  67Ga- and/or  99mTc-m ethylene
diphosphonate  and  m ay  replace  the  form er  two  radionuclide
m odalit ies in  the  evaluat ion  of pat ients suspected  to  have  SBO
(� Table 116.2).

Di erent ial Diagnosis
Other  diseases  to  be  included  in  the  di erential  diagnosis  are
severe  acute  otitis  externa, squam ous  cell  carcinom a, glom us
jugulare  tum or,  cholesteatom a,  nasopharyngeal  carcinom a,
Hand-Schüller-Christian  disease, eosinophilic  granulom a, We-
gener  granulom atosis, and  clival chordom a. In  the  appropriate
clin ical sett ing, a h igh  index of suspicion  is appropriate.

Medical Treatm ent
Swab  and/or  t issue  cultures  of the  EAC should  be  obtained. If
present, granulations  should  be  biopsied  and  sent  to  rule  out
carcinom a  or  other  pathology.  Because  Pseudoma s  is  so  fre-
quently the  predom inant  organism , the  pat ient  is  treated  w ith
antipseudom onal antibiotics for an  extended  period, often  for 6
weeks or m ore. Monotherapy is discouraged in  the t reatm ent of

Table 116.2  Diagnosis of necrotizing external otitis

History  Physical examinat ion  Laboratory

Persistent  otalgia  Granulation  tissue  in  external canal  Culture  Pseudomonas aeruginosa  (almost  al-
ways)

Persistent  purulent  otorrhea  Proteus mirabilis

Purulent  discharge  Aspergillus fumigatus

Diabetes mellitus  Cranial neuropathy, especially in
cranial nerve  VII

Klebsiella  species

Advanced  age  Staphylococcus species

Radiology  Computed  tomography with  con-
trast
Magnetic resonance  imaging  with
contrast
Technetium  99 m  scan
Gallium  67  scan

Immunocompromise
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SBO.  Two  antipseudom onal  antibiotics  are  ordinarily  chosen
from  am ong  several  alternatives  (including  gentam icin  or  to-
bramycin  w ith  or  w ithout  ticarcillin  or  piperacillin ) to  achieve
synergy and  to avoid  the em ergence of a resistant  strain  of bac-
teria.  Alternative  antibiotics  include  m ezlocillin  or  azlocillin ,
ceftazidim e, im ipenem , aztreonam , am ikacin , norfloxacin , and
ciprofloxacin  or  any of the  other  appropriate  antipseudom onal
fluoroquinolones.  If  an  am inoglycoside  is  chosen,  peak  and
trough  levels  and  hearing  m ust  be  carefully  m onitored.  It  is
w ise  to t reat  in  concert  w ith  an  infect ious disease  colleague  to
help  select  those  m edications  that  w ill  be  of greatest  benefit
w ith  the least  toxicity. If the  ear  rem ains purulen t  despite  ad-
equate  in travenous  an t ibiosis  and  local  care, cultures  should
be  repeated  to  look  for  the  em ergence  of a  resistan t  organ -
ism ;  ciprofloxacin  resistance  has  been  repor ted  in  20% of pa-
t ien ts  undergoing  long-term  (6  w eeks  or  m ore)  therapy  for
osteomyelit is.

An  early clin ical feature  of successful treatm ent  is  the  cessa-
tion  of pain , and  pat ien ts m ay be  tempted  to  discontinue  ther-
apy once  th is occurs. Regardless of the  choice  of m edication  or
m ode  of delivery, pat ients  m ust  understand  that  they  w ill re-
quire  m eticulous  aural  toilet  and  an tibiotic  t reatm ent  for  at
least  6 weeks and vigorous m anagem ent of their  serum  glucose
levels. Either  in  the hospital or  in  the  o ce, the  ear  is débrided
carefully under  the m icroscope on  a regular basis until granula-
tions have  subsided. The  patient  is placed  on  antipseudom onal
otic drops and  appropriate  system ic an tibiotics. Diabetes is  ag-
gressively m anaged and the diet carefu lly m onitored.

Hyperbaric  oxygen  is  thought  to  facilitate  osteoneogenesis
and  to prom ote the  repair  of diseased  bone and  thus m ay be  of
value  in  the  m ost  severe  cases. The  cost  and  inconvenience  of
hyperbaric oxygen  therapy  have  lim ited  its  availability. Its  use
is  recom m ended  for  pat ien ts  w ho  have  advanced  disease  w ith
significant  skull base or in tracranial involvem ent, recurrent  dis-
ease, or infections refractory to an tibiotic t reatm ent.

Patients  w ith  disease  refractory  to  in travenously  adm inis-
tered  antibiotics  m ay  require  surgical  control  of  the  infected
site.

Surgical Treatm ent
Most  patients can  be m anaged medically, and  the role of surgery
in  SBO remains controversial. Surgical débridem ent  of tissue and
osteomyelitic  bone  is  usually  reserved  for  patients  w ho  do  not
respond  to  conventional therapy. Additionally, surgery  provides
tissue  for  culture  in  these  refractive  cases  to  look  for  resistant
organism s  or  for  a  new  organism , such  as  an  invasive  fungus.
The  progression  of pain  despite  aggressive  m edical therapy, the
persistence  of  granulations,  and  the  developm ent  of  cranial
nerve  involvement  are  all om inous  signs  that  call  for  more  ag-
gressive medical therapy and  possibly surgical intervention.

With  the  onset  of facial  paralysis, early  surgical  rem oval  of
granulation  and,  w hen  necessary,  decom pression  of  the  de-
scending  facial  nerve  have  provided  excellent  return  of func-
tion. The prim ary surgical goal is to relieve the en trapped nerve
and allow  its natural return  of funct ion. Serial electroneuronog-
raphy (ENOG) has been  used  to  detect  the  elect rical degenera-
tion  of cranial nerve  VII in  patients w ith  clin ically complete  fa-
cial  paralysis.  Elect roneuronography  show ing  m ore  than  90%
elect rical degeneration  of the facial nerve  m ay support  surgical

decompression  of the  involved  segm ent  of the  nerve. However,
the  ent ire  concept  of facial nerve  decom pression  in  the  context
of SBO rem ains  controversial;  the  m ainstay of therapy for  SBO
rem ains m edical, not  surgical.

Surgical treatm ent , including abscess  drainage, débridem ent
of sequestra, and  m ore extensive resection  of bone and  soft  t is-
sue,  should  be  individualized  depending  upon  the  patient’s
overall health  status  and  response  to  m ore  conservative  m eas-
ures (� Table 116.3).

Prognosis
Mortality  rem ains  significant ,  especially  in  the  im m unocom -
prom ised  patien t. The  progression  of disease  results  in  severe,
unrem itt ing pain  w ithin  the ear and at  the base of the skull and
extension  of the infect ion  to the  m astoid, parotid, lower cran ial
nerves,  and  transverse  and  sigm oid  sinuses.  Osteomyelit is  of
the skull base  m ay lead  to m eningitis, brain  abscess, and  death .
Poor  prognostic factors include facial paralysis, polyneuropathy
and  in tracranial extension  (see  Box Com plications  of Necrotiz-
ing External Otitis (p.920)).

Com plicat ions  of Necrot izing  External Ot it is
●  Cranial neuropathy (cranial nerve VII and lower)
●  Progression despite aggressive local care (to mastoid, parotid,

lower cranial nerves, base of skull, dural venous sinuses, and
brain)

●  Meningitis
●  Brain abscess
●  Death

The diagnosis and  m anagem ent  of SBO rem ains an  otolaryngo-
logic challenge. Perhaps  the  greatest  advances  in  its  treatm ent
have  resulted  from  the  recognition  of SBO as  a  distinct  ent ity
and  a  clear  understanding  of  its  pathophysiology.  A  team
approach  involving the  cooperat ion  of otolaryngology, endocri-
nology,  and  infect ious  disease  m ay  enhance  the  overall  out-
com e. The  advent  of the  fluoroquinolones  and  other  an tipseu-
dom onal  antibiotics  has  significantly  lowered  the  m orbidity
and m ortality associated w ith  SBO.

116.3.3  Condit ions Related to  External
Ot it is
Several  other  infect ious  and  inflam m atory  diseases  are  in-
cluded in  the di erential diagnosis of otit is externa.

Table 116.3  Treatment of necrotizing external otitis

Medical Treatment  Surgical Treatment

Hospital admission  Excision of granulation  tissue

Intravenous antibiotics  ± Middle  ear exploration

Daily cleaning, débridement  ± Mastoidectomy

± Facial nerve  decompression

± Temporal bone resection if no response
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Radiat ion-Induced Ot it is Externa
Another  form  of otit is  externa  occasionally  occurs  after  radio-
therapy  of  the  region  of  the  external  ear.  The  predom inant
sym ptom s result  from  the  inflam m ation  and  infect ion  that  re-
sult  w hen  radiotherapy weakens local defense m echanism s and
resident  bacteria  flourish . When  the  otit is externa is  lim ited  to
the skin  of the  EAC, treatm ent  m easures, w ith  part icular  atten-
tion  to  water  avoidance, are  appropriate. In  the  worst  form  of
osteoradionecrosis  w ith  purulent  infect ion, sequestra  of devi-
talized  tissue  should  be  rem oved  and  replaced  w ith  vascular-
ized t issue.

Bullous External Ot it is
Bullous  external  otit is  is  a  very  painful  condition  in  w hich
vesicles or  bullae  are  noted  in  the  bony port ion  of the  external
canal. The  vesicles  are  com m only hem orrhagic and  should  not
be ruptured because secondary infect ion  m ay ensue. Pseudomo-
na s m ay be  one  of the  causative  organism s, so appropriate  otic
drops  are  recom m ended. Packing  and  irr igation  of  the  canal
should  be  avoided  because  they tend  to  prolong the  course  of
th is disease.

Granular External Ot it is
Granular external otit is often  resem bles the earliest  stage of ne-
crotizing  external  otit is  in  that  there  m ay  be  sm all  granular
plaques  or  pedunculated  granulations  in  the  external  canal.
This  condition  m ay occur  in  patients  w ho  have  not  been  fully
treated  for  a  previous episode  of external otitis;  it  m ay also oc-
cur as a result  of contact derm atit is (e.g., exposure to hairspray).
After  the topical or  local anesthesia, the  rem oval of granulation
tissue, placem ent  of a w ick in  the canal, and  instillation  of an ti-
biotic  drops  w ill  usually  resolve  the  problem . Oral  antibiotics
should  be given  if the infect ion  extends beyond  the canal. If the
patien t  is  diabetic  or  debilitated, the  diagnosis  of  necrotizing
external otit is is entertained and t reated appropriately.

Perichondrit is and Chondrit is
Perichondritis  (inflam m ation  of the  perichondrium ) and  chon-
dritis  (inflam m ation  of the  cart ilage) m ay follow  or  complicate
infect ions of the  EAC or  result  from  accidental or  surgical trau-
m a to the auricle. The condition  is painful, and  the patient  often
describes severe  itching deep  w ithin  the  canal. With  t im e, the
skin  over  the  a ected  area  becom es  crusted  w ith  squam ous
debris,  and  the  involved  car tilage  begins  to  weep. The  ear  is
indurated  and  erythem atous;  often,  the  canal  swells  shut .
The  surrounding soft  t issues of the  face  and  neck  m ay becom e
involved.

In  the  m ildest  stages, thorough  débridem ent  and  t reatm ent
w ith  topical and oral antibiotics are generally su cien t. If these
m easures  do  not  succeed, the  ear  is  débrided  again , and  cul-
tures are  taken. Appropriate  t reatm ent  for  com m on  pathogens,
especially Pseudomona s, is begun  and  tapered  according to cul-
ture  results.  Ciprofloxacin  is  a  logical  choice  for  m oderate
stages, com bined w ith  an  antipseudom onal drop  such  as genta-
m icin  or a fluoroquinolone drop.

If the  infect ion  spreads  to  involve  regional  soft  t issues  and
lymphatics, the  patien t  should  be  hospitalized  and  parenteral

treatm ent  w ith  adequate  coverage  for  Pseudomona s begun. In
di cult  cases, the  ear  should  be  cultured  before  t reatm ent  is
started. For  patients w ith  recalcit ran t  infections, infect ious dis-
ease  consultation  is often  helpful. At  every stage  of the  disease,
frequent  and  thorough  débridem ent  of  the  canal  is  essential.
The  m etabolic requirem ents  of cart ilage  are  low, and  its  blood
supply is  appropriately dim inished. Once  infect ion  has becom e
established  in  the  per ichondrium  or  car t ilage, it  is  extrem ely
di cult  to  t reat .  If  subacute  or  chron ic  in fect ion , evidenced
by  inexorable  w eeping,  con t inues,  surgical  in terven t ion  is
indicated .

The  a ected  area  is  cleansed  and  injected  w ith  local  anes-
thetic containing epinephrine. Incisions are  m ade, and  the  dis-
sect ion  is  taken  dow n  to  the  a ected  cart ilage. If it  has  lost  its
norm al “pearly w hite” appearance, it  is m ost  likely necrotic and
should  be  excised. Often, necrosis  extends  farther  than  can  be
grossly  visualized.  Sm all  irr igation  drains  are  placed  beneath
the flaps and  sutured  to the skin . The skin  flaps are  closed. The
drainage  ports are  irr igated  w ith  an  antibiotic (e.g., 50,000 U of
bacitracin  dissolved  in  250 m L of norm al saline). The drains are
advanced  as  the  condition  resolves. Parenteral antibiotics, otic
drops, and  aggressive local care continue until the infect ion  has
resolved.

Furunculosis and Carbunculosis
Furunculosis  and  carbunculosis  are  conditions  result ing  from
gram -positive  infect ions, usually staphylococcal, of the hair  fol-
licles. The  prim ary lesion  is usually a  sm all, well-circum scribed
pustule  that  m ay enlarge  to  becom e  a  furuncle  or  m erge  w ith
several sim ilar  lesions to form  a carbuncle. The infect ion  occurs
m ost com m only at  the junct ion of the concha and canal skin .

For  t reatm ent  to  be  successful,  any  accum ulated  infect ious
m aterial  m ust  be  rem oved.  Spontaneous  drainage  can  often
be  encouraged  w ith  the  use  of warm  soaks, supplem ented  by
topical  and  oral  antibiotics  and  w icks  if  necessary.  If  these
m easures  fail  to  relieve  obstruction  of the  canal, incision  and
drainage under local anesthesia are indicated.

Infect ious Eczem atoid Derm at it is
Infect ious  eczem atoid  derm atit is  results  from  the  drainage  of
contam inated or purulent  m aterial from  the m iddle ear in to the
floor  of the  external ear  and  adjacent  in fra-auricular  skin . This
drainage  causes  a  secondary  infect ion  or  an  autosensitization
phenom enon  m anifested  by  crusted  p laques  in  the  canal.
Treatm en t  is  d irected  at  con t rol of the  underlying m iddle  ear
in fect ion . Suppor t ive  treatm en t  of the  external canal react ion
consists  of the  rem oval of accum ulated  debris, applicat ion  of
sterile  saline  soaks to the  crusted  areas, and  applicat ion  of an
an tibiot ic cream  or  oin tm ent .

Otom ycosis
Otomycosis  is  a  fungal infect ion  of the  skin  of the  external ca-
nal.  Although  fungi  m ay  be  the  prim ary  pathogens, they  are
usually superimposed on  a chronic bacterial infect ion  of the ex-
ternal canal or  m iddle ear. Secondary otomycosis tends to recur
if the  underlying  prim ary  infect ion  is  not  controlled. All fungi
have  three  basic grow th  requirem ents:  m oisture, warm th , and
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darkness. Altering m oisture  w ill discourage  fungal grow th. As-
pergillus species are  the  m ost  com m on, usually A. niger. If aural
culture  should  grow  A. fumigatus or  A. flavus, one  should  con-
sider a m ore invasive infect ion.

Pruritus  is  the  prim ary clin ical complaint. The  otoscopic ex-
am ination  com m only  reveals  a  w hite,  black,  or  dotted  gray
m em brane. Thorough cleaning under a m icroscope w ith  the pa-
tien t  supine  to  rem ove  any fungal debris  is  the  first  and  abso-
lutely m ost  im portant  step  in  therapy. Thorough  aural toilet  is
supplem ented  by the  topical application  of an  acidifying solu-
tion  such  as  alum inum  sulfate–calcium  acetate  or  of a  drying
pow der such  as boric acid. Clotr im azole  cream  or  solution  m ay
also be  used. In  the presence of a tym panic m em brane perfora-
tion  or a paten t  ventilation  tube, the application  of clotrim azole
drops  or  lotion  m ay  be  very  painful.  Thorough  cleaning  and
drying  therapies  such  as  pow ders  are  best. Metacresyl acetate
m ay  be  painted  on  the  m argin  of a  perforation  or  an  infected
ventilation  tube. This  is  best  done  under  the  m icroscope. This
m edicat ion  should  not  en ter  the  m iddle  ear  cleft  because  it  is
quite  irr itat ing. In  recalcit ran t  in fect ions, a  foreign  body such
as  a  ven t ilat ion  tube  acts  as  the  n idus  for  in fect ion  and
should  be  rem oved.  Tym panoplasty  is  best  perform ed  to
close  an  in term itten t ly  drain ing  perforat ion  w ith  a  superim -
posed  fungal in fect ion .

Gentian  violet  is usually well tolerated  in  patients w ith  m as-
toid cavit ies, although  it  is best  left  out of the m iddle ear cleft  in
the presence  of a perforation . Because it  w ill perm anently stain
skin  and  clothing, sm all am ounts  are  used  w ith  adequate  pro-
tection  of the surrounding area.

Treat ing  physicians  should  realize  that  all  drops  are  form u-
lated  w ith  m oisture  and  do  not  persist  indefin itely in  a  hom o-
genized  state. Eventually, the  water  component  w ill  separate
from  the  precipitate  of the  act ive  m edical ingredient. Water  is
exactly  w hat  fungi need  to  grow. Adding drops  indefin itely  to
an  ear  w ith  otomycosis  m ay  prove  counterproductive, and  an
acidifying pow der  such  as boric acid  or  a  compounded  pow der
(as described below ) w ill often  help  dry an  ear w ith  a refractory
infect ion.

Many  patients  w ith  refractory  otomycotic  infect ions  m ay
have  had  previous  m astoid  surgery, and  often  the  canal  wall
has  been  taken  dow n. Because  of m oderate  to  severe  hearing
loss,  these  patien ts  m ay  need  to  wear  a  hearing  aid  w ith  a
closed  m old. Careful instruct ion  to  the  pat ien t, m eticulous dé-
bridem ent  of the  ear, and  the  use  a  drying agent  such  as boric
acid  pow der,  chloromycetin–sulfanilam ide–amphotericin  B
pow der,  or  chloromycetin–sulfanilam ide–tolnaftate  pow der
w ill often  help  clean  the cavity. The use of oin tm ents in  cavities
w ith  closed hearing aids m ay prom ote fungal grow th  due to the
accum ulat ion  of m oisture. In  refractory cases, gentian  violet  or
m etacresyl acetate m ay be used topically.

Herpes Zoster and Herpes Sim plex
Herpes zoster  and  herpes sim plex are  viral in fect ions know n  to
a ect  the  EAC.  The  patient  in it ially  experiences  a  period  of
burn ing pain  or localized  headache, and  vesicles usually appear
w ithin  several  days. When  the  vesicles  coalesce  and  rupture,
crusts are form ed. Herpes zoster  tends to appear  unilaterally in
a derm atom ic distr ibution . Involvem ent  of the facial nerve m ay

produce  paresis  or  paralysis  (herpes  zoster  oticus  or  Ram say
Hunt  syndrom e). Treatm ent  is  supportive, w ith  the  topical ap -
plication  of  a  drying  agent,  such  as  hydrogen  peroxide,  for
crusts. The status of the facial nerve is carefully followed; surgi-
cal decompression  of the  facial nerve  m ay be  a  consideration  if
it  is clin ically paralyzed  and  elect rical criteria are  m et  by ENOG
testing.  Many  patients  excoriate  the  blisters,  and  bacitracin
ointm ent  or  a  suitable  substitute  should  be  applied  to  prevent
superinfect ion .  Acyclovir,  fam ciclovir,  and  valacyclovir  have
been  show n  to am eliorate herpetic in fect ions, especially herpes
zoster  oticus. The  latter  two  have  easier  dosing schedules  and
are  better  absorbed  orally than  acyclovir. Also, fam ciclovir  m ay
reduce  the  durat ion  of postherpetic neuralgia. However, it  w ill
cause  a  transitory rise  in  hepatic enzym e product ion  and  m ust
be used w ith  caution.

Derm atoses
Allergic and  irr itant  contact  derm atoses m ay m im ic di use  ex-
ternal otitis. Causative  agents m ay be  absolute  (so noxious that
a  react ion  occurs  in  everyone  exposed, such  as  strong acids  or
alkali)  or  relative  (noxious  to  susceptible  individuals,  usually
after  repeated  exposures, such  as  various  soaps  or  the  plastic
m old of a hearing aid). Allergic contact derm atit is refers to a de-
layed  hypersensitivity  react ion  result ing from  substances such
as poison  ivy, n ickel compounds (found  in  som e  earrings), and
rubber compounds (especially in  headphones). The typical reac-
tion  presents as erythem a, weeping, and  vesiculation  accom pa-
nied  by itching. The patient  m ay produce a  secondary infect ion
by  scratching. Treatm ent  consists  of rem oval  of  the  causative
agent  and  the  use  of topical steroids and  astr ingents. Topical or
system ic antibiotics are indicated for the treatm ent of infect ion.
System ic  steroids  m ay  be  indicated  for  severe  cases.  In  rare
cases (e.g., a patient  w ith  a cochlear im plant  and  hypersensitiv-
ity to plastic), the external, ear level receiver/stim ulator m ay be
painted w ith  a di eren t  m aterial or  covered  w ith  a cloth  casing
to separate it  from  the skin .

External Ear Disease  and HIV Infect ion
Am ong  the  external  ear  m anifestations  seen  in  HIV disease  is
Kaposi sarcom a, w hich  presents w ith  reddish  blue lesions typi-
cally described as hem orrhagic nodules. The lesions m ay be dis-
crete  or  confluent. Although  chem otherapy, radiotherapy, and
interferon  alfa  have  been  used  for  therapy,  the  t reatm ent  of
auricular  and  canal lesions is rarely necessary. Infect ions of the
external ear  in  HIV-in fected  pat ien ts are  caused  by both  typical
and  atypical  pathogens.  Recurren t  herpetic  in fect ions  and
Pneumocyst is car inii–infected  aural polyps  have  been  reported
in  the EAC as a result  of chronic otit is m edia.

Another  external  ear  m anifestat ion  of HIV disease  is  sebor-
rheic  derm atit is, w hich  tends  to  be  m ore  w idespread  and  re-
fractory to  treatm ent  than  the  sam e  condition  in  HIV-negative
patien ts. Necrotizing external otit is  in  the  HIV-posit ive  pat ient
adds another level of concern  regarding its treatm ent . An  infec-
tious  disease  consultant  should  be  involved  in  the  overall care
of the  HIV-posit ive  pat ien t. The  use  of  the  protease  inhibitor
m edications  has  m ade  these  otologic  m anifestations  exceed-
ingly rare.
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116.3.4  Relapsing Polychondrit is
Relapsing  polychondrit is  is  an  in term ittently  progressive  dis-
ease  m arked  by  the  inflam m atory  destruction  of  cartilage.
Although  it  is thought  to be an  autoim m une disorder, the  exact
cause  is  unknow n. Cartilage  of the  external  ears, larynx, tra-
chea, bronchi, and nose m ay be involved. The sym ptom s are ep-
isodic, w ith  fever, anem ia, erythem a, swelling, and  pain , and  an
elevated  sedim entation  rate  is  noted  during  acute  episodes.
Sparing of the earlobe is the rule  and  is useful in  dist inguishing
this  disease  from  a  cellulitis. As  the  disease  progresses, sym p-
tom s  of increasing  respiratory  obstruct ion  m ay  becom e  appa-
rent  if tracheal cartilage  is  involved. Labyrin th ine  disturbances
are  rarely  present. The  diagnosis  is  m ade  on  the  basis  of  the
history  and  physical  exam ination ,  supported  by  an  elevated
sedim entation  rate. Biopsy of the  involved  cartilage  m ay show
necrosis, inflam m ation, and  fibrosis. Treatm ent  is w ith  oral cor-
ticosteroids, and rarely w ith  in travenous steroids.

116.4  Traum at ic Injuries of the
External Ear
116.4.1  Blunt  Injuries
Shearing forces to the  auricle, com m only seen  in  sports such  as
boxing  and  w restling, m ay  disrupt  the  norm al perichondrium
of  the  auricular  car t ilaginous  fram ework,  causing  serom a  or
hem atom a  form ation. The  lobule  is  composed  prim arily  of fat
covered  w ith  skin  and  is less susceptible  to injury. Because  it  is
m alleable  throughout  life, auricular  cartilage  is  m ore  likely  to
be  injured  by  shearing  forces  than  by  blunt  traum a. It  rarely
fractures.

If uninfected, very  sm all  serom as  of the  auricle  m ay  be  ob-
served, and  larger  ones aspirated. If the  serom a reaccum ulates,
it  should  be  treated  under  sterile  conditions  w ith  drainage;  a
bolster-type  dressing  w ith  dental  rolls  and  through-and-
through, nonabsorbable  sutures  should  be  placed  to  obliterate
the  potent ial space for  reaccum ulation  of the  serom a. If the  se-
rom a is infected, there  is a  risk that  the  car tilage  itself m ay be-
com e  necrotic and  lost. The  ear  should  be  incised  and  drained
and  the  patient  put  on  broad-spect rum  ant ibiot ic  coverage;
drains should  be placed. The goal is to prevent  loss of the cart i-
laginous fram e.

The  sam e  principles  apply  to  hem atom as  of the  auricle, ex-
cept  that  observation  is  rarely an  option. Because  the  cartilagi-
nous fram e  is  at  greater  risk, the  hem atom a should  be  drained
and a compressive dressing applied w ith  dental rolls sutured  on
either  side.  If  the  hem atom a  reaccum ulates  or  is  very  large,
drains should  be placed, and  the ear  should  be treated  until the
skin  flaps  rem ain  flat . Preservation  of the  cartilaginous fram e-
work  w ith  prevent ion  of a  “cauliflower” or  “boxer’s” ear  is  the
goal. Once auricular  cart ilage has been  lost  and  reparative scar-
ring has begun, the  auricle  is  doom ed  to  reparative  m alform a-
tion. In tervent ion  m ust  be undertaken  soon after any injury if it
is to be e ect ive.

116.4.2  Sharp Traum a to the Auricle
The  result  of  sharp  t raum a  to  the  auricle  m ay  range  from  a
sm all injury, such  as  an  earlobe  torn  during  piercing, to  com -

plete  avulsion  of the  auricle, usually after  a  m otor  vehicle  acci-
dent. The  auricle  has a  plen tiful blood  supply and  as  a  general
ru le  w ill heal if the  cart ilaginous and  soft-t issue  structures  re-
m ain  even  partly attached, less so  if complete  avulsion  has oc-
curred. If rem nants or  the  entire  auricle  can  be  salvaged, these
should  be  cleansed  and  reim plantat ion  attem pted  in  the  acute
situation .

Torn  lobes  m ay  be  caused  by  gravity  w hen  a  heavy earring
works  its  way  over  tim e  through  the  lobe  or  by  acute  injury
w hen  an  earring tears  through  the  lobe. Inflam m ation  and  in-
fect ion  should  be treated. The torn  lobe  m ay be  repaired  in  the
o ce; the lobe m ay be repierced at a later stage.

Anim al and  hum an  bites of the  auricle  are  by definition  con-
tam inated. The  edges  of the  wound  m ust  be  decontam inated
w ith  local  antisepsis.  Tetanus  toxoid  should  be  given . Broad-
spectrum  antibiotic  coverage  for  the  m ost  likely oral flora, in-
cluding  m icroaerophilic  streptococci  and  anaerobes  such  as
Bacteroides, is  indicated. If rem nants  of the  auricle  have  been
salvaged,  these  m ay  be  thoroughly  washed,  decontam inated,
and  reattached  w ith  sutures. If on ly  the  auricular  cart ilage  re-
m ains, it  should  be  cleaned  of soft-t issue  attachm ents, decon-
tam inated, and  buried  in  a  subcutaneous  pocket  (e.g., behind
the auricle, in  the forearm  or abdom en) for later use.

Shearing  avulsions  are  m uch  m ore  di cult  to  t reat.  The
auricular  rem nant, if found, m ay be  m angled, torn , or  abraded.
If a  part  or  all of it  appears  viable, an  attempt  at  surgical reat-
tachm ent  is  worthw hile,  w ith  all  rules  of  antisepsis  obeyed.
However, if it  has been  lost  or  is  beyond  retrieval, the  edges of
the  EAC should  be  freshened  and  tacked  away  and  the  canal
packed w ith  Gelfoam  (Pfizer, New  York, NY) or another m aterial
to  help  prevent  acquired  stenosis  of the  EAC. The  patient  m ust
then  be  counseled  regarding the  m ain  steps of auricular  recon-
struct ion  (costochondral  car tilage  harvest,  sculpture,  and
subcutaneous  im plantation;  lobular  transposition;  auricular  lat-
eralization) as required. A very good option  in  these severe cases
is  the  insertion  of osseointegrated  titanium  posts  for  anchoring
an  auricular  prosthesis. A well-made  auricular  prosthetic device
for  the  properly selected  patient  is an  excellent  option  with  very
acceptable  cosm etic  results. As  well, porous  high-density  poly-
ethylene  (Medpor;  Porex Surgical, Newnan, GA), covered  w ith  a
vascularized  temporoparietal  flap,  can  yield  an  excellent  aes-
thetic result;  however, in  many cases, im plant  exposure or  infec-
tion  has  occurred  years  after  surgery  with  resultant  stenosis  of
the  EAC. This  type  of repair  m ust  be  chosen  carefully  w ith  re-
gard  to the age and  usual activities of the recipient.

116.4.3  Therm al Injuries
Burns  of  the  auricle  are  classified  by  their  nature  (therm al
burns, ultra-cooling  burns  due  to  frostbite)  and  the  degree  of
the injury to the skin: first-degree leading to erythem a, second-
degree  (blistering),  or  th ird-degree  (full-th ickness)  burns.  In
first-  and  second-degree burns, pain  is present;  in  th ird-degree
burns, the  sensory nerve  endings have been  destroyed  and  the
a ected  area  is  anesthetic. It  is  of great  importance  to  elicit  a
detailed history of the nature and tim e course of the injury.

Upon inspection, the area m ay be erythem atous and blistered
(first-  and  second-degree burns), blackened  w ith  eschar  (th ird-
degree  burns), or  w hite, hard, and  cold  (frostbite)  as  a  result
of extrem e vasoconstriction. It  is important  to  suspect  that  the
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extent  of  the  injury  extends  beyond  w hat  is  apparent  on  in-
spection. This is  especially t rue  in  elect rical injuries. A therm al
burn  should  be  cooled  quickly  w ith  cold/iced  compresses  to
waste  the  built-up  heat  w ithin  the  tissue  in  an  attem pt  to pre-
vent  necrosis  by  cell  expansion  and  disruption.  Frostbite  is
rewarm ed  m ore  slow ly  w ith  warm ing  compresses. If frostbite
extends  to  larger  areas  of the  body, the  patient  m ay be  placed
in  a  warm ing  bath , or  warm ing  in travenous  solutions  m ay  be
used. The  extrem ity should  not  be  rubbed  lest  shearing forces
cause further dam age.

Broad-spect rum  antibiotic coverage  against  expected  organ-
ism s  such  as  Pseudomona s  species  and  com m on  skin  flora
(streptococci and  staphylococci)  should  be  given. Topical oin t-
m ents and  cream s such  as 1% silver sulfadiazine cream s m ay be
used. Surgical débridem ent  should  be  delayed  until the  wound
“declares itself” and  a line of dem arcat ion  betw een  healthy and
dead  tissue becom es apparent. Once th is has happened, the dé-
bridem ent  of dead  t issue  and  application  of topical an tisept ic
ointm ents  m ay encourage  healing  in  first-  and  second-degree
burns. More  severe  burns  m ay  require  split-  or  full-th ickness
graft ing. There  is no reason  to rush  in to repair  un til the full ex-
ten t  of  the  injury  is  obvious. A facial  plastic  surgeon  experi-
enced  in  the  treatm ent  of burns  and  in  reconstructive  surgery
is  an  im portan t  colleague  in  the  care  of patients  w ith  therm al
and frostbite injuries to the auricle and EAC.

116.4.4  Acid Burn of the External
Auditory Canal and Auricle
This  rare  occurrence  causes  m assive  denaturation  of the  skin ,
surrounding  soft  t issue, and  support ing  car tilage  and  m ay  re-
sult  in  partial or  complete  loss of the  auricle  and  EAC. Acids of
industr ial  concentration , such  as  sulfuric  acid  and  other  fort i-
fied  acids (or  alkalis), are  the  usual agents. The injury is alm ost
never  accidental but  is  part  of a  crim inal assault. As  w ith  any
chem ical burn , the caustic agent  m ust  be rem oved w ith  copious
and prolonged irr igation.

If the  auricle  has  been  severely  dam aged, it  m ay  ultim ately
undergo  part ial  or  complete  autoamputation.  A hypertroph ic
scar and/or keloid  w ill inevitably form  and  is t reated w ith  com -
pressive  dressings  and/or  steroid  inject ions  (t riam cinolone
10 m g/m L or  40 m g/m L) as  necessary. The  injured  auricle  m ay
be  allowed  to  “declare  itself,”  as  w ith  therm al  and  frostbite
burns. It  is  im portant  to  inspect  the  EAC and  tym panic m em -
brane and  to m ake every e or t  to flush  any noxious agent  from
these  areas and  salvage  as m uch  norm al tissue  as possible. The
EAC m ay be packed w ith  m edicated Gelfoam  or another packing
m aterial.

These types of injuries are alm ost  never isolated but  are often
part  of a  m uch  larger  picture, including inhalation  injuries and
traum a to vital in ternal organs and  the  extrem it ies. It  is impor-
tant  to th ink “beyond the ear,” especially if there has been  a h is-
tory of sm oke  inhalation. These  pat ients  are  properly assessed
by the t raum a and burn  services, as well as otolaryngology.

116.4.5  Fractures of the External
Auditory Canal
Foreign  objects placed in to the EAC m ay cause lacerations of the
canal. These  types  of injuries  are  rare. Far  m ore  com m on  are

injuries to the EAC caused by t raum a to adjacent  structures. Be-
cause of its anatom ical boundaries, the EAC is suscept ible to in-
juries  associated  w ith  traum a  of the  temporom andibular  joint
(e.g., a blow  to the jaw ) or  fractures of the temporal bone, m ost
com m only longitudinal fractures.

Inspection  of the  EAC reveals a  “step” deform ity of the  canal.
A flail piece of bone m ay be seen , w ith  or  w ithout  an  accom pa-
nying  laceration. Passive  m ovem ent  of the  jaw  m ay  cause  the
bone fragm ent to m ove.

The patient  should  be inspected for additional areas of injury,
both  fractures  of  the  jaw  and  other  otologic  injuries, such  as
traum atic  perforation  of the  tym panic  m em brane, dam age  to
the ossicular chain , facial nerve injury, and  injury to the vestib-
ular  labyrinth .  A tuning  fork  test  should,  at  a  m inim um ,  be
done;  ideally, a  screening audiogram  should  be  perform ed. Ra-
diographic studies  (e.g., m andibular  views, panorex, CT of the
petrous temporal bones) should  be obtained as indicated.

Treatm ent  is  of  the  underlying  cause;  if  the  m andible  has
been  fractured, the  fracture  m ust  be  reduced  and  the  pat ient
usually placed  in  in term axillary fixat ion . Tem poral bone  frac-
tures,  even  those  associated  w ith  cerebrospinal  flu id  (CSF)
otorrhea, are  ord inarily  observed, w ith  the  pat ien t  p laced  in
bed  at  about  45  degrees  un t il the  CSF otorrhea  subsides. The
ear  should  not  be  m anipulated .  If  there  is  w itn essed  and
progressive  facial nerve  dysfunct ion , in  w hich  case  the  likely
site  of  injury  is  at  the  gen iculate  ganglion ,  the  nerve  is
follow ed  clin ically  and  elect r ically  w ith  serial  ENOG and/or
needle  elect rom yograph ic  studies  and  m ay  need  to  be
decom pressed.

If a  flail  piece  of bone  in  the  EAC, usually  at  the  scutum  or
tym panom astoid  suture  line,  becom es  infected  or  otherw ise
bothersom e, it  m ay be  rem oved. It  is rarely necessary to repair
soft-t issue  lacerations. The  EAC m ay  be  packed  w ith  Gelfoam
m oistened w ith  otologic drops or another packing m aterial.

116.5  Noninflam m atory Lesions of
the  External Ear
116.5.1  Lesions of the  Auricle
Congenital Lesions
Preauricular Skin Tags
These  consist  of redundant  t issue, usually comprising skin  and
fat, found  near  or  just  an terior  to  the  t ragus. If the  m ass  con-
tains cart ilage, it  is a  rem nant  of auricular  t issue, left  over  from
auricular developm ent. It  m ay be a duplication  of one or several
of  the  ectoderm al  h illocks  of  His.  Preauricular  skin  tags  or
auricular  rem nants  are  nonfunct ional,  and  m ost  paren ts  re-
quest  that  they  be  rem oved.  However,  they  m ay  carry  w ith
them  cultural connotations, such  as  a  ch ild  being  “favored.” If
held on  w ith  only a soft-t issue stalk, the skin  tag m ay be lassoed
w ith  a  silk suture, tied  at  the base, and  allowed  to undergo ne-
crosis and fall o . If cartilage is found w ithin  the lesion , excision
should be done in  the operating room , w ith  the know ledge that
the  facial nerve  m ay be  very superficial in  young children. The
patien t  is seen  as needed  until the  scar  has healed. Elect rocau-
tery  is  rarely  necessary  in  the  excision  of  these  lesions  and
should be used carefully.
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Preauricular Pits
These  are  depressions  or  sinuses  lined  w ith  squam ous  or  col-
um nar epithelium  that  are found in  front  of the anterior  root  of
the  helix. They are  heritable  and  often  bilateral;  inheritance  is
thought  to  be  in  an  autosom al-dom inant  fashion  w ith  variable
expression . The  pits  m ay elaborate  keratin  and/or  m ucous and
m ay  becom e  infected. If quiescent , they  are  observed. If filled
w ith  uninfected  debris, they  m ay  be  t reated  w ith  warm  com -
presses and  the m aterial expressed  from  outside the opening. If
the pit  or sinus becom es recurrently infected, it  m ay require ex-
cision. It  is im portant  to rem ove the en tire tract  if it  is excised.

First  Branchial Cleft  Cysts, Sinuses, and Fistulas
These  result  from  anom alous  duplication  of the  EAC and  m ay
occur  betw een  the  EAC and  structures  an terior  or  inferior  to
the  auricle, including the  neck. They are  classified  according to
the  Work system . Work type  I anom alies contain  only ectoder-
m al derivatives  and  m ay be  thought  of as  a  “parallel” duplica-
tion  of the  EAC. Work  type  II anom alies  contain  both  ectoder-
m al and  m esoderm al derivatives  and  m ay be  found  extending
betw een  the  EAC and  the  parotid  in  any relationship  to the  ex-
tratemporal  facial  nerve,  including  bisect ing  the  nerve.  The
treatm ent of first  branchial cleft  cysts, sinuses, and fistulas is by
excision . These  anom alies  m ay contain  keratin  debris  that  can
becom e  infected.  If  infected,  they  m ay  require  incision  and
drainage, but  th is is not  recom m ended  if it  can  be  avoided. The
cyst, sinus, or fistula m ay be gently probed w ith  a sterile, m alle-
able  lacrim al probe  or  another  suitable  instrum ent  to  m ap  out
its pathway. The  opening m ay be  gently filled  w ith  dye such  as
m ethylene  blue  before  excision. A rim  of t issue  around  the  in-
ternal  opening  is  resected  w ith  the  specim en,  and  every  at-
tempt  is m ade  to excise  the  tract  in  toto, leaving none  of it  be-
hind. If the t ract  is suspected to course in  any relation  to the ex-
tratemporal facial nerve, the  excision  should  be done in  a m ore
form al way. A m odified  Blair  incision  is m ade and  the parotid  is
exposed, as  is  the  facial  nerve  at  least  from  the  stylom astoid
foram en  to the  pes anserinus and  distal branching poin ts, w ith
the  use  of in traoperative  facial nerve  m onitoring. The  cyst, si-
nus, or  fistula  m ust  be  carefully dissected  from  the  in tact  and
stim ulated  facial nerve. The  first  attempt  at  excision  is  usually
the  m ost  thorough  because  the  anatomy  of the  lesion  is  best
preserved. With  each  incision  and  each  subsequent  surgical at-
tempt  at  rem oval,  the  anatomy  becom es  m ore  distorted  and
the chance of complete resection  less.

Cutaneous Cysts
Cysts of ectoderm al and  sebaceous origin  m ay be  found  in  any
relationship  the auricle. If grow ing and  painful, a cyst  should  be
excised  along w ith  an  ellipse  of skin  over  the  lesion  to  be  used
as  a  soft-t issue  “handle,” allow ing excision  of the  cyst  w ith  its
tract  and  surrounding soft  t issue. It  is im portant  to m ake every
attempt  to identify and  excise  every bit  of the cyst  lin ing; there
always  is  one. If  the  cyst  has  becom e  acutely  infected  and  is
ready to  burst , the  patient  is  treated  w ith  oral an tibiotics  and
warm  soaks. The  cyst  m ay need  to  be  incised  and  drained, but
th is  is  not  optim al. Once  the  acute  infect ion  has  subsided, the
cyst  should  be excised.

Acquired Lesions
Chondrodermatit is Nodularis Chronica (Winker
Nodule)
This  is  a  benign  lesion  w ith  the  appearance  of a  “punched-out
crater.” It  is  found  m ost  com m only in  older  m en  at  the  rim  of
the helix, as well as in  other areas of the auricle. It  is thought  to
be caused  by the breakdow n  of elastic fibers due to chronic sun
exposure. The  lesion  m ay be  painful to  touch  or  pressure. This
distinguishes it  from  other  derm atologic lesions, such  as sen ile
keratosis,  keratoacanthom a,  cutaneous  horn ,  and  skin  cancer
(squam ous or basal cell), w hich are usually pain less.

Treatm ent  is by full-th ickness excision  that  includes the sup-
porting cart ilage. The  defect  is  reconstructed  w ith  a  full-th ick-
ness skin  graft  or local advancem ent flaps.

Gouty Tophi of the Auricle
These are  deposits of uric acid  in  crystalline form  in  the auricle,
often  at  the  helix.  The  pat ien t  w ill  have  hyperuricem ia  and
should  have  other  m arkings  of gout, such  as  arthropathy(ies)
and  involvem ent  of the  great  toe(s). Serologic m arkers  for  uric
acid  w ill confirm  the  suspected  underlying diagnosis. If quies-
cent, the  nodule  m ay be  observed. If painful or  in flam ed, it  is
rem oved  under  local  anesthesia.  Histopathologic  exam ination
w ill  reveal  fusiform ,  washed-out  casts  of  m onosodium  urate
w ith  an  accom panying  inflam m atory  surround:  polym orpho-
nuclear leukocytes, h istiocytes, and foreign  body giant cells.

The  patien t  should  be  t reated  for  gout  w ith  the  daily adm in-
istration  of allopurinol. Colchicine and  other anti-inflam m atory
m edications are used for acute exacerbations.

Bacterial Perichondrit is
This  is  d ist inguished  from  relapsing  polychondrit is, w h ich  is
a  nonbacterial  autoim m une  condit ion  that  is  t reated  w ith
steroids. Bacterial perichondrit is  is  d ist inguished  by crust ing,
w eeping,  and  exudate  from  the  auricle  and  by  pus. If  there
are  signs  of bacter ial  in fect ion , the  ear  m ust  be  t reated  w ith
an tibiot ics.

Infect ion  of the  perichondrium  of the  auricle  and  supporting
cartilage  is  an  urgent  problem . It  m ay be  a  sequela  of otologic
surgery or  traum a, or  it  m ay follow  external otit is. Predisposing
factors include  diabetes and  any cause  of relat ive  im m unosup-
pression. The patient  presents w ith  a swollen, painful, erythem -
atous auricle, usually crust ing and weeping. Swabs are taken  for
Gram  stain , culture, and  sensitivity. The  m ost  com m on  organ-
ism  isolated  is  P. aeruginosa . Oral antibiotics  w ith  good  gram -
negative  coverage, such  as fluoroquinolones, should  be  star ted
along w ith  warm  soaks. Treatm ent  m ay begin  at  hom e, but  the
patient  m ust  be seen  frequently, even  daily, un til the  ear  either
im proves or fails to. In  the latter case, the patien t should be hos-
pitalized, broad-spect rum  intravenous  antibiotics  started, and
drains placed under the skin  of the auricle and irr igated w ith  an
antibiotic solution  such  as bacitracin . Diabetes m ust  be brought
under  str ict  control;  patien ts often  require  a sliding scale  of in -
sulin . Necrotic cart ilage should  be  excised  and  every e ort  tak-
en  to save  as m uch  of the  cart ilaginous auricular  fram ework as
possible.
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Sebaceous Cysts
These true cystic collections occur as a result  of sebaceous gland
obstruct ion. They have a t rue lin ing and m ay occur anyw here in
the  head  and  neck. The  scalp, nape  of the  neck, and  auricle  are
favored  sites. If  sm all  and  nonpainful, they  m ay  be  observed.
The  acutely  infected  sebaceous  cyst  is  treated  w ith  a  broad-
spectrum  oral  an tibiotic  and  m ay  occasionally  have  to  be
drained. If it  becom es larger  and  painful, the  sebaceous  cyst  is
excised, w ith  care  take  to  rem ove  all of the  cyst  lin ing. This  is
best  done w hen  the  cyst  is distended  and  not  infected. If any of
the cyst lin ing is left  behind, it  w ill likely regrow.

Neoplasia of the Auricle and External Auditory
Canal
The auricle and EAC m ay give rise to both  benign  and m alignant
neoplasia, based  upon  the  cell  of origin . Benign  processes  in-
clude  act in ic keratosis, papillom a, and  other  lesions. Cancers of
the auricle and  EAC include basal cell carcinom a, squam ous cell
carcinom a, and  m elanom a  (m elanotic  and  am elanotic).  Rarer
cancers  of  the  auricle  and  EAC include  Kaposi  sarcom a  (now
m uch  less frequent  in  HIV disease  since  the  advent  of protease
inhibitors and  other  reverse  transcriptase  inhibitors) and  ceru-
m inous  adenocarcinom a,  seen  either  alone  or  in  association
w ith  m ultiple cylindrom as of the scalp, face, and EAC.

Malignancies w ith  the potential for hem atogenous m etastasis
to the temporal bone (but  not  necessarily to the  auricle  or  EAC)
include renal cell carcinom a, sm all (oat  cell) adenocarcinom a of
the  lung, breast  cancer, cancer  of the  prostate, and  cutaneous
m elanom a.

In  the  m ajority  of skin  cancers, m alignancy  is  an  end-stage
result  of chronic sun  (actin ic)  exposure. The  am ount  and  lon-
gevity of sun  exposure  are  of the  greatest  im portance. Tanning
lotions  w ith  protect ion  against  the  ultraviolet  ways of the  sun
are of relative recent  w idespread  use. A thorough  history of sun
exposure, the work history (indoor  vs. outside work), and  a h is-
tory of the use of t igh t-fit t ing ear  m olds leading to chronic irr i-
tation  of the EAC should be elicited.

Slow ly  grow ing  m alignancies  such  as  basal  cell  cancer  m ay
persist  for  years  before  the  patien t  seeks  help.  Far  less  fre-
quently, advanced  cancers of the auricle m ay occur as part  of an
aggressive picture of skin  cancer, especially squam ous cell carci-
nom a  of h igh  grade. In  th is  sm all num ber  of cases, the  auricle
and/or skin  of the EAC m ust  be part ially or completely resected,
possibly w ith  a neck dissect ion  and  possibly w ith  a lateral tem -
poral  bone  resection,  and  the  wound  closed  w ith  local,
pedicled, or  free  vascularized  flaps. The  extent  of the  disease,
assessed  by  clin ical  exam inat ion ,  radiographic  exam ination,
and exam inat ion  of the histopathologic m argins, w ill determ ine
the  exten t  of the  dissect ion. Surveillance  and  local control m ay
help to avoid these m ore advanced cases.

116.5.2  Lesions of the External Auditory
Canal
Keratosis Obdurans
This  is  an  acute-upon-chronic condition  of the  external ear  in
w hich  the  EAC is plugged  by an  accum ulat ion  of dense, inspis-

sated keratin  debris. Acute infect ion , swelling, pain , and hearing
loss follow. In  very advanced  cases, in  response  to  chron ic ir-
ritat ion  and  in fect ion ,  the  norm ally  th in  arch itecture  of  the
squam ous  ep ithelium  lin ing  the  canal  m ay  becom e  lichen i-
fied , and  the  canal m ay be  p lugged  by dense  debris  and  sec-
ondarily stenot ic.

The  typical  patien t  w ith  th is  problem  is  elderly, often  in  a
nursing hom e in  w hich  care of the ear  is neglected. If and w hen
the ear becom es acutely infected, the patien t  w ill be brought  to
the  otologist. It  is  important  to  distinguish  th is  entity, if possi-
ble, from  acute  otit is  externa, osteomyelit is  of  the  skull  base,
and  other  plausible  conditions. The  history  usually  yields  the
answer if it  can  be accurately obtained.

These  ears  are  di cult  to  treat, in  large  m easure  because  of
pain , but  w ill usually respond well to careful, thorough  cleaning
under  m icroscopic vision  in  the  o ce, rarely  in  the  operat ing
room , and  very  rarely  under  general  anesthesia. The  ears  are
exquisitely  painful to  clean, and  thus  pain  m ust  be  elim inated
before  aural  toilet .  The  patient  m ay  require  a  four-quadrant
block of the EAC w ith  local anesthesia. Most  patients w ill allow
the  ear  to  be  cleansed  in  the  o ce. There  is  usually an  “onion
skin” appearance  to  the  epithelial  debris  because  it  has  been
collecting for  m any m onths to years. Although  the  diagnosis is
apparent  w ith  gross  inspection,  m aterial  should  be  sent  for
pathologic exam inat ion  to  ascertain  that  th is  is  keratin  debris
and nothing else. The physician  m ay not  be able to clean  the ear
completely  in  one  sit t ing;  the  patien t  m ay  need  to  return  for
several sessions and  the  ear  be  m edicated  w ith  an  appropriate
acidifying solution  betw een visits.

The important di erence betw een this and other, sim ilar con-
ditions, such  as cholesteatom a of the EAC, is that once it  is com -
pletely cleaned  and  topically m edicated, the  ear  w ith  keratosis
obdurans  w ill often  slow ly and  gradually revert  back toward  a
healthy appearance. The change toward health  m ay be quite re-
m arkable  once  aural  toilet  com m ences. The  incit ing  event  of
dense  packing of squam ous debris and  superinfect ion  has been
cured , and  the  ear  can  now  resum e  a  m ore  norm al  appear-
ance. Th is  does  not  happen  w ith  external ear  cholesteatom a.
Preven t ion  of recurrence  is  via  appropriate  ototopic  therapy
and  rout ine  o ce-based  débridem en t .

External Auditory Canal Cholesteatom a
This is a cyst  of squam ous debris found  in  the  EAC. It  has m any
features  in  com m on  w ith  prim ary  acquired  cholesteatom a:  it
has  an  act ive  m atrix  that  elaborates keratin  debris, and  it  m ay
locally erode bone  and  soft  t issue. Unlike keratosis obdurans, it
does not  revert  toward  a  norm al state  once obstruction  and  lo-
cal infect ion  have  been  relieved  and  treated. There  m ay be  an
antecedent  h istory of traum a, otologic surgery, acquired  steno-
sis, or chronic inflam m ation , but  m ost  pat ients have no identifi-
able  cause. The tym panic ring, especially its anterior  and  inferi-
or  aspects, is  a  favored  site  for  EAC cholesteatom a. The  patient
m ay initially present  w ith  otologic complaints  due  to  blockage
by keratin  debris:  hearing loss, fullness, sym ptom s of infect ion,
rarely dizziness or  vertigo, and  m ost  rarely involvem ent  of the
facial nerve.

An  edge-enhanced  CT of the  temporal bones reveals features
of cholesteatom a w ith  bony erosion  and  scalloped  edges. EAC
cholesteatom a  is  usually  a  localized  d isease  process,  often
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un ilateral,  bilateral  in  fewer  pat ien ts.  Depending  upon  the
site  and  size  of the  EACC, there  m ay be  norm al hearing, hear-
ing loss of a  conduct ive  or  m ixed  nature, or, if the  ot ic capsu-
le  has  been  violated ,  anacusis.  Facial  nerve  involvem en t  is
rare.

The  m ainstay  of treatm ent  is  routine  o ce-based  débride-
m ent, advice to the patient about  water precautions, and the ju-
dicious use of acidifying drops and/or pow ders as needed. If the
EAC cholesteatom a becom es obstructed, rendering the ear di -
cult  to  clean, lim ited  localized  surgery  including  m eatoplasty
m ay be  indicated  to  facilitate  aural toilet . Surgery to  eradicate
all foci of the  cholesteatom a  has  proved  of litt le  value, and  so
EAC cholesteatom a, un like  prim ary and  secondary cholesteato-
m a  of the  m iddle  ear  and  m astoid, is  m anaged  m edically, not
surgically. There is really very lit t le  need for surgery in  even  the
m ost advanced cases.

The surgeon  m ust  also have a precise m ental road  m ap of the
problem  w ith  m icroscopic detail. This m ay be  facilitated  by CT,
but  there  is no substitute  for  careful m icroscopic evaluation. In
very  advanced  cases, the  jugular  bulb, t ym panic facial nerve,
and  st ructures  of the  ot ic  capsule  m ay  be  exposed . Ext rem e
caut ion  m ust  be  used  in  dealing  w ith  these  m ost  delicate
structures.

Having  the  patient  soften  the  squam ous  debris  at  hom e  for
several days  w ith  an  organic solvent  (baby oil, olive  oil, docu-
sate) before  scheduled  o ce  débridem ent  w ill greatly facilitate
cleaning. If inner  ear  structures of the vestibular  labyrin th  have
been  exposed, the  pat ient  m ay experience  precipitous and  vio-
lent  ver tigo due  to the  caloric e ect  of the  suct ion . It  is  best  to
débride  the  ear  m anually  under  the  m icroscope  w ith  sm all
tools  such  as  a  cerum en  loop, round  knife, or  alligator  forceps
w hile the patient  is in  the supine position, and to use a m inim al
am ount  of  suct ion  just  at  the  end  of  the  cleaning.  Because
cleaning  m ay  be  needed  as  often  as  every  3  to  4  m onths, the
physician  and  patien t  m ust  work together  to  ach ieve  the  best
system  that  w ill keep  the  erosive  poten tial of EAC cholestea-
tom a  in  check  and  cause  the  least  am ount  of  d iscom for t  to
the  pat ien t .

It  is  important  to  be  aware  of developm ental defects  in  the
form ation  of the  tym panic ring that  m ay lead  to chronic irr ita-
tion, weeping, and  the collection  of keratin  debris and  so m im ic
cholesteatom a of the  EAC and  other  en t it ies. A persistent  fora-
m en  tym panicum , or foram en  of Huschke, is an  anatom ical var-
iation  of the  tym panic port ion  of the  temporal  bone  due  to  a
defect  in  norm al  ossification  of the  tym panic  ring  during  the
first  5  years  of life. It  is  not  a  true  foram en  because  no  neuro-
vascular  structures  traverse  it;  rather,  it  is  is  a  defect  of
tym panic bone  ossification  due  to  abnorm al m echanical forces
during early  postnatal life  or  to  genetic factors, thus  far  unde-
fined.  Its  location  is  at  the  an teroinferior  aspect  of  the  EAC,
posterom edial to the temporom andibular  joint. Based  on  retro-
spective  radiographic  series,  persistent  foram en  tym panicum
has been  estim ated  to  occur  in  4.6  to  9.1% of individuals, w ith
an  average  dim ension  of 4.2 m m  in  the  axial plane  and  3.6 m m
in  the sagit tal plane. CT of the temporal bone perform ed  at  th in
intervals  (0.6-m m  sect ion  th ickness,  0.3-m m  sect ion  incre-
m ent)  w ith  an  ultra-high  resolution  filter  w ill best  im age  th is
en t ity if it  is present.

Persistent  foram en  tym panicum ,  or  foram en  of  Huschke,
should be kept  in  the di erential diagnosis in  cases of refractory

chronic  otit is  externa  and  especially  of  cholesteatom a  of  the
EAC. It  m ay  predispose  the  patient  to  injury  of the  EAC, tym -
panic m em brane, or  m iddle  ear  cleft  during temporom andibu-
lar  join t  arthroscopy and  m ay facilitate  the  spread  of infect ion
or  tum or  from  the  EAC into  the  infratem poral  fossa  and  vice
versa.

Cerum en Im pact ion
The  subject  of wax  im paction  m ay  seem  banal, but  few  other
conditions in  our  specialty can  be  rem edied  w ithin  a  single  of-
fice visit  to the trem endous relief and satisfact ion  of the patien t.
Many  pat ients  w ith  wax  impact ion  w ill  present  w ith  hearing
loss, fullness, t inn itus, autophony, and  rarely im balance  or  ver-
tigo.  The  history  and  physical  exam ination ,  including  tuning
fork testing, w ill usually confirm  the diagnosis and  exclude oth-
er  causes. Most  patients  w ill adm it  to  using cotton  squabs and
other  foreign  bodies in  the  EAC. Patients wearing t igh tly fit t ing
hearing  aid  m olds  or  other  ear  pieces  m ay  be  predisposed  to
wax  im paction . The  treatm ent  and  prevention  of wax  im pac-
tion, however  nonglam orous, are  fundam ental to  w hat  we  do,
and  one should  develop  a  reliable  m ethod  to care  for  th is m ost
com m on problem .

Realizing  that  the  ear  is  exquisitely  sensitive, especially  an
erstw hile  norm al  EAC now  im pacted  w ith  wax, the  physician
m ust  t reat  carefu lly, cautiously, slow ly, and  w ith  reassurance.
Patients can  tolerate m any m anipulations of the ear if w hat  w ill
be  done  is  explained  to  them  and  is  done  slow ly. A few  extra
seconds  of counsel  and  reassurance  are  well  worth  the  e ort .
All  reasonable  attempts  should  be  m ade  to  thoroughly  clean
wax im pactions in  one o ce visit .

There  are  a  few  im portant  factors  to  rem em ber:  (1)  Avoid
blind, forceful irr igation. (2) The  pat ient  should  assum e a  com -
fortable  position, w hich  m ay vary from  sitt ing to  lying recum -
bent. (3)  The  physician  should  anticipate  a  vasovagal response
and  be  prepared  to  t reat  it  im m ediately  because  it  m ay occur
w ith  any instrum entation  of the EAC. (4) A m icroscope provides
better  visualization  than  a  hand-held  otoscope, as  well  as  the
ability  to  work  bim anually. (5)  Reassure  the  patien t;  a  relaxed
patient  w ill allow  a  m ore  thorough  procedure. (6) Use  reason-
able  techniques  for  a  reasonable  length  of  t im e.  (7)  Have
pressed  gelatin  foam  and  alligator  forceps  readily  available,
w hich  can  be  applied  focally if the  canal skin  is abraded  during
m anipulation. (8)  Inspect  all parts  of the  tym panic m em brane
to  look for  other  signs of disease, such  as a  perforation  or  att ic
retract ion  cholesteatom a, after  the ears have been  cleaned.

Patients  should  be  counseled  to  avoid  placing  any  foreign
body in to the ear  to clean  it. A weekly rinse of 3% hydrogen  per-
oxide  or  an  acidifying drop  m ay  help  the  ear  to  cleanse  itself.
However,  som e  patien ts  w ill  require  m anual  débridem ent  at
regular in tervals to m aintain  canal patency.

Foreign Body
Foreign  bodies  in  the  EAC m ay  be  either  organic or  inorganic.
Several broad  principles m ust  be  observed  in  treating a  pat ient
w ith  a  suspected  or  know n  foreign  body, all based  upon  com -
m on  sense. (1)  For  young  children, “if one  foreign  body, there
m ay be two or  three.” Rem em ber  to check the  nose  in  addition
to the  ears for  foreign  bodies. (2) Living foreign  bodies (usually
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insects) m ust  be  killed  first , then  rem oved. The  patien t  is  usu-
ally quite  bothered  by the  beating of an  insect’s w ings or  other
m ovem ent.  This  is  silenced  w ith  lidocaine  or  m ineral  oil.  (3)
Batteries  and  acid-eluting  foreign  bodies  m ust  be  rem oved  as
soon  as  possible  because  they  m ay  cause  extensive  chem ical
burns to the  EAC. This is a  rather  urgent  otologic situation , and
the  pat ien t  should  be  t reated  in  the  o ce  or  operating  room
w ithout  delay.  (4)  Do  not  attempt  to  rem ove  foreign  objects,
such  as  beans  or  bugs, w ith  irr igation  because  they m ay swell
and  compound  the problem . (5) The ear  is exquisitely sensitive.
A patient  w ho cannot tolerate the pain  m ay need to be im m obi-
lized  to  prevent  tym panic  m em brane  or  m iddle  ear  injury
during  rem oval  of  the  foreign  body. For  an  uncooperative  or
hysterical patient, general anesthesia m ay be required. (6) Only
an  experienced  physician  w ith  proper  instrum ents and  m agni-
fication  and in  the proper setting should attem pt  to rem ove any
foreign  body from  the EAC. If these are not  available, the pat ient
should  be  taken  to  the  operating  room . (7)  A reasonable  at-
tempt  to establish  audition  in  the ear in  quest ion  w ith  at  least  a
tuning fork test  should  be m ade before the rem oval of a densely
im pacted foreign  body.

Aural Polyp
Polyps  are  soft-t issue  m asses, usually  circum scribed  and  glis-
ten ing,  that  often  obstruct  the  EAC.  An  aural  polyp  m ay  be
thought  of as a flag—an  indicator  of an  underlying disease such
as chronic otit is m edia or a cholesteatom a w ith  concom itant  in-
flam m ation. The  polyp  usually arises from  the  m iddle  ear  m u-
cosa  (respiratory  epithelium )  but  m ay  arise  directly  from  the
tym panic m em brane  as  a  react ion  to  a  foreign  body, such  as  a
ventilation  tube.

An  aural polyp is often  a physical obstruct ion  to local m edical
treatm ent  of disease  in  the  EAC. Polyps m ay be  treated  in  sev-
eral ways: locally w ith  astr ingents (e.g., silver  n itrate, t richloro-
acetic acid, 20% phenol) to  reduce  the  m ass of the  polyp  or  by
rem oval. Astringents  tend  to  work  well  because  of the  myxe-
dem atous  nature  of polyps;  they are  inflam m atory  t issue  and
contain  a  lot  of water. Reducing th is  fraction  alone  w ill shrink
the m ass and allow  topical therapy to start  working.

An  aural polyp  m ust  be  rem oved  w ith  caution . The  surgeon
should have a clear idea of the m ost likely site of origin: a perfo-
ration, a  cholesteatom a, or  a  foreign  body react ion  to  a  tube. If
there  is  any  suspicion  that  the  polyp  is  attached  to  a  deeper
structure, such  as the facial nerve, the  stapes footplate, or  a de-
hiscence of the vestibular labyrinth , or if a herniation  of the m e-
ninges  and/or  brain  (m eningoencephalocele,  encephalocele)
cannot  be  excluded, the  polyp  should  not  be  m anipulated  until
definitive  radiologic  studies  (CT and/or  MR im aging  w ith  and
w ithout + /-  contrast) m ore  precisely define  the  anatom ical site
of origin .

The  polyp, once  grasped  w ith  an  appropriately sized  instru-
m ent, should  be  “sm eared” and  never  forcibly  rem oved  from
the ear. An  inflam m atory polyp w ill easily yield  to gentle m ani-
pulation. Another  underlying disease  process m ay be  m ore  re-
sistan t,  and  again ,  the  polyp  should  never  be  rem oved  w ith
force.

All m aterial rem oved  from  the  body m ust  be  sent  for  patho-
logic exam ination, and  an  aural polyp  is no exception . Once re-
m oved, the polyp should  be exam ined histologically, even  if the

tissue rem oved has all of the gross features of a polyp, and  defi-
nitely identified  as an  inflam m atory polyp;  other  en tit ies, such
as glial t issue, brain , and neoplasm , m ust be excluded.

Derm atologic Condit ions of the External
Auditory Canal
The  EAC m ay  be  thought  of as  a  blind  pouch  lined  w ith  skin .
There  are  several di erences  between  the  skin  of the  EAC and
skin  elsew here  in  the  body.  Specialized  system s, such  as  the
apopilosebaceous  unit  and  cerum inous  glands, are  present  in
the skin  of the EAC, but  not elsew here. The EAC is thus suscepti-
ble  to  m any of the  derm atologic processes  found  elsew here  in
the body. Much of w hat otologists treat  m ay be generally classi-
fied  as  chronic  otit is  externa, but  the  EAC m ay  also  m anifest
purely local problem s, such as contact derm atit is and neuroder-
m atit is  (lichen  sim plex chronicus). The  EAC m ay also  m anifest
system ic conditions  such  as  psoriasis, eczem a, atopic derm ati-
t is, seborrheic derm atit is, acne vulgaris, and sarcoidosis.

The pat ien t  m ay present  w ith  an  acute otit is externa and typ-
ical sym ptom s of itching, serous  or  m ucous  drainage, fullness,
and  hearing loss. The  history  is  a  key feature  toward  a  correct
diagnosis. Both  ears  m ust  be  given  careful  scrut iny  under  the
m icroscope, and  the  physician  w ill often  see  a  sim ilar  state  in
the  EAC for  m any  derm atologic conditions. Very  dry  skin  and
signs  of  m echanical  excoriation  aid  in  determ ining  the  root
cause;  the  baseline  problem  is  that  the  skin  is  too  dry, leading
to  pruritus, scratching, and  violation  of the  skin  and  its  lym -
phatics. The  result  is  a  perfect  setup  for  acute  otitis  externa:  a
warm , m oist, dark  environm ent—just  w hat  bacteria  and  fungi
need  for  grow th. This  set  of otologic  problem s  is  cyclical. The
baseline is “too dry,” but  acute exacerbations m ay cause the ear
to becom e m oist and acutely infected.

Drops do  not  rem ain  drops forever;  eventually, they becom e
the residue of the drops and  the liquid  in to w hich  the active in-
gredient  of the  drops was dissolved. Therefore, drops add  fluid
and  often  water  to  the  ear, again  providing an  enhanced  envi-
ronm ent  for  bacterial  overgrow th.  Desiccating  pow ders  are
often  a better choice in  the acutely infected, m oist  ear. Once the
ear  has  reached  its  “baseline,” gentle  m oisten ing  w ith  steroid
oils (e.g., fluocinolone 0.01% oil;  prednisolone for te 1% ophthal-
m ologic solution) or  cream s/ointm ents  (t riam cinolone  0.025%)
once  or  tw ice  a  week  m ay m aintain  the  ear. The  pat ient  m ust
be cautioned not  to instrum ent the ear.

Unfortunately, chronic otit is externa  is poorly understood  by
m ost  general  physicians  and  also  by  m any  otolaryngologists.
The  typical  patient  has  been  treated  w ith  several  di erent
drops  in  the  hope  that  finding  “the  perfect  drop”  w ill  solve
the  problem .  Ult im ately,  there  is  no  cure  for  m any  of  these
conditions, but  the  treatm ent  of acute  exacerbations  and  the
judicious use  of steroids w ill go a  long way to help  care  for  the
patien t.

Osteom as and Exostoses of the External
Auditory Canal
Osteomas
Osteom as (� Fig. 116.4) of the  external auditory canal are  t rue
neoplasm s;  they  are  often  unilateral,  solitary,  and  peduncu-
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lated, and  they are  not  related  to exposure  to cold  water  or  air.
They  usually  occur  at  the  tym panosquam ous  suture  line  in  a
m ore  lateral location  than  exostoses. A solitary, large  osteom a
m ay fill a  good  portion  of the  EAC, causing all of the  problem s
of advanced  exostoses. On  CT, an  osteom a m ay be m ore hetero-
geneous, w ith  areas of cancellous bone, and  less dense  than  an
exostosis. Usually, a  stalk  leading  to  the  osteom a  can  be  seen
under the m icroscope or on  CT.

Exostoses
Exostoses  (� Fig.  116.5  and  � Fig.  116.6)  of  the  EAC are  ac-
quired, benign, broad-based  grow ths  of bone  occurring  w ithin
the  EAC, m ost  often  near  the  tym panom astoid  or  tym panosqu-
am ous suture  line. They are  often  bilateral and  m ore  advanced
in  one  ear  than  in  the  other. Exostoses are  not  true  neoplasm s.
They are  bony  calluses  or  hyperostoses  arising  from  the  tym -
panic  ring. They  typically  do  not  have  a  stalk. The  presum ed
pathophysiology  is  refrigeration  osteitis,  the  e ect  of chronic
exposure of the bone of the EAC to cold water or air  in  activities
such as sw im m ing, surfing, skiing, and boating.

If the  one  or  several bony lesions  are  sm all and  m ost  of the
tym panic  m em brane  is  clearly  visible,  the  ear  is  observed.
There  are  several reasons to  shave  dow n  an  exostosis  or  to  re-
m ove an  osteom a:

Fig. 116.4  (a) Coronal and  (b) sagit tal section  of
a  right  ear showing  a single  stalk of an osteoma.

Fig. 116.5  (a) Coronal and  (b) sagit tal section  of
a  right  ear showing  broad-based  growth centers
of exostoses.

Fig. 116.6  Right  axial computed  tomographic scan of the  temporal
bone  showing  exostoses.
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1. The patient  has recurrent  infect ions of the EAC. Trapped squ-
am ous debris and wax w ill becom e a n idus of recurren t EAC
infect ions, and the obstruction  should be rem oved.

2. The patient  has conductive hearing loss due to wax/debris
im paction. With  severe obstruct ion(s), even  a sm all am ount
of wax and debris w ill cause conductive hearing loss.

3. The usual bony and soft  t issue landm arks are less distinct . It
is not  w ise to wait  th is long because the surgeon m ust  rely
upon landm arks of the EAC to perform  the surgery.

4. It  w ill allow  the patien t  to be properly fit ted w ith  a hearing
aid.

Exostoses m ay occur  along w ith  other  conditions (e.g., otoscle-
rosis). If the exostoses are too large for  the  usual transcanal ap-
proach  to  be  used, they should  be  rem oved  from  the  ear  w ith
the  greater  hearing loss. The  ear  should  be  allowed  to heal, the
hearing retested, and then  the stapedectomy perform ed.

All patients for  w hom  surgery is being considered  m ust  have
a  form al hearing test  and  an  edge-enhanced, noncontrast  CT of
the  temporal bones to show  landm arks around  the  bony lesion
(s):  the  tympanic  m em brane, m iddle  ear  and  ossicular  chain ,
and  tym panic  and  vert ical  course  of  the  facial  nerve.  The
surgeon  should  have  a  very good  idea  during the  preoperative
preparation  not  only of w hat  the  ear  looks  like  under  the  m i-
croscope,  but  also  of  w hat  radiologic  landm arks  w ill  help  to
guide the dissect ion.

Surgery m ay be  done through  the  EAC or  through  a  postaur-
icular  approach. The im portant  word  is to  “shave” the exostosis
(es)  carefu lly. Exostoses  grow  slow ly, and  by  the  t im e  the  pa-
tien t  requires surgery, these lesions have been  present for m any
years;  it  is  h ighly  unlikely  that  they  w ill grow  back  any  m ore
quickly. Therefore, there  is no need  to rem ove every m illim eter
of neo-ossification. A reasonable  goal is  to  be  able  to  see  m ost
of the  perim eter  of the  tym panic m em brane  and  to  know  that
the  EAC, after  it  heals, w ill be  large  enough  to  hold  an  ITC (in
the  canal)  hearing  aid  m old. Because  of the  proxim ity  of the
vertical  portion  of  the  facial  nerve  and  the  tym panic  m em -
brane, noth ing m ore  than  shaving the  bone  need  be  done. It  is
w ise  to  perform  th is  surgery  under  general anesthesia  and  to
m onitor the facial nerve electrophysiologically.

In  the extrem ely rare  cases in  w hich  all landm arks have been
lost, it  is best  to dissect  anteriorly and  superiorly, w here the fa-
cial nerve is un likely to be found, un til a know n landm ark (such
as the  tym panic m em brane) is encountered. Approaching from
behind w hile the vascular str ip is retracted w ith  a Penrose drain
or another suitable retractor m ay also provide landm ark clues.

The  surgical  technique  for  the  rem oval  of  an  osteom a  is
som ew hat  m ore  straightforward  and  sim pler  than  that  for
exostoses.  The  lesion  is  ordinarily  rem oved  via  a  transcanal
approach, but  a  postauricular  approach  m ay be  required  for  an
extrem ely  large  osteom a.  Because  there  is  ordinarily  a  stalk
leading to the  osteom a, it  can  be tapped  w ith  a 2-  to 4-m m  na-
sal osteotom e  and  the  osteom a  delivered. The  rem aining stalk
can  be  shaved  dow n  w ith  a  diam ond  bur. The rem ainder  of the
care is the sam e as w ith  exostoses.

Although  the  pat ient  is ordinarily asked  to give  consent  for  a
split-th ickness  skin  graft ,  th is  is  alm ost  never  necessary  be-
cause  of the  redundancy of skin  over  the exostoses or  osteom a.

The skin  of the EAC is incised in  a horizontal fashion  around the
m idpoin t  of the  lesion(s) w ith  a  round  knife  or  sim ilar  instru-
m ent, and  the  skin  is  “w indow -shaded” fore  and  aft  away from
the  bony grow th , w hich  is  then  shaved  w ith  an  appropriately
sized  diam ond  bur  or  tapped  out  w ith  an  osteotom e. Once  the
bony grow ths have been  reduced  and  the  tym panic m em brane
is  easily  seen,  the  rem aining  skin  is  placed  back  flat  and
trim m ed  if necessary, and  the  EAC is  packed  for  about  3  to  4
w eeks.  The  pat ien t  m ust  be  advised  that  the  ear  w ill  take
about  6  to  8  weeks  to  heal  properly. It  is  extrem ely  rare  to
have  to  revise  th is  t ype  of surgery  if it  is  done  carefully  and
conservat ively.

116.6  Conclusion
With  a  thorough  knowledge  of the  norm al em bryology, anato-
my, and  physiology of the external ear, in  addition  to an  under-
standing of the  natural h istory of the  various com m on  disease
processes  that  occur  in  th is  location, the  t reatm ent  of the  pa-
tient  w ith  external ear  disease  becom es  logical. However, it  is
not  always easy. Most  conditions can  be m anaged w ith  the  rec-
om m endations  outlined  in  th is  chapter. There  is  no  substitute
for patience and thoroughness.

116.7  Roundsm anship
●  An  understanding of the various disease en t it ies occurring in

the external ear is predicated on  a knowledge of the em bryol-
ogy, anatomy, and physiology of the canal.

●  Infect ion  and blockage of the apopilosebaceous unit  are the
precursors of infect ious otit is externa.

●  Otit is externa presents as a spectrum  of disease and m ay be
classified in to preinflam m atory, acute inflam m atory, and
chronic inflam m atory stages.

●  Four principles form  the basis of treatm ent for all stages of in-
fect ion  of the external ear: thorough cleaning, an tibiotic ther-
apy, control of inflam m ation  and pain , and recom m endat ions
to prevent  infect ion . Of these, the first  is the cornerstone of
therapy.

●  Recalcit rant and recurrent otit is externa m ust  be t reated ag-
gressively w ith  daily local care and antibiotics, often  in  the
hospital. Patience and thoroughness are needed for successful
treatm ent .

●  Necrotizing external otit is is a disease occurring in  im m uno-
suppressed patients. It  m ust enter the di eren tial diagnosis of
any patien t  w ith  nonresolving acute external otit is.

●  There are four hallm arks of necrotizing external otit is: persis-
tent otalgia; persisten t otorrhea and granulation  tissue;
diabetes m ellitus, advanced age, or im m unocomprom ised
state; and cranial nerve involvem ent.

●  Necrotizing external otit is m ust  be t reated aggressively. Ma-
nagem ent includes proper radiographic im aging to m ap the
extent of disease, m eticulous local care, control of diabetes or
im m unodeficiency (w hen possible), and antibiotics. Surgery
is rarely required. Mortality rem ains significant  in  patien ts
w ith  cranial nerve involvem ent.
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117  Condit ions of the  Middle Ear and Mastoid
Ronald A. Ho man

117.1  Int roduct ion
Conditions of the m iddle ear and  m astoid  can  be categorized  as
infect ious/inflam m atory, neoplastic, m etabolic/genetic, and  ia-
trogenic/t raum atic. Because  of anatom ical  and  physiologic  in-
terdependency, diseases  arising  in  the  m iddle  ear  often  a ect
the  m astoid, and  vice  versa. Disease  lim ited  to  the  m iddle  ear
usually  presents  as  hearing  loss  or  otorrhea. Mastoid  disease
m ay be  silen t , unless  there  is  an  acute  suppurative  component
or associated bone destruct ion . Facial nerve paresis or  paralysis,
vertigo, or  central nervous system  complications m ay im plicate
m astoid extension .

117.2  Infect ious/Inflam m atory
Condit ions
117.2.1  Ot it is Media w ith E usion
The m ost com m on disorders of the m iddle ear are infect ious/in-
flam m atory,  in  part icular  otit is  m edia  (OM)  of  childhood
(� Fig.  117.1).  Otit is  m edia  is  the  m ost  com m on  reason  for
childhood visits to the pediatrician, and  it  is estim ated  that  80%
of children  w ill have  at  least  one  episode by the  age  of 5  years.
Otit is  m edia  can  be  subdivided  in to  two  general  types:  otit is
m edia w ith  e usion  (previously and  often  still referred  to as se-
rous  otit is  m edia)  and  acute  otit is  m edia  (previously  called
acute  suppurative  otitis  m edia). Ot itis  m edia  w ith  e usion  and
acute  otit is  m edia  result  from  poor  eustachian  tube  funct ion
and  the  general  im m unologic  im m aturity  of  childhood.  The

eustachian  tube, lined  w ith  upper  respiratory  tract  m ucosa, is
norm ally closed  but  is  opened  by the  act ion  of the  m uscles  of
chew ing and  swallow ing. Norm al eustachian  tube  funct ion  al-
low s aeration  of the  m iddle  ear  space  and  contiguous  m astoid
air cell system , as well as egress of the secretions from  the m id-
dle  ear. The  eustachian  tube  becom es obstructed  in  ch ildren  in
association  w ith  upper  respiratory t ract  m ucosal diseases, pri-
m ary ciliary  dyskinesia, en larged  adenoids, and  adenoid  infec-
tion, and in  association w ith  general anatom ical and physiologic
im m aturity. Eustachian  tube  dysfunction  in  adults  usually  re-
sults from  upper  respiratory t ract  m ucosal disease, an  acquired
disease  such  Wegener  granulom atosis, or  nasopharyngeal m a-
lignancy. A unilateral serous  otit is  m edia  in  an  adult  (part icu-
larly  one  of Chinese  origin  and  especially  one  w ith  ipsilateral
cervical  lym phadenopathy)  w ithout  a  h istory  of  preceding
upper respiratory tract  in fect ion  or barotraum a should aler t  the
clin ician  to the possibility of nasopharyngeal carcinom a.

When  the  eustachian  tube fails to  function  norm ally, m iddle
ear  gases  are  absorbed  by  the  m iddle  ear  m ucosa,  creating
negative m iddle ear  pressure. Negative pressure and  the act iva-
tion  of inflam m atory  m ediators  cause  the  egress  of fluid  in to
the  m iddle  ear, creating  otit is  m edia  w ith  e usion. Such  fluid
usually  resolves  spontaneously  as  the  pathology  a ect ing  the
eustachian  tube resolves. The m ost  com m on  sym ptom s of otit is
m edia  w ith  e usion  are  ear  fullness and  hearing loss. In  m any
children , part icularly  younger  ch ildren, otitis  m edia  w ith  e u-
sion  m ay be  asym ptom atic. Physical findings include a dull and
im m obile  tym panic  m em brane  that  does  not  m ove  on  pneu-
m atic otoscopy. There m ay be a visible air–fluid  level or air bub-
bles in  the m iddle ear.

In  otherw ise  healthy  children  w ho  have  no  speech  or  lan-
guage  delays  and  no  evolving  pathologic changes  to  the  tym -
panic  m em brane, the  t reatm ent  of otit is  m edia  w ith  e usion
can  be  expectant  observation , often  for  6  to  9  m onths. If there
is  upper  airway disease, treatm ent  should  be  orien ted  toward
im proving  upper  airway  health , w ith  secondary  im provem ent
in  eustachian  tube funct ion. Oral decongestants and  steroid  na-
sal sprays  are  often  useful in  the  presence  of act ive  upper  air-
way  disease, but  there  is  lit t le  evidence  that  these  m odalit ies
are  of value  in  the  absence  of such  pathology. A course  of oral
antibiotics is reasonable, even  though otit is m edia w ith  e usion
does not  present  w ith  the signs or sym ptom s of the acute infec-
tion  of  otit is  m edia  (see  below ).  Studies  have  show n  that  as
m any as  30% of fluid  specim ens from  patients  w ho  have  otit is
m edia  w ith  e usion  m ay be  culture-posit ive. However, antibi-
otics are not  recom m ended as prophylaxis to prevent otitis m e-
dia  w ith  e usion, par ticularly  w ith  the  increased  incidence  of
antibiotic-resistant  m icrobes.

Ultim ately, if m iddle  ear  fluid  does  not  resolve, a  myringo-
tomy  w ith  insert ion  of  a  ventilation  tube  is  indicated.  This
surgical  procedure  is  usually  perform ed  under  light  general
anesthesia. A sm all incision  is m ade in  the tym panic m em brane
(myringotomy), and  a  vent ilating  tube  is  placed  in to  the  inci-
sion. Sm all  vent ilation  tubes  w ill  usually  rem ain  in  place  and
aerate  the  m iddle  ear  for  6  to  9  m onths. Longer-lasting  tubes
should  be  reserved  for  recurrent  disease. Most  authors  agree

Fig. 117.1  Coronal schematic of the  structures of the  ear, demon-
strating  eustachean tube  dysfunction  and  effusion in  the  middle  ear.
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that  the  adenoids should  not  be  rem oved  at  in it ial myringoto-
my; rem oval should  be reserved  for recurrent  cases. Eighty-five
percent  of children  need  tubes  only  once. The  m ost  com m on
complication  of myringotomy  w ith  tube  insertion  is  otorrhea,
w hich  occurs  in  approxim ately  10% of cases. Other, less  com -
m on  complications  include  a  persisten t  tym panic  m em brane
perforation , cholesteatom a, or chronic otorrhea.

117.2.2  Acute Ot it is Media
Acute  otit is m edia  is an  acute  infect ion  of the  m iddle  ear  space
that  m ay be  viral or  bacterial in  origin . The  m ost  com m on  bac-
terial pathogens are  Streptococcus pneumoniae, Haemophilus in-
fluenzae, Mora xella  ca tar rhalis, and  group  A streptococci. Acute
otit is m edia can  be  an  isolated  occurrence or  recurren t . In  chil-
dren, otit is  m edia  w ith  e usion  and  acute  otit is  m edia  often
represent  a  continuum  of disease. A m iddle  ear  e usion  is  re-
peatedly infected, and the e usion persists betw een acute exac-
erbations. The signs and sym ptom s of acute otit is m edia include
fever, pain , and  otorrhea  if the  tym panic m em brane  spontane-
ously ruptures. Young children  w ill often  be  toxic, w ith  a  h igh
fever, diarrhea, irr itability, and general lethargy. Physical exam i-
nation reveals pus in  the external auditory canal if the tym panic
m em brane  has  ruptured. If the  tym panic  m em brane  is  in tact ,
the  m iddle  ear  m ay appear  w hite, or  the  tym panic m em brane
m ay be bulging and erythem atous.

In  May  2004, the  Am erican  Academy  of Pediatrics  and  the
Am erican  Academy of Fam ily Physicians join tly issued  a clin ical
practice guideline for the treatm ent of children  w ith  acute otit is
m edia, encouraging less use of antibiotics and greater use of an-
algesics. Children  older  than  2  years of age  w ho are  not  febrile
and  are  m ildly sym ptom atic can  be  t reated  w ith  expectant  ob-
servation  and  oral analgesics. Children  younger  than  2  years of
age  should  be  t reated  w ith  a  10-day course  of oral antibiotics.
Am oxicillin  is the in itial drug of choice, followed by am oxicillin /
clavulanate  or  cefuroxim e. Bacterial  resistance  has  becom e  an
increasing problem . Accordingly, myringotomy w ith  vent ilating
tube inser t ion  has becom e m ore com m only used as a t reatm ent
of acute otit is m edia.

117.2.3  Bullous Myringit is
Bullous  myringit is  is  characterized  by  the  presence  of one  or
m ore  bullae  on  the  tym panic m em brane  or, less com m only, on
the  wall of the  external auditory canal. Bullous  myringitis  has
historically been  said  to be  caused  by Mycopla sma  pneumoniae.
However,  studies  have  failed  to  establish  such  a  relationship.
Rather, bullous myringitis appears to be a specific clin ical m ani-
festation  of the sam e pathogens that  are usually associated w ith
acute  otit is m edia. The clin ical hallm ark of bullous myringit is is
disproportionate  pain , relieved  as the  blisters rupture. There  is
often  bloody  drainage  in to  the  external  auditory  canal  after
rupture. Treatm ent is w ith  oral an tibiotics and analgesics.

117.2.4  Tuberculous Ot it is Media/
Mastoidit is
Tuberculous  otit is  m edia  usually  involves  both  the  m iddle  ear
and contiguous m astoid. Tuberculous otit is, caused prim arily by

Mycobacter ium  tuberculosis  (less  often  by atypical  mycobacte-
ria) is rare, accounting for  0.04% of cases of chronic suppurative
otitis  m edia.  Tuberculous  otit is  m edia  is  usually  diagnosed
based  on  cultures  obtained  w hen  infect ion  has  been  resistant
to  standard  oral antibiotic therapy, or  on  histopathology of bi-
opsies  obtained  at  surgery.  No  definitive  signs  or  sym ptom s
lead to the diagnosis of tuberculous otit is. Although tuberculous
otitis  has  h istorically  been  said  to  cause  m ultip le  tym panic
m em brane  perforations, it  m ore  often  presents as a  single  per-
foration  associated w ith  conductive hearing loss and/or painless
otorrhea. If a biopsy specim en is available, pathology w ill reveal
noncaseating  granulom as  and  acid-fast  bacilli.  Polym erase
chain  react ion  testing m ay confirm  the presence of acid-fast  ba-
cilli before  cultures  becom e  positive. A past  m edical h istory of
tuberculosis, as well as evidence  of system ic disease, should  be
sought . Treatm ent  is m edical, usually 6 to 9 m onths of oral an ti-
tuberculous drugs, often  in  com bination. Infect ious disease con-
sultation  is appropriate.

117.2.5  Sequelae of Ot it is Media
The m ost com m on complication  of un treated or persisting otit is
m edia  w ith  e usion  is  chronic  adhesive  otit is,  in  w hich  the
tym panic m em brane retracts and  adherees to m iddle ear struc-
tures (� Fig. 117.2). The m ost com m on sym ptom  is hearing loss.
There  is  a  characteristic  “sunken”  appearance  on  physical
exam ination  and  a  lack  of  tym panic  m em brane  m otion  on

Fig. 117.2  Perforation of a  right  tympanic membrane.
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pneum atic  otoscopy. Audiom etric  studies  w ill  usually  reveal  a
conductive  hearing  loss.  The  t reatm ent  of  adhesive  otit is  in-
cludes  addressing  the  underlying  eustachian  tube  dysfunct ion
and  the  insertion  of a  myringotomy  tube. Cartilage  reinforce-
m ent  tym panoplasty, in  w hich cartilage is incorporated in to the
tym panic  m em brane,  m ay  successfully  increase  tym panic
m em brane rigidity and prevent  recurrent  retract ion.

Adhesive  otit is  m edia  or  recurrent  acute  otitis  m edia  m ay
predispose  to  chronic  suppurative  otit is.  Chronic  suppurative
otit is m edia can  result  in  or  be  associated  w ith  a  perforation  of
the  tym panic  m em brane  (� Fig. 117.3)  or  chronic  infect ion  in
the  m astoid  bone.  Tym panic  m em brane  perforations  can  be
asym ptom at ic  or  can  present  w ith  hearing  loss  or  otorrhea.
When  they are  acutely in fected , there  can  be  pain . The  perfo-
rat ion  should  be  visible  on  otoscopy.  Acute  rupture  of  the
tym panic  m em brane  usually  heals  spon taneously.  Chron ic
perforat ions  that  do  not  heal  on  their  ow n  m ay  necessitate
surgical reconstruct ion .

All infect ious or in flam m atory processes that  arise w ith in  the
m iddle  ear  have  a  propensity to  a ect  the  m astoid. Com puted
tom ography (CT) of the  temporal bones perform ed  in  the  pres-
ence  of otit is  m edia  w ith  e usion  w ill  vir tually  always  show
asym ptom at ic opacification  of the  m astoid. An  acute  suppura-
tive  component  w ill  lead  to  sym ptom atic  m astoiditis, usually
presenting as pain . In  younger children, the presenting features
m ay be  fever  and  a  postauricular, subperiosteal abscess  that  is
secondary  to  rupture  through  a  th in  lateral  m astoid  cortex.
Rarely,  the  presenting  sym ptom  is  a  secondary  complication ,
such  as facial nerve  paresis or  paralysis, vertigo secondary to a

labyrinthine  fistula, or  a  central nervous  system  complication,
such  as  an  epidural or  brain  abscess. CT is  the  key to  accurate
diagnosis  and  m ay  reveal  coalescent  m astoiditis  or  m ore  ag-
gressive  bone  dest ruction. Surgical exploration  is  often  neces-
sary, in  addition  to appropriate  antibiotics, to m ake a definitive
histopathologic diagnosis and e ect  a cure.

Cholesteatom a is an  abnorm al cystic m ass of exfoliated  kera-
tin , shed  from  skin  (� Fig. 117.4). There are m any descriptors of
cholesteatom a.  Cholesteatom a  can  be  acquired  or  congenital.
Congenital  cholesteatom a  arises  as  a  result  of epithelial  rests
that  fail to m igrate from  the m iddle ear  to the external auditory
canal  during  em bryogenesis.  Congenital  cholesteatom a  often
presen ts  as  an  asym ptom atic  w hite  m ass  beh ind  an  in tact
tym panic m em brane  in  a  ch ild  w ithout  a  prior  h istory of ear
surgery.

An  acquired  cholesteatom a resulting from  untreated  chronic
otit is  m ay  be  secondary  to  adhesive  otitis  m edia  (retraction
cholesteatom a) or  to a tym panic m em brane perforation  (perfo-
ration  cholesteatom a). The  cholesteatom a  can  be  further  cate-
gorized  anatom ically as a pars flaccida, pars tensa, or com bined
cholesteatom a. A cholesteatom a  can  also  be  characterized  as
cystic, shed  (a  buildup  of a  m ass  of free  keratin  debris), or  en
plaque (as w hen  skin  m igrates on  the  undersurface of the tym -
panic m em brane and  invades the adjacent  m esotym panum  and
epitym panic recesses).

Adhesive otit is m edia can  cause retract ion  pockets, w hich  are
deeply  retracted  areas  of the  tym panic  m em brane. Shed  skin
from  the norm al surface epithelium  of the tym panic m em brane
can  build  up  in  these  deep  pockets  and  expand  to  form  a
“cystic” cholesteatom a, w ith  a  m atrix  surrounding  the  keratin
debris. Alternatively, cholesteatom as occurring in  the  presence
of a chronic tym panic m em brane perforation  m ay develop from
external  tym panic  m em brane  skin  that  m igrates  through  the
perforation . Lacking  a  capsule, they  m ay  shed  a  m ass  of skin
that  builds up in  the m iddle ear or, less com m only, the m astoid.
The m igrating skin  m ay shed lit tle or no keratin  debris and sim -
ply be en plaque.

Finally, cholesteatom as can  be classified as traum atic or iatro-
genic. Traum atic cholesteatom as can  be secondary to an  im plo-
sive injury to the tym panic m em brane, as m ay be  caused  by an
inser ted  Q-tip  or  a  water  skiing  fall, or  secondary  to  a  basilar
skull fracture. Basilar  skull fracture can  cause  a direct  invagina-
tion  of skin  in to  the  m astoid. Iatrogenic cholesteatom a  can  be
secondary to any m iddle ear surgery.

On  physical exam inat ion , cholesteatom a has a  characteristic,
w hite  appearance. Laboratory testing includes audiom etry and
im aging  studies,  usually  CT of  the  temporal  bone.  Untreated
cholesteatom a usually results in  chronic m iddle  ear  or  m astoid
in fect ion . Th is  m ost  often  presen ts  as  pain less  ear  d ischarge
and/or  hear ing  loss.  Local  bon e  destruct ion  can  cause  per-
m anen t  conduct ive  or  sensorineural  h earin g  loss,  ver t igo
due  to  a  labyrin th ine  fistu la,  or  facial  n erve  paralysis.  Un -
t reated  cholesteatom a  can  be  associated  w ith  in t racran ial
extension  and  presen t  as  an  ep idural  abscess, brain  abscess,
or  m en ingit is.

Cholesteatom a  is  treated  surgically  in  the  m ajority  of cases.
The  three  goals of cholesteatom a surgery are  (1) eradication  of
disease, (2)  reconstruction  of the  tym panic m em brane  and/or
ossicular  chain ,  and  (3)  prevent ion  of  residual/recurrent  dis-
ease. Eradication  of disease is a technical challenge because any

Fig. 117.3  Severely atelectatic right  middle  ear.
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sm all  residue  of  cholesteatom a  m atrix  in  the  m iddle  ear  or
m astoid  can  lead to residual disease, and  the incidence of resid-
ual  cholesteatom a  is  reported  to  be  as  h igh  as  25%. Residual
cholesteatom a occurs m ost  often  in  the m iddle ear and  epitym -
panum . It  usually presents  as  a  sm all  “pearl” of cholesteatom a
at the site of the abandoned m atrix. Residual disease can  be dif-
ficult  to  diagnose. Many surgeons  advocate  a  planned  second-
look  surgical  procedure  for  residual  disease  9  to  12  m onths
after  the in itial surgery. CT m ay be useful in  identifying residual
disease, part icularly  if  a  baseline  study  dem onst rates  a  well-
pneum atized  m iddle  ear  and  m astoid. A sm all opacity that  en-
larges  over  t im e  strongly  suggests  residual  disease. There  has
been  a  recent  t rend  toward  using  non-echo-planar  di usion-

weighted  m agnetic resonance  (MR) im aging  to  detect  residual
disease. Drem m en  et  al reported  a  positive  predict ive  value  of
93% for  the  detect ion  of  cholesteatom a  including  lesions  as
sm all as 2 m m .

There  are  num erous  technical  approaches  to  reconstruct ing
the tym panic m em brane and  ossicular  chain , w hich  are beyond
the scope of th is chapter. The crit ical factors for  success include
rem oving  all  disease,  graft ing  the  tym panic  m em brane  w ith
cartilage  to  prevent  recurrent  retract ion  disease,  and  ad-
equately assessing the  status  of the  ossicular  chain  in  order  to
m axim ize  reconstruct ive  e cacy. Recurrent  disease, w hich  de-
velops  in  about  25% of patients, is  best  prevented  by cartilage
reinforcem ent tym panoplasty.

Fig. 117.4  (a) Normal anatomy of the tympanic membrane and middle ear. (b) Tympanic membrane perforation. (c) Squamous epithelium migrating
through a tympanic membrane perforation into the middle ear to form a perforation cholesteatoma. (d) Development  of a retraction cholesteatoma
in  an at tic retraction  pocket.
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There  continues  to  be  controversy  regarding  canal  wall  up
versus  canal  wall  dow n  tym panom astoid  procedures. Ears  in
w hich  the  norm al  anatomy  is  preserved  w ith  canal  wall  up
m astoidectomy certainly heal faster, m ay have  better  postope-
rative hearing, and do not  require the m aintenance of a m astoid
bow l, w hich  is  associated  w ith  complications. Taking the  canal
wall dow n can  im prove m astoid and attic exposure, part icularly
w hen  the  dura  is  low -lying or  the  sigm oid  sinus  is  located  far
anteriorly.  There  is  general  agreem ent  that  the  canal  wall
should  be  taken  dow n  if a  patient  is  likely  to  be  unreliable  in
follow -up  because  a  canal wall  dow n  ear  is  generally  safer. In
other  sett ings, the  key issue  should  be  the  location  of the  dis-
ease. Taking the canal wall dow n  does not  im prove exposure of
the  m iddle  ear, facial  recess, or  sinus  tym pani. If disease  is  in
the  epitym panum ,  a  t ranscanal  or  t ransm astoid  att icotomy
m ay su ce. Taking the  canal wall dow n, w ith  proper  exteriori-
zation  of the  epitym panum , nearly elim inates the  possibility of
recurrent  retract ion  disease.  Residual  disease  in  the  m astoid
should  be easily m anaged  in  the o ce setting w ith  a canal wall
dow n procedure. A m iddle ear  that  becom es adhesive follow ing
a Bondy m odified radical m astoid  procedure, in  e ect, autocon-
verts to Bondy radical.

117.3  Middle  Ear Neoplasm s
Middle  ear  tum ors, other  than  cholesteatom a, are  unusual. A
glom us tum or is a benign  nonchrom a n  paragangliom a arising
from  paraganglia (glom us bodies) of the parasym pathetic nerv-
ous  system . Glom us  bodies  are  sm all  (0.25  to  0.50 m m ) ovoid
patches  of paraganglionic  cells  that  are  dispersed  throughout
the  body, m ostly in  association  w ith  autonom ic nervous tissue.
In  the head and neck, glom us bodies are found at  the carotid bi-
furcations,  along  the  vagus  nerve,  and  in  the  temporal  bone
arising along the  Jacobson  nerve  (tym panic branch  of the  glos-
sopharyngeal nerve, or cran ial nerve IX). When  funct ionally ac-
tive,  glom us  bodies  are  chem oreceptive  organs  that  detect
changes in  arterial partial pressures of oxygen  and  carbon  diox-
ide and increase or decrease stim ulat ion  to the brainstem  respi-
ratory centers.

Glom us tum ors, after  cholesteatom as, are  the  m ost  com m on
tum ors  of the  m iddle  ear. Glom us  jugulare  tum ors  arise  over
the  dom e  of the  jugular  bulb  and  extend  in to  the  m iddle  ear
and  m astoid. Glom us  tym panicum  tum ors  arise  on  the  prom -
ontory  and  are  m ore  often  lim ited  to  the  m iddle  ear.  Both
present  as  a  m iddle  ear  m ass,  often  w ith  a  red  hue
(� Fig. 117.5). The  average  age  at  presentation  is  52  years, and
fem ales  are  m ore  com m only  a ected  than  m ales  in  a  ratio  of
5:1 to 6:1. Rarely, glom us tum ors can  m etastasize to distant  or-
gans, even  though  they do not  appear  h istologically m alignant.
One  to  three  percent  are  endocrinologically  active,  secreting
catecholam ines or  dopam ine. Sym ptom s associated  w ith  endo-
crine  act ivity  include  excessive  sweating, hypertension, tachy-
cardia, anxiety, and weight  loss.

The  m ost  com m on  sym ptom s  are  pulsatile  t innitus  and
hearing loss. The diagnosis is suspected upon  otoscopic identifi-
cation  of a  m iddle  ear  m ass. CT of the  temporal  bones  helps
di erentiate  isolated  glom us  tym panicum  tum ors  from  larger,
extensive  glom us  jugulare  tum ors.  Of crit ical  im portance,  CT
rules  out  an  ectopic carotid  artery or  a  jugular  bulb  divert icu-
lum , either  of w hich  can  m im ic a  glom us  tum or. MR im aging

and  angiography are helpful diagnostic adjuncts. The t reatm ent
of glom us tym panicum  tum ors is surgical rem oval. Glom us jug-
ulare  tum ors  can  be  em bolized  and  surgically  rem oved, or  if
large, they can  be  em bolized  and  t reated  w ith  radiation. Occa-
sionally, w hat  was  thought  to  have  been  a  glom us  tum or  w ill
turn  out  postoperat ively  to  have  been  a  lower  cranial  nerve
schwannom a, a  m eningiom a, or  a  benign  adenom atous  tum or
of the  m iddle  ear  m ucosa. Prim ary m alignancies of the  m iddle
ear are extrem ely rare.

117.4  Metabolic Disorders of the
Middle  Ear
117.4.1  Otosclerosis
Otosclerosis  is  a  disorder  of bone  rem odeling  that  a ects  the
bone  of the  otic capsule  but  no other  bone  in  the  hum an  body.
There  are  two  phases  to  th is  process:  a  continuous  resorption
of the dense bone of the cochlear capsule  and  the sim ultaneous
deposition  of new, softer, m ore  vascular  bone. The  etiology of
otosclerosis  is  unknow n. Approxim ately  50% of patients  w ith
otosclerosis have a positive fam ily h istory, strongly suggesting a
genet ic factor  that  is yet  to be  identified. Other  proposed  etiol-
ogies include  a  m etabolic disease  of bone, an  autoim m une dis-
order, a response to m easles virus, and an  abnorm al response to
horm onal factors. Otosclerosis  usually begins in  the  late  twen-
ties or  th ir t ies, is m ore  com m on  in  wom en  than  in  m en, and  is
bilateral in  half of patients.

Otosclerosis occurs m ost  often  as a dist inct  focus of abnorm al
bone at  the juncture  of the anterior  edge of the footplate  of the
stapes  and  the  adjacent  otic  capsule.  This  focus  of  abnorm al
bone  fixes  the  stapes  and  causes  a  conduct ive  hearing  loss,
w hich  is the m ost  com m on present ing sym ptom  of otosclerosis.
Other  associated  sym ptom s include  t innitus, som etim es pulsa-
tile, and  ear  fullness. The  physical exanim ation  is norm al, w ith

Fig. 117.5  Small, posteroinferior glomus tympanicum  tumor of the
right  ear.
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the  exception  that  tuning fork tests suggest  a  conduct ive  hear-
ing loss. On  occasion, there  is a  red  blush  to the  prom ontory of
the  m iddle  ear  due  to  the  underlying hypervascular  bone, the
so-called  Schwartze  sign.  Audiom etric  testing  reveals  a  pre-
dom inantly  conductive  hearing  loss.  Therapeut ic  options  in-
clude expectant  observation, hearing aids, and  surgery. Expect-
ant  observation  m ay be acceptable  if the hearing loss is m ild  or
unilateral. Am plification, in  the form  of a hearing aid, should re-
store hearing to norm al or nearly norm al and is risk-free. Stape-
dectomy, the  surgical  rem oval  of the  stapes  and  replacem ent
w ith  a  stapes  prosthesis, returns  hearing  to  nearly  norm al  in
97% of pat ien ts. The m ain  risk of stapedectomy surgery is com -
plete loss of hearing in  the operated  ear due to inner ear  injury.
This complication  occurs in  approxim ately 1% of surgeries. Oth-
er  risks include the new  onset  of t innitus, dizziness, facial nerve
injury, and postoperat ive taste disturbance.

Occasionally, otosclerosis  w ill di usely invade  the  surround-
ing otic capsule  and  cause  a  severe  to  profound  sensorineural
hearing loss. This can  happen  w ith  or  w ithout  disease  a ect ing
the  stapes. If there  is  no  conduct ive  component, such  patien ts
are  not  candidates for  stapedectomy. They benefit  from  hearing
aids until their hearing loss reaches a degree at  w hich  a cochle-
ar  implant  is  m erited. Som e  data  support  the  use  of oral fluo-
ride  and  calcium  to  stabilize  the  sensorineural  component  of
otosclerosis.

117.4.2  Paget  Disease
Paget  disease  is characterized  by increased  osteoclast ic activity
that  causes  extensive  rem odeling  of bone. The  skull  and  tem -
poral  bone  are  often  involved.  The  m ost  com m on  otologic
sym ptom  is progressive  hearing loss, w hich  is  usually a  m ixed
loss. The  hearing loss m ay be  associated  w ith  tinn itus and  diz-
ziness. The  diagnosis  is  m ade  w ith  im aging studies. Treatm ent
is m edical.

117.4.3  Osteogenesis Im perfecta
Osteogenesis Im perfecta  is  a  genet ic connective  t issue  disorder
that  a ects  collagen. The  hallm arks  of osteogenesis  im perfecta
are  brit t le  bones  that  easily fracture, blue  sclerae, and  hearing
loss. Osteogenesis  im perfecta  m ay  be  associated  w ith  a  con-
duct ive  hearing  loss  due  to  a  d iscrete  bony  focus  sim ilar  to
that  seen  in  otosclerosis  or  a  sensorineural  hearing  loss  due
to coch lear  involvem ent . The  d iagnosis is  m ade  by fam ily h is-
tory, genet ic  test ing, and  im aging  studies. A stapedectom y is
an  opt ion  in  pat ien ts  w ith  lim ited  disease  causing  a  conduc-
t ive  hearing loss.

117.5  Autoim m une Disorders
A ect ing the  Middle  Ear and
Mastoid
Rarely, an  autoim m une  disorder  can  present  as  chronic, non-
cholesteatom atous otit is. Wegener granulom atosis is a system ic
disease  characterized  by  necrotizing  granulom atous  vasculit is

of the  upper  and  lower  respiratory tract  and  renal disease. The
presenting ear sym ptom s m ay be serous otit is m edia secondary
to  nasopharyngeal  obstruct ion  of  the  eustachian  tube,  or
chronic m iddle ear  and  m astoid  granulom atous disease. The di-
agnosis is  m ade  on  biopsy and  serologic identificat ion  of cyto-
plasm ic  antineutrophil  cytoplasm ic  autoantibiodies  (c-ANCA)
in  peripheral  blood. Recently, autoim m une  disease  related  to
im m unoglobulin  G4  (IgG4) has  been  reported  to  m im ic recur-
rent, chronic otit is and m astoiditis. IgG4-related disease is char-
acterized  by an  overabundance of IgG4-positive  plasm a cells in
a ected t issues and, frequently, elevated serum  IgG4 levels. This
clin ical ent ity was first  described  in  the context  of autoim m une
pancreat it is.  The  d iagnosis  is  m ade  by  the  iden t ificat ion  of
p lasm a  cells  im m unoh istochem ically posit ive  for  IgG4  and  an
elevated  peripheral  serum  level  of  IgG4.  In  both  cases,  the
treatm en t  in  m edical.

117.6  Traum at ic Injuries to  the
Middle Ear
Traum atic  injuries  to  the  m iddle  ear  are  often  self-inflicted.
Manipulation  of the ear  w ith  a Q-tip, hair  pin , or  pen  can  result
in  a  perforation  of the  tym panic m em brane  and  disar ticulation
of  the  ossicular  chain .  If  the  traum a  results  in  sensorineural
hearing  loss  or  ver tigo, em ergent  surgical explorat ion  m ay  be
necessary  to  seal  a  possible  perilym phatic  fistula  of the  inner
ear. Blunt  traum a  to  the  head  can  cause  a  temporal bone  frac-
ture. Tem poral bone fractures are  classically categorized  as lon-
gitudinal  (along  the  axis  of  the  external  auditory  canal)  or
transverse  (perpendicular  to  and  traversing  the  in ternal audi-
tory canal). Many temporal bone  fractures are  a  complex com -
bination of the two. Tem poral bone fractures, particularly longi-
tudinal, can  cause  a tym panic m em brane  rupture  and  ossicular
discontinuity. The  diagnosis  is  confirm ed  on  CT. If  there  is  a
sensorineural  component  to  the  hearing  loss, a  perilym phat ic
fistula  should  again  be  suspected. Occasionally, severe  t raum a
can  lead  to  cerebrospinal  fluid  otorrhea  through  a  tym panic
m em brane perforation.

117.7  Roundsm anship
●  The m ost com m on disorders of the m iddle ear are infect ious/

inflam m atory, in  part icular otit is m edia of ch ildhood.
●  Unilateral serous otit is in  an  adult , particularly in  association

w ith  ipsilateral cervical lymphadenopathy, suggests carcino-
m a of the nasopharynx.

●  A red m ass of the m iddle ear is m ost  often  a glom us tum or,
but  im aging is essential to rule out  an  ectopic carotid artery
or a jugular bulb diverticulum .

●  Adequate t reatm ent of cholesteatom a is predicated on  a
thorough knowledge of the anatomy and location  of the
pathology.

●  The m ost com m on cause of a unilateral conductive hearing
loss, in  the absence of a prior h istory of ear infect ion  or sur-
gery, is otosclerosis.
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118  Surgery for Chronic Ear Disease
John F. Kveton and Christopher J. Linstrom

118.1  Int roduct ion
The  successful  m anagem ent  of  chronic  ear  disease  depends
upon  the surgical techniques em ployed  to eradicate the  disease
w ithin  the  temporal  bone. The  surgeon  m ust  possess  a  solid
understanding of the basic surgical approaches to the temporal
bone  and, m ore  im portant ly, m ust  know  w hen  to  adapt  these
particular  approaches  to  the  surgical  situation  at  hand.  This
chapter  w ill  outline  a  system atic, step-by-step  approach  that
should  be  em ployed  by the surgeon  to m anage chronic ear  dis-
ease. A disciplined  surgical  perspective  is  crit ical  for  the  suc-
cessful application  of th is  approach  to  obtain  deeper  exposure
w ithin  the tem poral bone.

118.2  A System at ic Approach to
the  Tem poral Bone
The easiest  way to understand  th is approach  to chronic ear dis-
ease  is  to  rem em ber  how  temporal bone  dissect ion  is  learned
in  the  temporal  bone  laboratory. One  begins  by  first  learning
the  surface  anatomy of the  temporal bone, followed  by a  cort i-
cal m astoidectomy. Deeper  dissection  progresses to expose  the
antrum  and  the  ossicular  heads in  the  epitym panum . One  next
proceeds w ith  identificat ion  of the facial nerve and chorda tym -
pani  nerve, opening  of  the  facial  recess, and  exposure  of  the
stapes and  long process of the  incus w ithin  the  m iddle  ear. Fi-
nally, for  a w ider-field  exposure  of the  m iddle  ear  and  anterior
epitym panum , the posterior canal wall is rem oved. This m ethod
of exposing the m astoid  and  m iddle ear  regions can  be adapted
to deal w ith  any disease encountered w ithin  the temporal bone
and  can  be successfully em ployed  if the surgeon  develops a dis-
ciplined attitude to adhere to th is m ethod in  all cases.

118.2.1  Incision
A postauricular incision  is m andatory in  the m anagem ent of pa-
tients  w ith  chronic ear  disease. Transcanal  approaches  should
be  reserved  for  noninfected  m iddle  ear  procedures,  such  as
tym panoplasty for a dry tym panic m em brane perforation  or os-
siculoplasty. Endaural approaches to the  m astoid  are  m ain ly of
historical in terest  and  w ill not  be  described  in  th is chapter. The
postauricular  approach  to  the  m astoid  is safer  and  is  the  foun-
dation  for  th is  system atic approach  to  m astoid  surgery. Before
the  postauricular  incision, vascular  str ip  incisions  are  m ade  in
the ear canal (� Fig. 118.1).

The  postauricular  incision  is  m ade  5  to  10 m m  behind  the
postauricular  crease  after  the  region  has  been  infiltrated  w ith
local  anesthetic  w ith  epinephrine.  This  incision  should  begin
10 m m  above  the  crus  of the  helix  and  extend  around  to  the
m astoid  tip. The  incision  should  involve  only the  subcutaneous
tissue, avoiding  the  temporalis  m uscle  and  m usculoperiosteal
layer  over  the  m astoid  bone. The  subcutaneous  layer  over  the
temporalis  m uscle  should  be  developed, and  either  the  areolar
tissue over  the temporalis fascia or  the temporalis fascia should

be harvested. After placem ent of a self-retaining retractor to ex-
pose  the  m usculoperiosteum  over  the  m astoid, the  m astoid  re-
gion  should  be  palpated  to  identify  the  temporal  line  (w hich
becom es the  root  of the  zygom a  in  the  anterior  m argin  of the
exposure). This is an  im portant  landm ark in  the in itial exposure
for  m astoid  surgery because the  m iddle  cranial fossa dura is al-
m ost  never  inferior  to  the  temporal  line. With  electrocautery,
an  incision  is  now  m ade  through  the  temporalis  m uscle  5  to
10 m m  superior  and  parallel to  the  temporal line, as  far  as  the
retract ion  allow s. Elect rocautery is  now  used  to  m ake  another
incision  perpendicular  to  the  temporal line  dow n  to  the  m as-
toid  t ip . The m usculoperiosteal flaps are  elevated  to expose the
w hole  m astoid  bone,  and  the  self-retain ing  retractor  reflects
the  flaps  to  m ain tain  exposure. The  vascular  str ip  elevates  out
of the ear canal w ith  the anterior m usculoperiosteal flap so that
the  ear  canal and  m iddle  ear  are  accessible  through  th is  expo-
sure. Middle ear disease can  now  be addressed  and  preparation
for  tym panoplasty accom plished. Disease  around  the  oval w in-
dow  should  be  left  in  place  at  th is  t im e  and  the  m iddle  ear
packed w ith  epinephrine-soaked absorbable gelatin  m aterial.

118.2.2  Sim ple Mastoidectomy
All  procedures  for  chronic  ear  disease  begin  in  th is  m anner.
Under  the  operat ing  m icroscope,  the  m astoid  cortex  is  in-
spected, w ith  note  taken  of the  temporal line  and  its  relation-
sh ip  to the  spine  of Henle  and  fossa m astoidea. This provides a
rough  indication  of the  proxim ity  of the  m iddle  cran ial  fossa
dura to the ear canal, and  therefore of how  di cult  the m astoid
procedure w ill be.

Fig. 118.1  Before the postauricular incision, a vascular strip is outlined
with  angles and  straight  Beaver blades.
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With  a cut ting bur and continuous suct ion–irrigat ion, drilling
is  now  begun  about  two  drill  diam eters  above  the  temporal
line. Drilling  should  begin  anteriorly  above  the  external  audi-
tory canal and extend posteriorly to the incision  in  sm ooth  con-
tinuous strokes until the  dura is identified  through  a  th in  layer
of bone  (� Fig. 118.2). Once  the  dura  has  been  identified, the
m astoid  cortex  can  be  rem oved  inferior  to  the  dura, dow n  to
the  m astoid  t ip  and  skeletonizing the  posterior  canal wall. The
central m astoid  air  cells are  now  rem oved  by follow ing the sig-
m oid  sinus  m edially and  m aintain ing  the  dural plate  over  the
tegm en  superiorly. Follow ing the tegm en, the Körner  septum  is
encountered, and  once it  has been  rem oved, the lateral sem icir-
cular  canal is seen  in  the  antrum . With  the  lateral sem icircular
canal in  view, progressively  sm aller  burs  can  be  used  to  open
the  aditus  ad  antrum  until  the  short  process  of  the  incus  is
identified. Further  dissect ion  anteriorly  w ill  expose  the  heads
of the  incus  and  m alleus. The  rem aining  central m astoid  cells
and m astoid tip  are opened to rem ove residual m astoid  disease.
The  ver tical  segm ent  of the  fallopian  canal m ay  be  exposed  if
necessary at th is t im e (� Fig. 118.3).

With  th is exposure, m ost  chronic m astoid  and  m iddle ear  in-
flam m atory disease  can  be  m anaged. All th ickened  granulation
tissue can  be rem oved  in  the m astoid  and  att ic regions through
the  m astoid,  and  the  m iddle  ear  disease  can  be  m anaged
through  the  ear  canal. Successful disease  rem oval can  be  m eas-
ured  by the  free  flow  of irr igation  fluid  from  the  attic in to  the
m iddle  ear. Once  th is  is  accom plished, tym panoplasty  can  be
perform ed.

118.2.3  Facial Recess Exposure
Exposure  of the  m iddle  ear  and  ossicles  via  the  facial recess  is
an  indispensable  tool  for  the  otologic  surgeon  to  e ect ively
eradicate  disease  that  is  too  extensive  for  a  sim ple  m astoidec-
tomy exposure. The facial recess approach  is m andatory in  cho-
lesteatom a surgery in  w hich  a  staged  approach  is planned, and

in  fact  it  should  be  used  in  any case  of posterior–superior  re-
traction  pocket  disease  or  att ic cholesteatom a. This approach  is
also helpful in  chronic inflam m atory disease w hen the ossicular
chain  is  encased  in  granulat ion  t issue. Working  th rough  the
facial  recess  allow s  com plete  rem oval  of d isease  around  the
ossicular  chain  to  correct  the  associated  conduct ive  hearing
loss. In  the  even t  that  ossicu lar  erosion  has  occurred , the  fa-
cial  recess  provides  a  bet ter  approach  for  m easurem ent  and
placem en t  of the  ossicular  prosthesis, w hether  it  is  an  au to-
graft  or  prosthesis.

Whether  the  decision  to  use  the  facial  recess  approach  is
m ade at  the  onset  of the surgery (as in  cholesteatom a cases) or
during  the  sim ple  m astoidectomy,  the  surgical  technique
should  not  vary. Once  the  att ic  has  been  w idely  opened, the
vertical  segm ent  of  the  facial  nerve  is  defined.  The  digastric
ridge in  the opened m astoid  tip  should  be traced anteriorly, and
the  vert ical segm ent  of the  facial nerve  w ill be  identified  as  it
en ters  the  stylom astoid  foram en. With  a  th in  a  layer  of bone
kept  over  the  fallopian  canal,  the  nerve  should  be  followed
superiorly toward the lateral sem icircular canal un til the second
genu  has  been  uncovered. In  th is  process, the  chorda  tym pani
nerve w ill be identified  as it  courses som ew hat  posterior  to the
plane of the vertical segm ent, so that  as the ver tical segm ent  is
being identified, care  m ust  be taken  to avoid  injury to the chor-
da  tym pani. The  chorda  tym pani  should  be  preserved  at  th is
tim e  in  the  surgery  to  serve  as  the  lateral  lim it  of dissection .
Drilling lateral to the chorda tym pani nerve w ill result  in  enter-
ing  the  ear  canal  lateral  to  the  anulus  of the  tym panic  m em -
brane. Once  the  vert ical segm ent  of the  facial  nerve  has  been
identified, progressively sm aller sm ooth  diam ond burs are used
to rem ove all bone lateral to the vertical segm ent  but  m edial to
the  chorda  tym pani  to  complete  the  facial  recess  approach
(� Fig. 118.4).

In  cases  of  chronic  suppurative  otit is  m edia,  granulation
tissue  can  now  be  rem oved  from  the  posterior  tym panum  and
the  ossicular  chain  assessed. In  these  cases, the  posterior  bony

Fig. 118.2  Mastoidecotmy is begun by using  a
large  cut ting  bur to  identify the  middle  fossa
dura along  the  temporal line.
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but tress  is  m aintained  to  stabilize  the  incus  at  the  posterior
incudal ligam ent.

The visualization  of the posterior  tym panum  that  is provided
by  the  facial  recess  approach  m akes  possible  the  resection  of
the  vast  m ajority  of cholesteatom as  encountered  by  the  oto-
logic surgeon, so that  the need  for a canal wall dow n  procedure

is  avoided. The  num ber  of canal wall dow n  procedures  would
dram atically  increase  if  the  facial  recess  approach  were  not
used  because  m ost  cholesteatom as  cannot  be  totally  rem oved
w ith  the sim ple m astoidectomy approach.

Cholesteatom a  m anagem ent  through  the  facial  recess  ap-
proach  begins by view ing the cholesteatom a and  its relationship

Fig. 118.3  (a) Upon completion  of s simple
mastoidectomy, the tegmen plate, sigmoid sinus,
malleus and  incus heads, and lateral semicircular
canal are identifiable. (b) As seen intraoperatively
in a left  ear, the bluish shade  indicates thin bone
at the tegmen tympani and overlying the sigmoid
sinus.

Fig. 118.4  The boundaries of the facial recess are
the  posterior but tress superiorly, the  chorda
tympani nerve  laterally, and  the  fallopian canal
medially.
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to  the  ossicular  chain. If the  cholesteatom a  is  m edial to  the  in-
cus  or  anterior  to  the  m alleus  head  w ith  an  intact  ossicular
chain, the  ossicular  chain  m ust  be  disarticulated  to  rem ove  the
disease. If ossicular  erosion  is  present, disarticulation  of the  re-
m aining ossicles is  necessary. Disarticulation  of the  intact  ossic-
ular  chain  is  begun  by  first  cutt ing  the  incudostapedial  joint ,
then  separating  the  incudom alleolar  joint  w ith  a  sickle  knife
and  rem oving  the  incus  from  the  surgical  field. With  a  2-m m
sm ooth  diam ond  bur, the  posterior  bony  butt ress  is  rem oved,
and  the  internal portion  of the  second  genu  of the  facial nerve
is defined  as it  enters the horizontal segm ent  of the facial nerve,
so  that  the  facial nerve  can  now  be  traced  from  the  horizontal
segm ent  through  the second genu  to the vertical segm ent. With
this  enhanced  exposure,  cholesteatom a  can  be  rem oved  from
the  stapes,  oval  w indow,  and  m ost  of  the  m iddle  ear.  If  the
chorda tym pani nerve  is involved  in  cholesteatom a, it  should  be
cut  and  rem oved  w ith  the  specim en. If cholesteatom a  is  enter-
ing the  sinus tym pani, a  sm all diam ond  bur  can  often  rem ove  a
bony overhang inferior  to  the  pyram idal em inence  and  anterior
to  the  vertical segm ent  of the  facial nerve  to  provide  access for

rem oval of the  disease. Extending  the  facial recess  exposure  by
rem oving  the  chorda  tym pani  to  drill  m ore  inferiorly  m ay  be
necessary (� Fig. 118.5).

The  m ajority  of att ic  cholesteatom as  involve  the  m alleus  as
well, and  inadequate  resection  of the  m alleus and  surrounding
bone is a com m on reason  for recurrence. Recurrence in  the att ic
can  be reduced  by adhering to the surgical steps of facial recess
cholesteatom a  resection .  After  the  cholesteatom a  has  been
m anaged around the stapes and oval w indow  region, a sm all di-
am ond drill is used to expose the m alleus head. The head of the
m alleus  is  am putated  to  expose  the  anterior  epitym panum . A
diam ond  drill is used  to sm ooth  out  the tegm en  plate and  open
the anterior  epitym panum . The cog m ust  be  rem oved  to obtain
this  exposure.  Any  cholesteatom a  rem nants  can  now  be  re-
m oved, and  the  horizontal segm ent  of the  facial nerve  can  be
exam ined as it  progresses superior to the cochleariform  process
on  its  way  to  the  geniculate  ganglion.  This  exposure  also
provides  better  visualization  of  the  sem icanal  of  the  tensor
tym pani  region  toward  the  eustachian  tube  orifice. Finally,  a
sm all diam ond  bur  should  be  used  to drill the  bony m argins of

Fig. 118.5  (a) Removal of the  posterior but tress
provides better access to the  anterior epitympa-
num  for (b) removal of the  malleus head and
cholesteatoma in  the  posterior tympanum  and
anterior epitympanum.
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the  att ic defect  (if present)  to  ensure  complete  rem oval of the
disease before reconstruct ion .

118.2.4  Canal Wall Down
Mastoidectomy
Rem oval of the posterior  bony canal wall is the final step  in  th is
system atic approach  to the  surgical rem oval of m iddle  ear  and
m astoid  disease. Even  if the  surgeon  identifies the  need  to take
this  step  early  in  the  procedure,  he  or  she  m ust  follow  the
previous steps of the facial recess exposure to perform  the pro-
cedure  appropriately.  The  surgeon  m ust  identify  the  facial
nerve  and  develop  the  facial recess before  proceeding w ith  the
posterior  canal  rem oval. Disciplined  adherence  to  th is  techni-
que  protocol w ill result  in  a  m ore  successful outcom e  because
of the im portance of a low -lying facial ridge for healing and  lat-
er cleaning of the m astoid defect .

Once the  facial nerve  has been  identified  via  the facial recess
approach , the  m ajor  portion  of the  posterior  canal  can  be  re-
m oved  w ith  several bites  of a  bone  rongeur  or  a  large  cutt ing
bur (� Fig. 118.6). The m ost  crit ical stage of th is procedure now
occurs, w hich  is  the  developm ent  of sm ooth  bony  transit ions
into the  att ic superiorly and  in to the  inferior  bony canal inferi-

orly.  Progressively  sm aller  diam ond  burs  are  used  to  rem ove
residual bone covering any air  cells w ithin  the anterior  epitym -
panum ,  m aking  the  tegm en  essentially  continuous  w ith  the
anterior–superior external canal. Rem oval of these anterior  epi-
tym panic cells  usually uncovers cholesteatom a and  also  avoids
m ucoid  drainage  after  healing. Inferiorly, varying  am ounts  of
bone  are  rem oved  to w iden  access  to the  tym panic m em brane
and  produce  a  sm ooth, w ide  t ransition  in to  the  m astoid  t ip.
This  technique  prevents  the  accum ulat ion  of keratinous  debris
in  the postoperat ive cavity. The w ide exposure can be expanded
to resect any residual cholesteatom a w ithin  the hypotym panum
by drilling dow n the inferior  anulus. Cholesteatom a in  the sinus
tym pani can  be reached by rem oving m ore bone anterior  to the
vertical  segm ent  of  the  facial  nerve  once  the  posterior  canal
wall has been  rem oved (� Fig. 118.7).

As  im portan t  as  the  bony  dissection  is  for  the  rem oval  of
chronic disease, the  developm ent  of an  appropriately sized  ex-
ternal m eatus is crit ical for the long-term  success of a canal wall
dow n  procedure. The  conchom eatoplasty  begins  after  all bone
dissection  has  been  completed. The  m edial surface  of the  con-
chal  cartilage  is  exposed  by  sharp ly  dissect ing  all  soft  t issue
away  w ith  a  curved  iris  scissors. A sem ilunar  incision  is  then
m ade as the cartilage turns laterally so that auricular protrusion
is preserved  w hile  m axim al expansion  of the  external auditory

Fig. 118.6  Wider removal of the  superior canal
wall once  the  posterior canal wall has been
removed allows better healing  of the  mastoid
defect.

Fig. 118.7  Attention  to the  inferior bony transi-
tion into the  mastoid  tip  results in  a  more
rounded  mastoid  cavity that  will reepithelialize
more  uniformly.
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m eatus is obtained. Now, beginning in  the ear canal, an  incision
is m ade in  the inferior canal at  6 o’clock and carried  straight out
of the  ear  canal th rough  the  m eatus  to  the  new  m argin  of the
cartilage. The  incision  is  then  turned  along  the  m argin  of the
cartilage halfway up the distance of the conchal bow l. A second
incision  is begun  at 12 o’clock in  the ear canal and is carried  out
of the  ear  canal betw een  the  tragus and  the  root  of the  helical
crus (� Fig. 118.8). Hem ostasis should  be  quickly achieved, and
any exposed  cartilage at  these incisions is sharply resected w ith
a curved iris scissors or No.  15 blade. This superiorly based con-
chom eatal flap  should  line  the  posterior–superior  aspect  of the
m astoid  defect  and  serve  as  a  source  of reepithelialization  of
the  m astoid  bow l (� Fig. 118.9). Once  th is  flap  has been  devel-
oped, closure  of the  m iddle  ear  can  be  perform ed  w ith  a  large
piece  of temporalis fascia  or  pericranium . Gelfoam  (Pfizer, New
York, NY)  should  be  placed  in to  the  Eustachean  tube  and  the
anterior  m esotym panum , but  the  graft  should  be  placed  onto
the prom ontory and span  the oval w indow  to lie directly on  the
facial  nerve  and  lateral sem icircular  canal. If the  stapes  is  ab-
sent, a  bone  strut  or  cart ilage  m ay be  used  for  ossicular  recon-
struct ion, but  the purpose of th is procedure is the developm ent
of a dry ear  w ith  a sealed  m iddle ear  rather  than  hearing resto-
ration. The  auricle  is  then  reflected  in to  position , and  the  con-
chom eatal skin  flap  m ay be  secured  posteriorly by placing two
absorbable  sutures at  the lateral m argins of the  flap  and  secur-
ing  them  posteriorly  to  the  m usculoperiosteal layer. The  post-
auricular  incision  is then  closed w ith  a deep  subcuticular stitch .
The  m astoid  defect  m ay  be  filled  w ith  ophthalm ic  ant ibiot ic
oin tm ent  or  packed  w ith  surgical Nu-Gauze  (Johnson  & John-
son , New  Brunsw ick, NJ) im pregnated w ith  antibiotic ointm ent .

118.3  Tym panoplast y
After  disease  in  the  m iddle  ear  and  m astoid  has been  dissected
and  rem oved, in  m ost  cases  the  tym panic  m em brane  w ill  at

least  need  to  be  reinforced  if  not  reconstructed.  A study  of
various techniques of tym panoplasty is therefore logical after  a
discussion  of  m astoidectomy;  these  m ay  be  perform ed  w ith
m astoidectomy or alone.

Other  than  traum atic  perforations  in  an  erstw hile  normal
drum , alm ost  all perforations of the  drum  occur  in  the  context
of chronic  otit is  m edia  or  cholesteatom a  and  involve  at  least
partial eustachian tube dysfunct ion. The surgeon m ust  keep th is
in  m ind. It  is not  uncom m on  in  the technique of tym panoplasty
to account  for poor eustachian  tube funct ion  by placing a vent i-
lation  tube  through  the  graft ing  m aterial in  order  to  vent ilate
the m iddle ear.

Tym panoplasty  is  the  placem ent  of  soft  tissue  or  cartilage
w ithout  or  w ith  adnexal attachm ents in  a  favorable  way to re-
construct  a  defect  in  the  ear  drum . Paper  patch ing of an  acute
perforation  involves m any of the sam e principles as a Wullstein
type  I tym panoplasty, to  be  discussed, but  it  does  not  use  soft
t issue  to repair  the  drum  and  therefore  is  not  properly consid-
ered a tym panoplasty.

The basic m echanism  of repair is that  the freshened epithelial
edge  from  the  rim  of the  perforation  or  from  the  surrounding
external auditory canal w ill m igrate over the sca old  of soft  tis-
sue  until it  m eets another  area  of squam ous epithelium , w hen
it  w ill stop  proliferating as a consequence of contact  inhibition.
It  is  essential that  there  be  absolutely no  entrapm ent  of squa-
m ous  epithelium  beneath  the  soft-t issue  sca old.  If  it  is
trapped, it  w ill alm ost  always result  in  the form ation  of a  kera-
tom a or a cholesteatom a.

118.3.1  Classificat ion
Tym panoplasty m ay be classified in  several ways:
1. By the technique of soft-t issue placem ent used (overlay tech-

nique, underlay technique, com bined technique)
2. By that  part  of the na tive ossicular chain  before reconstruc-

tion  to w hich any prosthetic or soft  t issue is applied (Wull-
stein  classification)

3. By com bined  techn iques that  use  soft  t issue  and  car t ilage
or  another  st rengthen ing m ater ial (e.g., car t ilage
tym panoplasty)

118.3.2  Technique of Soft -Tissue
Placem ent
Overlay Technique
The overlay technique is indicated  for large, nearly total or  total
perforations; for previous tym panoplasty failures; for large per-
forations in  w hich  there  is a  severely blunted  an terior  angle  of
the external auditory canal;  and  for cases in  w hich  the  prim ary
goal is to achieve a grafted, safe, and dry ear, w ith  hearing a sec-
ondary and m inor consideration.

Approach
Although  any tym panoplasty  m ay be  perform ed  via  a  transca-
nal  approach, the  best  view  of the  ear  w ill  be  obtained  via  a
postauricular  approach.  This  is  the  recom m ended  technique
and allow s not  only the best  view  but  also perfect  placem ent  of
all  graft ing  m aterial. The  auricle  itself  w ill  h ide  a  well-placed

Fig. 118.8  Development  of the  superiorly based  conchomeatal flap  is
key to successful healing  of a  canal wall down mastoidectomy.
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postauricular  incision. The  incision  need  not  be  long. If there  is
a  bony  excrescence, a  prom inent  anterior  overhang, or  a  pro-
nounced  tym panom astoid  or  tym panosquam ous  suture  line,
th is  w ill  need  to  be  drilled  dow n,  w hich  is  best  done  from
behind,  w ith  the  ear  opened  m axim ally.  The  vascular  str ip
incisions (� Fig. 118.10) m ay be done through  the canal or  from
behind, according to the  preference  of the  surgeon, but  the  ex-
posure  should  be  as great  as possible, w ith  every m illim eter  of
the drum  rem nant easily visible.

The  overlay graft ing  technique  requires  that  all of the  squa-
m ous  epithelium  surrounding  the  perforation  and  the  sur-
rounding  skin  of the  external  auditory  canal  be  rem oved  and
saved  to graft  the lateral surface of the  new  sca old  of fascia  as
a free  graft  of squam ous epithelium  (� Fig. 118.11). If there  is a

prom inent  anterior  bony overhang, the  skin  over  it  should  be
carefully “w indow -shaded” away from  the  m iddle  ear  cleft  and
held  away  w hile  the  bony  external  auditory  canal  is  carefully
drilled  dow n and  shaped so that every m illim eter of the fibrous
anulus can  be seen  (� Fig. 118.12). This is often  a quick task, but
it  must  not  injure  an  in tact ,  m obile  ossicular  chain .  Acoust ic
traum a  due  to  a  rapidly rotat ing m icrodrill w ill be  transm itted
through  the  ossicles,  causing  a  h igh-tone  (usually > 6 kHz)
acoustic traum a. To th in  the anterior bony canal, diam ond drills
alone  should  be  used  because  they  are  less  likely  to  skip  or
jum p. It  is of the  utm ost  im portance that  the ossicular chain  be
visible  and  indeed  viewed  at  every  m om ent  of drilling. If the
bone  is  too  th in , the  drill  m ay approach  the  glenoid  fossa, the
capsule  of  w hich  lies  just  anterior  to  the  tym panic  ring.  If

Fig. 118.9  Reepithelialization  of the  mastoid  bowl will occur from  the  conchomeatal flap  in  the  sinodural angle  and  the  anterior canal wall skin.
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yellow  fat  is encountered, the  dissect ion  has proceeded  too far
anteriorly. The fat  should  be  gently reduced  w ith  a bipolar  cau-
tery  and  otherw ise  left  alone. The  pat ient  m ay  have  tr ism us
postoperat ively.

Once  all portions  of the  tym panic m em brane  rem nant  have
been  visualized, the  squam ous  epithelium  over  the  drum  and
the  an terior  canal is rem oved  and  saved  as a free graft . There is
usually a  rem nant  of the  fibrous anulus left , but  very lit t le  else
of the  native  drum . Tem poralis fascia  that  has been  air-dried  is

now  cut  in  the shape of the new  drum , and  a slit  is fash ioned to
allow  the  handle  of the  m alleus  to  pass  above  (lateral)  to  the
graft  (� Fig. 118.13). The slit  is cut  in  such  a way that  the redun-
dant  fascia  w ill drape  over  the  upper  part  of the  m alleus. The
fascia  is  supported  m edially  w ith  absorbable  gelatin  sponge
(Gelfoam ) or another packing m aterial. The fascia is now  spread
out  to cover  the en t irety of the perforation  and  often  resem bles
an  in tact , healed  drum  (� Fig. 118.14). The free  graft  of epithe-
lium  is spread  out  in to the  anterior  angle  betw een  the  edge  of
the  fascia  and  the  anterior  tym panic  ring  (� Fig.  118.15).  A
folded  piece  of dry  Gelfoam  (the  “dry roll”)  is  tucked  carefully

Fig. 118.10  Overlay technique  of tympanoplasty begins with vascular
strip  incisions and  elevation.

 Fig. 118.11  The  residual tympanic membrane  and  surrounding  exter-
nal canal skin  are  elevated  and  saved  for later grafting.

Fig. 118.12  Bony overhangs of the  medial canal are  removed to allow
complete  visualization  of the  anulus.

Fig. 118.13  Dried  temporalis fascia  is cut  to  size  and  split  to  allow
passage  below the  handle  of the  malleus.
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in to th is an terior  angle. This w ill help  jum p-start  the epithelial-
ization  of the lateral surface  of the  drum . If other  pieces of th in
skin  are  available, they m ay be  placed  epithelial side  up  on  the
lateral surface  of the  fascia  to  encourage  epithelialization. The
lateral  surface  of  the  fascia  and  squam ous  epithelium  “sand-
w ich” is  now  supported  w ith  either  dry or  m oist  Gelfoam . It  is
helpful to place a leaf of m oistened Gelfilm (Pfizer) im m ediately
lateral  to  the  fascia  to  help  prevent  fibroblast  invasion  of the
fascia  and  Gelfoam . This  w ill greatly  facilitate  cleaning  the  ear
in  the  postoperative  stage. The  vascular  str ip  is  returned  to  its
proper  position,  and  the  postauricular  incision  is  closed  in
layers. As  a  final  check, the  vascular  str ip  is  carefully  everted,
then  replaced  to its proper  position  and  held  there by pieces of
Gelfoam . Cotton  or  another  packing m aterial is  placed  in to  the
m eatus, and  the  ear  is  dressed  w ith  a  dry  m astoid  or  sim ilar
dressing.

Underlay Graft ing Technique
This technique is ideal for sm aller, discrete perforations w ith  an
in tact , ar ticulated, and  m obile  ossicular  chain . A posterior  ap-
proach  is preferred  (� Fig. 118.16). All steps of the  approach  to
and  the  preparation  of the  perforation  are  the  sam e  as  for  the
lateral graft ing  technique  (� Fig. 118.17), except  for  the  place-
m ent  of the fascia. Once the perforation  has been  prepared, the
fascia is placed  underneath  the  perforation, as far  an teriorly to-
ward  the  eustachian  tube  orifice  as  possible. The  fascia  is  sup-
ported  on  its m edial surface  w ith  pieces of Gelfoam , either  dry

Fig. 118.14  The  fascia  is placed  under the  malleus.
Fig. 118.15  The  free  graft  is placed  over the  fascia.

Fig. 118.16  Postauricular incision provides access to the external canal
as well as to temporalis fascia.

Fig. 118.17  Overlay tympanoplasty begins with vascular strip incisions
and  elevation of the  tympanomeatal flap  anteriorly.

118.3  Tympanoplasty

947



or  m oistened  (� Fig.  118.18).  The  com bined  fascia  and  drum
rem nant  are  returned  to their  proper  positions, w ith  the  edges
of the squam ous epithelium  unfurled (� Fig. 118.20). The lateral
surface  of  the  reconstructed  drum  is  packed  w ith  Gelfoam
(� Fig. 118.20). The  rem ainder  of the  technique  is  the  sam e  as
w ith  lateral graft ing.

Com bined Technique
All  steps  of th is  technique  are  the  sam e  as  w ith  the  underlay
graft ing  technique  except  that  the  drum  rem nant  is  taken  o 
the  long process  of the  m alleus. The  fascia  is  placed  under  the
rem nant  of the  drum  but  then  over  the  handle  of the  m alleus.
The  fascia  is  supported  on  its  m edial and  lateral surfaces  w ith
Gelfoam . The  rem ainder  of the  technique  is  the  sam e  as  w ith
underlay graft ing.

118.3.3  Ossicular Reconst ruct ion
The classification  of tym panoplasty by the level of ossicular  re-
construction  was  first  described  in  the  1950s  by  Horst  Wull-
stein . The  five  subdivisions  describe  increasingly  m ore  m edial
repairs.  The  recipient  na tive  ossicle  defines  the  classification.
Even  if an  ossicular  reconstruction  augm ents the  native  ossicle,
or  if a  prosthesis  (partial  or  total ossicular  prosthesis)  is  to  be
used, the  nom enclature  is  nonetheless derived  from  the  native
ossicle  rem ain ing  before  reconstruct ion. The  actual  technique
of fascial graft ing does not a ect  th is classificat ion.
1. Wullstein  I: The drum  is repaired to an  in tact  malleus and

m obile ossicular chain .
2. Wullstein  II: The drum  is repaired to an  in tact  and m obile

incus.
3. Wullstein  III: The drum  is repaired to an  in tact  and m obile

stapes superstructure (columella r  repair).

4. Wullstein  IV: The drum  is repaired to an  in tact  and m obile
stapes footpla te.

5. Wullstein  V: The drum  is repaired to a controlled fenestra-
tion  in to the ot ic capsule (generally to a fenestration  of the
horizontal or lateral sem icircular canal or of an  im m obile
stapes footplate).

Fig. 118.18  Gelfoam  is placed  in  the  middle  ear cleft  to  support  the
fascial graft.

Fig. 118.19  The  tympanomeatal flap  is replaced  over the  temporalis
fascia.

Fig. 118.20  The  vascular strip  is replaced  and  the  canal packed  with
Gelfoam  for lateral support.
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118.3.4  Com bined Technique
There is a grow ing awareness am ong otologists that  fascia by it-
self is not  strong enough  to w ithstand  the  negative  pressure  of
chronic  eustachian  tube  dysfunct ion.  In  som e  cases  of  pro-
nounced  eustachian  tube  dysfunction,  a  pressure-equalizing
tube is placed through  the fascial graft  before reconstruction. In
other cases, stronger  graft ing m aterial (e.g., a very th in  piece  of
cartilage) is used  either  as a  cantilever  from  the  scutum  or  as a
replacem ent of part  or all of the drum .

118.4  Risks and Com plicat ions of
Chronic Ear Surgery
Most  complications  associated  w ith  chronic ear  surgery  occur
because  of  loss  of surgical  orientation  and  can  be  avoided  by
follow ing th is disciplined  approach  w ith  precise  dissect ion  and
m eticulous  hem ostasis.  Sensorineural  hearing  loss  m ay  occur
by ossicular  t raum a or  inadvertent  fenestration  of the  otic cap-
sule. Contact  of the  incus  w ith  the  otologic  drill  during either
the  m astoidectomy or  tym panoplasty, especially at  the  posteri-
or  but tress,  produces  high-frequency  sensorineural  hearing
loss. Such  loss can  also  be  caused  by the  forceful m anipulation
of any ossicle, but  especially the  stapes, during the  resection  of
disease in  the oval w indow. Fenestration  of the otic capsule can
lead  to  partial  and  often  total  hearing  loss, depending  on  the
size  of the  fenestration  and  the  length  of t im e  betw een  the  in-
jury and recognition  of the injury. The lateral sem icircular canal
is m ost  vulnerable  to injury w ith  the otologic drill. This usually
occurs  in  a  contracted  m astoid  w ith  low -lying  dura  or  in  a
bloody surgical field w hen the surgeon  has becom e disorien ted.
Fistulization  of a sem icircular canal or  the cochlea can  be found
during rem oval of cholesteatom a. A sm all fistula  (< 2 m m ) m ay
be  uncovered  and  sealed  w ith  hydroxyapatite  cem ent  or  bone
wax, but  cholesteatom a  m atrix  m ust  be  m aintained  in  larger
fistulas.  The  m ost  crit ical  feature  in  the  m anagem ent  of  otic
capsule fistula is prevent ion  of the loss of perilym ph. Avoidance
of  suctioning  during  m anipulat ion  of  the  fistula  w ill  prevent
significant  loss  of  perilymph  w ith  subsequent  hearing  loss.
Avulsion  of the  stapes footplate  during  the  rem oval of chronic
granulation  tissue  or cholesteatom a is another cause  of hearing
loss. Fistulization  of the otic capsule  is also associated  w ith  ves-
tibular  injury. Perm anent  vestibular  dam age produces im m edi-
ate  severe vert igo w ith  usual compensation  of balance function
over  6  to  12  weeks. Posit ional  vertigo  or  m ild  disequilibrium
m ay be perm anent  after severe injury.

Injury  to  the  facial  nerve  is  the  m ost  feared  risk  associated
w ith  chronic ear  surgery. Continuous facial nerve m onitoring is
m andatory for these cases, but  it  should  not  be viewed as an  as-
surance  that  facial nerve  injury  w ill not  occur. The  m ost  com -
m on  site  of injury  to  the  facial nerve  is  at  the  second  genu  as
the nerve enters the ver tical segm ent. The angle of the nerve at
the  second  genu  is  h ighly variable, and  often  the  nerve  sheath
can  be  m istaken  for  granulation  tissue  in  a  chronically infected
m astoid. To  avoid  facial nerve  injury  in  th is  area, the  surgeon
can  positively identify the  lateral sem icircular  canal by follow -
ing the  m iddle  cranial fossa  dura  in to the  antrum , then  dissect
m ore inferior  to the lateral sem icircular canal along the vertical
segm ent of the facial nerve before approaching the second genu

region. The  horizontal segm ent  of the  facial nerve  is  the  next
m ost  com m on  site  of injury;  injury  here  is  usually  caused  by
the  m anipulation  of  disease  in  the  presence  of  a  dehiscent
nerve. If disease is identified  in  the oval w indow  region, a facial
recess exposure  is  m andatory to ensure  rem oval w ithout  facial
nerve  injury. In  these  cases, the second genu  of the facial nerve
should  be  clearly  identified, and  a  sm all  diam ond  drill  should
be  used  to  follow  the  nerve  in to  the  horizontal  segm ent. Any
m anipulation  of disease  should  then  be  in  a  plane  parallel  to
the  facial nerve, w ith  gentle  palpation  perform ed  to  assess de-
h iscence of the fallopian  canal. Injury to the proxim al port ion  of
the  horizontal  segm ent  of the  facial  nerve  can  be  avoided  by
noting the cochleariform  process and  follow ing the nerve supe-
rior  to  th is  bony  landm ark. Dysgeusia  can  occur  after  chronic
ear surgery as a consequence of rem oval of the chorda tym pani
nerve. Taste  disturbances are  a  recognized  result  of chronic ear
disease and  often  predate surgical in tervention. In  the presence
of cholesteatom a, the chorda tym pani nerve should  be resected
w ith  the  disease. Dysgeusia  is  usually self-lim iting over  several
m onths.

Dural injury, w ith  or  w ithout  cerebrospinal fluid  (CSF) leak,
can  be  avoided  by im m ediate  identification  of the  dura  on  be-
ginning the  m astoid  procedure and  skeletonization  of the dural
plate  w ith  a  diam ond  drill during the  procedure. At  tim es, dis-
ease  m ay erode through  the  dural plate, causing dural th inning
and  CSF leak. Dural exposure can  be  m anaged  by gentle bipolar
cauterization, w hich  w ill rem ove  any residual disease  and  con-
tract  the  dura. In  the  presence  of a  CSF leak, reconstruction  of
the tegm en  plate w ith  hydroxyapat ite  cem ent  is m ost  e ect ive.
Inadvertent  opening of the sigm oid  sinus can  be  m anaged  w ith
bipolar cauterization  in  sm all tears, but  a large tear of the sinus
requires  suture  repair  and  possible  extradural  sinus  oblitera-
tion. Unintentional fenestration  of the posterior bony canal wall
should  be  avoided  by carefu l m onitoring of the  drill during the
m astoid procedure. In  the treatm ent of attic cholesteatom as, re-
construction  of the  canal wall defect  is  m andatory. This  is  best
accom plished  w ith  t ragal cart ilage  attached  to  perichondrium
that  spans the  surrounding bone. Bone  PATE should  be  used  to
repair  sm all  bone  defects  or  reinforce  th inning  of  the  canal
bone m ore laterally.

The  greatest  risk associated  w ith  tym panic m em brane  graft-
ing techniques of any sort  is graft  failure. Tym panoplasty, in  ex-
perienced  hands,  should  succeed  in  m ore  than  90% of cases,
and the success rate should approach  95 to 97%.

Ossicular  reconstruct ion  w ith  tym panoplasty carries  a  built-
in  risk  for  traum a  to  the  oval  w indow  and  thereafter  to  the
inner  ear, especially  in  the  context  of severe  eustachian  tube
dysfunct ion. The  tonic, progressive  inward  m igration  of a  m id-
dle  ear  prosthesis m ay eventually penetrate  the in tegrity of the
oval w indow, leading to partial or complete neurosensory hear-
ing  loss,  ver tigo,  and  tinnitus.  This  m ust  be  anticipated  and
m anaged w ith  a pressure-equalizing tube, a cartilage tym pano-
plasty,  or  staging.  A postoperative  dead  ear  is  a  devastating
complication.

Failure  of tym panic m em brane  repair, w ith  or  w ithout  con-
duct ive  hearing  loss, can  occur  after  tym panom astoidectomy.
This usually is a result  of uncontrolled  infect ion  in  the im m edi-
ate postoperative period  and is associated w ith  persistent  puru-
lent  discharge after  surgery. Delayed  or  recurren t  perforat ion  is
the result  of poor eustachian  tube funct ion.
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118.5  Roundsm anship
●  A disciplined approach to m astoid  dissect ion  results in  m ore

e cient, complication-free surgery.
●  Identification  of the m astoid tegm en is the first  step in  a

sim ple m astoidectomy.
●  Follow ing the dura in to the antrum  w ill prevent  injury to the

lateral sem icircular canal.
●  A facial recess approach  is m andatory w hen cholesteatom a is

identified during surgery for chronic ear disease.
●  To rem ove the posterior bony canal, the facial recess approach

should be perform ed first .
●  Do not suct ion  over an  otic capsule fistula.
●  Regardless of the technique used, success in  tym panoplasty is

directly proportional to the careful visualization  and prepara-
tion  of the perforation  and the placem ent and stabilizat ion of
the soft-t issue graft .

●  All soft-t issue grafts m ust be placed so that no squam ous epi-
thelium  is trapped underneath  it . Because skin  has m inim al
grow th  requirem ents, trapped squam ous epithelium  w ill al-
m ost always result  in  keratom a or cholesteatom a form ation .

●  If superficial temporalis fascia has already been  used and is in
short  supply, consider using pericranium .

●  Severe and chronic Eustachian  tube dysfunct ion  is not af-
fected by surgery on  the tym panic m em brane. The deleteri-
ous e ect of Eustachian  tube dysfunct ion  on  healing and aer-
ation  of the m iddle ear cleft  m ust  be anticipated, and the
placem ent of a pressure-equalizing tube or a cartilage graft  to
support  the drum  m ay be of benefit  in  these cases.
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119  Syndrom ic and Nonsyndrom ic Hearing Loss
Carol A. Silverman

119.1  Int roduct ion
Universal  new born  hearing  screening  program s  in  w hich  the
hearing  of all  new borns  is  screened  (based  on  elect rophysio-
logic  techniques)  before  discharge  from  the  new born  nursery
have been  legislated  or  voluntarily im plem ented  throughout  all
states  and  territories  of the  United  States. Although  these  pro-
gram s  have  enabled  the  early  identification  of m any  children
w ith  hereditary hearing loss, they can  never  succeed  in  identi-
fying all cases of genetic hearing loss because som e form s of ge-
netic  hearing  loss  do  not  m anifest  until  long  after  birth . The
early  identification  of hearing loss, especially before  6  m onths
of age, a ords  the  opportunity  for  early  in tervent ion, such  as
speech–language therapy, hearing aid  am plification , or cochlear
im plantat ion , w hich  in  turn  prom otes the acquisit ion  of speech
and language and m axim izes favorable educational outcom es.

Hereditary hearing loss accounts for at  least  60% of the occur-
rences  of hearing  loss  in  developed  countries. More  than  400
genes  for  hearing  loss  have  been  identified.  Nonsyndrom ic
hearing  loss  accounts  for  approxim ately  70  to  80% of cases  of
genet ic  hearing  im pairm ent;  syndrom ic hearing  loss  accounts
for the rem ainder of cases of genet ic hearing im pairm ent.

The  term  congenita l  hear ing  loss  signifies  the  presence  of
hearing im pairm ent  at  bir th , such  as that  associated  w ith  cyto-
m egalovirus  infect ion. Hereditary  hearing  loss  can  m anifest  at
bir th  or  after  bir th , som etim es m any years  after  bir th . The  na-
ture  of the  hearing  loss  can  be  progressive  or  nonprogressive
and  unilateral or  bilateral. The  degree  and  configuration  of the
hearing  loss  are  variable  across  various  genet ic  disorders  and
can  be variable even  w ithin  a particular genet ic disorder.

119.2  Mendelian and
Nonm endelian Inheritance
119.2.1  Mendelian Inheritance
Mendelian  patterns of inheritance include autosom al-dom inant
(AD), autosom al-recessive (AR), X-linked recessive, and  X-linked
dom inant . With  AD inheritance, the  typical m ating is  betw een

an  a ected  parent  w ho  is  heterozygous for  the  condition  (one
altered  allele  of the  gene  and  one  unaltered  allele  of the  gene)
and  an  una ected  parent  w ho  is  hom ozygous  (identical  unal-
tered  alleles). The  so-called  Punnett  square  (� Table  119.1) for
th is situation  dem onstrates that  the  probability of an  o spring
expressing  the  AD hearing  loss  t rait  is  50%. An  o spring  w ho
does not  inherit  the  Dd genotype w ill not  be  a carrier  of the  al-
lele  for  hereditary hearing loss. A pedigree  of the  a ected  indi-
viduals in  each  generation  of a  fam ily tree  usually show s vert i-
cal t ransm ission, in  w hich  the hearing loss t rait  appears in  m ul-
tiple, successive generations. With  AD inheritance, there gener-
ally  is  no  predilect ion  for  gender, so  the  hearing  loss  is  t rans-
m itted  equally by each  parent . A m ating betw een  two a ected
parents, each  w ith  AD hearing loss, yields a  Punnett  square  re-
flecting Dd by Dd m ating, w hich  is associated w ith  a 25% proba-
bility of a  hom ozygous a ected  o spring (DD), a  50% probabil-
ity of a  heterozygous a ected  o spring (Dd), and  a  25% proba-
bility of an  una ected o spring (hom ozygous dd genotype). The
phenotype  of a  hom ozygous  a ected  o spring  (DD genotype)
typically is  m ore  severe  than  the  phenotype  of a  heterozygous
a ected  o spring  (Dd  genotype). An  una ected  o spring  (ho-
m ozygous dd genotype) does not  pass on  the  disorder  to future
o spring.

A genotype associated w ith  a par ticular condition  (e.g., Dd) in
w hich  the  condition  (e.g., hearing loss) is  not  expressed  is said
to  be  incompletely  penetrant . The  term  expressivity  describes
variation  in  the  phenotype  associated  w ith  a  specific genotype
(e.g.,  Dd)  such  that  two  individuals  w ith  the  sam e  genotype
m ay display di erent  phenotypes.

With  AR inheritance, the  typical m ating is  betw een  two car-
rier  parents  w ho  both  are  heterozygous for  the  condition  (one
altered  allele  of the  gene  and  one  unaltered  allele  of the  gene)
and  w ho  do  not  exhibit  hearing  loss. For  AR inheritance, the
Punnett  square  (� Table  119.2) displays  a  25% probability  that
an  o spring  w ill  express  an  AR hearing  loss  trait  and  a  50%
probability  that  an  o spring  w ill be  a  carrier. With  AR inheri-
tance, a pedigree show ing the a ected individuals in  each  gene-
ration  of a fam ily tree usually indicates horizontal t ransm ission,
in  w hich  the  hearing loss t rait  appears  w ithin  a  single  genera-
tion  rather  throughout  m ultiple,  successive  generations.  As

Table 119.1  Punnett  square for autosomal-dominant inheritance

Unaffected  parent : genotype

d  d
Affected  parent : genot ype  D  Dd (hearing  loss, heterozygous genotype)  Dd (hearing  loss, heterozygous genotype)

d  dd (no hearing  loss, homozygous genotype)  dd (no hearing  loss, homozygous genotype)

Table 119.2  Punnett  square for autosomal-recessive inheritance

Carrier  parent : genotype

R  r
Carrier  parent : genotype  R  RR (no  hearing  loss, homozygous genotype)  Rr (carrier, heterozygous genotype)

r  Rr (carrier, heterozygous genotype)  rr (hearing  loss, homozygous genotype)

119.2  Mendelian and Nonmendelian Inheritance

951



w ith  AD inheritance, there generally is no predilect ion  for  gen-
der, and  the  hearing loss  is  transm it ted  equally by each  of the
parents.  With  a  m ating  betw een  two  parents  w ho  have  AR
hearing loss, the Punnett  square is r r  by r r, w hich yields 100% of
o spring w ith  AR hearing loss.

For  X-linked  recessive  inheritance,  the  phenotype  is  ex-
pressed  in  m ales having an  altered  allele  on  the X chrom osom e
and in  fem ales having two copies of the altered allele. The m ost
typical  m ating  is  betw een  a  carrier  fem ale  and  an  una ected
m ale.  For  X-linked  recessive  inheritance,  the  Punnett  square
(� Table  119.3)  indicates  that  the  probability  of a  girl  being  a
carrier  is 50% and that  the probability of a boy having a hearing
loss  is  50%. An  a ected  m an  does not  transm it  the  disorder  to
any  son;  a  m ale  o spring  receives  the  una ected  Y chrom o-
som e from  the  father  and  the  X chrom osom e from  the  m other.
A carrier  wom an  can  transm it  the  altered  allele  to  either  her
son  or  her  daughter. A m ating betw een  an  a ected  m ale  and  a
carrier  fem ale  represents  xY by xX;  for  th is  m ating, the  proba-
bility that  a m ale o spring w ill have X-linked  recessive hearing
loss is  50%, the  probability that  a  fem ale  o spring w ill have  X-
linked recessive hearing loss (xx genotype) is 50%, and the prob-
ability that a fem ale o spring w ill be a carrier is 50%.

X-linked  dom inant  inheritance  is m uch  less com m on  than  X-
linked recessive inheritance. For X-linked dom inant inheritance,
a  m ating  betw een  an  a ected  fem ale  and  an  una ected  m ale
represents the  xX by XY genotype. The  phenotype  is  expressed
w ith  the  xX genotype, as in  AD inheritance. With  a  m ating be-
tween  an  a ected  fem ale  (w ho usually is heterozygous) and  an
una ected  m ale, the  Punnett  square  displaying  the  probabil-
it ies  of  inheritance  of  particular  genotypes  (� Table  119.4)
show s that  the chance that  a fem ale o spring w ill have hearing
loss  (xX genotype) is  50% and  that  the  chance  that  a  m ale  o -
spring w ill have hearing loss (xY genotype) is 50%. A m ating be-
tween  an  una ected  fem ale  and  an  a ected  m ale  represents

the  XX by xY genotype. With  th is  m ating (� Table  119.5), 100%
of all fem ale o spring w ill have hearing loss because the altered
x allele  is  inherited  from  the  father, and  none  of the  m ale  o -
spring  w ill have  hearing loss  because  the  unaltered  X allele  is
inherited from  the m other.

The  severity of the  phenotype  in  X-linked  dom inant  inheri-
tance is greater  in  m ales than  in  fem ales. In  wom en  w ith  the  xX
genotype, one allele is norm al, w hereas in  m en w ith  the xYgen-
otype, there  is  only one  allele, that  on  the  X chrom osom e, and
that altered allele is producing an  abnorm al (or no) protein .

The  existence  of sign  language  and  schools  for  the  deaf has
enabled  deaf persons to form  com m unities, and  as a  result , the
frequency  of m atings  betw een  deaf individuals, know n  as  a s-
sorta t ive  mating,  has  increased.  Parents  w ho  both  have  the
sam e form  of AR deafness are  hom ozygous for  the  sam e  reces-
sive  allele. Consequently, 100% of their  o spring  w ill  be  deaf;
such  m atings, w hich yield  deafness in  100% of the o spring, are
term ed  noncomplementary  matings.  The  term  complementary
mating is used if all o spring from  m atings between individuals
w ith  di erent  form s of genetic deafness (or  betw een  individu-
als w ith  environm entally induced  deafness or  between  an  indi-
vidual w ith  environm entally induced deafness and  an  individu-
al w ith  recessive deafness) have norm al hearing.

119.2.2  Mitochondrial Inheritance
DNA is found not only in  the nuclei of cells, but  also in  the m ito-
chondria  w ithin  cell cytoplasm . Mitochondria  supply energy to
the  cell  in  the  form  of adenosine  t riphosphate  (ATP)  and  also
are  involved  in  other cellular  processes, such  as cell di erentia-
tion, cell death, and cell signaling. Each  cell has hundreds of m i-
tochondria. If a  cell has both  altered  and  norm al m itochondrial
DNA,  the  condition  is  term ed  heteropla smy  of  mitochondr ia l
DNA.  If  the  cells  have  only  altered  m itochondrial  DNA,  the

Table 119.3  Punnett  square for X-linked recessive inheritance

Carrier  female: genotype

x  X
Male  parent : genotype  X  xX (carrier female, heterozygous genotype)  XX (girl without  hearing  loss, homozygous genotype)

Y  xY (boy with  hearing  loss, hemizygous genotype)  XY (boy without  hearing  loss, hemizygous genotype)

Table 119.4  Punnett  square for X-linked dominant inheritance from an a ected mother (hemizygous)

Affected  female  parent : genot ype

X  x
Unaffected  male  parent : genotype  X  XX (female  without  hearing  loss, homozygous

genotype)
xX (female  with  hearing  loss, heterozygous
genotype)

Y  XY (boy without  hearing  loss, hemizygous
genotype)

xY (boy with  hearing  loss, hemizygous genotype)

Table 119.5  Punnett  square for X-linked dominant inheritance from an a ected mother

Unaffected  female  parent : genot ype

X  X
Affected  male  parent : genotype  x  xX (female  with  hearing  loss, heterozygous

genotype)
xX (female  with  hearing  loss, heterozygous
genotype)

Y  XY (boy without  hearing  loss, hemizygous
genotype)

XY (boy without  hearing  loss, hemizygous
genotype)
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condition  is  term ed  homopla smy of mitochondr ia l DNA. Hom o-
plasmy is associated w ith  m ore severe sym ptom s and  an  earlier
onset  of sym ptom s  than  heteroplasmy. Heteroplasmy  is  m ore
com m on  than  hom oplasmy;  because  the  num ber  of  a ected
m itochondria  inherited  can  vary,  the  phenotypic  expression
can  be  m ore  variable  w ith  heteroplasy than  w ith  hom oplasmy.
Mitochondrial  DNA inheritance  is  solely  through  the  m other,
and  not  the  father, because  m itochondrial DNA is found  in  oo-
cytes  but  not  in  sperm  cells. The  prevalence  of m itochondrial
hearing loss has been  estim ated to be 1% in  the population w ith
prelingual  hearing  loss  and  5  to  10% in  the  population  w ith
postlingual, nonsyndrom ic hearing loss.

119.3  Nonsyndrom ic Hearing Loss
The  vast  m ajority  of cases  of genet ic  hearing  loss  (70  to  80%)
are  nonsyndrom ic. Of individuals  w ith  nonsyndrom ic  hearing
loss, approxim ately 60  to 75% have  AR inheritance  of the  hear-
ing loss. The locus of each  of the genes associated  w ith  nonsyn-
drom ic AR hearing loss is labeled  DFNB w ith  an  Arabic num eral
postscript.

119.3.1  Connexin Hearing Loss
The  m ost  com m on  nonsyndrom ic AR hearing loss results from
m utations  in  the  connexin  fam ily  of genes, part icularly  in  the
GJB2  gene  (gap  junct ion  protein  β2), w hich  encodes  connexin
26, and  the  GJB6 gene (gap  junct ion  protein  β6), w hich  encodes
connexin  30. Mutations in  the  GJB2 gene m ay account  for  up  to
50% of cases  of nonsyndrom ic  AR severe  to  profound  hearing
loss  in  several  populations. The  genes  of the  connexin  fam ily
are  responsible  for  the  form ation  of gap  junct ion  proteins  that
enable  the  recycling  of potassium  ions  after  sensory  hair  cell
stim ulation  in  the  cochlea. The  m ost  com m on  connexin  gene
m utation  is  the  GJB2  m utation, and  the  m ost  com m on  of the
connexin  26 gene m utations is 35delG/30delG (m ost  frequently
observed  in  the  European  and  Am erican  Caucasian  popula-
tions).  The  167delT m utation  is  m ost  com m only  observed  in
Ashkenazi Jews, the 235delC m utation  is specific to Asian  popu-
lations, the  R143 W  m utation  is  m ost  com m only  observed  in
som e  African  populat ions,  and  W24X m utation  is  seen  pri-
m arily  in  Span ish /Slovak  and  Indian  populat ions.  Approxi-
m ately  90  d i eren t  GJB2  m utat ions  have  been  iden t ified .
Although  the  vast  m ajorit y  of GJB2  m utations  are  associated
w ith  nonsyndrom ic  AR deafness,  som e  rare  m utat ions  have
been  associated  w ith  AD syndrom ic  form s  of deafness  (e.g.,
Vohw inkel  syndrom e, ectoderm al  dysplasia  kerat it is–icthyo-
sis deafness syndrom e).

The hearing loss is of prelingual onset. In  one study of 234 pa-
tients having GJB2 m utations, approxim ately 82% dem onstrated
severe  or  profound  sensorineural hearing loss, and  the  rem ain-
ing  18% had  m ild  to  m oderate  sensorineural hearing loss. The
audiom etr ic  configurat ion  w as  a  corner  audiogram  (w ith
hearing presen t  on ly at  the  low est  frequencies) in  about  41%,
dow nsloping  in  about  29%, flat  in  about  24%, and  U-shaped
in  5%. A rising (upsloping) audiom etr ic configurat ion  was  not
observed  in  any of the  individuals. The  audiom etr ic  con figu-
rat ion  of  the  hearing  im pairm en t  w as  m ore  likely  to  be
sym m etric than  nonsym m etr ic.

Som e  m utations  in  the  connexin  32  gene  have  been  associ-
ated  w ith  X-linked  dom inant  Charcot-Marie-Tooth  type  I
disease. This  form , w hich  a ects  7  to  10% of individuals  w ith
Charcot-Marie-Tooth  disease, is associated  w ith  a  variable  phe-
notype  that  som etim es show s m ild-to-m oderate  sensorineural
hearing loss but  m ore com m only displays gait  disturbances and
Achilles contractures.

119.4  Syndrom ic Hearing Loss
119.4.1  Autosom al-Dom inant  (DFNA)
Hearing Loss
Waardenburg Syndrom e
The m ost  com m on cause of AD syndrom ic hearing loss is Waar-
denburg  syndrom e,  w hich  has  variable  penetrance.  Approxi-
m ately  1  to  2% of cases  of profound  hearing  loss  result  from
Waardenburg syndrom e. The m ost  com m on form s of Waarden-
burg syndrom e are type  I and  type II. Type I Waardenburg syn-
drom e is m ore frequent  and  is associated w ith  m utations in  the
PAX3 gene, w hich  encodes the paired box 3 transcript ion  factor.
Clinical features associated  w ith  Waardenburg syndrom e type I
include  the  highly  penetrant  dystopia  canthorum  (m ore  later-
ally situated  m edial canthi of the  eyes) and  one  or  m ore  of the
follow ing:  sensorineural  hearing  loss  that  usually  (but  not  al-
ways)  is  congenital,  nonprogressive,  bilateral,  and  sym m etric
(hearing loss penetrance  is  36  to  58%);  a  broad  and  h igh  nasal
bridge; synophrys (“unibrow ”); iris pigm entation  abnorm alit ies
such  as  heterochrom ia  iridis  (di erent  colors  of  the  iris),  in-
tensely  blue  eyes, or  bicolored  eyes;  hair  that  is  prem aturely
gray or has a w hite forelock, or eyebrow s or eyelashes that show
w hiten ing; hyperpigm entation  and/or hypopigm entation  of the
skin  (e.g., w hite or light  skin  patches); and vestibular sym ptom s
(vertigo, dizziness, or  im balance) and  abnorm alities on  various
vestibular funct ion  tests.

Type  II Waardenburg syndrom e  is  dist inguished  by the  gen-
eral  absence  of  dystopia  canthorum ,  the  presence  of  m ore
highly  penetrant  hearing  loss  (less  severe  than  in  type  I,  but
usually progressive), and  the  presence  of heterochrom ia  iridis.
The m ost  com m on gene m utation  associated w ith  type II Waar-
denburg  syndrom e  is  the  MITF gene  m utation;  the  MITF gene
encodes  the  m icrophthalm ia-associated  t ranscription  factor.
Types III and  IV Waardenburg syndrom e are rare form s; the for-
m er  is associated  w ith  the clin ical features of type I in  conjunc-
tion  w ith  upper lim b contractures and hypoplastic m uscles, and
the  latter  is  associated  w ith  the  clin ical  features  of type  II in
conjunct ion  w ith  Hirschsprung disease, m anifested  by obstruc-
tions  and  dilations  of the  colon  result ing  from  dysfunct ion  in
colonic autonom ic innervation.

Branchio-otorenal Syndrom e
The inheritance pattern  of branchio-otorenal syndrom e usually
is  AD. The  m ost  com m only  occurring  clin ical  features  of  th is
syndrom e include  the  follow ing:  (1) usually severe  (but  can  be
m ild  to  profound)  hearing  loss  (conduct ive, sensorineural,  or
m ost  com m only m ixed) that  can  be  progressive  and  of delayed
onset;  (2)  preauricular  pits;  (3)  bilateral  renal  defects  varying
from  hypoplasia  or  dysplasia  to  agenesis;  and  (4)  branchial
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fistulas involving the lower neck. Less frequently occurring clin-
ical features include  m alform ed  pinnae  (e.g., cupped  pinnae  or
lopped  ears w ith  m alform ation  of the  antihelix), external audi-
tory  canal  stenosis,  preauricular  skin  tags,  and  lacrim al  duct
aplasia. In  addition  to external auditory canal stenosis, temporal
bone  abnorm alit ies can  involve  the  ossicles, cochlea, vestibular
aqueduct  (e.g.,  enlarged  vestibular  aqueduct),  and  horizontal
sem icircular  canal. The  syndrom e  usually results  from  a  m uta-
tion  in  the EYA1 gene, w hich  encodes transcr iption  factors.

Treacher Collins Syndrom e (Mandibulofacial
Dysostosis or Franceschet t i-Klein Syndrom e)
Treacher  Collins syndrom e, an  AD disorder  of cran iofacial m or-
phogenesis  resulting from  impaired  em bryologic developm ent
of the first  and  second  branchial arches, results from  a de  novo
m utation  in  60% of cases. Penetrance is h igh  and  expressivity is
variable. The m utation  generally is found  in  the  TCOF1 gene but
also m ay be found in  the POLR1D and POLR1C genes on chrom o-
som e 5q. The estim ated incidence is 1 in  50,000 live bir ths.

Clinical features involve  the  head  and  neck. The  dysm orpho-
logic  facial  features  include  the  follow ing:  dow nward-sloping
(antim ongoloid) palpebral fissures; colobom as of the lower eye-
lids;  depressed  m alar  bones (cheek bones);  colobom as (gaps or
defects) of the lower eyelids, often  w ith  absent eyelashes on  the
lower  lid  m edial  to  the  colobom as;  retrognathia;  m alform ed
auricles;  broad  m outh ;  and  pointed  nasal  prom inence.  Som e
m ay have  cleft  lip  and/or  palate. The  soft-t issue  facial dysm or-
phology  generally  is  bilaterally  sym m etric,  w hereas  the  bony
facial  features  can  be  asym m etric. The  facial  bone  hypoplasia
often  is  associated  w ith  dental  m alocclusion  and  num erous
dental caries.

The  otologic clin ical features  include  bilateral auricular  m al-
form ations  w ith  m icrotia  in  up  to  85% of patients, stenosis  or
atresia (often  complete) in  one-third  of patients, fused  m alleus/
incus rem nant  in  90%, and  abnorm al stapes in  73%. The  radio-
logic findings often  reveal failed  pneum atization  of the m astoid
bone  and  a  bony cleft  on  the  lateral temporal bone  that  m akes
the  facial  nerve  suscept ible  to  surgically  induced  injury.  The
sm all m iddle ear  space and  the bony cleft  on  the lateral tempo-
ral bone lim it  the num ber of patien ts w ho have Treacher Collins
syndrom e w ith  atresia w ho can  be considered  as candidates for
surgery. Obstructive sleep  apnea was present  in  54% of children
and  41% of  adults  in  a  recent  cohort  study  of  pat ien ts  w ith
Treacher  Collins syndrom e. The  obstruct ion  is  m ultilevel but  is
m ost  significant  at  the level of the oropharynx/hypopharynx.

Audiologic  evaluation  usually  reveals  a  m axim al, bilaterally
sym m etric  conduct ive  hearing  loss  w ith  a  rising  audiom etric
configuration  that  m ay  also  slope  at  the  h igh  frequencies. In
approxim ately 17%, the hearing loss is m ixed. A recent study re-
vealed  that  bone-anchored  hearing  aids  (BAHAs)  can  be  suc-
cessfully  im planted  w ith  greater  funct ional  gain  than  can  be
achieved  w ith  convent ional bone  conduction  hearing aids. Be-
cause the th ickness of the calvarial bone often  is poor or  irregu-
lar,  additional  holes  need  to  be  drilled  or  m aterials  for  bone
augm entation  need  to  be  em ployed  for  su cient  placem ent  of
the fixture.

Because  th is  syndrom e  can  be  identified  by prenatal testing
in  em bryos, prenatal  diagnosis  and  genetic  counseling  should
be  recom m ended  to  parents. Additionally, a  m ultidisciplinary

approach  to  m anagem ent  should  be  em ployed, including  oto-
laryngology, audiology, speech  and  language pathology, general
dentist ry, and or thodontics evaluations.

Neurofibrom atosis
Neurofibrom atosis  type  I (von  Recklinghausen  syndrom e)  ac-
counts for  the  vast  m ajority of cases  of neurofibrom atosis, and
the  prevalence of unilateral vestibular  schwannom a is approxi-
m ately 2 to 4%. The National Inst itutes of Health  diagnostic fea-
tures  of neurofibrom atosis  type  I (NF1) include  at  least  two  of
m ore of the follow ing: six café au lait  spots, two or m ore neuro-
fibrom as  of any  form  or  at  least  one  plexiform  neurofibrom a,
optic pathway gliom a, two or m ore Lisch  nodules (iris ham arto-
m as) that  extend  from  the  iris but  do not  im pair  vision , an  oss-
eous  lesion  (e.g., sphenoid  dysplasia  or  t ibial pseudoarthrit is),
axillary or inguinal freckling, and first-degree relative w ith  NF1.
Although  the inheritance is AD in  approxim ately half of cases, a
de  novo  genetic  m utation  is  involved  in  the  other  half of the
cases.

Although  bilateral vestibular  schwannom as occur  in  approxi-
m ately  95% of patients  w ith  neurofibrom atosis  type  II (NF2),
th is type of neurofibrom atosis accounts for on ly a sm all propor-
tion  (5 to 10%) of cases of neurofibrom atosis. The estim ated  in-
cidence of NF2 ranges from  1 in  33,000 live bir ths to 1 in  87,410
live bir ths. The NF2 gene (tum or suppression  protein) m utation
is located  on  chrom osom e 22, w hereas the  NF1 gene  is located
on  chrom osom e  17.  The  Wishart  form  of  NF2  (m ore  severe
form )  is  associated  w ith  early  onset  of the  disease;  num erous
schwannom as  and  m eningiom as  develop,  and  death  by  40
years  of age  m ay be  the  final outcom e. The  Gardner  form  (less
severe  form ) is generally associated  w ith  later  onset  of the  dis-
ease;  the  schwannom as  rem ain  relatively  stable  for  years, and
fewer schwannom as and  m eningiom as develop. Approxim ately
one-third  of individuals w ith  NF2 are  m osaic for  the  m utation;
therefore, individuals w ith  m osaicism  m ay have tum ors in  a lo-
calized area of the body.

The vestibular  schwannom as, w hich  generally develop  by 30
years of age, are  associated  w ith  sensorineural hearing loss and
other  sym ptom s  that  can  be  found  in  persons  w ith  vestibular
schwannom as  (e.g.,  ver tigo  or  other  balance  problem s, t inn i-
tus).  Other  cranial  nerve  schwannom as  m ay  also  develop,
particularly  involving  the  tr igem inal or  oculom otor  nerves  bi-
laterally. Other  tum ors associated w ith  NF2 m ost  com m only in-
clude  in tracranial  m eningiomas,  m ultiple  cutaneous  tum ors
(generally peripheral nerve schwannom as), and  m ultiple spinal
tum ors. Cutaneous lesions are  generally less prom inent  in  indi-
viduals  w ith  NF2  than  in  those  w ith  NF1. Visual  im pairm ent
and  eventual blindness  m ay result  from  cort ical and  posterior
subcapsular  cataracts;  the  visual impairm ent  less  frequently is
associated w ith  retinal ham artom as.

The  m odified  National Inst itutes of Health  diagnostic criteria
for  NF2  include  any one  or  m ore  of the  follow ing:  (1) bilateral
vestibular  schwannom as; (2) first-degree relative w ith  NF2 and
either a unilateral vestibular  schwannom a or at  least  two of the
follow ing:  m eningiom a,  schwannom a,  gliom a,  neurofibrom a,
posterior  subcapsular  lenticular  opacities;  (3) unilateral vestib-
ular  schwannom a  in  conjunct ion  w ith  at  least  two  of  the
follow ing:  m eningiom a, gliom a, neurofibrom a, posterior  sub-
capsular  lenticu lar  opacities;  (4) two  or  m ore  m eningiom as in
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conjunct ion  w ith  either  a  unilateral vestibular  schwannom a or
at  least  two  or  m ore  of  the  follow ing:  schwannom a,  gliom a,
neurofibrom a, cataract .

Vestibular  schwannom as m ay be  m anaged  by watchful wait-
ing in  patients w ith  sm all tum ors and good hearing, surgical tu-
m or  rem oval  (hearing-conservative  approaches  vs  hearing-
ablative  approaches),  or  stereotact ic  irradiation .  The  hearing
loss can  be m anaged w ith  aural rehabilitation , hearing aids, sign
language,  or  cochlear  auditory  brainstem  im plants.  Patients
w ith  NF2  should  have  im aging  studies  of  the  en t ire  central
nervous  system  (intracranial  and  spinal)  and  neurologic, oto-
logic, neuro-ophthalm ologic, and  audiologic exam inations. Ge-
netic  testing  and  counseling  should  be  recom m ended. Annual
m onitoring, from  about  10 years of age until approxim ately the
fourth  decade of life, should  include in tracranial m agnetic reso-
nance (MR) im aging, brainstem  auditory evoked potentials test-
ing, and  audiologic evaluation. Siblings also should  be screened
(MR im aging or genetic testing) for NF2.

Other
The  inheritance  m ode  of otosclerosis,  discussed  elsew here  in
this book, is thought  to be AD w ith  reduced penetrance. The ab-
sence  of a  positive  fam ily history in  up  to  half of the  cases has
led to the hypothesis of complex inheritance representing in ter-
actions betw een various genetic and environm ental factors.

119.4.2  Autosom al-Recessive Hearing
Loss
Usher Syndrom e
Usher  syndrom e  is  a  group  of  AR  conditions  associated
w ith  congenital,  bilateral  sensorineural  hearing  im pairm ent
and retin itis pigm entosa (a retinopathy a ect ing the rod photo-
receptors);  the  ret in itis  pigm entosa  is  m anifested  in itially  by
im paired  n ight  vision  and  later  by tunnel vision , som etim es re-
sulting  in  total  blindness.  Usher  syndrom e  is  phenotypically
and  genetically  heterogeneous.  The  prevalence  of  Usher  syn-
drom e  is  2  to  4% in  the  profoundly deaf population  and  is  50%
in  the deaf–blind populat ion  in  the United States.

Usher  syndrom e  is  classified  as  follow s:  type  I (30  to  40%),
type II (60 to 70%), and type III (2 to 4%). Type I Usher syndrom e
is characterized  by congenital, bilateral profound  deafness;  ab-
sence  of vestibular  funct ion  (w hich  is  associated  w ith  delayed
m otor developm ental m ilestones); and progressive retin itis pig-
m entosa, the  onset  of w hich  generally  occurs  before  puberty.
Type  I Usher  syndrom e  has  been  associated  w ith  m utation  in
any one  of seven  genes, w ith  USH1B the  m ost  com m on  genet ic
subtype. Managem ent of the hearing loss w ith  cochlear im plan-
tation  generally is beneficial.

Type  II Usher  syndrom e, w hich  is  less  severe  than  type  I, is
characterized  by congenital sloping, m oderate to severe sensor-
ineural hearing loss (m anagem ent  usually is w ith  hearing aids),
norm al vestibular  funct ion , and  retin itis pigm entosa, the  onset
of w hich  typically is before the age of 20 years. The hearing loss
m ay be  slow ly progressive. The  vast  m ajority of genetic m uta-
tions  associated  w ith  type  II Usher  syndrom e  are  attr ibuted  to
the  USH2A gene,  w hich  encodes  usherin  (a  transm em brane
protein).

Type  III Usher  syndrom e is characterized  by progressive  sen-
sorineural hearing loss of variable onset, retin itis pigm entosa of
variable  onset ,  and  vestibular  funct ion  that  ranges  in  degree
from  norm al  to  absent.  Type  III Usher  syndrom e  is  the  m ost
com m only  occurring  form  of th is  syndrom e  in  the  Ashkenazi
Jew ish  populat ion. The  predom inant  genet ic subtype  is  USH3A,
w hich  encodes clarin-1  (a  transm em brane  protein). The  retinal
im pairm ent  associated  w ith  Usher  syndrom e  can  be  detected
by elect roretinography  before  the  developm ent  of visual signs
and  sym ptom s; thus, persons w ho are  at  risk for  Usher syndro-
m e should  undergo electroretinography to allow  m axim al tim e
for adapt ing to the visual im pairm ent.

Pendred Syndrom e
Pendred  syndrom e  m ay account  for  approxim ately 7  to  10% of
cases  of hereditary  prelingual deafness. It  is  largely  character-
ized  by sensorineural hearing loss (w hich  typically is profound
and prelingual) and goiter. The goiter, present  in  the m ajority of
individuals  w ith  Pendred  syndrom e, usually  appears  after  the
first  decade of life; a ected  patients are m ore frequently euthy-
roid  than  hypothyroid. The  inclusion  of goiter  as a  criterion  for
the  d iagnosis  of  Pendred  syndrom e  results  in  substan t ial
underassessm ent .  Posit ive  findings  on  the  perch lorate  d is-
charge  test  are  seen  in  the  vast  m ajorit y  of ind ividuals  w ith
Pendred  syndrom e.

In  a  report  of 33  pat ients, nearly  all dem onstrated  bilateral,
sym m etric,  sloping, severe  to  profound  hearing  loss. The  pa-
tients  generally  reported  that  the  onset  of  hearing  loss  had
been  during  early  childhood  or  that  it  had  been  present  at
bir th ;  27% reported  progressive  hearing loss. Based  on  a  di er-
ence  of  m ore  than  8% on  the  duration  param eter,  un ilateral
weakness of 9 to 100% was observed in  41% of patients, bilateral
weakness in  50% of pat ien ts, and  a  complete  absence  of caloric
responses in  one individual. In  approxim ately 90% of those w ho
underw en t  rad iologic test ing, com puted  tom ography (CT) re-
vealed  an  en larged  vest ibular  aqueduct  (w ith  en larged
con ten ts),  and  in  18% of  those  w ith  an  en larged  vest ibular
aqueduct , a  Mondin i coch lear  m alform at ion  also w as presen t .

Mutations of the  SLC2A4 (PDS) gene, w hich  encodes pendrin ,
are largely responsible for  Pendred  syndrom e. Pendrin , a trans-
porter  of chloride and  iodide, is expressed  in  the inner ear, thy-
roid, and kidney.

An  enlarged vestibular aqueduct  in  conjunct ion  w ith  sensori-
neural  hearing  loss  also  can  occur  in  individuals  w ho  do  not
have Pendred or branchio-otorenal syndrom e.

Jervell and Lange-Nielsen Syndrom e
This syndrom e is characterized  by a m arkedly prolonged  QT in-
terval on  the  electrocardiogram , w hich  indicates abnorm al car-
diac  repolarization , in  conjunct ion  w ith  sensorineural  hearing
loss.  The  cardiac  abnorm ality  can  lead  to  recurrent  syncope,
ventricular arrhythm ia, and  sudden  death  in  childhood. It  is the
m ore  severe  of the  varian ts  of the  long-QT syndrom e. Another
varian t  of  long-QT  syndrom e  is  Rom ano-Ward  syndrom e,
w hich  has  cardiac  features  that  are  sim ilar  to  those  in  Jervell
and  Lange-Nielsen  syndrom e but  is not  associated  w ith  sensor-
ineural  hearing  loss. The  Jervell  and  Lange-Nielsen  syndrom e,
characterized by AR inheritance, is associated w ith  m utations of

119.4  Syndromic Hearing Loss

955



the gene KCNQ1 or KCNE1, w hich  encodes proteins that conduct
the  Iks  current. It  m ay be  responsible  for  as  m uch  as  1% of the
population w ith  profound hearing loss.

A m ultinational study of 186 pat ients w ith  Jervell and  Lange-
Nielsen  syndrom e  revealed  that  cardiac  arrest  and  sudden
death  occurred  in  27%;  the  m edian  age  at  death  was 8.5  years.
At least one cardiac event occurred in  86%; by the age of 3 years,
50% had  experienced  a  cardiac event . In  93% of the  life-threat-
ening cases (cardiac arrest  and sudden death), the tr iggers were
exercise  and  em otions.  In  90.5%,  the  m utation  involved  the
KCNQ1  gene,  and  in  9.5%,  the  m utation  involved  the  KCNE1
gene. A QT interval longer than  550 m illiseconds in  conjunct ion
w ith  syncope  during the  first  year  of life  represented  a  signifi-
cant  risk factor for  a life-threatening cardiac event . The severity
of the  cardiac events was substantially greater  for  boys than  for
girls. The e cacy of therapy w ith  β-blockers was lim ited; a life-
threatening  event  occurred  in  27% of the  patients  w hile  they
were  on  such  therapy. The  authors  proposed  that  defibrillator
im plantat ion  be  considered  for  those  infants and  children  w ith
Jervell and Lange-Nielsen  syndrom e w ho also have th is risk fac-
tor  (prolonged  QT interval  of > 550  m illiseconds  and  syncope
during the first  year of life).

Sickle Cell Disease
Sickle  cell disease, w hich  a ects  1  in  400  African  Am ericans in
the  United  States, is  a  hereditary  disorder  associated  w ith  ab-
norm al protein  in  the  erythrocytes, w hich  leads to a  change  in
their  m orphology. Sickle  cell disease  comprises  a  group  of he-
m oglobinopathies associated w ith  abnorm al form s of hem oglo-
bin: sickle cell anem ia (hem oglobin  SS), hem oglobin  SC disease,
hem oglobin  D disease,  β-thalassem ia, and  hem oglobin  E dis-
ease  A ected  erythrocytes have  di culty t raversing blood  ves-
sels because of their sickle shape, and they are also stickier  than
norm al erythrocytes, even  w hen  their  m orphology is unsickled.
As a  result , blood  flow  is occluded. Characteristics of sickle  cell
disease include the follow ing: hand–foot  syndrom e (swelling of
the  hands  and  feet  because  of obstructed  blood  flow );  splenic
sequestration  (en largem ent of the spleen  resulting from  insu -
cien t  blood  flow  through  the  spleen  because  of an  excessive
num ber  of  sickle  cells);  hem olytic  anem ia  (prem ature  break-
dow n  of the  blood  cells);  painfu l episodes or  crises  (w hich  oc-
cur  w hen  sickle  cells  becom e  t rapped  in  the  sm all  blood  ves-
sels); stroke or brain  dam age; renal failure; pneum onia or acute
chest  syndrom e  sim ilar  to  pneum onia;  leg  ulcers;  and  stroke.
The  estim ated  prevalence  of sensorineural hearing im pairm ent
varies  considerably  from  study  to  study.  The  sensorineural
hearing loss, hypothesized  to  result  from  sickling/stickiness  of
the  erythrocytes in  the  str ia  vascularis, can  be  unilateral or  bi-
lateral and is variable in  degree. One study indicated that 80% of
patients  w ith  sickle  cell disease  and  hearing im pairm ent  have
the hem oglobin  SS sickle cell variant. The percentage of patients
w ith  hearing impairm ent  in  addition  to  sickle  cell disease  was
low, not exceeding 7%, for the other sickle cell disease varian ts.

119.4.3  X-Linked (DNF) Hearing Loss
Alport  Syndrom e
The  m ode  of inheritance  in  Alport  syndrom e is  X-linked  dom i-
nant. Features  of th is  syndrom e  include  sensorineural hearing

loss, progressive  glom erulonephrit is  (inflam m ation  of the  glo-
m eruli of the  kidneys), and  ocular  abnorm alit ies, m ost  notably
ocular  flecks  and  len ticonus  (bulging  of the  lens  capsule  and
underlying  cortex).  The  bilateral,  h igh-frequency  (generally >
3,000 Hz) sensorineural hearing loss results from  lesions of the
capillary basem ent  m em brane of the str ia vascularis, analogous
to the lesions in  the  glom erular  capillary basem ent  m em brane.
The onset  of hearing loss generally is w ithin  the first  two deca-
des  of  life  and  is  progressive  during  childhood, stabilizing  in
adulthood. Hearing loss  penetrance  is  about  83% in  m ales  and
57% in  fem ales.  The  progressive  kidney  disease  begins  w ith
hem aturia; by about  25 years of age, 94% of m ales and  3% of fe-
m ales dem onstrate renal insu ciency evidenced by abnorm ally
elevated serum  creatin ine. The ocular flecks appear as yellow  or
w hite  spots  in  the  m acular  and  m idperipheral  regions  of the
retina. The len ticonus usually is anterior  and  bilateral, resulting
in  refract ive errors.

The  results  of  a  large  genotype–phenotype  correlational
study (N = 681  from  175  fam ilies) of X-linked  Alport  syndrom e
in  the United  States revealed  hearing loss in  89% and  ocular  ab-
norm alities in  30%. Hem aturia was present  in  m icroscopic form
in  91% and  in  m acroscopic  form  in  49%. Proteinuria  followed
the  onset  of hem aturia  in  85%. The  average  age  at  the  onset  of
end-stage  renal  disease  varied  w ith  the  type  of  m utation;  it
was 25 years for  those w ith  truncating m utations and  as late  as
37  years  for  those  w ith  m issense  m utations. Renal failure  pro-
gressed  to end-stage renal disease in  60%, generally in  conjunc-
tion  w ith  hypertension .  Ocular  abnorm alit ies  were  less  fre-
quent  in  those  w ith  m issense  m utations  (20%)  than  in  those
w ith  other  m utations (36 to 50%). Sim ilarly, hearing loss, a  pre-
dom inant  feature regardless of m utation  type, was less frequent
in  those w ith  m issense m utations (84%) than  in  those w ith  oth-
er m utations (94 to 100%).

Alport  syndrom e  is  genetically  heterogeneous—X-linked
dom inant  in  85% of cases  and  AR or  AD in  about  15% of cases.
Various  m utations  in  the  COL4A5 gene, w hich  encodes  type  IV
collagen, expressed  in  the  basem ent  m em branes of the  kidney,
ear,  and  eye, are  responsible  for  the  X-linked  form  of  Alport
syndrom e.

Congenital Fixat ion of the  Stapes Footplate
with Perilym phat ic Gusher
A stapes gusher  is a serious and  unusual complication  of stapes
footplate  surgery in  m ales w ith  X-linked  recessive  hearing loss
(com bined  low -frequency  conductive  and  high-frequency
sensorineural hearing loss) in  w hich  opening of the stapes foot-
plate  leads  to  a  profuse  outflow  of  perilym phatic  fluid,  and
consequently severe to profound hearing loss and dizziness. Ra-
diographic im aging can  reveal congenital m alform ations of the
audiovestibular  system  (enlarged  vestibule  and  dilation  of the
lateral end  of the in ternal auditory canal along w ith  deficiency/
absence  of bone  betw een  the  lateral end  of the  in ternal audi-
tory canal and  basal end  of the  cochlea). The  hearing loss  and
m alform ations generally are m ilder in  fem ale carriers.

Snik  et  al  com m ented  on  the  surprising  finding  of acoust ic
reflexes  in  these  pat ients  despite  the  presence  of  significant
air–bone gaps. They hypothesized that  the air–bone gaps reflect
an  asym m etry  betw een  the  scala  tym pani and  the  scala  vesti-
buli  that  increases  the  e ciency  of  the  transduction  of skull
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vibrations  during  bone  conduction  testing  in to  cochlear  fluid
vibrations, and  that  ultim ately yields better  than  expected bone
conduction  thresholds  and  artifactual  air–bone  gaps.  Their
audiologic  investigations  of a  patien t  w ho  had  not  undergone
stapes  surgery  revealed  norm al  tym panom etric  findings  w ith
present  contralateral acoust ic reflex. The  latencies  on  auditory
brainstem  response  testing were  consisten t  w ith  the  presenta-
tion  level rather  than  w ith  the  presentation  level corrected  for
the air–bone gap (because conduct ive components are expected
to decrease  the  e ect ive  stim ulation  level at  the  cochlea). They
concluded  that  the  th ird  w indow  (aqueducts  and  vascular  and
neural channels of the  cochlea) is enlarged  in  patients w ho are
stapes gushers, resulting in  m ore  e cient  t ransduct ion  of skull
vibrations  in to  cochlear  fluid  vibrations  and  ultim ately  better
than  expected  bone  conduction  thresholds  and  significant ,
artifactual  air–bone  gaps.  This  condition  is  associated  w ith
m utations  largely  in  the  POU3F4  gene, w hich  encodes  a  POU
hom eodom ain  transcription  factor.

119.4.4  Mitochondrial Hearing Loss
MERRF and MELAS
The  sam ple  sizes  in  studies  of m itochondrial disorders  in  chil-
dren  generally  have  been  sm all. A recent  study of 26  children
w ith  established  m itochondrial  disorders  and  audiologic  data
revealed  that  58% had  hearing loss (38% sensorineural, 8% con-
duct ive, and  4% m ixed;  norm al  hearing  sensitivity  in  the  re-
m ainder).  Approxim ately  47% were  fem ale. Of  the  9  ch ildren
w ho were followed over  t im e, 44% had progressive hearing loss.
Of the  15  children  w ith  hearing  loss, MERRF (myoclonic  epi-
lepsy  w ith  ragged  red  fibers)  had  been  diagnosed  in  1  and
MELAS (m itochondrial myopathy, encephalopathy, lact ic acido-
sis, stroke-like  episodes)  had  been  diagnosed  in  3. These  two
disorders  are  m itochondrial  encephalopath ies. The  features  of
MERRF include  m itochondrial myopathy and  progressive  myo-
clonus  epilepsy. The  features  of MELAS include  encephalomy-
opathy  w ith  strokelike  episodes  and  lact ic  acidosis.  In  the
children  w ith  MELAS, the hearing loss was sym m etric and  sen-
sorineural,  but  the  configuration  and  severity  were  variable;
one  child, w ith  bilateral, sym m etric, m oderately rising to  m ild
sensorineural hearing  loss, appeared  to  have  findings  possibly
consistent  w ith  auditory neuropathy spectrum  disorder (as evi-
denced  by sensorineural hearing loss  w ith  present  otoacoustic
em issions). The  ch ild  w ith  MERRF appeared  to  have  a  progres-
sive  disorder  because  the  otoacoustic em issions  am plitude  de-
creased  over  t im e  and  the  cochlear  m icrophonic  was  absent;
the  sensorineural  hearing  loss  was  asym m etric  (m oderate  in
the righ t ear and m ild in  the left). All waves were absent bilater-
ally on  auditory brainstem  response  testing. The  findings were
possibly suggestive  of auditory  neuropathy spectrum  disorder.
In  light  of the  possible  progression  of hearing loss and  possible
occurrence  of auditory  neuropathy  spectrum  disorder, the  au-
thors  recom m end  audiologic  m onitoring  including  auditory
brainstem  response and otoacoustic em issions testing.

MELAS and  MERFF are  genetically  heterogeneous  disorders.
The  variability  in  clin ical  features  is  consisten t  w ith  hetero-
plasmy of the m itochondrial DNA.

Am inoglycoside Ototoxicit y and Maternally
Inherited Diabetes and Deafness
The m itochondrial A1555G m utation  in  the 12S rRNA gene con-
fers  susceptibility  to  bilateral  sensorineural  hearing  loss  from
am inoglycoside  an tibiotics.  This  m utation  also  can  be  associ-
ated  w ith  nonsyndrom ic  hearing  loss.  The  frequency  of  the
m itochondrial A1555G m utation  in  am inoglycoside  ototoxicity
appears  to  be  greatest  in  Asian  populat ions.  In  the  United
States, the  m itochondrial  A155G m utation  is  seen  in  approxi-
m ately  15% of individuals  w ith  hearing loss  from  am inoglyco-
side antibiotics.

Maternally inherited  diabetes and  deafness (MIDD) is largely
associated  w ith  a  point  m utation  (A to  G substitut ion) at  posi-
tion  3243  of the  m itochondrial DNA that  encodes the  gene  for
transfer  RNA. Characteristics  of MIDD include  diabetes, usually
of insidious  onset;  sensorineural hearing loss;  possibly abnor-
m alities on  brain  scans (present  in  m ore  than  50%);  psychiatric
disorders  (e.g.,  recurren t  depression,  schizophrenia,  various
phobias);  m acular  retinal  dystrophy  (present  in  86%);  myopa-
thy observed  as  exercise-induced  m uscle  cram ps or  weakness;
cardiac abnorm ality  (e.g., left  ventr icular  hypertrophy w ithout
hypertension  or  cardiac autonom ic neuropathy);  renal disease;
short  stature  resulting  from  a  deficiency  of  hypothalam ic
grow th-releasing  horm one;  and  gastrointestinal  complaints
(e.g., constipat ion  and pseudo-obstruction). The onset  of the bi-
lateral sensorineural hearing loss, w hich  is of cochlear  etiology,
usually is in  early adulthood  and  usually precedes the diagnosis
of diabetes;  the hearing loss is either  slow ly or  rapidly progres-
sive,  in it ially  h igh-frequency  in  configuration ,  then  becom es
m ore  severe  and  a ects  all  frequencies. The  severity  is  worse
and the rate of progression  is faster in  m ales than  in  fem ales.

119.5  Genet ic Aspects of
Age-Related Hearing Loss
Susceptibility genes m ay underlie the variability in  the configu-
ration  and  degree  of sensorineural hearing loss associated  w ith
aging. Heritability  estim ates  range  from  35  to  55%, suggesting
that  about  35  to  50% of the  variability in  hearing sensitivity in
older  adults  is  due  to  genetic factors, w ith  the  rem aining  pro-
portion  associated w ith  environm ental factors.

The  apolipoprotein  E (APOE) gene  encodes  apolipoprotein  E,
a component of very low -density lipoproteins, w hich play a role
in  keeping  cholesterol  levels  w ith in  norm al  lim its.  This  gene
has  been  im plicated  in  Alzheim er  disease, generalized  athero-
sclerosis, stroke, and  m acular  degeneration. The  APOE ε4  allele
is the variant  that  m ost  strongly predisposes to these disorders.
A recent  study has im plicated  the  APOE genotype in  age-related
hearing loss. In  th is population-based  study of elderly individu-
als  (85  years  of age  or  older), after  adjustm ents for  atheroscle-
rosis  and  cognitive  funct ion , the  degree  of age-related  hearing
loss was m ost  severe  in  those  w ith  the  APOE ε4/APOE ε4  geno-
type, second  m ost  severe  in  those  w ith  only  one  copy  of the
APOE ε4  allele, and  least  severe  in  those  w ithout  the  APOE ε4
allele.
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119.6  Genet ic Test ing and
Counseling
The  GTR:  Genetic  Testing Regist ry  Web  site  (h ttp://w w w.ncbi.
n im .n ih .gov/gtr)  provides  inform ation  on  the  specific  genet ic
tests  available  on  a  research  or  diagnostic  test  basis.  Genetic
testing  as  part  of new born  hearing  screening  program s  is  be-
com ing  m ore  w idespread.  The  results  of  genet ic  testing  m ay
yield  inform ation  (e.g., possible  progressive  nature  of hearing
loss, association  w ith  other  sym ptom s that  need  m anagem ent)
that can  guide parents and fam ilies in  the planning process, and
that  m ay obviate  the  need  for  other  expensive  and  m ore  inva-
sive m edical tests. Genetic testing can  be (1) prenatal, based  on
sam ples collected  from  an  em bryo or  fetus during am niocente-
sis  or  chorionic  villus  sam pling;  (2)  diagnostic, to  identify  the
genet ic aspect  of a  m edical condition;  (3) part  of the  new born
screening  process,  to  identify  a  part icular  hereditary  form  of
deafness, such  as that  associated  w ith  abnorm alit ies of connex-
in  26;  or  (4)  carrier  screening  to  identify  disorders  such  as
sickle  cell disease. Parents m ust  be  a orded  the  opportunity to
decline  genetic  testing. Usually, genet ic  testing  is  based  on  a
blood sam ple.

Genetic  testing  can  have  sign ificant  im plications  for  fam ily
relationships. Many individuals are  concerned  that  em ployer or
health /life  insurer  access  to  the  results  of genetic  testing  can
lead  to  job  discrim ination  or  health /life  insurance  discrim ina-
tion.  Federal  legislation,  part icularly  the  Genetic  Inform ation
Nondiscrim ination  Act  (GINA)  of  2008,  as  well  as  legislation
passed  by  m any  states, does  exist  to  protect  individuals  from
discrim ination  based  on  genetic  inform ation,  but  increased
legislation  is  needed  for  m ore  comprehensive  protect ion  from
discrim ination.

Medical professionals, including otolaryngologists, need to be
sensitive  to cultural issues related  to deafness. With in  the  Deaf
com m unity, deafness  often  is  not  viewed  as  a  disability  to  be
prevented or cured. Rather, being Deaf (capitalization  of the let-
ter  D to  signify deaf culture  w ith  com m unication  by Am erican
Sign Language) is valued by the Deaf com m unity, so that genetic
testing procedures em ployed by m em bers of the Deaf com m un-
ity m ay be  viewed  as  a  m eans  to  ensure  that  the  unborn  ch ild
w ill be deaf.

Genetic counseling m ay have  to  be  recom m ended  to  explain
the  im plicat ions  of  the  results  of  genetic  testing,  including
those regarding fam ily planning and future pregnancies.

119.6.1  Com prehensive Evaluat ion
Procedures
A comprehensive  otolaryngologic  evaluat ion  should  include  a
physical exam ination  to  identify  features  associated  w ith  syn-
drom ic hearing loss: cran iofacial/cervical abnorm alities or facial
asym m etries; ear or cervical pits/tags; hypopigm entation  or hy-
perpigm entation  of the  skin , or  café  au  lait  spots;  prem aturely
gray hair  or  a w hite forelock; sm all or  m alform ed  pinnae; canal
stenosis;  t ym pan ic  m em brane  abnorm alit ies;  goiter;  abnor-
m al shape, slan t , and  color  of the  eyes  and  in tercan thal  d is-
tance;  abnorm al num ber  of fingers or  toes, or  webbed  fingers
or  toes.  Balance  and  gait  also  should  be  assessed  because

abnorm alit ies  can  be  associated  w ith  syndrom ic  or  nonsyn-
drom ic hearing loss.

A fam ily h istory should  include  quest ions about  consanguin-
ity  in  the  fam ily  and  w hether  any  fam ily  m em ber  has  one  or
m ore of the follow ing features: hearing im pairm ent or  the need
to  use  a  hearing  aid,  particularly  during  ch ildhood  or  early
adulthood;  prem ature  graying  of the  hair  or  a  w hite  forelock;
renal or urinary problem s; cardiac problem s; thyroid problem s;
w idely  spaced  or  m ulticolored  or  di eren tly  colored  eyes, or
visual problem s including n igh t  blindness, tunnel vision , cat-
aracts,  and  glaucom a;  pits  or  tags  on  the  ear  or  neck;  ears
that  are  abnorm al in  shape  or  size;  bones that  break easily or
frequen t ly;  ar th rit is or  problem s w ith  join ts. A pedigree  anal-
ysis  based  on  the  h istory con tribu tes  to  the  arousal of susp i-
cion  for  par t icular  inheritance  pat tern s.  The  ethn icit y  and
country  of or igin  should  be  established  for  fam ily  m em bers
w ith  hearing loss.

A complete audiologic evaluation  should  be done to establish
the  type  and  severity of the  hearing loss and  its  configuration ,
and serial audiologic testing should  be done to rule out  the pro-
gression  of hearing  loss. A hereditary  hearing  im pairm ent  can
be  of delayed  onset , occurring m any years  after  bir th , particu-
larly som e form s of AD hearing loss. If hereditary hearing loss is
suspected, fam ily m em bers should  be  tested  because  individu-
als w ith  hearing loss m ay be unaware of their hearing problem .
Auditory  brainstem  response  testing  can  be  used  to  estim ate
behavioral thresholds in  infants, including those  w ho  are  di -
cult  to  test , and  also  to  determ ine  the  site  of a  lesion  (cochlear
vs retrocochlear). Otoacoust ic em issions testing helps to deter-
m ine  the  presence  of peripheral  hearing  loss. Audiologic  m a-
nagem ent  m ay include  evaluation  and  fitt ing for  a  hearing aid
or  other  sensory aid, such  as  a  cochlear  im plant, and/or  assis-
tive listening device.

If balance or gait  problem s are present or suspected, a vestib-
ular  evaluation  should  be  perform ed, w hich  m ay include  elec-
tronystagm ography/videonystagm ography, rotary chair  testing,
and  posturography. Such  testing can  help  di erentiate betw een
Usher type I and type II syndrom e.

Patien ts w ith  visual problem s (e.g., Alport  syndrom e, St ickler
syndrom e, NF2, Norrie  disease, Usher  syndrom e) should  be  re-
ferred  to ophthalm ology. Urinalysis and  laboratory tests (for se-
rum  creatin ine  levels)  should  be  perform ed, and  referral  to  a
nephrologist  for  renal follow -up  should  be  considered  w hen  a
syndrom e w ith  renal im pairm ent  (e.g., Alport  syndrom e, bran-
chio-otorenal syndrom e) is suspected. Referral to a  cardiologist
should  be  considered  w hen  cardiac problem s  are  present  that
raise  suspicion  for  syndrom es  associated  w ith  cardiac  abnor-
m alities  (e.g., Jervell  and  Lange-Nielsen  syndrom e). Radiologic
studies  such  as  a  h igh-resolution  CT of  the  temporal  bone
should  be  considered  to  docum ent  inner  ear  m alform ations
(e.g., branchio-otorenal syndrom e, Pendred syndrom e, Treacher
Collins  syndrom e). MR im aging  studies  should  be  considered
w hen  (1)  NF2  is  suspected,  (2)  progressive  hearing  loss  is
present  but  CT scans are  norm al, or  (3) the  audiologic findings
are consistent  w ith  a retrocochlear  site of the lesion. Referral to
endocrinologist  should  be  considered  w hen  diabetes  is  sus-
pected  or  for  thyroid  funct ion  testing  (e.g.,  perchlorate  dis-
charge)  w hen  Pendred  syndrom e  is  suspected;  a  lim itation  of
perchlorate discharge testing is that  it  is nonspecific.
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When  hereditary hearing loss is identified  in  children, refer-
ral for  psychoeducat ional m anagem ent  should  be  m ade so that
an  individualized  education  plan  can  be  developed. The  pedia-
tr ician  is an  im portant  m em ber of the  in terdisciplinary team  in
children  w ith  hearing loss. Fam ily m em bers need  to be fully in-
form ed of the various t reatm ent/habilitation  options.

The  2002  (rea rm ed  in  2005)  Am erican  College  of Medical
Genetics (ACMG) statem ent  “Genetics Evaluation  Guidelines for
the Etiologic Diagnosis of Congenital Hearing Loss” presents tr i-
age/testing as follow s:
1. Upon suspicion of syndrom ic hearing loss, gene-specific m u-

tation  testing often  can  be done.
2. Upon suspicion of nonsyndrom ic hearing loss w hen the

hearing loss is an  isolated case in  the fam ily, do cytom egalo-
virus testing and  GJB2 (connexin  26) m utation  screening.

3. Upon  suspicion  of nonsyndrom ic hearing loss w hen  tw o or
m ore first -degree fam ily m em bers (including the  patien t)
have hearing loss, do  GJB2 (connexin  26) m utat ion
screen ing.

4. Upon suspicion of nonsyndrom ic hearing loss in  conjunct ion
w ith  the presence of a pedigree suggestive of dom inant  in -
heritance, do m utation  screening for connexin-related
deafness and other genes.

5. Upon suspicion of nonsyndrom ic hearing loss in  conjunct ion
w ith  a pedigree suggestive of m itochondrial inheritance, test
for  the A1555G m utation  and the A7445G m utation .

6. Upon suspicion of nonsyndrom ic hearing loss w hen both  pa-
ren ts have hearing loss, connexin-related deafness m ay be
involved, and the m ating m ay be betw een individuals w ho
both  have GJB2 hearing loss. Genetic testing can  reveal if the
child has GJB2 deafness. The ACMG Expert Panel caut ions
that a negative m utation  screen  does not  rule out genetic
hearing loss.

A recent study was perform ed on  the diagnostic yield  of various
tests  w ithin  a  test  bat tery ordered  for  270  children  referred  to
the  otolaryngology departm ent  of two large  city hospitals. The
results  revealed  that  the  diagnostic  yield  of the  ent ire  battery
(CT of the temporal bone, MR im aging of the brain  and  in ternal
auditory  canal  w ith  contrast ,  connexin  26  genetic  testing,
genet ics  consultation , ophthalm ologic consultation, electrocar-
diography, renal ultrasound, and  fluorescent  t reponem al an ti-
body  absorpt ion  [FTA-ABS]  testing)  was  43%.  The  diagnostic
yield  for the stepw ise addition  of each  test/consultat ion  was de-
term ined  because  uniform  application  of the  ent ire  test  would
have  resulted  in  an  ine cient  use  of health  care  resources and
would  have  necessitated  num erous health  care  visits. The  first
test , CT, was found to have a diagnostic yield  of 14%. Addition  of
the  second  test, MR im aging, increased  the  diagnostic  yield  to
24%. Addition  of the  th ird  test , connexin  26  testing, raised  the
diagnostic  yield  to  38%. Addition  of  the  fourth  test ,  genetics
consultation, fur ther  increased  the  diagnost ic yield  to 42%. The
fifth  test , renal ultrasound, increased  the  diagnostic yield  only
slightly  (to  43%). The  diagnostic  yield  did  not  increase  further
w ith  the  addition  of ophthalm ology, elect rocardiography, and
FTA-ABS testing.

No  overlap  was  found  betw een  the  group  of children  w ho
were positive on  im aging testing and the group of children w ith
connexin  26  m utations. The  diagnostic  yields  of  im aging  and
ophthalm ologic  consultat ion  were  greater  w hen  syndrom ic

hearing  loss  was  suspected  than  w hen  nonsyndrom ic hearing
loss  was  suspected. On  the  other  hand, the  diagnostic  yield  of
connexin  26  testing  was  significantly  greater  w hen  nonsyn-
drom ic  hearing  loss  was  suspected.  MR im aging  and  CT had
sim ilar  sensitivities  in  detect ing  inner  ear  abnorm alities,
although  the  latter  was slightly m ore  sensitive  in  the  detection
of  enlarged  vest ibular  aqueducts  and  the  form er  had  slightly
higher  sensitivity  in  the  detect ion  of  hypoplastic  or  aplastic
cochlear  nerves.  Additionally,  MR  im aging  identified  brain
pathology associated  w ith  congenital cytom egalovirus infection.

119.7  Internet  Resources
1. OMIM (http://w w w.ncbi.n lm .nih .gov/om im )

This  Web  site  is  a  comprehensive  compendium  providing  de-
scriptions  of  the  clin ical  features,  inheritance, gene  m apping,
and  clin ical m anagem ent  for  di erent  genetic syndrom es, w ith
references.
1. Hereditary Hearing Loss Hom epage (http://hereditaryhear-

ingloss.org)

This Web site furn ishes descriptions of genetic syndrom es w ith
links to OMIM. It  is m ain tained  by Guy Van  Cam p (University of
Antwerp) and Richard Sm ith  (University of Iowa).
1. GTR: Genetic Testing Registry (http://w w w.ncbi.n im .n ih .gov/

gt r)

This Web site furnishes extrem ely w ide-ranging inform ation  on
genet ic diseases, including descriptions  of the  genetic tests  for
various genetic disorders; the locations of genetic clin ics (evalu-
ation  and  counseling);  the  National Society of Genetic Counse-
lors  directory;  the  Am erican  Board  of Medical  Genetics  list  of
board-certified  genet icists;  access  to  GeneReviews, w hich  pro-
vides sum m aries of various hereditary disorders (including dis-
ease  characteristics, diagnosis/testing, and  genetic counseling);
a  talking glossary of genetic term s;  and  access to the  orphaned
portal on  rare diseases and orphan  drugs.
1. Harvard Medical School Center for Hereditary Deafness

(http://hearing.harvard.edu)

This Web site  furn ishes inform ation  on  hereditary hearing loss
and  genetic tests, consum er  resources, PowerPoint  lectures  on
genet ics, and research opportunit ies.
1. In teractives DNA (h ttp://learner.org/in teract ives/dna/index.

htm l)

This  in teractive  Web  site  furn ishes  inform ation  on  DNA;  the
history  of the  discovery  of DNA;  the  Hum an  Genom e  Project;
genet ic  inheritance,  including  Mendelian  inheritance  and
complex inheritance;  Punnett  squares;  sex linkage;  genetic en-
gineering; and associated ethical and social issues.

119.8  Roundsm anship
●  The vast  m ajority of cases of genetic hearing loss (70 to 80%)

are nonsyndrom ic. Inheritance of the hearing loss is AR in
approxim ately 60 to 75% of individuals w ith  nonsyndrom ic
hearing loss.
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●  The m ost com m on nonsyndrom ic AR hearing loss results
from  m utat ions in  the  connexin  fam ily of genes, par t icu-
larly the  GJB2 gene  (gap  junct ion  protein  β2), w hich
encodes connexin  26.

●  Obtain  audiologic evaluations of fam ily m em bers w hen ge-
netic hearing loss is suspected.

●  Mitochondrial inheritance plays an  im portant  role in
m aternally inherited  diabetes and deafness (MIDD) and
am inoglycoside ototoxicity.

●  Genetic test ing is possible  for  m any genes. Mutations in  the
GJB2 gene m ay accoun t  for  up  to 50% of cases of nonsyn-
drom ic, AR, severe  to profound  hearing loss in  several
populat ions.

●  The diagnostic work-up of a patient  w ith  suspected heredi-
tary hearing loss can  follow  the t riage/testing approach
recom m ended in  the Am erican  College of Medical Genetics
(ACMG) statem ent  “Genetics Evaluation  Guidelines for the
Etiologic Diagnosis of Congenital Hearing Loss,” or the step-
w ise diagnost ic battery recom m ended by Lin  et al.
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120  Noise-Induced Hearing Loss and Hearing Protect ion
Maurice Miller

120.1  Int roduct ion
Exposure  to  noise  in  and  out  of  the  workplace  accounts  for
m ore  new  cases of sensorineural hearing loss and  accom pany-
ing tinnitus  than  all other  causes  com bined. Presbycusis  is  be-
lieved  by som e to be the  m ost  com m on  etiology of hearing loss
in  the  adult  Am erican  population . However, exposure  to  noise
and  aging typically occur  sim ultaneously because  w hile  work-
ers  are  em ployed  for  40  years  or  longer  in  industr ies  w here
they  are  exposed  to  h igh  levels  of noise, they  sim ultaneously
experience  a  four-decade-long  aging  of their  auditory  system .
Current  regulations  to  prevent  hearing loss  resulting from  ex-
posure to high  levels of noise assum e an  addit ive e ect  of noise
and age, but  these factors m ay operate synergistically; exposure
to high  levels of noise m ay hasten  prem ature aging of the  audi-
tory system .

Som e  reports  indicate  that  acetylsalicylic  acid,  w hich  typi-
cally has transient  e ects on  hearing, m ay cause perm anent, ir-
reversible hearing loss in  persons em ployed in  noisy operations.
Such in teract ive relationships need to be explored and reflected
in  updated  criteria  to  provide  m ore  realistic  m ethods  of pro-
tecting workers’ hearing.

Exposure  to  noise  in  recreational  environm ents  is  a  sign ifi-
cant  additional factor contribut ing to sensorineural hearing loss
(SNHL) and  tinnitus. Loud  m usical perform ances and  the  use  of
MP3  players  for  extended  periods  of  t im e  at  h igh-intensity
levels can  a ect  the  hearing of young persons w ho  are  not  yet
em ployed. More  than  61  m illion  Am ericans  are  exposed, on  a
regular  basis,  to  various  form s  of  nonoccupat ional  hearing
loss. Audio-protect ive  agen ts  to  preven t  or  reverse  noise-in -
duced  hearing  loss  are  under  act ive  invest igat ion  and  w ill be
discussed  later.

120.2  Legislat ive Background
It  has  been  estim ated  that  m ore  than  10  m illion  Am erican
workers are  exposed  to tim e-weighted  levels of sound  pressure
of  85 dBA and  greater.  Am ong  the  industr ies  in  w hich  such
levels  routinely  occur  are  agriculture,  m ining,  construction,
m anufacturing,  ut ilit ies,  transportation ,  and  the  m ilitary,
although  other  industr ies  and  occupations  m ay  also  expose
workers to such h igh  levels of noise.

Occupational noise and  m any other  occupational hazards are
not  controlled  by  m arketplace  incentives  alone,  and  govern-
m ent  bodies  have  becom e  involved  in  addressing, controlling,
and  regulating  these  hazards. Regulations  to  control the  noise
hazard  in  industry  fall w ithin  the  province  of the  federal gov-
ernm ent, specifically  the  Occupational  Safety  and  Health  Ad-
m inistration  (OSHA), a  branch  of the  U.S. Departm ent  of Labor.
All industrial  and  occupat ional operat ions  are  w ith in  its  juris-
dict ion , although  “sm all  business  em ployers,” usually  defined
as those w ith  fewer  than  25 em ployees, are  exem pt  from  OSHA
regulations.  The  OSHA Hearing  Conservation  Am endm ent  to
the  Occupational  Noise  Exposure  Standard  (29  CFR 1910.95)
was  passed  in  March  1983  and  was  im plem ented  in  April  of

that  year, although  a  num ber  of specific and  im portan t  m odifi-
cations have occurred since its passage.

Although  it  was  preceded  by various  organizational consen-
sus  statem ents, the  1983  OSHA Occupational  Noise  Exposure
Standard  rem ains  the  national  basis  for  m ost  occupational
hearing conservation  program s. It  is  arguably the  m ost  impor-
tant  regulation  designed  to protect  hearing since the beginning
of the  Indust rial Revolution, yet  it  represents  a  minimal rather
than  an  optimal e ort  to  preserve  worker  hearing. The  OSHA
regulation  is  designed  prim arily  to  protect  workers’ hearing
from  exposure to noise in  the workplace.

It  is im portant  to note the distinct ion  betw een workers’ com -
pensation,  w hich  covers  occupat ional  hearing  loss  to  varying
degrees, and  federal legislation. In  the  United  States, state  gov-
ernm ents are  responsible for  prom ulgating compensation  law s,
w hereas  workplace  health  and  safety  standards  fall under  the
jurisdict ion  of the  U.S. Departm ent  of Labor. Coverage for  occu-
pational hearing loss varies from  state to state, but  federal regu-
lations are uniform  throughout  the nation.

120.3  Pathophysiology of Noise
Exposure
Noise  can  dam age  hearing  w hen  direct  cochlear  injury  results
from  acoustic traum a during a  single  or  a  few  exposures to ex-
trem ely h igh  levels  of acoust ic energy (e.g., an  explosion). Iso-
lated  acoust ic t raum a can  also dam age  the  m iddle  ear  (e.g., os-
sicular  chain  discontinuity or  tym panic m em brane  injury from
sudden  pressure changes). In  acoustic t raum a, the sound reach-
ing the  sensory structures  in  the  cochlea  exceeds  the  physical
lim its  of these  elem ents, and  hair  cells  in  the  cochlea  and  sup-
porting structures are dam aged.

Far m ore frequent, and a m ajor concern  of occupational hear-
ing conservation  program s, are  the  e ects of long-term  chronic
exposure  to  occupational noise. Chronic exposure  to  noise  in i-
t ially causes a  temporary hearing loss, and  the  shift  in  hearing
usually recovers  w ithin  14  hours. Repeated  exposures  m ay re-
sult  in  a  perm anent  noise-induced  hearing loss. The  change  to
perm anent loss is related to the in tensity of the sound, duration
of the  exposure, frequency characteristics of the  sound, and  in-
dividual  susceptibility, a  risk  criterion  probably  related  to  ge-
netic factors.

Long-term  exposure  to  m oderate  levels  of  noise  usually
causes  edem a  and  the  distort ion  of  sensory  cells,  a  group  of
changes  that  have  been  term ed  physiologic  metabolic  exhaus-
t ion. Metabolic exhaustion  is  the  poin t  at  w hich  the  threshold
shift , usually in  the  range  of 3,000  to  6,000 Hz and  often  bilat-
eral,  is  a  recoverable  SNHL. Further  exposure  of  unprotected
and  vulnerable  ears  has  been  show n  to  result  in  the  complete
absence of hair cells or their replacem ent by scar t issue, prim ar-
ily in  the basilar  turns of the cochlea. When  the degeneration  of
hair  cells  occurs,  there  is  a  perm anent,  usually  irreversible,
SNHL. Exposure  to  high  levels  of noise  results  in  hair  cell trau-
m a. If the  dam age  exceeds the  ability of the  hair  cells  to  repair
them selves, they die. Hair cells can  die in  di erent  ways—either
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through  apoptosis  (an  active m ode  of hair  cell death  requiring
an  energy  supply)  or  through  necrosis  (a  pa ssive  m ode  of cell
death  resulting in  an  early disin tegration  of cells).

120.4  Hearing Im pairm ent  and
Tinnitus from  Blast  Traum a and
Traum at ic Brain Injury
The  auditory  system  has  been  particularly  at  risk  for  dam age
during  m ilitary  deploym ent  in  Iraq  and  Afghanistan  because
m ost  injuries are  the result  of blast  explosions from  improvised
explosive  devices:  m ortar,  suicide  bom bs,  and  others.  It  has
been  estim ated  that  20% of the  1.6  m illion  troops  deployed  in
Iraq  and  Afghanistan  have  experienced  t raum atic brain  injury.
The  m ost  com m on  residual  long-term  sym ptom s  in  m ilitary
personnel w ith  traum atic  brain  injury  are  in t ractable  tinnitus
and  hearing  loss, w hich  were  reported  by  27% of veterans  in
2007.

Head  injury, by  defin ition , can  dam age  the  cent ral  nervous
system . The  early and  thorough  identification  and  diagnosis of
central auditory processing disorders in  patients  w ith  head  in-
jury are  crucial to  im proving and  m ain taining central auditory
processing  ability,  as  well  as  overall  auditory  funct ion.  Trau-
m atic  brain  injury  can  also  a ect  any  part  of  the  peripheral
auditory  system , and  a  complete  evaluation  of funct ion  from
the outer and m iddle ear  to the tem poral cortex (early and later
auditory  evoked  responses)  is  essential;  disorders  of both  pe-
ripheral and central auditory funct ion  often  coexist .

120.5  Occupat ional Hearing
Conservat ion Program
The m ain  components of an  occupat ional hearing conservation
program  to protect  worker hearing are the follow ing:
1. Measurem ents of sound pressure levels in  the work environ-

m ent and levels of worker exposure to quantify the need for
the program

2. Periodic audiom etric testing of workers
3. Review  of audiom etry findings and case histories by a profes-

sional and appropriate referral
4. Personal hearing-protect ive devices and em ployee education

program
5. Evaluation  of the e ect iveness of the program

Our  discussion  concentrates  on  the  role  of the  hearing profes-
sional in  the  occupational hearing  conservation  program , par-
ticularly the audiologic and otologic aspects.

In  m any  work  environm ents, di erent  departm ents  assum e
responsibilit ies for the various aspects of the program : enginee-
ring  or  industr ial  hygiene  departm ents  for  noise  m easure-
m ents,  safety  or  industr ial  hygiene  departm ents  for  hearing-
protect ive  devices,  and  nursing  for  audiom etry.  The  hearing
professional needs to have an  ongoing relationship w ith  each  of
the  above  departm ents or  other  departm ents that  are  involved
in  execution  of the  program . Although  the hearing professional
m ay not  be directly involved in  noise m easurem ents or  the per-
sonal hearing-protect ive  aspects of the  program , it  is h is or  her

responsibility  to  m ake  sure  that  these  crit ical  aspects  of  the
program  are being covered and properly m anaged.

Sound level meters record  noise  levels, and  audio or  noise dos-
imeters m easure  noise  exposures. The  latter, w hich  are  worn  on
the  worker’s  body, are  preferred  w hen  noise  exposure  changes
during the course of a workday. Dosim eters also record the vary-
ing  noise  levels  and  tim es  of exposure, permitt ing  the  occupa-
tional hearing conservation  team  to  identify and  in  many cases
provide solutions to high-level exposures during a workday.

In  the  absence  of data  provided  by use  of the  above  instru-
m ents,  a  noisy  area  that  needs  attention  to  preserve  worker
hearing can  be suspected w hen  any of the follow ing occur:
1. Workers m ust  increase their  voice levels to com m unicate

w ith  fellow  employees.
2. Workers need to be w ithin  1 to 2 inches of fellow  workers to

be heard.
3. Worker complaints of t innitus and m u ed hearing are re-

ported after exposure to the work environm ent.

OSHA  requires  that  all  em ployees  w hose  noise  exposure
reaches  or  exceeds  the  “action  level”  (85 dBA)  for  a  tim e-
weighted  average  of 8  hours undergo pure-tone air  conduct ion
audiography. Baseline and  annual audiogram s are required. The
required audiom etric test  for noise-exposed workers consists of
air  conduction  threshold  m easurem ents  at  500, 1,000, 2,000,
3,000, 4,000, and  6,000 Hz in  each  ear. The addition  of 8,000 Hz
can  aid  in  distinguish ing  noise-induced  hearing  loss  from
presbycusis. The m ajority of these tests are  perform ed  by occu-
pational  hearing  conservationists,  and  m icroprocessor  audio-
m eters  are  used  for  such  tests. In  a  review  of the  audiom etric
and  case history data, the specialist  should  be fam iliar  w ith  the
worker’s  specific  occupat ion , the  degree  and  level  of occupa-
tional noise exposure, the  am bient  noise level in  the  audiom et-
ric  test  environm ent , the  date  of the  m ost  recent  audiom eter
calibration, and relevant case history data.

It  is  appropriate  for  the  professional to  recom m end  otologic
and/or  audiologic  evaluation ,  as  indicated,  including  specific
procedures, such  as auditory brainstem  response  (ABR) testing,
otoacoustic em issions (OAEs) testing, and  vestibular  evaluation.
Em ployees  requiring m iddle  ear  surgery, surgical relief of Me-
niere disease, or m anagem ent  for acoustic tum ors should  be re-
ferred  to  experienced  otologic surgeons  in  the  area  w here  the
em ployee lives or  works.

120.5.1  Data Collect ion and Analysis
Shortly  after  the  in it iat ion  of the  program , companies  w ith  a
significant  num ber  of noise-exposed  em ployees w ill be  gener-
ating a  sign ificant  am ount  of audiom etric and  audiologic data.
The em ployees’ noise exposure, use of personal hearing protec-
tion,  and  air  conduct ion  thresholds  are  recorded,  along  w ith
the results of a baseline test  noting the presence or absence of a
standard  threshold  sh ift  (STS) at  2,000, 3,000, and  4,000 Hz for
each  ear. The results of the otoscopic screening exam ination  are
collected  and  can  be  m anaged  w ith  analyzed  w ith  dedicated
software.

The  audiom etric data  can  be  used  to  assess the  e ectiveness
of  the  overall  program ,  alert  workers  to  impending  hearing
loss, and  reveal  poten t ial  em ployer  liabilit ies  for  compensable

Noise-Induced Hearing Loss and Hearing Protect ion

962



hearing loss. The incidence of occupat ional noise-induced hear-
ing  loss, evidenced  by  the  STS (an  average  change  of 10 dB or
greater  at  2,000,  3,000  and  4,000 Hz  in  either  ear  compared
w ith  the baseline, w ith  age adjustm ents allowed), is one indica-
tor  of the  e ect iveness  of the  occupational  hearing  conserva-
tion  program .  Incidence  rates  of  5% or  less,  decreasing  w ith
each year, provide such  evidence.

120.5.2  Protect ion of Residual Hearing
and Prevent ion of Further Hearing Loss
Am ong  the  m ost  significant  components  of  the  occupational
hearing  conservation  program  is  protect ion  of  the  workers’
hearing. Engineering controls that  reduce noise exposure at  the
source  represent  the  ultim ate  solution  for  noise  control. Rotat-
ing or  adm inistrative  controls  that  m ove  em ployees  to  quieter
areas  of the  industr ial operation, so  that  total exposure  during
the  workday is  kept  to  a  “safe” level, have  lim ited  applications
and  are  im pract ical in  m any operations. Until noise  can  be  and
is controlled  at  the source, personal hearing-protect ive  devices,
properly  fit ted  and  consisten tly  used,  w ill  rem ain  the  m ajor
m ethod for protect ing and preserving workers’ hearing. The oc-
cupational  hearing  conservation  team  is  faced  w ith  a  general
unw illingness of workers to use hearing protect ion, w ho o er  a
variety  of reasons  for  noncompliance. Although  protect ion  of
the  eyes is generally w idely accepted, hearing protect ion  is not
because  the  onset  of  chronic  noise-induced  hearing  loss  is  a
gradual, subtle, painless, and bloodless process. Although the is-
suance  and  m onitored  use  of hearing-protect ive  devices  often
falls w ithin  the province of a company’s safety departm ent , the
hearing professional m ust  be  assured  that  appropriate  hearing
protect ion  is being issued and  its use m onitored. And just  as in -
e ect ive  hearing protect ion  m ust  be  avoided, overprotection  is
sim ilarly to  be  avoided  because  it  encourages nonuse, m ay un-
necessarily  in terfere  w ith  in terpersonal  com m unication ,  and
m ay prevent  the detect ion  of im portan t  warn ing signals.

Personal  hearing-protective  devices  provide  a  barrier  be-
tween  the noise source and  the cochlea. The basic types are  ear
plugs, ear m u s, and sem iaurals. Ear plugs are the predom inant
form  of protect ion  and  used  in  about  80% of industr ial applica-
tions. The  m ost  w idely  used  type  is  the  user-m olded  or  form -
able  plug m ade  of a  soft  polym er. Ear  m u s consist  of a  plast ic
cup  attached  to an  adjustable  headband. The  cups are  m ade  to
fit  snugly against  the  head  w ith  foam  or  liquid-filled  cushions.
Ear  plugs  are  subject  to  variations  from  the  m anufacturer’s
stated  noise  reduct ion  ratio  (NRR)  w hen  a  worker  inserts  the
device in to h is or her external auditory canal. Ear  m u s are less
subject  to such variations, although  they too can  be  “sabotaged”
in  a  num ber  of ways. Ear  plugs should  be  used  w ith  caut ion, if
at  all, by any workers w ith  insulin-dependent diabetes, par t icu-
larly  those  working in  areas  w here  fresh  running  water  is  not
available.

The  hearing professional should  be  aware  of the  procedures
im plem ented  to  determ ine  the  degree  of use  and  e ectiveness
of noise protectors, as defined by the National Institute of Occu-
pational Safety and Health  (NIOSH).

Experts  in  the  field  of hearing protect ion  recently reached  a
consensus  on  a  revised  Am erican  National Standards  Institute
(ANSI) standard  for  m easuring the  real-ear  attenuation  (REAT)

of hearing-protect ive devices. The REAT m easures the  change in
the  sound  level en tering  the  ears  of a  subject  wearing a  hear-
ing-protect ive  device  in  an  occupational  hearing  conservation
program  after  placem ent  of the  device  either  by a  thoroughly
trained  user  (m ethod  A)  or  by  an  inexperienced, novice  user
(m ethod B).

Critical  to  the  success  of the  hearing-protect ive  device  pro-
gram  is the em ployee education  program . Attendance at the an-
nual  em ployee  education  program  is  required  (unlike  audio-
m etric testing, w hich  is nonm andatory but  m ust  be m ade avail-
able  to  the  em ployee).  The  em ployee  education  program  ex-
plains  the  e ects  of noise  on  hearing, the  purpose  and  use  of
various personal hearing-protect ive devices, and  the audiom et-
ric procedures that  w ill be  o ered. The  hearing professional is
strongly advised  to  be  an  in tegral part  of the  em ployee  educa-
tion  program  and should  be personally present  to answer ques-
tions from  em ployees in  attendance. In  m any respects, the  em -
ployee education  program  is the m ost  crit ical component of the
occupational hearing conservation program .

Although  the  m ajority of ear  plugs in  use  are  pa ssive, there is
also  a  role, albeit  a  lim ited  one, for  act ive  hearing  protectors.
Act ive  devices  can  increase  the  attenuation  of  low -frequency
noise  by about  15  to 20 dB in  comparison  w ith  the  attenuat ion
provided  by the w idely used  passive protectors. The active type
provides low -frequency protect ion w hen  the worker is exposed
to repetit ive or continuous noises that  are  relatively constan t  in
their  frequency  spectrum  and  level.  They  incorporate  m icro-
phones  and  am plifiers  that  transm it  external  sounds  to  ear-
phones m ounted inside the hearing-protect ive device.

120.5.3  Otoprotect ive Agents for
Noise-Induced Hearing Loss
Many agents have and  are being tested  in  anim als to determ ine
if they can  prevent  or lessen  the e ects of temporary or perm a-
nent  noise-induced  SNHL.  Som e  agents  are  adm inistered  to
prevent  these  losses  and  are  designed  to  be  used  before  noise
exposure. A few, referred  to  as  rescue agents, are  taken  w ithin
hours or  a few  days after  the noise exposure to prevent  perm a-
nent  hearing loss and  are  designed  to act  before  cochlear  dam -
age becom es perm anent.

No  otoprotect ive  agents  a re  currently  approved  by  the  FDA.
ACEm g (β-carotene, vitam in  C, vitam in  E, and  m agnesium ) and
D-m et  (D-m ethionine)  appear  to  be  the  m ost  prom ising  oto-
protect ive  agents, although  NAC (N-acetylcysteine) and  ebselen
are  also  contenders. These  agents, based  on  studies in  rodents,
appear  to  provide  protect ion  from  am inoglycoside-  and  cispla-
tinum -induced  dam age  to  hair  cells. An  oxidative  m echanism
m ay explain  their act ion  against  these toxicities.

120.6  Roundsm anship
●  Noise-induced hearing loss is a ubiquitous threat  to hearing

in  the m odern, noisy world.
●  Groups of patien ts especially at risk include teenagers and

young adults, especially those individuals w ho frequent rock
concerts and other venues w here m usic in  elect ronically am -
plified to aphysiologic levels.
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●  Any period of exposure to noise loud enough to cause tinnitus
has probably caused a temporary threshold shift  in  hearing.
This should be understood as a severe warning sign—the ear
w ill not tolerate th is level of noise exposure repeatedly.

●  Individuals w ho m ust  be or choose to be exposed to noise
should wear hearing protect ion. It  is not  possible to protect
the ear completely from  unwanted noise exposure. Hearing
protect ion  m ay significantly help decrease noise-induced
hearing loss in  these individuals.

●  For any patient  at  risk for noise-induced hearing loss, an  an-
nual hearing test  is the m inim um  requirem ent for hearing
safety.
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121  Sudden Idiopathic Sensorineural Hearing Loss
Christopher J. Linstrom

121.1  Int roduct ion
Virtually every  physician  working  in  otolaryngology-head  and
neck  surgery w ill at  som e  tim e  encounter  a  patient  w ith  sud-
den,  unprovoked  neurosensory  hearing  loss.  This  problem  is
su cien tly  com m on  that  the  general  ear,  nose,  and  throat
physician  should  be  able  to  recognize  it ,  distinguish  it  from
hearing loss w ith  other  likely causes, obtain  a  h istory and  con-
duct  a  physical exam ination , order  the  appropriate  in itial diag-
nostic tests, and  start  the patient  on  proven  form s of t reatm ent
in  a  t im ely  fashion. The  e cacy of t reatm ent  dim inishes  w ith
the  passage  of t im e  after  the  in itial awareness  of hearing loss.
Thus,  it  is  incum bent  upon  every  otolaryngologist  to  have  a
sound  awareness of th is problem  and  to start  t reatm ent  im m e-
diately, or  to  m ake  a  direct  and  tim ely referral to  an  otologist/
neurotologist  w ho w ill.

Sudden  idiopathic sensorineural hearing loss (SNHL) was first
described  by  DeKleyn  in  1944. It  is  typically  characterized  by
the new  onset of unila tera l hearing loss that develops w ithin  72
hours.  By  convent ion,  at  least  th ree  m idrange  frequencies
should be involved. There m ay be associated fullness and/or t in-
nitus  in  the  a ected  ear.  Im balance  or  ver tigo  m ay  also  be
present  and  is  a  negative  prognosticator  for  the  recovery  of
hearing, along w ith  advanced  age  and  lack of m easurable  hear-
ing at  the t im e of the first  audiogram . Favorable prognost ic fac-
tors  are  younger  age  and  m easurable  hearing, especially  word
discrim ination  and  an  upward-sloping or  “cookie  bite” pat tern
on  the first  audiogram . Wide fluctuat ions of hearing are a nega-
tive prognost icator for the future recovery of hearing.

121.2  Incidence of Disease
Sudden  idiopathic SNHL has an  estim ated  incidence  of 5  to  20
per  100,000  persons  per  year. This  incidence  is  approxim ately
the  sam e  as  that  for  Meniere  syndrom e  (15  per  100,000  per
year). The true incidence m ay be underestim ated because spon-
taneous recovery has been  reported to occur in  32 to 65% of un-
treated  or  placebo-treated  pat ien ts. A “w indow  of opportunity”
of several weeks to a  few  m onths exists, during w hich  the  oral
or injected (transtym panic) adm inistration  of steroids m ay help
the  recovery of hearing. The  likelihood  of recovery  dim inishes
as tim e passes. If the hearing loss is m ild, m any pat ien ts do not
recognize  it  and  therefore  delay seeking m edical attention. Au-
ral fullness  is  often  m isdiagnosed  as  eustachian  tube  dysfunc-
tion, and  the patien t  is treated  for  a  cold  or  influenza before an
audiogram  establishes that  a  neurosensory loss  of hearing has
actually  occurred. This  fur ther  delays  t reatm ent. As  m ore  and
m ore general practit ioners becom e aware of th is entity, the de-
lays in  diagnosis and t reatm ent  w ill inevitably lessen.

It  is  im portant  for  all physicians to  realize  that  a  tuning fork
exam ination  yields inform ation  only about  the  physics of audi-
tion  (i.e., sounds heard by air conduction  should be perceived as
louder  than  sounds  heard  by  bone  conduction). A tuning  fork
exam ination  yields  very  lit t le  reliable  in form ation  about  the
actual level of audition . That  m ust  be  determ ined  in  an  audio-

m etric  booth  by  a  properly  trained  and  qualified  audiologist ,
never by the pat ient h im self or herself.

121.3  Applied Anatom y
The anatomy of the  cochlear  and  vestibular  apparatus has been
described  in  other  chapters  of  th is  book  and  w ill  not  be  re-
peated  here. Sudden  idiopath ic  SNHL is  purely  neurosensory,
not  conduct ive, in  nature. It  is  by  defin ition  not  provoked  by
anything known to the patien t  and  should  not occur in  the con-
text  of chronic suppurative  otit is m edia w ith  or  w ithout  perfo-
ration  or  cholesteatom a. The  antecedent  h istory should  in  fact
be  “no  history.” Sudden  idiopathic SNHL does  not  occur  in  the
context  of sudden  changes  in  resting  barom etric  pressure, as
one  would  expect  w ith  a  perilym phat ic  fistula.  The  pat ien t
ordinarily  does  not  experience  a  w arn ing  sign  that  the  ear  is
changing. The  hearing loss  is  indeed  sudden , not  slow, in  on-
set . The  onset  does not  m im ic the  slow, gradual, and  inevita-
ble  decline  in  hearing  associated  w ith  an  acoustic  neurom a
or  another  slow ly  grow ing  tum or  of the  ret rococh lear  path -
w ays of hearing.

121.4  The Disease Process
121.4.1  Et iology
There is no know n  “cause” for sudden  idiopathic SNHL. This dis-
ease does not  run  in  fam ilies, is not  heritable, is not  caused  by a
know n  infect ious  agent , and  is  not  the  end  stage  or  tangential
product  of any known  system ic illness, such  as rheum atoid  ar-
thrit is  or  other  connect ive  tissue  disorders.  If  a  cause  of  the
hearing loss is know n, then  it  is no longer  “idiopath ic.”

121.4.2  Pathogenesis
Proposed  causative  theories  suggest  vascular  etiology, a  viral
etiology,  or  both.  Because  th is  condition  is  not  lethal,  fresh
autopsy  specim ens  do  not  exist ,  and  the  pathophysiology  of
sudden  idiopathic SNHL, although  logically postulated, rem ains
unproven. There  is no an im al in  w hich  sudden  idiopath ic SNHL
is know n  to occur  naturally. Although  vascular  occlusion  of the
cochlea  in  an  anim al m odel has been  show n  to  produce  SNHL,
th is is not  idiopath ic (i.e., the cause is known). In  the absence of
fresh  histopathologic evidence, speculation  is  the  best  one  can
do. This, of course, is  of litt le  com fort  to  the  patien t, w ho  is  as
mystified  as the  t reating physician  as to w hat  precisely has oc-
curred. Evidence  to  support  a  vascular  theory  of sudden  idio-
pathic SNHL includes the follow ing:
●  Sudden onset, suggestive of infarction
●  Case reports of sudden  deafness occurring in  association w ith

know n system ic vascular disease
●  Histopathlogic dem onstration  of cochlear changes due to vas-

cular occlusion  in  anim al m odels

However, temporal bone  studies  of pat ients  w ith  sudden  idio-
pathic  SNHL w ho  donated  their  temporal  bones  after  natural
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death  have not  dem onstrated labyrinthine ossification , the hall-
m ark  of  labyrin thine  ischem ia.  Evidence  to  support  a  viral
theory includes the follow ing:
●  A temporal relationship betw een active viral upper respira-

tory illness and sudden  idiopathic SNHL has been  show n.
●  Patien ts w ith  sudden  idiopathic SNHL have been  show n to

have antibody t iters to several viruses.
●  Postm ortem  histopathologic specim ens of hum an temporal

bones have show n atrophy of the organ  of Cort i, spiral gan-
glion, and tectorial m em brane; unraveling of myelin; and rel-
ative preservation  of the spiral ganglion  cells. These findings
are consisten t  w ith  viral infect ion . However, no specim en ex-
ists for the acute period of th is illness because it  is not lethal.
Thus, no com m ent can  be m ade about  the causa t ive nature of
these histologic findings.

●  In  anim al laboratory experim ents, inflam m atory cytokines
produced in  response to viral disease m ay in terrupt gap junc-
tion  pathways in  the cochlea, resulting in  suddenly decreased
function  and the death  of hair cells w ithin  the cochlea. Early
treatm ent  w ith  cort icosteroids has been  seen  to reverse th is
process.

121.4.3  Natural History and
Progression
Most  patient  presenting  w ith  sudden  idiopathic  SNHL have
reached  a  nadir  of hearing loss at  the  tim e  of presentat ion. Pa-
tien ts’ hearing m ay infrequently fluctuate  dow nward  for  1  to 3
days before settling to its lowest  poin t. What  the ear should  not
do  is  fluctuate  dow n, recover, then  fluctuate  dow n  again  in  a
repetit ive  cycle, w hich  suggests  cochlear  hydrops. This  is  not
the  typ ical pattern  of hearing loss associated  w ith  sudden  id i-
opath ic SNHL. Pat ien ts  w ho presen t  w ith  m easurable  hearing
have  a  bet ter  chance  of recovery. Pat ien ts  w ho  presen t  w ith
lit t le  if any m easurable  hearing and  either  have  ver t igo or  are
older  than  approxim ately  60  years  have  a  poorer  prognosis
for  recovery.

121.4.4  Potent ial Disease Com plicat ions
The  m ajor  poten t ial com plicat ion  of sudden  id iopath ic  SNHL
is  that  the  d isease  en t it y  is  a  “red  herr ing”—the  presen tat ion
of  a  ret rococh lear  lesion ,  such  as  an  acoust ic  neurom a,
another  ben ign  neoplasm , or  m etastat ic  d isease  to  the  tem -
poral  bone.  Although  sudden  hearing  loss  due  to  ben ign
retrococh lear  d isease  is  rare, it  m ay  occur. Thus, a  thorough
diagnost ic  evaluat ion  of  every  pat ien t  w ith  sudden  id io-
path ic  SNHL should  include  a  ret rococh lear  rad iograph ic
study, preferably  m agnet ic  resonance  (MR)  im aging  w ith  or
w ithout  con trast .

121.5  Disease Grading
There  is  no  accepted  staging  system  for  patien ts  present ing
w ith  sudden  idiopath ic SNHL. Prognostication  of the  response
to  t reatm ent, as  previously  discussed, is  predicated  upon  the
am ount  of m easured  residual hearing at  the  t im e  of the  in it ial
audiogram .

121.6  Medical Evaluat ion
Patien ts  w ith  sudden  idiopathic SNHL are  generally healthy, in
m idlife, w ith  few  if any underlying m edical problem s. If the pa-
tient  is know n to have hypertension, diabetes, or another m edi-
cal problem , such  as glaucom a, coronary artery disease, or  sys-
tem ic vascular  disease, these  should  be  carefully controlled  by
the in ternist  because they w ill have a direct  bearing on  the form
of treatm ent . It  is  important  to  know  if  wom en  in  the  child-
bearing  years  are  pregnant.  Other  than  a  careful  m edical
history  to  elicit  concom itan t  m edical conditions  that  could  be
exacerbated  by the  adm inist ration  of steroids, it  is  usually not
necessary  to  perform  any  blood  testing  that  the  patient’s  pri-
m ary care physician  or  in ternist  would  have on  record. There is
no serum  m arker for sudden  idiopathic SNHL.

121.6.1  Present ing Com plaints
The  ch ief complain t  of  the  pat ient  is  unilateral  acute  hearing
loss. By accepted  definition, it  should  have occurred  over a t im e
period  of no  m ore  than  72  hours. It  should  never  be  bilateral
hearing loss or  sequentially bilateral loss;  it  is  un ilateral. Addi-
tional  features, such  as  aural  fullness, t innitus, dizziness, and
vertigo, m ay accom pany the  chief complaint, w hich  is  hearing
loss.

121.6.2  Clinical Findings, Physical
Exam inat ion
The  patien t  should  have  a  general head  and  neck exam ination
that  concentrates on  the  ear, and  ordinarily there  should  be  no
physical findings  that  would  in  themselves explain  the  hearing
loss.

121.6.3  Test ing
A tuning fork  test  w ith  at  least  one  or  two  forks in  the  speech
frequencies  (e.g., 512 Hz, 1,024 Hz) should  be  done. The  exam -
iner  should  have  a good  idea that  the hearing loss is neurosen-
sory  and  not  conductive  in  nature  before  sending  the  patient
for an  audiogram ,

A standard  minimum  audiogram  consists  of pure  tones  pre-
sented  separa tely by  air  and  bone  for  each  ear, a  test  of word
recognition  presented  separa tely for  each  ear, and  im m ittance
testing  including  testing  of the  m iddle  ear  m uscle  response  if
possible, depending upon  the anatomy. Audiogram s that  do not
provide  th is  m inim al  inform ation  should  be  im m ediately  dis-
carded and the hearing tested by a t rained professional.

Regardless  of the  supposed  diagnosis  and  t reatm ent  plan , if
the hearing is indeed  asym m etrically decreased, a  radiographic
evaluation  of the  retrocochlear  pathways should  be  perform ed,
ideally w ith  well-done MR im aging of the temporal bones, base
of the  skull, and  brain  w ithout  and  w ith  gadolin ium  enhance-
m ent.  Patients  w ho  are  claustrophobic  m ay  be  able  to  w ith-
stand  open  or  “stand-up”  MR im aging.  The  quality  of  these
studies  is  ever  im proving.  Patients  w ho  cannot  undergo  MR
im aging  for  anatom ical reasons  (e.g., im planted  ferrom agnetic
hardware)  m ay  undergo  computed  tom ography  (CT)  of  the
temporal  bones  with  contrast  enhancem ent.  The  utilit y  of
auditory brainstem  reflex (ABR) testing, compared w ith  the cur-
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rent  level  of diagnostic  accuracy  of  MR im aging  and  CT w ith
contrast, is  sim ply too low  for  it  to  be  recom m ended  as  a  rou-
tine  diagnostic  tool. Well-done  MR im aging  w ith  contrast  is  a
defin itive study in  that  its sensitivity for detect ing and  specific-
ity for  excluding retrocochlear  disease  are  in  the  range  of 98 to
99%.

121.6.4  Di erent ial Diagnosis
Once  retrocochlear  pathology  has  been  excluded,  the  m ain
item s in  the di erential diagnosis are Meniere syndrom e, a per-
ilymphatic fistula  of the  oval or  round  w indow s, autoim m une
inner  ear  disease  (w hich  m ay present  in  a  sequent ia l fashion),
otosyphilis, and structural abnorm alities of the otic capsule that
m ight  predispose the pat ient  to hearing loss.

Meniere  Syndrom e.
Endolymphatic hydrops  m ay rarely present  as  sudden  hearing
loss  w ithout  vert igo. The  classic presentation  is  a  collect ion  of
sym ptom s, usually unilateral:  increasing fullness, pressure, and
tinnitus in  the a ected ear, followed by a drop  in  hearing acuity
and  violen t , unprovoked  vertigo  lasting  one  to  several  hours.
The history is so characteristic that  it  usually yields the  correct
diagnosis  by  itself  w ithout  additional  testing.  If  vertigo  is
absent,  one  could  postulate  hydrops,  but  the  characteristic

prodrom e and collection  of sym ptom s are absent  in  sudden  idi-
opathic  SNHL. In  addition,  un like  Meniere  syndrom e, sudden
idiopathic SNHL is not episodic. Many patien ts w ith  sudden  idi-
opathic SNHL are  in  fact  treated  w ith  steroids, a  low -salt  diet ,
and a salt-wasting diuretic early in  the course of the illness. The
lack of a second  episode usually clears up  any doubt  as to w hat
has actually occurred.

Perilym phat ic Fistula
Perilymphatic fistula is alm ost  always diagnosed  after  a sudden
and  violent  change  in  the  resting  barom etric  environm ent  of
the  ear, such  as  a  violent  sneeze, a  rapid  descent  in  an  aircraft
in  w hich  the  ear  pressure  could  not  be  equalized,  or  under-
water  scuba  diving  in  w hich  the  pressure  could  not  be  equal-
ized. The  h istory  is  param ount  to  m aking  a  proper  diagnosis.
The history alm ost  always includes a sudden  loss of hearing ac-
companied  by violent  ver tigo. It  is  ordinarily not  som eth ing to
guess about , but  is readily apparent  from  the history.

Autoim m ne Inner Ear Disease
Autoim m ne  inner  ear  disease  is  usually  bilateral and  presents
as  inexorable,  dow nwardly  fluctuating  neurosensory  hearing
loss. The  hearing  loss  is  usually  sym m etric, although  one  ear
m ay be farther dow n  than  the other. In  rare cases, one ear loses
hearing  first , and  then  after  a  few  m onths  or  even  years, the

Fig. 121.1  Initial audiogram  of 60-year-old  man
with sudden  sensorineural hearing  loss in  the
right  ear.
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other  ear  begins to lose  hearing. The  m ain  features of th is con-
dition  are  the  pattern  of fluctuation  and  the  tim e course over  a
period  exceeding 72  hours. The  onset  is ordinarily not  sudden;
rather, the  inevitable  dow nward  pat tern  of  loss  occurs  over  a
period of weeks and m onths.

Syphilis
Syphilis  is  the  “great  m asquerader,” and  indeed  late  or  latent
syphilis m ay infrequently cause sudden  acute hearing loss. One
feature suggestive of otosyphilis is that  the hearing in  both  ears
m ay fluctuate  in  an  alternating fashion; an  ear  w ill hear  poorly
on  day, better  the  next  day, and  so  on. Up  and  dow n, fluctuat-
ing, bila tera l  hearing  loss  is  not  seen  w ith  sudden  idiopathic
SNHL.  Any  patient  w ith  sudden  idiopathic  SNHL should  be
tested  for h istorical exposure to Treponema  pallidum w ith  a flu-
orescent  treponem al antibody absorption  (FTA-ABS) test , or  its
equivalent.

St ructural Abnorm alit ies of the Ot ic Capsule
Structural  abnorm alit ies  of  the  otic  capsule, especially  patent
vestibular  aqueduct , m ay predispose  a  person  to  sudden  hear-
ing loss. A history of head  traum a or  any head  injury should  be
elicited. This  is  alm ost  never  found  in  an  adult . In  addition , if
profound  hearing  loss  of any  nature  is  noted  in  a  child, edge-

enhanced  CT of the  temporal bone  w ithout  contrast  should  be
perform ed  to look for  a  structural abnorm ality of the  temporal
bone on  both  the a ected side and  the side w ith  better hearing.
The m ost  com m on finding w ill be a paten t  vestibular aqueduct ,
usually w ith  a greatest  w idth  of m ore than  1.8 to 2.0 m m . If th is
is discovered, the  child  m ust  avoid  all sports in  w hich  the head
could be struck.

121.7  Treatm ent
121.7.1  Medical Treatm ent
Steroids
The  m ainstay  of the  treatm ent  for  sudden  idiopathic  SNHL is
steroid  adm inistration , either orally or  via transtym panic injec-
tion, or both . Most  pat ients can  be t reated  by at  least  one m eth-
od. The 1980 landm ark paper of Wilson et al, and those of m any
authors  thereafter,  have  clearly  dem onstrated  the  benefits  of
exogenous  steroid  adm inist ration  in  the  treatm ent  of sudden
idiopath ic  SNHL. Although  there  is  no  “recipe” for  t reatm ent,
m ost  pat ients w ill be  able  to w ithstand  a t reatm ent  protocol of
oral steroid, usually prednisone, taken  as a single dose or in  div-
ided  doses  equaling 1 m g/kg of body weight  per  day. This  w ill
usually equal 60  to  80 m g per  day for  m ost  adult  patients. It  is
im portan t  for  pat ien ts to be  counseled  that  the  treatm ent  pro-

Fig. 121.2  One-year follow-up  audiogram  of the
same  patient  shows some  modest  recovery of
hearing in the  right  ear after treatment  with oral
steroids.
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gram  is  for  a  brief period  only, that  the  potent ial  side  e ects,
although  significant, are  transient , and  that  there  are  no  other
m edications  w hose  e cacy  has  been  proved  to  equal  that  of
steroids. The  exact  anti-inflam m atory  m echanism  of  steroids
rem ains  unknow n.  They  in t im ately  a ect  the  biochem ical
pathways of carbohydrates, inhibit  m ultiple inflam m atory cyto-
kines, and  produce  m ultiple  glucocort icoid  and  m ineralocort i-
coid  e ects. Steroids  stabilize  cell m em branes  and  m ake  them
m ore  structurally in tact  and  less  leaky, thereby act ing as  anti-
inflam m atory agents. Even though their exact m echanism  of ac-
tion  is unknow n, steroids are  know n  to be  of benefit  in  sudden
idiopath ic SNHL, a  form  of nerve  hearing loss in  w hich  hearing
is potent ially restorable (� Fig. 121.1 and � Fig. 121.2).

Oral steroids are give in  a “burst  then  taper” pattern , in w hich
a high  “shoulder” of m edication  is given  for a period  of 10 to 14
days, followed  by a  period  of tapering of approxim ately 5  to  7
days.  As  the  am ount  of  exogenous  steroid  is  decreased,  the
adrenal glands  w ill again  supply endogenous  cort isol. Steroids
have  several  poten t ial  side  e ects, and  the  patien t  should  be
m ade aware of them :

Weight  Gain
A t ran sien t  gain  of  3  to  5  lb  is  com m on  w ith  the  use  of
oral  steroids  because  of  both  the  reten t ion  of  w ater  and

appet ite  st im ulat ion . Ordinarily, the  w eigh t  gain  is  t ransien t ,
an d  com pen satory  w eigh t  loss  w ill  occur  as  the  steroid  is
tapered .

Increased Serum  Glucose
This  is  ordinarily  not  a  problem  for  the  patient  w ho  does  not
have  diabetes. However, pat ients w ho have borderline  diabetes
or are know n to have diabetes that is controlled w ith  either oral
hypoglycem ic  agents  or  insulin  m ay  have  to  alter  their  daily
regim en  w hile  on  exogenous  steroids.  Any  physician  w ho
prescribes oral steroids m ust  inquire about  th is, and  the pat ient
m ust  either know  how  to regulate the serum  glucose by him self
or  herself  or  seek  the  help  of  another  treating  physician.
Patients  w ith  brit t le,  insulin-dependent  diabetes  m ay  not  be
candidates for oral steroids.

Hypertension
Exogenous  steroids  cause  water  retent ion,  and  thus  the  pa-
tient’s  resting blood  pressure  m ay increase. For  the  norm oten-
sive  patient,  steroids  ordinarily  w ill  be  very  well  tolerated.
Patients w ith  labile hypertension  m ust  be m anaged carefully by
an  in ternist  or cardiologist  during the period of oral steroid use.
These  patients  m ay  require  an  increase  in  the  dose  of  their
regular  antihypertensive  agent  or  an  additional m edication  to
regulate the blood pressure.

Fig. 121.3  Setup  for an  intratympanic injection  of dexamethasone. A
1.0-mL tuberculin  syringe  is filled  to approximately 0.5  mL with  a  27-
gauge long needle. The topical anesthetic, 20% phenol, is applied with
a drop  applicator (long, black instrument). The  injection  site  is usually
the near the round window. For multiple injections, one should choose
different  sites to  decrease  the  chance  of causing  a tympanic
membrane  perforation.

Fig. 121.4  Typical injection sites (asterisks) for a  left  eardrum.
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Gastrit is
Oral steroids m ay cause rather pronounced gastrit is and  should
be  taken  w ith  food  or  w ith  an  over-the-counter  or  prescribed
an tacid  or  hydrogen  ion  blocker  such  as  om eprazole, esom e-
prazole, or  dexlansoprazole. These  agen ts  w ill  ord inarily  sig-
n ifican tly  reduce  acid  reflux  w hile  the  pat ien t  is  taking  oral
steroids.

Insomnia
Alm ost  all  adults  report  that  exogenous  steroids  a ect  their
norm al patterns of sleep, usually the transit ion  betw een  a state
of t iredness  and  sleep. Therefore, it  is  pract ical  to  attempt  to
take  the  fu ll daily  dose  by about  2  PM, so  that  blood  levels  of
the  steroid  are  decreasing  w hen  the  pat ient  ordinarily  t ries  to
fall asleep  in  the  evening. The  tendency to  insom nia  ordinarily
decreases as the daily dose is tapered.

Avascular Necrosis
Avascular  necrosis of the  weight-bearing join ts is an  idiopathic
react ion  to any exogenous steroid  in  any form  that  m ay occur in
approxim ately  1  per  200,000  individuals.  This  m ay  lead  to  a
precipitous osteoarthrit is  causing necrosis  of the  art icular  sur-
faces  of the  weight-bearing  join ts, m ost  especially the  fem oral
heads. It  is not  dose-related. Any patient  contem plat ing the use
of oral  steroids  m ust  be  inform ed  of the  risk  for  th is  rare  but
significant  poten tial complication .

Other Condit ions
Patien ts w ho have poorly controlled glaucom a or w ho are preg-
nant  w ill ordinarily not  be  allowed  to take  exogenous steroids.
It  is of great  im portance  that  the  patient’s overall care  be  coor-
dinated  w ith  his  or  her  prim ary  care  physician. In  certain  in-
stances, the  underlying m edical problem (s) preclude the  use  of
oral steroids, and  the  only other  available  m ethod  of t reatm ent
would be in tratym panic adm inistration .

Ant iviral Medicat ion
One  of the  two m ain  putat ive  pathophysiologic m echanism s of
sudden  idiopath ic SNHL is viral infect ion  of the  cochlea. Antivi-
rals  agents such  as acyclovir, valacyclovir, fam ciclovir, and  gan-
ciclovir  m ay  be  used  along  w ith  steroids  in  the  treatm ent  of
sudden  idiopathic SNHL w hen  a  viral etiology  is  strongly  sus-
pected.  However,  their  benefit  at  th is  t im e  is  unproven,  and
they are no longer the m ainstay of treatm ent for th is condition .

Int rat ym panic (or Transt ym panic) Steroids
It  is know n that  exogenous steroid  is of benefit  to pat ients w ith
sudden  idiopathic  SNHL. What  is  unknow n  at  present  is  the
preferred  m eans  of delivering  the  steroid, either  per  os  or  via
the round  or  oval w indow, although  th is is the subject  of active
and  in tense  inquiry. Patients  w ho  cannot  or  w ill not  take  oral
steroids or  w ho have failed a course of oral steroids m ay benefit
from  intratym panic  steroids. The  adm inistration  of steroid  in

Fig. 121.5  Initial audiogram of a 65-year-old man
with sudden idiopathic sensorineural hearing loss
in  the  left  ear. After treatment  with  oral cortico-
steroids, the  patient  showed some improvement
and subsequently was treated with intratympanic
steroid  injections.
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th is fashion  for  th is indicat ion  has been  studied  rigorously and
has  been  show n  to  be  of benefit  for  sudden  idiopath ic  SNHL.
The  choice  of steroid  depends  upon  several factors;  the  phar-
m okinetics  (the  m ineralocort icoids  are  m ore  highly  absorbed
than  the  glucocort icoids),  the  relat ive  d iscom for t  to  the  pa-
t ien t  depending  upon  the  rest ing  pH of the  solvated  steroid ,
and  the  availabilit y  of  the  steroid  all  a ect  the  choice  of
steroid  to be  used.

Most  t reating  physicians  w ill  choose  dexam ethasone  (4  or
10 m g/m L) and  adm inister  about  0.5  m L through  the  topically
anesthetized  (20% phenol  or  tr ichloroacetic  acid)  tym panic
m em brane  (� Fig. 121.3  and  � Fig. 121.4). The pat ien t  is placed
in  the  Trendelenburg  position  for  about  25  to  30 m inutes  and
asked  not  to  swallow  in  order  to  keep  the  steroid  w ithin  the
m iddle  ear  cleft . The  patient  is  the  brought  to  the  supine  posi-
tion  thereafter, the  excess steroid  is suct ioned  from  the  m iddle
ear, and a few otic antibiotic drops are instilled  in to the external
canal of the t reated ear.

Other choices for steroid  inject ion  include hydrocort isone so-
dium  succinate  and  m ethylprednisolone  sodium  succinate.
These  have  been  show n  in  a  rodent  m odel  to  achieve  higher
concentrations in  the inner ear w hen given in t ravenously. How -
ever,  inject ions  of  these  agents  in to  the  m iddle  ear  cleft  are
quite  painful,  m ay  induce  an  acute  inflam m ation  not  unlike

acute otitis m edia, and in  general are less likely to be well toler-
ated. Patien ts m ay experience  transien t  vertigo and  discom fort
after the first  dexam ethasone inject ion in to the m iddle ear cleft ,
but  m ost  tolerate the m edication  very well. The sam e cannot be
said  for  m ethylprednisolone  and  hydrocort isone,  w hich  are
quite noxious to the m iddle ear.

A hearing test  of the t reated ear (pure tone, bone, discrim ina-
tion, no im m ittance) is repeated  1  week after  the second  injec-
tion  (given  3 to 7 days after  the first  inject ion). If the ear  show s
signs  of  im provem en t  in  either  the  speech  recogn it ion
th reshold  (SRT) or  the  word  discrim inat ion  score  (WDS), the
in t ratym panic  inject ions  con t inue  un t il  a  “ceiling  e ect”  of
im provem ent  in  the  SRT or, m ore  likely, the  WDS is  ach ieved .
Further  inject ions  w ill  be  un likely  to  be  of  any  addit ion al
benefit . If, on  the  other  hand, there  is  no  im provem ent  in  ei-
ther  the  SRT or  WDS after  two  inject ions,  no  fur ther  injec-
t ions  are  perform ed  (� Fig.  121.5,  � Fig.  121.6,  � Fig.  121.7,
� Fig. 121.8).

The m ain  risk of in tratym panic inject ion  of steroid  is perfora-
tion  of the tym panic m em brane. The use of a sm all-bore needle
w ith  the  m inim um  am ount  of  topical  anesthetic  w ill  usually
decrease  th is  risk. For  pat ients undergoing repeated  inject ions,
alternating the  inject ion  site  w ill also  decrease  the  risk. Treat-
m ent  during  pregnancy  should  be  discussed  and  coordinated

Fig. 121.6  Audiogram  after oral and  intratym-
panic corticosteroid  treatment.
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w ith  the  patient’s  obstetr ician.  Although  the  am ount  of  in-
jected  steroid  is  sm all,  at  least  som e  of  it  is  likely  to  be  in-
gested  via  the  eustachian  tube  and  gut  and  thus  w ill  be
absorbed  system ically.

121.7.2  Surgical Treatm ent
There  is  no  know n  surgical treatm ent  to  restore  neurosensory
hearing loss  that  is  idiopath ic and  sudden. Any other  ent ity  is
not str ictly sudden  idiopathic SNHL. Middle ear explorat ion  and
the  packing  of suspected  fistu las  of  the  oval  and  round  w in-
dow s are of no value in  sudden  idiopathic SNHL.

121.8  Prognosis and Response to
Treatm ent
The  response  of  a  pat ien t  to  either  oral  or  injected  steroid
depends  upon  several  factors. The  three  m ost  salient  are  the
follow ing:
1. The am ount of m easurable hearing (pure tone and speech

recognition) at  the tim e of the first  audiogram .
2. The pattern  of the first  audiogram . An upward-sloping hear-

ing loss and a “cookie bite” hearing loss w ith  only the m id
frequencies a ected  are  good  prognost icators, w hereas
both  a  severely dow nw ard-sloping pat tern  of loss and  a
“flat  ou t” pat tern  of im m easurable  hearing loss are  poor
prognosticators.

3. The tim e course betw een the occurrence of sudden  hearing
loss and the adm inistration  of steroids. A t im e delay of m ore
than  2 weeks is certainly unfavorable. The sooner steroids
are adm inistered, the m ore likely a beneficial response.

The  num bers  vary  w idely depending upon  the  reported  series
of pat ients, the type of m edical treatm ent given , and the criteria
used  to  define  “beneficial response” versus  “lit t le  response” or
“no response.”

Patients  w ith  sudden  idiopathic  SNHL can  be  divided  basi-
cally in to three groups, as can  patients w ith  m any other disease
processes.

121.8.1  Good Responders
Patien ts w ith  m ild  or  m oderate levels of hearing loss, good  dis-
crim ination  scores, and  the  absence  of vert igo  are  likely  to  be
the  best  responders.  The  pat ien t  w ith  an  upward-sloping  or
“cookie  bite” audiogram  and  m easurable  residual hearing  w ill
show  the  m ost  favorable  response. Many  w ill  recover  nearly
norm al or  norm al hearing, and  routine  audiom etric  follow -up
is perform ed w ithin  6 m onths.

121.8.2  Midlevel Responders
These  pat ients present  w ith  worse levels of hearing and  poorer
initial  discrim ination  scores, and  they  m ay  have  im balance  or
vertigo along w ith  hearing loss. They are likely to recover som e

Fig. 121.7  A 61-year-old  woman with  sudden
sensorineural hearing  loss in  the  left  ear 5  days
before  audiogram, with  a  brief (24-hour) period
of vertigo but  constant  tinnitus. She  was treated
with  dexamethasone  orally followed by four
intratympanic injections.
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of their  hearing, but  it  is  alm ost  never  completely norm al, and
they  m ay  or  m ay  not  becom e  candidates  for  am plification  in
the  a ected  ear.  Follow -up  audiogram s  should  be  obtained
w ithin  6 m onths and the status of the hearing assessed.

121.8.3  Poor Responders
These  patients  present  w ith  flat,  “all  gone” audiogram s  after
therapy, tend to be older (past 60 years of age), and usually have
violen t  vertigo  along  w ith  their  sudden  hearing  loss. In  fact ,
these patients m ay have labyrinthitis. They should  be counseled
that  it  is  h ighly  unlikely  that  they  w ill  regain  any  hearing  re-
gardless of treatm ent  and  that  they should  use  a  sound-shunt-
ing device, such  as a  contralateral routing of signals (CROS) de-
vice  or  a  bone-anchored  hearing aid  (BAHA). Many if not  m ost
of these pat ients have seen  num erous physicians and otologists,
have t ried  both  oral and  injected  steroids, and  are looking for  a
m iracle. With  em pathy, the  physician  m ust  be  a  realist ,  o er
these  pat ients a  careful and  thorough  diagnosis, and  help  them
to accept  the loss of hearing on  the a ected side. One im portant
step along the way is to em phasize that  it  is h ighly unlikely that
the patient  w ill lose hearing in  the opposite (good) ear and that,
were th is to happen, the pat ien t  would never truly becom e deaf
because  he  or  she  would  be  a  candidate  for  cochlear  im planta-
tion.  It  is  im portant  to  reassure  the  patien t  that  the  sudden
loss of hearing on  one  side  does not  in  any way m ean  that  the

second  ear  is  condem ned  to the  sam e fate. This is the  (usually)
unspoken  fear of every patient, and  it  should  be dispelled. With
the  physician’s  kindness  and  em pathy, the  patient  w ith  unre-
coverable, profound  sudden  idiopathic SNHL m ay be  helped  to
accept  the  loss of hearing and  to take  positive  m easures to im -
prove  h is  or  her  overall  ability  to  com m unicate.  Without  a
doubt, these are m ost di cult  patien ts to treat.

121.9  Roundsm anship
●  Sudden idiopathic SNHL occurs in  approxim ately 1 to 2 per

100,000 persons per  year. It  is not  precipitated by any know n
cause.

●  Sudden idiopathic SNHL is alm ost always unilateral. If a pa-
tien t  should su er sudden  hearing loss in  the contralateral
ear, another cause, such  as autoim m une hearing loss, should
be investigated.

●  Steroids are the treatm ent  for sudden  idiopath ic SNHL. They
m ay be given  by m outh  or injected through the tym panic
m em brane. They are the m ainstay of treatm ent for recovery
and should be o ered unless there are m edical contraindica-
tions to their use.

●  There is a “w indow  of opportunity” for the treatm ent of sud-
den  idiopath ic SNHL of about 4 to 6 weeks, after w hich t im e
the likelihood of hearing recovery is greatly dim inished. It  is

Fig. 121.8  Follow-up audiogram  of the patient  in
� Fig. 121.7  after treatment.
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of great  im portance that once th is ent ity is suspected or diag-
nosed, proper t reatm ent be in itiated as soon as possible.

●  There is curren tly no evidence that antiviral m edication  is of
benefit  to patients w ith  Sudden idiopathic SNHL.

●  Every patient  w ith  sudden  idiopath ic SNHL should undergo a
retrocochlear evaluation, optim ally MR im aging of the in ter-
nal auditory canals w ithout and w ith  edge enhancem ent, to
exclude the sm all possibility that an  acoustic neurom a is the
cause of the hearing loss.
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122  Ototoxicit y
Katrina R. Stidham

122.1  Int roduct ion
The term  ototoxicity is used  to describe  dam age to the function
of the  inner  ear, specifically the  cochlea, balance  canals, and/or
auditory–vestibular  nerves, due to an  external exposure or  tox-
in . The  term  is m ost  often  used  to describe  dysfunct ion  caused
by  m edical  drugs,  but  ototoxicity  can  also  be  caused  by  the
abuse  of m edical drugs  or  the  use  of street  drugs. In  addition ,
radiation  dam age to the inner ear  m ay be referred  to as ototox-
icity. Finally, chem ical exposures, as m ay be  experienced  in  the
workplace, can  cause ototoxicity. Any agent  that can  cause tem -
porary or  perm anent  dysfunct ion  of the inner ear  is considered
ototoxic.

122.2  Incidence of Disease
The incidence of ototoxicity depends on  the individual ototoxin
and  dose  adm inistered. Individual  incidence  rates  for  specific
agents are listed below.

122.3  Term inology
122.3.1  Cochleotoxicit y
Cochleotoxicity is  dam age  to  the  hearing organ  (cochlea, coch-
lear  nerve). Sym ptom s include  hearing loss and  t inn itus. Hear-
ing  loss  is  usually  bilateral  and  sym m etric  (unless  there  has
been  a direct  insult  to one ear, as would occur in  directed radia-
tion  therapy). Hearing loss typically begins at  h igh  frequencies
and progresses to low  frequencies.

122.3.2  Vest ibulotoxicit y
Vestibulotoxicity  is  dam age  to  the  balance  organ  (sem icircular
canals, ut ricle, saccule, vestibular  nerves). Sym ptom s  can  vary
from  m ild  im balance to m ore severe  dizziness and  ver tigo w ith
nausea  and  vom it ing. Individuals  w ith  severe  vestibulotoxicity
m ay su er from  ataxia, head tilt , and oscillopsia.

122.4  Applied Anatom y
The  cochlea  is  a  tonotopic, snail-shaped  organ. High-frequency
sensitivity  is  located  in  the  basal  (outer)  turn  of the  cochlea,
and  low -frequency  sensitivity  is  situated  in  the  apical  (inner)
turn . The  nerve  endings, know n  as  hair  cells, consist  of three
row s of outer hair cells and  one row  of inner hair cells. The out-
er  hair  cells act  as an  am plifier  of the  acoustic signal, w hile  the
inner hair cells convert  the acoust ic signal to an  elect rochem ical
signal. This  signal  is  passed  on  to  the  spiral ganglion  cells  lo-
cated in  the central portion  of the cochlea and  ultim ately trans-
m itted  to the brain .

The vestibular organ  consists of the sem icircular (balance) ca-
nals, utr icle, and saccule. The vestibular epithelium  is composed
of two types of sensory hair  cells, referred  to as type I and  type
II  cells.  Increased  and  decreased  discharges  of  the  hair  cells

from  each  inner  ear  send  signals  to  the  brain  regarding spatial
orientation , acceleration, and angular rotation.

122.5  The Disease Process
122.5.1  Et iology
More  than  130  drugs  have  been  identified  as  potentially  oto-
toxic.  However,  m any  cases  of  drug-induced  ototoxicity  have
been  anecdotally  reported, often  in  pat ients  w ithout  pretreat-
m ent  audiogram s. Som e agents w ith  know n ototoxicity, such  as
n itrogen  m ustard  and  dihydrostreptomycin , are no longer clin i-
cally available. In  addition  to ototoxic drugs, there  are  m ultiple
chem ical exposures  and  radiation  therapies  w ith  docum ented
ototoxicity.  The  follow ing  are  currently  available  agents  w ith
definite or probable ototoxic potent ial.

Chem otherapy Agents
Plat inum  Analogues: Cisplat in, Carboplat in
Both  of these  chem otherapeutic  agents  are  know n  to  be  oto-
toxic, w ith  a  significant  cochleotoxic e ect. Cisplatin  has a  h igh
incidence of docum ented ototoxicity, w ith  an  incidence of coch-
leotoxicity  of  up  to  100% docum ented  w hen  ultra-high-fre-
quency  audiom etric  th resholds  are  included.  Carboplatin ,
although  less  toxic  than  cisplatin , is  st ill  a  risk, particularly  in
h igher doses. Both agents are radiosensit izers and have a syner-
gistic  ototoxic  e ect  w ith  radiation  therapy. Plat ins  can  cause
early hearing loss but  also can  have progressive  ototoxic e ects
for several m onths after the completion  of treatm ent .

Ant ibiot ics
Aminoglycosides: Gentamicin, Streptomycin,
Tobramycin, Amikacin, Neomycin, Kanamycin
Am inoglycosides  have  been  estim ated  to  cause  ototoxicity  in
anyw here from  2 to 45% of adults and 0 to 2% of infan ts. Am ika-
cin , kanamycin, and  neomycin  are  m ore  cochleotoxic, w hereas
gentam icin  and streptomycin  tend  to cause m ore vestibulotoxic
dam age. Tobramycin, although  less toxic overall, has both  coch-
leotoxic and  vestibulotoxic e ects. Long-term  use w ith  a h igher
cum ulative  dose  increases  the  risk  for  ototoxicity, as  can  high
peak  and  t rough  levels  of individual doses. Concurrent  use  of
diuretics can  also increase the risk for  ototoxicity. In  addition, a
subset  of pat ien ts  has  been  identified  w ith  a  genet ic suscept i-
bility to am inoglycoside  ototoxicity, due  to a  m utation  in  m ito-
chondrial ribosom al RNA. These individuals are h ighly suscept i-
ble  to  am inoglycoside  ototoxicity, w ith  even  one  dose  leading
to severe hearing loss.

Am inoglycosides have historically been  used  in  topical m edi-
cations for the ear, including in  Cortisporin  Ot ic (neomycin) and
tobramycin  ophthalm ic solutions. Neither  of these  drugs is  ac-
tually  FDA-approved  for  use  in  ears  w ith  perforated  tym panic
m em branes  or  tym panotomy  tubes.  Although  no  convincing
hum an  data  exist  to  prove  that  these  drugs  definitely  cause
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ototoxicity  w hen  adm inistered  topically, care  should  be  taken
w hen  these m edications are prescribed, and if at  all possible, an
alternative ototopical agent  should be used.

In  recent  years, a  specific therapeutic benefit  of am inoglyco-
side  ototoxicity has  been  used  to  advantage  in  otology. Genta-
m icin  is frequently used in  the m anagem ent of Meniere disease.
The  antibiotic  is  injected  in to  the  m iddle  ear  and  allowed  to
perfuse the inner ear to create a controlled vestibulotoxic e ect.
This  therapy has  been  m ore  than  90% successful in  controlling
sym ptom s of Meniere disease in  patien ts w ho fail to respond to
conservative m edical m anagem ent.

Vancomycin
Vancomycin  has  been  associated  w ith  several  reports  of  in-
creased tinn itus and anecdotal reports of decreased hearing. No
definitive data exist on  the true ototoxic e ects of th is antibiotic
w hen  it  is  adm inistered  alone. There  is, however, evidence  of
increased  risk  for  ototoxicity  w hen  it  is  adm inistered  concur-
ren tly w ith  am inoglycosides.

Macrolides: Erythromycin, Clarithromycin,
Azithromycin
Reports  of m acrolide  ototoxicity  are  relatively  infrequent. The
e ects are  often  reversible, although  there  have been  a  few  re-
ported  cases  of irreversible  hearing loss. No  system atic review
of these  an tibiotics  in  regard  to  ototoxic  e ects  has  yet  been
completed.

Loop Diuret ics: Furosemide, Bumetanide,
Ethacrynic Acid
It  is estim ated  that  approxim ately 7% of patients taking loop  di-
uretics m ay experience ototoxic sym ptom s in  the form  of t inn i-
tus  or  hearing loss. The  sym ptom s are  usually self-lim ited  and
reversible  in  adults  w ith  no  other  com orbidities.  Irreversible
hearing loss has been  reported in  neonates and in  patients w ith
renal  failure. Loop  diuretics  have  also  been  show n  to  have  a
synergistic e ect  w ith  other  ototoxic m edications, part icularly
am inoglycosides,  leading  to  an  increased  risk  for  irreversible
hearing loss.

Quinine Derivat ives: Quinine,
Hydroxychloroquine, Mefloquine
Quinine  derivatives have been  docum ented  to cause both  coch-
leotoxic and  vestibulotoxic sym ptom s, w ith  hearing loss, tinni-
tus, vert igo, and  nausea. Hearing loss  is  usually reversible, but
perm anent hearing loss has been  reported.

Aspirin and Nonsteroidal Ant i-inflam m atory
Drugs
Tinnitus is a com m only recognized side e ect of aspirin . The in-
cidence  of ototoxicity w ith  aspirin  is  estim ated  to  be  1% and  is
probably higher in  elderly pat ien ts and  those w ith  dehydration.
Sym ptom s of t inn itus  and  a  m ild  to  m oderate  flat  hearing loss
occur and  are  usually reversible  w ithin  24 to 72 hours after  the
m edication  has  been  discontinued.  Nonsteroidal  anti-inflam -

m atory drugs have a m uch lower rate of ototoxicity, but cases of
irreversible loss have been  docum ented.

Narcot ics: Hydrocodone/Acetam inophen,
Codeine/Acetam inophen, Propoxyphene
Each  of  these  narcotics  has  been  associated  w ith  ototoxicity,
specifically w ith  cochleotoxicity and  hearing loss. Hearing loss
has been  docum ented  prim arily in  patien ts w ith  long-term  and
abusive  use  of these  m edications. E ects  can  be  severe, w ith
som e patients progressing to profound  hearing loss, necessitat-
ing cochlear im plantation.

Radiat ion
Any patient  w ho  receives  w hole-brain  irradiation  or  radiation
involving the  temporal bone  is  at  risk  for  radiation  ototoxicity.
The  groups m ost  com m only a ected  include  pat ien ts w ith  pri-
m ary  or  m etastatic  brain  cancer  and  pat ien ts  w ith  head  and
neck  cancer. The  e ects  of radiation  are  dose-dependent, and
there  is  also  a  docum ented  synergistic  e ect  of radiation  and
platins. Hearing  loss  can  be  acute  or  delayed. Pat ients  are  at
long-term  risk  for  the  progression  of hearing loss, w hich  often
becom es noticeable years after the completion  of therapy.

Occupat ional Chem icals
Multiple  chem ical  agents  to  w hich  an  individual  m ay  be  ex-
posed  in  an  industr ial environm ent  can  also lead  to ototoxicity.
Som e docum ented ototoxins include the follow ing: toluene, xy-
lene,  styrene,  carbon  disulfide,  ethyl  benzene,  tr ichloroethy-
lene, carbon  m onoxide, benzene, ethyl benzene, n-butanol, n-
hexane, and  solvent  m ixtures. In  addition, chem ical  ototoxins
have  been  proved  to  have  a  potentiating  or  synergistic  e ect
w ith  exposure  to  noise  in  worsening  ototoxic  dam age. Thus,
several professions that  involve exposure to both  chem ical oto-
toxins  and  noise,  including  painting,  prin t ing,  boat  building,
construction ,  furniture  m aking,  the  m anufacture  of  m etal,
leather, and  petroleum , fueling vehicles, firefight ing, and weap-
ons firing, m ay be associated  w ith  a heightened  risk for hearing
loss or  vestibular dam age.

122.5.2  Pathogenesis
The  pathogenesis  of ototoxicity  is  not  en tirely  understood  and
probably varies from  agent  to  agent. In  perm anent  cochleotox-
icity, there  appears  to  be  dam age  to the  str ia  vascularis, w hich
leads to secondary dam age to the hair  cells. The outer  hair  cells
are  m ore com m only a ected  first , proceeding from  basal to ap-
ical turn . The inner hair cells are a ected secondarily, again pro-
ceeding  from  basal  to  apical  turn .  Thus,  ototoxicity  typically
causes  high-frequency  hearing  loss  first . Dam age  to  the  spiral
ganglion  cells can  be  secondary to, or  in  som e cases independ-
ent  of, hair  cell dam age. Vestibular  ototoxicity typically causes
select ive  dam age  to  type  I hair  cells, although  type  II cells  can
also be a ected.

With  m any of the  agents causing perm anent  ototoxic e ects,
an  increase  in  the  form ation  of oxygen  free  radicals and  deple-
tion  of  the  antioxidant  enzym e  system  lead  to  perm anent
cell  death .  Platin  agents  accum ulate  in  the  cochlea  and  are
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in tegrated  in to  the  DNA, leading to  an  overload  of oxygen  free
radicals  w hile  the  product ion  of  im portant  an tioxidant  en-
zym es is dow nregulated, including superoxide  dism utase, cata-
lase,  and  glutathione  peroxidase.  Am inoglycosides  have  been
found  to  bond  w ith  iron  to  form  iron–am inoglycoside  com -
plexes. The  complexes disrupt  m itochondrial protein  synthesis
and  lead  to  the  form ation  of free  oxygen  radicals, w hich  cause
cell  death . The  iron–am inoglycoside  complexes  can  persist  in
the  inner  ear  for  up  to  6  m onths  after  adm inist ration , causing
ototoxic e ects long after  the m edication  has been  stopped.

In  contrast, loop diuretics, w hich usually have temporary oto-
toxic e ects, create  a  change in  the  ion ic gradien t  betw een  the
fluid  spaces (perilym phat ic space  and  endolym phat ic space) in
the inner  ear. This change can  cause swelling of im portant  sup-
porting cells  in  the  str ia  vascularis, w hich  is  usually  reversible
once the m edication  is cleared from  the cochlea.

Other  clin ical  and  external  factors  m ay  increase  the  likeli-
hood  that  an  agent  w ill  cause  ototoxicity  in  an  individual pa-
tient . Som e of the factors that  m ay increase the  risk for  ototox-
icity are listed in  the Box Risk Factors for Ototoxicity (p.977).

Risk Factors  for  Ototoxicit y
●  Renal disease/dysfunction
●  Extremes of age: children younger than 5 years of age and

the elderly
●  Prior or concurrent  cranial irradiation plus ototoxic medication
●  Simultaneous administration of two ototoxic medications
●  Genetic predisposition
●  Poor hydration
●  Prolonged medical therapy
●  Noise exposure
●  Preexisting hearing loss
●  Immunocompromise

122.5.3  Natural History and
Progression
The  natural h istory  and  progression  of ototoxicity  are  ent irely
dependent  on  the  ototoxic  agent  to  w hich  the  patient  is  ex-
posed. Platin  agents  m ay cause  hearing loss  acutely  as  well as
several m onths after  treatm ent  has been  completed. Am inogly-
cosides  can  also  stay in  the  inner  ear  for  up  to  6  m onths  after
treatm ent  and  cause  hearing  loss  or  balance  dysfunct ion  long
after  the completion  of t reatm ent. The e ects of radiation  ther-
apy can  be  progressive  for  decades  after  the  in itial t reatm ent.
Finally,  although  m any  ototoxic  m edications  have  perm anent
e ects, the e ects of a few, including loop  diuretics and  aspirin ,
m ay be reversible w ith  cessat ion  of the m edication.

122.6  Medical Evaluat ion
Patien ts  w ith  potential ototoxicity should  always  be  m edically
evaluated to rule out other causes of their sym ptom s. Often, pa-
tients  receiving  ototoxic  therapies  are  very  ill  and  at  risk  for
other  problem s that  can  a ect  hearing or  balance  funct ion. All

patients should  have  a  careful exam inat ion  of the  ear  to evalu-
ate  for  possible  cerum en  im pact ion , m iddle  ear  e usion, and
acute  otit is  m edia. Pat ien ts  w ith  asym m etric hearing  loss  and
vestibular  sym ptom s  should  have  im aging,  usually  m agnet ic
resonance  im aging of the  brain  w ith  contrast, to  rule  out  other
pathology that  m ay be causing sym ptom s.

122.6.1  Present ing Com plaints
The presenting complaints of a patient  w ith  ototoxicity depend
on  the  associated  ototoxic  e ects  of  the  specific  ototoxin  ad-
m inistered. Pat ients w ith  cochleotoxic e ects w ill have tinnitus
and  hearing  loss.  The  hearing  loss  can  vary  in  severity  from
m ild,  h igh-frequency  loss  to  profound  hearing  loss  across  all
frequencies. Hearing  loss  is  usually  sym m etric  except  in  cases
of direct  radiation  therapy to  one  ear. Patien ts  w ith  vestibulo-
toxicity  m ay  have  m ild  dizziness, disequilibrium , and  nausea,
and those w ith  m ore severe dysfunct ion  m ay experience severe
vertigo and vom it ing. Those w ith  total or  nearly total vestibulo-
toxic e ects can  experience severe ataxia and oscillopsia.

122.6.2  Clinical Findings, Physical
Exam inat ion
The ear  exam ination  for  patients w ith  both  cochleotoxicity and
vestibulotoxicity is usually norm al. Subject ive hearing loss m ay
be  appreciated  on  in terview  of the  pat ien t . Patien ts w ith  ves-
t ibu lotoxicit y  m ay have  abnorm alit ies  on  com plet ion  of their
neurotologic  exam inat ion . These  can  include  nystagm us, in -
abilit y to perform  Rom berg and  tandem  Rom berg m aneuvers,
and  unsteady  gait  or  ataxia.  Oscillopsia  m ay  be  noted  w ith
am bulat ion .

Other  bedside  tests  that  can  be  perform ed  include  the  dy-
nam ic visual acuity test  and  the  horizontal head  thrust  test . In
the dynam ic visual acuity test, the patien t  is asked  to look at  an
eye  chart . The  exam iner  then  rotates  the  patient’s  head  back
and  forth  and  asks  the  pat ient  to  read  the  sm allest  line  again .
Som eone  w ith  an  in tact  vestibulo-ocular  reflex should  be  able
to  focus on  the  sam e line, w hereas the  patient  w ith  oscillopsia
w ill be  able  to  read  only a  m uch  larger  prin t. In  the  horizontal
head  thrust  test , the  exam iner  turns the  patien t’s head  quickly
to  one  side  and  then  the  other  and  then  asks the  pat ien t  to  fix
the eyes on  a specified point straight ahead. The exam iner looks
for catch-up saccades, w hich  can  be a sign  of vestibular dam age.

Bedside evaluations can  be helpful in  determ ining if a pat ient
m ay have  possible  ototoxic e ects, particularly  w hen  the  con-
sideration  is  to urgently stop  a  potent ially ototoxic m edication.
However, for  a  complete  and  accurate  evaluation, pat ien ts  re-
quire form al testing.

122.6.3  Test ing
The prim ary problem  in  evaluating ototoxicity is that dam age is
often  done  before  m easurable  changes  can  be  appreciated  on
standard  testing and  before subject ive sym ptom s appear. In  ad-
dition, patients m ay not  be able to fully recognize or com m uni-
cate  the  sym ptom s of ototoxicity. This is par ticularly a  concern
in  very young patien ts and those w ho are very ill.

122.6  Medical Evaluat ion
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Cochleotoxicit y Test ing
The  follow ing  tests  are  recom m ended  for  pat ients  at  risk  for
cochleotoxicity:
●  High-frequency audiography: This tests frequencies up to

20,000 Hz to detect  hearing loss before it  reaches the lower
frequencies of speech and language range.

●  Distort ion product otoacoustic em issions (DPOAEs): These
m easure outer hair cell funct ion  and have been  show n to
change before changes are docum ented on  the audiogram .

●  Auditory brainstem  response (ABR) and auditory steady state
response (ASSR): Both of these are object ive param eters of
electrical signals from  the brain . They can  be used to test  or
screen  pat ients at  risk w ho cannot complete standard audio-
m etric testing.

Vest ibulotoxicit y Test ing
●  Videonystagm ography (VNG): This assesses the in tegrity of

the peripheral vestibular system  through stim ulation of the
horizontal sem icircular canals. The system  is stim ulated at a
relatively low  frequency of 0.002 to 0.004 Hz, lower than  that
typically experienced by the vestibulo-ocular reflex (VOR).

●  Rotational chair testing: This stim ulates the VOR at a m ore
physiologic rate  of 0.01  to 1.28 Hz. It  can  also  provide  in for-
m ation  about  possible  dysfunct ion  of the  inner  ear  balance
canals.

●  Com puterized dynam ic posturography (CDP): This is a test  of
postural stability and assesses quantitatively how  m uch bal-
ance dysfunct ion  a vestibulotoxic insult  m ay have caused.

122.7  Monitoring for Ototoxicit y
Patients  receiving  ototoxic  agents  should  be  m onitored
throughout  the  course  of their  treatm ent  for  signs of ototoxic-
ity. Pract ically, it  is  m uch  easier  to  m onitor  for  cochleotoxicity
than  for  vestibulotoxicity  because  the  testing  is  easier  for  the
patient  to  undergo  and  can  be  completed  in  an  inpatient  set-
t ing. There  are  several sources for  suggested  guidelines, but  no
uniform ly endorsed  screening protocols, and  m ost  centers  for-
m ulate a version  of their ow n guidelines. Unfortunately, outside
research  and  university hospitals, m onitoring for  ototoxicity  is
often  not  consistently completed. In  addition , at  least  three  dif-
ferent  guidelines are  used for defining ototoxicity, including the
Am erican  Speech-Language-Hearing  Association  (ASHA)  crite-
ria, the  Brock hearing loss criteria, and  the  Com m on  Term inol-
ogy  Criteria  for  Adverse  Events  (CTCAE). The  latter  two  break
dow n  hearing loss  in to  grade  levels. Unfortunately, these  have
been  recognized  in  recent  years  as  insu cien tly  sensitive  to
assess early ototoxicity accurately. To define the presence or ab-
sence of ototoxicity, the  ASHA criteria should  be used. All three
of  these  ototoxic  grading  system s  are  outlined  in  the  Box
Ototoxicity Grading System s (p.978).

The follow ing are  suggested  guidelines for  ototoxicity m on-
itoring.

122.7.1  Baseline Evaluat ion
A baseline  evaluation  should  be  completed  for  all patien ts  be-
fore, or  as close  as possible  to, the first  ototoxic treatm ent . This

should  include  (1)  otoscopy/tym panom etry;  (2)  pure-tone  air
conduction/bone  conduct ion  audiom etry, including ultra-h igh-
frequency  audiom etry;  (3)  DPOAE testing;  and  (4)  ABR/ASSR
testing, as indicated.

Ototoxicit y Grading  System s

Am erican Speech-Language-Hearing Associat ion
criteria for hearing loss
●  Pure-tone threshold change of≥ 20 dB at one frequency
●  Pure-tone threshold change of≥ 10 dB at  two adjacent fre-

quencies
●  Loss of responses at  three consecutive test  frequencies at

which responses were previously obtained when otoacoustic
emissions or auditory brainstem response was used

Brock hearing loss grades
●  Grade 0: hearing thresholds <40 dB HL at all frequencies
●  Grade 1: hearing thresholds ≥ 40 dB HL at 8,000 Hz
●  Grade 2: hearing thresholds ≥ 40 dB HL at 4,000 to 8,000 Hz
●  Grade 3: hearing thresholds ≥ 40 dB HL at 2,000 to 8,000 Hz
●  Grade 4: hearing thresholds ≥ 40 dB HL at 1,000 to 8,000 Hz

Com m on Term inology Criteria for Adverse  Events
(CTCAE) hearing loss grades
●  Grade 1: threshold shift  of 15 to 25 dB relative to baseline,

averaged at  two or more contiguous frequencies in at  least
one ear

●  Grade 2: threshold shift  of 25 to 90 dB, averaged at  two con-
tiguous frequencies in at  least one ear

●  Grade 3: hearing loss su cient  to indicate therapeutic inter-
vention, including a hearing aid (e.g., > 20 dB bilateral HL in
speech frequencies, > 30 dB unilateral HL, and requiring addi-
tional speech– language services)

●  Grade 4: indication for cochlear implant and requiring addi-
tional speech–language services

122.7.2  Monitoring during Treatm ent
Monitoring should  continue  during treatm ent , w ith  the  above
protocol  repeated  at  each  level  of m onitoring. The  frequency
of m onitoring  m ay depend  on  the  individual agent  given  and
the  frequency  of  treatm ent  but  in  general  should  be  as  fol-
low s:  (1)  For  patien ts  undergoing  cisplatin /carboplat in  treat-
m ent ,  m onitoring  should  be  completed  just  before  the  next
dose. (2)  For  patients  receiving am inoglycosides  or  other  oto-
toxic  an tibiotics,  test ing  should  be  completed  once  or  tw ice
per  week throughout  treatm ent . (3) For  patien ts receiving cra-
n ial  radiation ,  testing  should  be  completed  before  and  after
treatm ent .

Throughout  the course of treatm ent , patients should  be clin i-
cally m onitored  for  any signs or  sym ptom s of ototoxicity. Test-
ing should  be  repeated  urgently if any sym ptom s of ototoxicity
arise. Pat ients  w ho present  w ith  possible  vestibulotoxic sym p-
tom s  should  undergo  urgent  vestibular  testing  w hen  feasible.
The  treating  physician  should  be  not ified  im m ediately  of
any ototoxic sym ptom s and  object ive findings. At  that  t im e, the
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follow ing  should  be  considered  w hen  clin ically  an  option:  (1)
reduct ion  of  dose;  (2)  change  in  dosing  adm inistration;  (3)
change to a less toxic or non-ototoxic treatm ent option  (th is op-
tion  should be in itiated im m ediately if vestibulotoxic sym ptom s
from  am inoglycoside treatm ent  are noted).

122.7.3  Monitoring after Treatm ent
For  all  pat ients  undergoing  ototoxic  therapies,  m onitoring
should  be  completed  for  at  least  1  year  follow ing treatm ent  at
the  recom m ended  in tervals  of 4  weeks, 3  m onths, 6  m onths,
and  1 year. Pat ients w ith  a docum ented  shift  in  hearing w ill re-
quire  evaluations at  least  yearly on  a  long-term  basis  to  follow
hearing loss. In  addition, patien ts undergoing cranial irradiation
should  have  testing every 6  m onths for  the  first  few  years and
then  yearly  follow -up  thereafter, even  if no  hearing loss  is  de-
tected in  the first  few  years.

122.8  Treatm ent
As previously noted, the in itial and  urgent  in tervent ion  for oto-
toxicity  is  im m ediate  suspension  of the  ototoxic agent  if at  all
possible.  Subsequent  t reatm ent  is  directed  at  the  dam age
caused by ototoxicity.

For  patients  w ith  cochleotoxicity, the  long-term  e ects  m ay
include hearing loss and  tinnitus. When  hearing loss a ects the
speech  and  language  spectrum , pat ients  should  be  fit ted  w ith
appropriate  am plification, usually in  the  form  of a  hearing aid.
For  the  rare  patient  w ith  severe–profound  hearing loss, cochle-
ar  implantation  is  very  successful.  Tinnitus  can  be  m anaged
w ith  am plificat ion, biofeedback, background  noise, and, w hen
needed, anxiolytics and antidepressants.

Patients  w ith  vestibulotoxicity  should  be  in itiated  in to  a
vestibular  rehabilitation  therapy  program  as  soon  as  possible.
Vestibular  rehabilitation  therapy can  benefit  m any patients  by
im proving their  overall balance  funct ion  and  providing coping
strategies  for  m anaging their  loss  of balance. Unfortunately, in
patien ts  w ith  severely dam aged  vestibular  funct ion, long-term
balance problem s persist  and m ay lead to perm anent disability.

Research  is ongoing to evaluate  possible  otoprotect ive  m eas-
ures that  can  be  taken  for  pat ients  receiving ototoxins w ithout

comprom ising  the  e cacy  of  the  treatm ent  for  its  in tended
purpose. Much  of th is research  is focusing on  the role of antiox-
idants  in  preventing  ototoxicity.  Prom ising  data  have  been
obtained  from  both  anim al  and  hum an  studies, but  curren tly
otoprotective  treatm ents  are  used  only  in  research  protocols
and are not clin ically available.

122.9  Roundsm anship
●  Ototoxic agents can  cause perm anent dam age to hearing and

balance funct ion  both  during and follow ing the completion of
treatm ent , w ith  progressive e ects often  lasting for several
m onths to years after  the completion  of therapy.

●  Patients receiving an  ototoxic t reatm ent should  be screened
before t reatm ent, then  m onitored closely throughout the
course of therapy and after the completion  of t reatm ent.

●  When possible, cessation  or adjustm ent of the ototoxic m edi-
cation  should be considered to lim it dam age to the inner ear.

●  In tervent ion w ith  am plification  and balance therapy is neces-
sary to rehabilitate pat ients w ith  ototoxic e ects.
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123  Auditory Neuropathy
Helen R. Salus

123.1  Int roduct ion
The  diagnost ic term  auditory neuropa thy is  used  to  describe  a
condition  a ecting  a  variety  of  individuals  (m ain ly  children)
w ho  m eet  the  follow ing  criteria:  (1)  Their  understanding  of
speech  (speech  recognition  ability) is  dispropor tionately poor-
er  than  w hat  would  be  predicted  from  the  pure-tone  thresh-
olds  on  the  behavioral  audiogram ;  (2)  delays  in  speech  and
language  developm ent  in  children  often  occur  in  association
w ith  auditory  neuropathy;  (3)  otoacoustic  em issions  (OAEs)
are  present, at  least  in  the  in it ial  stages  of the  condition ;  (4)
auditory  brainstem  responses  (ABRs)  are  often  abnorm al  and
m ay be  absent.

123.2  Term inology
From  the point of view  of neurology, the term  neuropa thy refers
to  pathology  that  is  confined  to  the  peripheral  nerve  fibers
w ithout  involving the  neuronal cell bodies. However, the  term
auditory neuropathy (AN) was proposed  by Rapin  and  Gravel to
be used w hen the pathologic changes encompass the spiral gan-
glion  cells, or  their  axons, or  cranial nerve  (CN) VIII as a w hole.
Thus, AN is  neither  a  sensory  nor  a  central  auditory  disorder.
Nonetheless, because  of diagnostic lim itations, the  precise  site
of  the  lesion  cannot  be  established  in  m any  pat ients  w ho
present  w ith  auditory  neuropathy-like  sym ptom s,  causing
som e  controversy  regarding  the  appropriate  use  of  the  term
auditory neuropathy.

Cases exist  in  w hich  dam age in itially m ay be confined to sites
peripheral to CN VIII (e.g., the inner hair  cells [IHCs]), w ith  later
progression  of disease from  transsynaptic degenerat ion  then  af-
fect ing  the  spiral  ganglia  cells  and  their  axons;  these  later
pathologic  changes  m eet  the  definition  of  neuropa thy.  The
degeneration  m ay further  advance  rost rally through  the  brain-
stem  cochlear nuclei and central auditory pathway into the cor-
tex. Neuropathies  are  categorized  as  demyelinating, axonal, or
m ixed. Demyelination  impairs  the  conduction  of signals  in  af-
fected nerves. Axonal neuropathy (axonopathy) is characterized
by  axonal  loss, w ith  dropout  of  the  fastest-conduct ing  fibers.
Typically, m uscle  abnorm ality is greater  w ith  axonal peripheral
neuropath ies  than  w ith  demyelinating neuropathies. However,
the  boundary  betw een  demyelinating  neuropathy  and  axonal
neuropathy is not  always clear  because histologic evidence sug-
gests focal secondary demyelination  and  remyelination  in  som e
cases.

The  term  a uditor y  dyssynchrony  is  used  m ore  liberally
than  th e  term  auditory  neuropa thy.  Auditory  dyssynch rony
en com passes  a  broader  spect rum  of  pathologies  than  audi-
tory  neuropathy;  it  includes  condit ions,  such  as  IHC loss,
that  rep resen t  sen sory  rather  th an  n eural  pathology.  The
m ore  recen t ly em ployed  term  auditory neuropa thy spect rum
disorder  (ANSD)  is  preferred  to  the  term  a uditor y  dyssyn-
chrony  by  som e  clin icians  and  researchers.  Related  term s
include  auditor y  neura l  synchrony  disorder  and  a uditory
syna ptopa thy.

123.3  Incidence
AN/ANSD is  a  relatively  rare  condition  w ith  onset  at  any  age
from  birth  to the seventh  decade of life. In  the m ajority of cases,
the reported onset  is before the age of 10 years. No estim ates of
gender  prevalence  have  been  reported. Approxim ately  25% of
persons w ith  AN/ANSD have no know n associated developm en-
tal  or  m edical  risks.  The  m ajority  of  patients  w ho  have  AN,
how ever,  p resen t  w ith  risk  factors  such  as  prem aturit y,  hy-
perbilirubinem ia, genet ic hearing disorders, or  sensory m otor
neuropath ies.

Estim ates of the  incidence  of AN/ANSD vary from  1  to about
10% in  schools  for  the  deaf. Estim ates  of the  incidence  range
from  0.5  to  15% in  persons  w ith  sensorineural hearing loss. In
one  hospital  study,  AN  (based  on  perm anent  hearing  loss,
present  cochlear  m icrophonic  [CM],  abnorm al  or  absent  ABR
waveform s, and present  t ransient  evoked OAEs [TEOAEs] or dis-
tort ion  product  OAEs  [DPOAEs])  was  noted  in  5% of 428  chil-
dren  in  w hom  hearing loss was diagnosed. In  another  study, of
5,199 children  at  risk for hearing loss (based on  neonatal factors
or  fam ily history) w ho  received  hearing screening, 0.23% were
identified w ith  AN based on  absent  ABR waveform s and present
CM. In  another  study, of 17  patients w ith  AN, the  authors esti-
m ated  a  h igh  prevalence  of AN in  China, although  they did  not
state any specific prevalence.

123.4  Disease Characterist ics
Persons w ith  AN/ANSD exhibit  specific diagnostic and  behavio-
ral characteristics consistent  w ith  absent  neural function  in  the
presence  of norm al cochlear  or  outer  hair  cell (OHC) funct ion.
They m ay have norm al hearing sensitivity or  hearing loss rang-
ing from  m ild  to  profound  in  m agnitude. Nonetheless, persons
w ith  AN/ANSD, even  those w ith  norm al hearing sensitivity, ex-
hibit  speech  recognit ion  scores that  are disproportionately poor
relative  to the  m agnitude  of the  hearing im pairm ent. The  di -
culty in  the  identification/recognition  of speech  is further  exa-
cerbated in  the presence of noise.

The diagnostic hallm arks of AN/ANSD are present  (at  least  in-
itially)  OAEs  and  present  CM (an  elect rical response  occurring
just  before the  ABR), together  w ith  an  abnorm al or  absent  ABR.
Thus, norm al OHC funct ion  (at  least  in it ially) and  faulty or  dys-
synchronous neural responses are the characteristics of the dis-
order. The  findings  on  neuroim aging  evaluations  typically  are
norm al. Although  AN/ANSD can  a ect  persons of all ages, from
infancy through  adulthood, in  the m ajority of cases, AN/ANSD is
diagnosed in  early childhood.

The  condition  was  first  reported  in  the  1970s  as  the  seem -
ingly  paradoxical  finding  of a  discrepancy  between  an  absent
ABR and recordable hearing thresholds (albeit  w ith  som e eleva-
tion  in  thresholds). In itially, the  disorder  had  been  inappropri-
ately term ed a centra l auditory dysfunct ion. Later, it  was labeled
an  auditory neura l synchrony disorder. The term  auditory neuro-
pa thy  was  in troduced  by  Starr  et  al. The  disorder  (AN/ANSD)
also can  be associated w ith  vestibular pathology.
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123.5  Et iology and
Pathophysiology
Much rem ains to be understood  regarding the pathophysiology
and  etiology of AN/ANSD. These  disorders  are  associated  w ith
several possible  sites of lesion. In  som e cases, the  disorder  m ay
involve  isolated  IHC dysfunction  or  a  synaptic dysfunct ion  be-
tween  CN VIII and  the  hair  cells;  w ith  the  latter  site  of lesion,
the  disorder  category would  fall under  the broader  um brella  of
ANSD rather  than  AN. Dam age  to  the  nerve  itself can  result  in
AN/ANSD. A com binat ion  of these problem s m ay occur  in  som e
cases. Although  the  OHCs generally are  m ore  prone  to  dam age
than the IHCs, the OHCs often  seem  to funct ion  norm ally in  per-
sons w ith  AN/ANSD. Loss of OAEs and  progressive  hearing loss
are  m ore  likely to be  a  result  of axonal loss in  the  e erent  sys-
tem —axonopathy or  m ixed  neuropathy—than  a  result  solely of
a demyelinating neuropathy.

Although  AN/ANSD often  is  d iagnosed  in  persons  w ith  un-
rem arkable  m edical h istories, certain  m edical condit ions  can
be  associated  w ith  the  disorder.  There  are  repor ts  of  AN/
ANSD diagnosed  in  pat ien ts  w ith  hyperbilirubinem ia, hypo-
xia,  m um ps,  Guillain -Barré  syndrom e,  Friedreich  ataxia,
hereditary  sensory  and  m otor  neuropathy  (HSMN), Charcot-
Marie-Tooth  d isease, Refsum  disease, Mohr-Tranebjaerg  syn-
drom e, or  olivopontocerebellar  degenerat ion , and  in  patien ts
w ith  HIV/AIDS.

In  the  m ajorit y of patien ts  w ith  AN/ANSD, the  condit ion  is
bilateral rather  than  un ilateral. For  exam ple, Berlin  et  al iden-
t ified  bilateral  AN/ANSD  in  241  (93%)  of  260  pediatric  and
adult  pat ien ts. Of the  19  un ilateral cases, 13  a ected  the  left
ear  and  6  a ected  the  left  ear;  10  pat ien ts  w ere  m ale  and  9
w ere fem ale.

In  one  study, a  review  of the  h istories  of 153  pediatric  pa-
tients  (from  bir th  to  18  years  of age)  w ith  a  diagnosis  of AN/
ANSD revealed  unrem arkable  h istory  and  pregnancy  only  in
38%. Multiple  risk  factors  were  identified  in  m any  of the  pa-
tients:  h istory  of prem ature  bir th  (48%), h istory  of bilirubine-
m ia  (48%), h istory of exchange  transfusion  (20%), anoxia  (17%),
h istory  of ototoxicit y  (29%), and  h istory  of ar t ificial  ven t ila-
t ion  (23%). The find ings of a  review  of the  h istor ies of 197  pa-
t ien ts  across  all  ages  in  the  sam e  study  revealed  that  32
(16%)  of  the  pat ien ts  had  fam ily  m em bers  w ith  ANSD, sug-
gest ing a  genetic m utation(s)  as  the  underlying cause. A m u-
tat ion  in  the  gene for  otoferlin  (a  protein  that  m ay have  a  role
in  neurotransm itter  release  at  the  hair  cell  synapse)  w as
docum ented  in  som e  of  these  par t icipan ts;  6  of  the  32  pa-
t ien ts  had  m itochondrial  d isease, 3 had  a  d iagnosis  of HSMN
(possibly  encom passing  Charcot-Marie-Tooth  disease),  3 had
optic  nerve  atrophy, 13 had  cerebral  palsy,  and  3 had  a  h is-
tory of kern icterus.

Many pat ien ts in  w hom  AN/ANSD is identified  in  infancy and
early  childhood  present  w ith  a  h istory  of serious  neonatal ill-
ness and  have  a  greatly increased  risk for  neurodevelopm ental
delays. Am ong the sym ptoms reported  by the parents of young
patien ts  w ith  AN/ANSD are  apraxia, ataxia, cerebral palsy, hy-
potonicity,  seizures,  feeding  problem s,  gross  and  fine  m otor
skills delays, nystagm us, strabism us, sensory in tegration  issues,
tact ile defensiveness, and autist ic tendencies.

123.5.1  Inner Hair Cell/Prim ary A erent
Dam age
Possible  etiologies  of IHC/prim ary  a eren t  dam age  have  been
hypothesized  to  be  ototoxicity  from  carboplatin  or  deferox-
am ine  (Desferal;  Novartis, East  Hanover, NJ)  t reatm ent, exces-
sive  release  of glutam ate  from  the  IHCs as  a  result  of acoust ic
traum a  or  presbycusis, chronic  cochlear  hypoxia  secondary  to
in  utero hypoxia, perinatal anoxia, vascular  accident  and  hem a-
tologic hem oglobin  disorder, and  genetic m utations (otoferlin).
Select ive  IHC loss  was  docum ented  in  the  cochleas  of prem a-
ture  infants  studied  in  neonatal in tensive  care  unit  autopsies.
The  findings  of  norm al  OAEs  in  conjunct ion  w ith  a  corner
audiogram  (show ing behavioral responses only for in tense low -
frequency  sounds)  and  negative  m agnetic  resonance  (MR)
im aging  findings  w ith  regard  to  CN VIII status  are  consistent
w ith  IHC hypofunct ion  w ith  an terograde  loss  of a erents  and
other synaptic connections.

123.5.2  Interrupt ion in the A erent -to-
E erent  Loop
Interruption  in  the a erent-to-e eren t  loop is supported by the
findings  of  absent  contralateral  e erent  OAE suppression  in
persons  w ith  AN/ANSD. The  a eren t  part  of the  loop  refers  to
the  myelinated  a erent  fibers  (type  I)  from  the  IHCs  to  the
cochlear  nuclei w ith  fiber  t ransm ission  to  the  superior  olivary
complex, w hereas the e erent  part  of the loop  refers to the oli-
vocochlear  bundle,  w hich  has  contralateral  m edial  synaptic
connections to the cochlear OHCs.

123.5.3  Cranial Nerve Neuropathy
The m ost  typical example  of CN. VIII involvem ent  representing
AN  sensu  str icto  would  be  HSMNs, including  Charcot-Marie-
Tooth  disease, Friedreich  ataxia, Refsum  disease, and  Mohr-Tra-
nebjaerg  syndrom e  (X-linked  recessive  disorder  of  m itochon-
drial m etabolism ).

123.6  Newborn Hearing Screening
and Di erent ial Diagnosis
123.6.1  Newborn Hearing Screening
Universal new born  hearing screening program s are now  im ple-
m ented in  the m ajority of states in  United States. The lim itation
of  newborn  hearing  screening  program s  with  regard  to  AN/
ANSD lies  in  the  fact  that  m any  of them  em ploy  OAE but  not
ABR screening procedures. The  Joint  Com m ittee  on  Infant  Hear-
ing 2007  position  statement  includes  auditory  neuropathy/dys-
synchrony  in  infants  adm itted  to  the  neonatal  intensive  care
unit  w ithin  the  definition  of disorders targeted  for  identification
via newborn  hearing screening programs. Additionally, the  2007
position  statement,  in  order  to  identify  auditory  neuropathy/
dyssynchrony, m andates ABR testing for babies w ho spend more
than  5  days  in  the  neonatal intensive  care  unit. Nevertheless, a
significant  proportion  of  patients  w ith  AN/ANSD  with  onset
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before  2  years of age  have  no  known  risks. Thus, the  chances of
the condition  going undetected  in  early infancy rem ain  high.

123.6.2  Di erent ial Diagnosis
The  diagnostic  protocol  for  AN/ANSD involves  a  m ultidiscipli-
nary approach  w ith  an  em phasis on  audiologic and  m edical as-
sessm ent. The  audiologic  bat tery  to  rule  out  AN/ANSD should
include audiom etric testing, suprathreshold  speech  recognition
assessm ent,  acoustic  im m ittance  testing  (tym panom etry  and
acoustic  reflex  testing), and  OAE and  ABR testing. In  addition ,
m asking level di erence (MLD), elect rocochleography (ECochG)
for  m easurem ent  of the compound  act ion  potent ial and  CM, ef-
ferent  suppression  of OAEs  (olivocochlear  reflex)  testing, and
vestibular  testing m ay be  perform ed. Although  vestibular  path-
ology  m ay exist  in  conjunct ion  w ith  AN/ANSD, confirm ed  pe-
ripheral  vestibular  nerve  and/or  vestibular  nerve  end-organ
pathology in  the  absence of AN/ANSD signs cannot  be  accepted
as indication  of AN/ANSD.

The appropriateness of specific tests m ust  be considered w ith
reference to the m aturation  of the auditory m echanism  and  the
behavioral test  abilit ies of the  specific patien t. A categorization
of the  auditory  pathway  sites  of  lesion  and  expected  electro-
physiologic  test  responses  (recordable  versus  nonrecordable)
are presented in � Table 123.1.

The  OAE and  ABR findings  cannot  di erentiate  betw een  se-
lect ive  dam age  to  IHCs and  CN VIII dam age. If a  CN VIII site  of
lesion  cannot  be  confirm ed, then  ANSD should  be  used  as  a

diagnostic term ; the diagnosis of AN is acceptable  if the  pat ient
is diagnosed w ith  other peripheral neuropathies.

123.7  Audiom etry and Speech
Recognit ion Test ing
Pure-tone  air  and  bone  conduction  testing  of  individuals  w ith
AN/ANSD produces  diverse  audiometric  configurations. The  re-
sults  may  vary  from  norm al  hearing  sensitivity  to  hearing  im-
pairment  ranging  from  mild  to  profound.  Some  patients  m ay
present  w ith  rising or  unusual audiometric configurations. Most
cases of AN/ANSD are bilateral, although asymm etric hearing loss
was reported  by Berlin  et  al in  about  23% (24 of 103) of patients
with  bilateral  AN/ANSD. In  another  study, of  16  children  with
AN/ANSD,  m ild  to  m oderate  hearing  loss  was  observed  in  5,
moderate  to severe hearing loss in  2, severe to profound  hearing
loss in  7, and  fluctuating hearing loss in  2. The majority of these
children  (63%)  presented  with  multiple  associated  risk  factors:
hyperbilirubinemia  (24%), prematurity  (19%.), genetic syndrom e
(10%), low  birth  weight  (5%), and  hydrocephalus (5%). The  mean
pure-tone  average  (based  on  1,000, 2,000, and  4,000 Hz)  for  a
group of 66 ears with  AN/ANSD was 57 dB HL in  another study.

The  type  of hearing im pairm ent  associated  w ith  AN/ANSD is
sensorineural,  or  it  is  m ixed  if  a  problem  (unrelated  to  AN/
ANSD)  a ect ing  the  outer  and/or  m iddle  ear  is  superim posed
on  the  sensorineural  hearing  im pairm ent.  Otit is  m edia  and
other  m iddle ear  conditions m ay easily obscure the  presence of

Table 123.1  Auditory pathway sites of lesion and physiologic test responses

Site  of lesion  Pathology  Test

OAEs  CM  Compound
AP

Acoust ic  Tact ile  Vest ibular  OAE  ABR
waves

ABR
waves

MLD  Cort ical

OHCs  Cochlear/sensory loss  –  +  +  +  +  +  –  +  +  +  +

OHCs and
IHCs

Cochlear/sensory loss  –  –  –  –  +  +  –  –  –  –  –

IHCsb

(OHCs OK)a
Cochlear/sensory loss  +  +  –  –  +  +  –  –  –  –  –

SGCsb

(HCs OK)a
Neuronopathy/ganglion-
opathy

+  +  –  –  +  +  –  –  –  –  –

CN VIII axons  CN VIII axonal neuropathy  +  +  –  –  +  +  –  –  –  –  –

CN VIII myelin
(Schwann
cells)

CN VIII demyelinating
neuropathy

+  +  +  –  +  –  –  –  –  –  –

CN VIII axons
and  myelin

Mixed  CN VIII neuropathy  +  +  +  –  +  –  –  –  –  –  –

Brainstem  Brainstem  +  +  +  –  –  –  –  +  –  –  –

Thalamus/cor-
tex

Thalamocortical  +  +  +  +  +  +  +  +  +  –  –

Source: Adapted  from  Rapin I, Gravel J.  “Auditory neuropathy”: physiologic and  pathologic evidence  calls for more  diagnostic specificity. Int  J Pediatr
Otorhinolaryngol 2003;67(7):707–728.
Abbreviations: ABR, auditory brainstem  response; acoustic MEMR, ipsilateral and  contralateral acoustic reflex tests; AP, action  potential; CM, cochlear
microphonic; CN, cranial nerve; HCs, hair cells; IHCs, inner hair cells; MEMR, middle  ear muscle  reflex; MLD, masking level difference; OAEs, otoacoustic
emissions; OHCs, outer hair cells; SGCs, spiral ganglion cells; + , recordable  response; –,  nonrecordable  response.
Note: Table  applies only to cases of severe  pathology.
aThere  were  no  reported  cases of pathology limited  to the  synapses between the  IHC axons and  the  dendrites of the  SGCs.
bThere  were  no reported  cases selectively limited  to the  pathology of IHCs or SGCs.
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AN, part icularly  in  infants  and  young  children, w ho  are  m ore
prone to otit is m edia than  adults.

Discrepancies  between  m easured  behavioral th resholds  and
ABR results are reported in  the literature.

A high  proportion  of individuals w ith  AN/ANSD present  w ith
poor agreem ent betw een  the pure-tone average suprathreshold
speech  recognition  score  for  speech  m aterials  presented  in  a
quiet  background  and  the  score for  speech  m aterials presented
in  background  noise, w hich  increases the  di culty of recogniz-
ing and identifying speech .

123.7.1  Acoust ic Im m it tance
Because  AN/ANSD is a  neural pathology, the tym panom etry re-
sults should  be unrem arkable. The high  incidence of m iddle ear
pathologies unrelated  to AN/ANSD (e.g., otitis m edia) can  m ake
the diagnosis of AN/ANSD problem atic.

The  ipsilateral  and  contralateral  acoustic  reflexes  were
reported  to  be  absent  in  persons  w ith  AN/ANSD w hen  a  low -
frequency probe tone (typically 226 Hz) was used. However, in -
asm uch  as  a  m ultitude  of studies  have  show n  absent  acoust ic
reflexes  in  neonates  and  infants  w hen  low -frequency  probe
tones  are  used, future  research  needs  to  exam ine  the  acoust ic
reflex responses w hen  m iddle- and  high-frequency probe tones
are  used. Tact ile  m iddle  ear  m uscle  responses  were  show n  to
be present in  pat ients w ith  AN/ANSD.

123.7.2  Otoacoust ic Em issions
Patients  w ith  AN/ANSD usually  exhibit  robust  OHC act ivity  on
TEOAE tests  and  DPOAE tests. TEOAEs  are  present  in  ears  w ith
m ild  cochlear  loss of up  to  about  30 dB HL, and  DPOAEs can  be
present  in  ears  w ith  up  to  m oderate  hearing im pairm ent. OAEs
m ay be  absent  or  dim inish  over  t im e because  of a  deterioration
in  hearing  sensitivity  or  as  a  result  of  a  m iddle  ear  problem .
However, no  correlation  exists  between  hair  cell  function  and
the  m agnitude of hearing loss, as the latter  in  AN/ANSD appears
to be  related  to the  degree of neural disease or disruption  in  the
transm ission  of neural potentials in  response to acoustic stim uli.
Starr  et  al reported  absent  TEOAEs in  30% of 63  ears of patients
w ith  AN/ANSD; TEOAEs were absent  bilaterally in  25% and were
absent  unilaterally in  5%. Of the  11 patients w ith  AN/ANSD w ho
had  absent  TEOAEs, 9 had  previously had  present  TEOAEs.

In  patients  w ith  absent  OAEs  due  to  m iddle  ear  pathology,
the response  of the cochlear hair  cells can  be  assessed  from  the
CM recorded  by using surface  electrodes w ith  ABR instrum en-
tation, part icularly w ith  insert  earphones. In  patients w ith  AN/
ANSD, as  in  individuals  w ithout  hearing  problem s, the  wave-
form  is inverted, w ith  changes in  stim ulus polarity (rarefaction
phase  vs  condensation  phase). The  results  of som e  studies  re-
veal decreases in  OAEs over t im e despite the absence of changes
in  the  CM. Both  OAEs and  CMs are  dom inated  by OHC act ivity.
However, the tests m ay be di erentially sensitive to various de-
grees of the OHC dam age, or reflect  di erent  hair cell funct ions.

E erent  Suppression  of Otoacoust ic Emissions
In  the  phenom enon  of e erent  suppression  of OAEs  (olivoco-
chlear  reflex),  am plitude  reduction  or  phase  change  results
from  the  inclusion  of an  additional stim ulus. E eren t  suppres-

sion  is  observed  in  healthy ears  but  is  absent  in  patients  w ith
AN/ANSD. Berlin  et  al reported  that  the  phenom enon  of e er-
ent  suppression  of  TEOAEs  w hen  cont inuous  contralateral
broadband  noise  is  used  represents  a  sm all  reduct ion  of 2  to
3 dB over a 20-m illisecond study in terval but  a larger  reduct ion
of 6  to 8 dB in  norm al individuals under  m icrostructural analy-
sis  after  stim ulus  cessation.  The  phenom enon  was  ent irely
absent  in  patients  w ith  probable  AN/ANSD, as  evidenced  by
hearing sensitivity close  to norm al lim its and  absent  ABRs, and
in  pat ients w ith  Charcot-Marie-Tooth  disease, w ho had  norm al
OAEs, substantial  hearing  im pairm ent  as  evidenced  by  audio-
m etric thresholds, absent acoust ic reflexes, and absent  ABRs.

123.7.3  Auditory Brainstem  Response
and Cochlear Microphonic
In  an  evaluation  of patients  suspected  to  have  AN/ANSD, Teagle
et  al  performed  ABR testing  by  presenting  high-intensity  click
stim uli  via  insert  earphones, with  separate  recordings  for  con-
densation  and  rarefaction  phase  stimuli. The  use  of single-polar-
ity stimulation  facilitates identification  of the CM. The CM can  be
di erentiated  from  the  neural response  of the  ABR because  the
CM  waveform  reverses  with  change  in  stim ulus  polarity  from
condensation  to  rarefaction  phase  (and  vice  versa), whereas  the
CM  latency  remains  essentially  unchanged  despite  increases  or
decreases in  stim ulus intensity. For  each  single-polarity stim ula-
tion, recordings  should  be  obtained  at  two  stim ulus  intensities
that di er by 10 dB to determine whether latency changes are oc-
curring with  changes in  stimulus level. To rule  out  stimulus arti-
fact  during recordings with  single-polarity stimulation, the sound
tubing of the  insert  phone  can  be  disconnected  or  clamped  and
the  recording repeated;  disappearance  of the  waveform  compo-
nent  assumed  to  be  the  CM establishes the  component  as  being
biological in  nature rather than  a recording artifact.

Some  investigators  have  reported  larger-amplitude  and  lon-
ger-duration  CMs in  some patients w ith  AN/ANSD. For  example,
Starr  et  al  observed  significantly  larger  CM  amplitudes  in  pa-
tients  w ith  AN than  in  normal individuals, and  longer-duration
CM responses  (e.g., the  phase-inverted  CM responses peaked  at
about  0.4  millisecond  in  a  norm al subject  and  in  a  patient  w ith
AN but  persisted  to 3 milliseconds in  the latter  patient  but  to 0.7
m illisecond  in  the  form er  subject. The  CM am plitude  exceeded
the  age-adjusted  lim its, reflect ing 2  standard  errors of estim ates
for  the control group in  40% of the patients w ith  AN/ANSD.

Absent  or  abnorm al  ABR waveform s  are  typical  in  patients
w ith  AN/ANSD. Starr  et  al observed  a present  click-elicited  ABR
in  21% of a  group  of 33  pat ients  (66  ears)  w ith  AN/ANSD;  the
ABRs were characterized by a low -amplitude wave V and an  ab-
sent  wave  I.  The  absolute  wave  V latency  was  prolonged  in
62.5% of the  16  recordings. No significant  di erences were  ob-
served  betw een  CM am plitude  or  pure-tone  average  (based  on
1,000,  2,000  and  4,000 Hz)  in  patients  w ith  AN/ANSD  and
present  ABRs versus CM am plitude or  pure-tone average  in  pa-
tients w ith  AN/ANSD and absent ABRs.

123.7.4  Sum m at ing Potent ial Recorded
on Elect rocochleography
The sum m ating potential (SP) m easured  during ECochG (extra-
tym panic  recordings)  w ith  click  stim uli  was  preserved  in  a
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study of three adult  patien ts w ith  AN/ANSD. Findings on  the SP
were  inconclusive  in  a  study of 57  ears  w ith  AN/ANSD;  the  SP
was absent  50% of the  ears  w ith  AN and  in  50% of the  27  nor-
m al, control ears.

123.7.5  Masking Level Di erence
The  MLD is  defined  as  the  improvem ent  in  m asked  threshold
betw een  dichot ic  and  diotic  (or  m onotic)  signal  presentation .
MLD is absent  in  patien ts w ith  AN/ANSD. For example, the lack
of any improvem ent  in  m onaural m asked  thresholds  (m onotic
condition) for  low -frequency tones  after  the  addition  of corre-
lated  contralateral noise (dichotic condition), as observed  in  six
patients  by  Starr  et  al, was  consisten t  w ith  AN/ANSD. Absent
MLD in  AN/ANSD di erentiates  the  pathology  from  a  cochlear
or  conduct ive  hearing loss, in  w hich  the  MLD is present , albeit
reduced  in  m agnitude  w hen  compared  w ith  that  in  norm al
subjects. The  di eren tial diagnosis value  of MLD m ay, however,
be  obscured  in  patien ts  w ith  severe  or  asym m etric  pure-tone
configurations.

123.7.6  Vest ibular Tests
The  presence  of a  disorder  of the  vestibular  branch  of CN VIII
and its end organs in  pat ients w ith  AN/ANSD was dem onstrated
in  three  patien ts  w ith  sym ptom s of vestibular  disorder  w hose
vestibular  evaluations produced  abnorm al caloric and  dam ped
rotat ion  m easurem ents.  Saccades,  sm ooth  pursuit  eye  m ove-
m ents, and optokinetic nystagm us were norm al.

A comprehensive  m edical assessm ent  should  include  a  thor-
ough  h istory, physical exam ination, and  laboratory testing. MR
im aging  is  recom m ended  as  part  of a  pediatric  evaluation  to
visualize  labyrinthine  and  in ternal auditory canal m orphology,
CN VIII in tegrity, and  brain  structure. In  cases of stenosis of the
internal  auditory  canals,  temporal  bone  pathology,  inner  ear
m alform ation, or  cochlear  lum inal obstruct ion, h igh-resolution
computed tom ography m ay be recom m ended, as well.

123.8  Managem ent
The  m anagem ent  of  a  patien t,  especially  a  pediatric  pat ien t,
w ith  variable  audiom etric  results  and  an  uncertain  audiologic
prognosis, com bined  w ith  a  h istory  of m ajor  neonatal  illness
and a high  risk for neurologic developm ental problem s, m ay re-
quire the involvem ent  of m ultiple  specialties. The team  m ay in-
clude  therapeutic and  educational specialists  (e.g., speech–lan-
guage  pathologist ,  educational  audiologist ,  physical  therapist ,
educational therapist).

System atic m onitoring of the auditory status is of the  utm ost
im portance in  infan ts and young children , especially those w ith
findings suggestive  of AN/ANSD and  no  other  neuropathologic
m anifestations. The  perceptual  consequences  of the  condition
m ay  jeopardize  speech  and  language  acquisit ion  in  a ected
children.

The  case  m anagem ent  of  patien ts  w ith  AN/ANSD often  in-
cludes a tr ial of conventional types of am plificat ion  and  the use
of assistive listening devices, part icularly to determ ine  cochlear
im plant  candidacy. One  recent  study found  that  of 85  patients
w ith  AN/ANSD, 61% received no benefit  from  hearing aid am pli-
fication , 25% received benefit  restricted to hearing environm en-

tal sounds, 11% received  benefit  su  cient  to facilitate language
acquisition, and  3% received  good  benefit.  Of  the  49  patients
w ith  AN/ANSD (47  of  w hom  were  younger  than  12  years  of
age) w ho received a cochlear im plant, outcom es were judged  to
be  successful in  86%, reflect ive  of slow  progress in  2%, and  un-
certain  in  4%; outcom es could not  be assessed (implantation  too
recent) in  8%. Of the  260  pat ien ts  w ith  AN/ANSD, 13  (5%) had
m ild  form s  of pathology  that  did  not  necessitate  in tervention
w ith  hearing aids or cochlear im plants, although all of these pa-
tients  reported  di culty  com m unicating  in  noisy  situat ions.
Many  of these  children  require  enrollm ent  in  com m unication
rehabilitation program s.

Research  studies  report  improvem ents  after  im plantation  in
neural responses that  were  absent  or  abnorm al preoperatively.
A longitudinal  investigation  of 39  children  w ith  AN/ANSD (78
ears)  and  cochlear  im plants  (60  im planted  cochleas)  revealed
that  the  children  w ith  im plants  w ho  had  abnorm al  elect rical
ABRs  achieved  substan tially  poorer  speech  recognition  scores
than  the  children  w ith  implants  w ho  had  norm al  elect rical
ABRs at 1 and 2 years after implantation .

123.9  Roundsm anship
●  In  patients w ith  AN, the understanding of speech  (speech  rec-

ognition  ability) is disproport ionately poorer than  w hat
would be predicted from  the pure-tone thresholds on  behav-
ioral audiogram .

●  Delays in  speech  and language developm ent in  children  often
are seen  in  association w ith  AN.

●  OAEs are present, at  least  in  early AN/ANSD (OHC funct ion  is
usually in tact  or m inim ally im paired).
○  OAEs frequently are m ore robust  than would be predicted

from  the behavioral audiogram .
○  Poor OAEs in  AN/ANSD are suggestive of e eren t  involve-

m ent (axonal neuropathy).
○  E eren t suppression  of OAEs is absent.

●  Hearing sensitivity is norm al or sensorineural hearing loss is
present, ranging from  m ild  to profound. It  m ay be bilateral
(asym m etric or sym m etric) or unilateral.

●  A severely abnorm al (beginning at  wave I) or absent  ABR and
evidence of a large CM suggest that the disorder arises from  a
cochlear and/or CN VIII pathology (rather than  a m ore central
process).
○  The ABR deteriorates w ith  increasing degrees of IHC and

prim ary cochlear a erent  neuronal degeneration  (consis-
tent  w ith  progressive demyelination).

●  The m edical h istory is unrem arkable, or the condition  is co-
m orbid w ith  anoxia, hypoxia, hyperbilirubinem ia, a genetic
disorder (HSMN, Charcot-Marie-Tooth  syndrom e, m itochon-
drial enzym atic deficit , Friedreich ataxia, olivopontocerebellar
degeneration), an  im m une disorder (e.g., Guillain-Barré syn-
drom e), an  infect ion  (e.g., m um ps), or another condition.

●  The identification  of new borns at  risk for AN/ANSD requires
OAE and ABR screening.

●  Th e  app roach  to  m an agem en t  sh ou ld  be  m u lt id iscip lin ar y
(otorh in olaryn gology, aud iology, ped iat r ics, n eurology,
speech –language  path ology, physical th erapy, educat ion al
th erapy, an d  oth er  specialt ies, depen d in g on  th e
com orbid ity).
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○  Managem ent should  involve hearing aids and assistive lis-
tening devices, cochlear im plants (som e lim ited research
findings suggest that a norm al preoperative or periopera-
tive elect rical ABR is a predictor of im provem ent after im -
plantation), and speech–language therapy.
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124  Tinnitus
Christopher J. Linstrom

124.1  Int roduct ion
Tinnitus,  w hich  is  an  unpleasant  sound  com ing  from  one  or
both  ears or from  the head, is an  annoying problem  for both  the
patient  and  the treating physician. It  is usually accom panied  by
neurosensory hearing loss, but  not  always, and  is  rarely found
in individuals w ith  completely norm al hearing in  both  ears. Tin-
nitus  is  usually  bothersom e  w hen  the  sound  environm ent  is
otherw ise  quiet  (e.g.,  in  the  early  m orning  and  late  evening
hours). If t innitus  in terferes  w ith  sleep, sleep  deprivation  m ay
be  sign ifican t. There  is  no  m edical or  surgical  “cure” for  t inni-
tus. Many m edicines have been  tr ied; none are  universally suc-
cessful. There is no uniform  antidote for t innitus.

A proper  evaluation  for  t inn itus  includes  a  carefully  taken
history  to  exclude  likely  t reatable  causes  of hearing  loss  (e.g.,
otosclerosis), an  otologic exam inat ion , a  well-done  audiogram ,
and  additional  diagnost ic  tests  as  indicated  by  the  complaint
and  the  audiogram . Unilateral  hearing  loss  or  t innitus  should
be  investigated  in  an  age-appropriate  fashion, such  as w ith  en-
hanced  m agnetic  resonance  (MR)  im aging  w ith  gadolinium
contrast.

The  t reatm ent  for  t inn itus  consists  of positive  and  negative
m easures, as w ill be described below.

124.2  Incidence of Disease
Many individuals w ho have been  exposed  to an  extrem ely loud
noise  of a  sudden  nature  (e.g., a  gun  blast, an  explosion  near
the  ear, a  t rain  or  fire  engine  horn  close  by)  or  to  excessively
loud  noise for  a prolonged  period  (in  a n ightclub, at  a  rock con-
cert) w ill experience at  least  a transient  change in  their  th resh-
old  of hearing  and/or  a  temporary  noise  em anating  from  the
ear  or  head. This  m ay lead  to  t innitus, w hich  is  usually short-
lived. As  the  temporary  threshold  shift  improves, so  generally
does the t inn itus. Although  m ost  patients w ith  t innitus have no
antecedent  h istory, the  m ost  com mon  history  is  one  of expo-
sure  to  noise, especially  in  industry, m ilitary  service, etc. The
rare patient  w ill have a know n  cause of t inn itus (e.g., otosclero-
sis) or  m ay have had  an tecedent  otologic disease t reated  m edi-
cally or surgically that can  be identified  as the cause of t innitus.
Medical  in tervent ion  (e.g., the  use  of an  ototoxic  am inoglyco-
side such  as streptomycin, am ikacin , or  gentam icin) m ay be the
cause of t inn itus.

124.3  Term inology
Tinnitus  m ay  be  classified  as  cont inuous  or  pulsatile,  erratic,
and  h igh-, m edium -, or  low -pitched. Other  than  w hether  the
tinnitus is pulsatile (a vascular cause until proved otherw ise) or
nonpulsatile, the words used  to describe the t innitus (“No, doc-
tor, I have  chirping, not  ringing”)  are  irrelevant. What  is  rele-
vant  is  that  the  sound  is  com ing from  within  the  ear  or  head,
not from  without.

124.4  Applied Anatom y
Most  ears w ith  t innitus  are  norm al in  appearance  and  have  no
abnorm al  features. Very  rarely, a  wax  impact ion  or  even  hair
touching the  tym panic m em brane  m ay cause  tinnitus. Patients
w ith  otosclerosis at  any stage  m ay have  tinnitus. Although  ret-
rocochlear im aging is often  perform ed for unilateral or pulsatile
tinnitus, the  in itial  screen  often  im ages  soft  t issue  (m agnet ic
resonance  [MR]  im aging), not  bone, because  it  is  m ore  likely
that  a  soft-t issue  abnorm ality  w ill  be  found  than  a  defect  in
bone.

124.5  The Disease  Process
124.5.1  Et iology
The  putat ive  causes  of  t inn itus  depend  upon  the  anatom ical
part  of the  ear  that  is  capable  of causing t innitus. The  cause  of
tinnitus m ay also  predict  its treatm ent  and  outcom e. If the  pa-
tient  has  t innitus  accom panied  by a  pathologic process  in  the
external auditory canal (e.g., wax im paction , acute  otit is  exter-
na) or in  the m iddle ear cleft  (e.g., serous otit is m edia, acute oti-
t is  m edia,  t raum atic  perforation  of  the  tym panic  m em brane,
glom us  tym panicum ), or  a  potent ially  reversible  condition  of
the inner ear (e.g., otosclerosis, sudden  idiopathic sensorineural
hearing  loss, Meniere  syndrom e), t reatm ent  of the  underlying
cause  m ay  relieve  the  t inn it us. All  of these  rarely  cause  on ly
t in n itus. The  vast  m ajorit y  of pat ien ts  w ho  com plain  of head
and/or  ear  noise  have  neurosensory or  m ixed  hearing loss  in
varying degrees. Th is is by far  the  m ost  com m on  cause  of t in -
n itus, and  any  invest igat ion  should  begin  w ith  an  evaluation
for  th is problem .

124.5.2  Pathogenesis
Depending  upon  w hether  the  o ending  cause  is  reversible  or
nonreversible, and  on  w hether  exposure  to the  cause  (loud  in-
dustr ial noise  or  m usic) continues, t innitus m ay be  unchanged,
m ade  worse, or  in  m ost  cases  tolerated  by  the  brain . Indeed,
once  the  patient  has  been  assured  that  nothing  serious  has
been  discovered, such  as a skull base tum or, the  anxiety caused
by the  complain t  is  often  m arkedly dim inished  to  the  poin t  at
w hich  the  patien t  can  “live w ith  it .” This is true  of the vast  m a-
jority of patien ts. The rare patien t, often  one m ultitasking m any
very stressful life  events  (e.g., a  sick child  or  parent , a  di cult
work  situation, impending  possible  negative  outcom es, future
surgery), m ay  be  at  an  em otional  crossroad  in  trying  to  deal
w ith  the  problem  and  m ay require  the  assistance  of a  psycho-
therapist  or another professional w ho can  aid  in  stress m anage-
m ent.  For  the  average  pat ient,  a  thorough  investigation  and
reassurance w ith  the  use  of com m on  techniques such  as m ask-
ing  (sound  substitut ion)  w ill go  a  long  way  toward  m anaging
the nuisance of t inn itus.
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124.5.3  Natural History and  Progression
The  bother  of t innitus  usually  rem ains  unchanged  or  m ay ac-
tually decrease  as  t im e  passes. Rarely does  it  worsen , and  if it
does, th is  is  often  the  result  of  progression  of an  underlying
cause (e.g., a neoplasm ) or continued noise exposure.

124.5.4  Potent ial Disease Com plicat ions
Tinnitus  per  se  cannot  cause  a  serious  complication,  such  as
death . As part  of an  underlying problem , it  is not  on ly annoying
but  also m ay be  one  of several complaints that  warran t  fur ther
investigation . Asym m etric hearing loss  w ith  unilateral t inn itus
or  pulsatile  t inn itus of any nature  requires appropriate  investi-
gations unt il serious disease has been  excluded. Pulsatile  t inn i-
tus  should  be  assum ed  to  be  of a  vascular  nature  until proven
otherw ise.

124.6  Disease Grading
There  is  no  accepted  grading  system  for  t inn itus. Tinnitus  is  a
subject ive  complaint, and  each  pat ient  is  h is  or  her  ow n  “m et-
ric.” As previously discussed, tinn itus is  classified  as  “pulsatile”
or  “nonpulsatile,” as continuous or  in term ittent , and  by the pa-
tient’s description. One  clin ical quantifier  is  the  sleep  deficit . A
patient  w ho is sleep-deprived  because  of tinnitus is in  a  rather
urgent state because sleep deprivation  a ects m any aspects of a
patient’s  life, especially  work  productivity. Every e ort  should
be  m ade  to  investigate  the  likely causes  of t innitus  in  a  t im ely
fash ion  and to o er som e type of relief that  w ill restore refresh-
ing  sleep. Such  a  pat ien t  m ay  also  have  sleep  apnea, and  the
history should  include  quest ions about  anything that  would  be
depriving the  pat ient  of sleep. The  pat ient  m ay need  to  be  re-
ferred  to  an  appropriate  m edical  professional, w ho  w ill  likely
obtain  a sleep  study and  m ay prescribe a t rial of nocturnal con-
tinuous positive airway pressure (CPAP).

The judicious and  conservative  use  of soporifics, either  over-
the  counter  m edications  such  as  various  ant ih istam ines  (di-
phenhydram ine,  chlorpheniram ine  m aleate)  or  prescription
m edications  such  as  zolpidem  (Am bien;  Sanofi-Aventis,
Bridgewater, NJ) and  diazepam  (Valium ;  Genentech , South  San
Francisco,  CA)  m ay  at  least  temporarily  aid  sleep.  They  are
m ore  psychologically  than  physically  addict ing  and  should  be
used  w ith  caution.

124.7  Medical Evaluat ion
The  m edical h istory in  the  patient  w ith  t innitus  is  straightfor-
ward:  t im e  of onset;  unilateral or  bilateral;  cont inuous, irregu-
lar, or  pulsatile  (always significant), etc. It  is  important  to  elicit
the  “sentinel event,” if any, such  as  significant  noise  exposure.
This m ay aid in  direct ing the pat ien t  to obtain  earplugs or m u s
if continued noise exposure is likely.

124.7.1  Present ing Com plaints
Patien ts w ill describe w hat they are hearing. The im portant  fea-
tures  have  been  m entioned . Other  than  pulsatile  t inn itus, the

adject ival description  of the sound has very litt le  im port , if any,
for either diagnosis or treatm ent .

124.7.2  Clinical Findings, Physical
Exam inat ion
After  the  head  and  neck, the  ears are  carefully exam ined, pref-
erably under the m icroscope. Wax and debris should be cleaned
because  they  m ay  them selves  rarely  cause  t innitus. Most  pa-
tients  have  a  norm al  otoscopic exam ination. Tests  of audition
w ith  tun ing forks should  be done.

The  rare  pat ient  w ith  object ive  t innitus should  be  exam ined
in  a very quiet  space, preferably an  audiom etric booth . All likely
sources  of a  bruit  or  sound  (neck, ears, m astoid  areas, orbits)
should be exam ined w ith  a stethoscope in  a quiet space.

124.7.3  Test ing
The very first  and  key test  to obtain  for  any pat ient  w ith  t inni-
tus  is  a  well-done  audiogram  consisting of pure  tones, m asked
bone, word  discrim inat ion , and  im m ittance, perform ed  sepa-
rately  for  each  ear.  Self-adm inistered  audiogram s  m ay  be
w idely  erroneous  and  are  to  be  condem ned. A professionally
perform ed  audiogram  is  an  absolute  necessity  for  several rea-
sons:  (1) It  establishes the  level of audition  separately for  each
ear. (2) It  w ill graphically dem onstrate  any asym m etry of hear-
ing. (3) It  gives an  idea  of the  likely frequency of the  o ending
noise. (4) The presence or absence of the acoust ic reflex and  re-
flex  decay  m ay  guide  the  exam iner  toward  a  m ore  thorough
retrocochlear evaluation.

The typical pat ient  w ith  t innitus w ill have sym m etric, dow n-
ward-sloping hearing loss at  frequencies betw een  1  and  6 kHz.
High-tone loss is m ore  com m only found  on  an  audiogram  than
low -frequency loss. Patien ts  w ith  noise  exposure  w ill typically
have a nadir  around  4 kHz, consistent  w ith  noise  exposure. Un-
less  the  pat ient  has  unilateral  t innitus, the  investigation  m ay
stop  at  th is  point.  Pat ients  w ho  have  unilateral  sym ptom s  or
asym m etry  on  the  audiogram  should  undergo  a  retrocochlear
investigation  that  is  age-appropriate. If the  patien t  is  85  years
old  and  a  retro-cochlear  lesion  is  found,  it  is  observed,  not
treated;  one  m ay choose  auditory brainstem  response  (ABR) or
stacked  ABR testing,  or  surveillance  w ith  the  audiogram  re-
peated  in  1  to 2  years. If, however, the  pat ien t  is young enough
that  any discovered retrocochlear lesion  w ill be t reated, not  just
observed, then  a  m ore  sensitive  and  specific  test  w ith  greater
predict ive  value  should  be  obtained, ideally contrast-enhanced
MR im aging or, if th is is contraindicated, computed tom ography
(CT) of the brain  w ith  contrast  focused  on  the  cerebellopontine
angles and  in ternal auditory canals. These are m ore accurate by
geom etric  proportions  than  ABR  testing  and  have  in  large
m easure  supplanted  all other  retrocochlear  tests. Each  m ethod
yields  photographic proof of the  anatomy of the  retrocochlear
system . However, the  m inim um  size  for  identification  is still in
the  range  of  2 m m  w ith  contrast-enhanced  MR im aging  and
larger  w ith  contrast-enhanced  CT.  If  the  patient  is  young
enough  that  either  stereotact ic radiotherapy or  surgery would
be a considerat ion, then  definitive  im aging should  be  done and
all other retrocochlear tests bypassed.

124.7  Medical Evaluat ion

987



124.8  Treatm ent
124.8.1  Medical Treatm ent
1. The m ainstay of m edical treatm ent  for  virtually all form s of

tinn itus is “m asking,” better described as “sound substitu-
tion.” A sound of any nature from  any source (e.g., fan , air pu-
rifier, radio, television, device that generates “w hite” or
“pink” noise) that is less noxious to the ear  than  the sound
em anating from  the ear m ay be chosen  to cover the o end-
ing sound. Every patient  w ith  t innitus should  understand the
concept of m asking and judiciously employ it. It  is a techni-
que for everyone w ith  the problem . Many pat ients use
m asking techniques w ithout being aware that  they do so.
Certainly, head or ear noise is in  general less bothersom e in  a
noisy, crow ded environm ent  than  in  a perfectly quiet room ,
such as a library. Pat ien ts in tuit ively understand th is concept,
and it  should  be explained and stressed. It  is the cornerstone
of all therapy.

2. Noise avoidance m ust  be stressed. The ear w ith  t inn itus w ill
respond in  a m ost bothersom e fashion to continued noise ex-
posure. The patient  m ust  be educated that acoustic instru-
m ents such as an  unam plified orchestra or singer can  rarely
produce enough volum e to cause noise-induced hearing loss.
As long as the listener is in  the body or nave of the audito-
rium , the cum ulat ive volum e w ill dissipate the in tensity of
the sound. (Of course, if one is sitt ing directly in  front of the
brass section  of an  orchestra, the e ect  is a bit  m ore danger-
ous to hearing.) The sam e is not t rue of electr ically am plified
m usic. Many am plified  bands, including bands w ith  vocalists,
w ill play at a decibel level alm ost equal to that of a jet  aircraft
taking o (130 to 140 dB). This level of sound is inhum anly
loud; the ear is not designed to sustain  such  sound levels for
any length  of tim e, and significant  noise-induced hearing
loss can  occur after even  short  in tervals of exposure.

3. Avoiding central nervous system  stim ulants such as co ee,
tea, and other m ethylxanth ines m ay help to am eliorate
tinn itus.

4. Acetylsalicylic acid (ASA), or aspirin , provokes t inn itus in  a
dose-related m anner. For the rare patient  w ho requires large
doses of ASA to relieve joint or spine pain , reducing the dose
or choosing a non-ASA m edication  m ay help t innitus.

5. Many so-called  “sm art  phones” such as the iPhone have as-
sociated free or m odestly priced m asking applications
(“apps”) that can  be dow nloaded onto the phone and
transm itted through  an  earpiece or headphone for m asking
purposes.

124.8.2  Surgical Treatm ent
Other  than  the eradication  of vascular  tum ors or  the correct ion
of  an  ar teriovenous  m alform ation  or  a  venous  m alform ation
such  as  a  venous  divert iculum ,  there  is  no  specific  surgical
treatm ent  to  eradicate  tinn itus. Pat ients  w ith  otosclerosis  and
tinnitus often  state  that  the  subject ive  annoyance  of t innitus is
relieved  after  successful  stapedotomy  or  stapedectomy. How -
ever, tinnitus is never  the reason  for  th is surgery because of the
inherent  risk to neurosensory hearing. Restoring the conductive
component  of the hearing loss toward  the nerve line is the only
reason  to  perform  stapedectomy and  accept  its  poten t ial risks,

chiefly the  0.3 to 0.5% incidence of complete  deafness after  pri-
m ary surgery and the 1% incidence after revision  surgery.

In  the  past, elect ive labyrin thectomy w ith  the  insertion  of an
electrical  stim ulating  device  near  the  round  w indow  m em -
brane, and  even  cochlear implantation  via the round w indow  or
cochleostomy, were  attempted, all w ithout  success in  eradicat-
ing  tinn itus. Recently, attempts  to  dim inish  or  ablate  t innitus
have been  m ade by inser ting an elect rode in to the Heschl gyrus.
However, one m ust  weigh  the risk of placing a foreign  body in to
the  brain  against  the  potential benefit ;  success rates have been
quest ionable. This technique  is m ent ioned  for  the  sake  of com -
pleteness but  is not  to be  recom m ended. There  is no substitute
for  a  thorough  diagnostic  plan  and  traditional  therapy  that
m ust  include m asking.

124.9  Prognosis
Most  pat ien ts  w ith  t innitus  are  significantly  relieved  after  a
thoroughly  perform ed  series  of diagnostic  tests, as  previously
described, has been  discussed w ith  them  and  they are  told  that
noth ing  untoward  or  life-threatening  has  been  found. Norm al
test  results are  of great  therapeutic benefit  in  cases of tinnitus.
The patient  w ill learn  over  t im e that  head  or ear  noise is not  an
indication  of  som ething  seriously  w rong  and  w ill  com e  to
ignore  it . This  is  the  very  best  course  of treatm ent—to  ignore
the problem . In  m ost  cases, the bother of t innitus tends to sub-
side w ith  t im e.

Other pat ients cannot attend to m ental tasks and need to em -
ploy  som e  form  of  m asking  during  waking  hours.  There  are
m any  form s  w hich  the  patien t  m ay  use,  such  as  com m only
found  item s around  the  hom e  or  o ce  (e.g., fan , air  freshener,
radio, television, generator of “w hite” or  “pink” noise).

124.10  Roundsm anship
●  Tinnitus, an  unpleasant sound em anating from  the ear or the

head, is a sym ptom , not a disease.
●  The investigation  of t inn itus requires an  audiogram  and

occasionally, if the t innitus is un ilateral, a retrocochlear study
(e.g., MR im aging).

●  Masking is the m ainstay of therapy for all patients w ith
tinn itus.

●  There is no m edical or surgical an tidote for  t innitus. Many
over-the-counter and prescription  m edications exist  touting
relief from  tinnitus. None have been proved statistically suc-
cessful in  carefully perform ed studies.

●  The elim ination  of known o ending agents, such as m ethyl-
xanth ines (e.g., ca eine, n icot ine) and noise, m ay significantly
help pat ients w ith  t innitus.

●  Diagnostic thoroughness, m asking, the rare use of m edicines,
and patience are the best m ethods of t reating tinnitus.

●  Most  form s of nonpulsatile t innitus im prove w ith  t im e. Noise
exposure is extrem ely noxious to an  ear w ith  t innitus.

●  Truly pulsatile t innitus is the sym ptom  of a vascular lesion un-
til proved otherw ise.

●  A rare patient  m ay have object ive pulsatile t innitus, heard by
the exam iner as well as the pat ient. An appropriately de-
signed vascular study (CTw ith  contrast, MR angiography, MR
venography, four-vessel angiography) m ust be done to obtain
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a definitive diagnosis in  these rare cases. Treatm ent of the
underlying lesion  m ay am eliorate the pulsatile t innitus.
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125  Ret rocochlear Hearing Disorders
Robert Hong and Seilesh C. Babu

125.1  Int roduct ion
An  estim ated  10% of individuals  worldw ide  are  a icted  w ith
hearing loss. In  the vast  m ajority of cases, sensorineural hearing
loss  is  cochlear  in  origin , often  secondary  to  exposure  to  loud
noise, aging, and/or  genetics. However, in  an  im portant  m inor-
ity  of cases, the  lesions  responsible  for  sensorineural  hearing
loss  are  retrocochlear—located  m edial  to  the  cochlea  in  the
auditory  pathway. Retrocochlear  lesions  are  considered  to  in-
volve  the  auditory nerve. A lesion  m ore  central to the  auditory
nerve  that  involves the  central nervous system , although  tech-
nically also  located  m edial to  the  cochlea, is  for  categorization
purposes  considered  to  be  a  central  as  opposed  to  a  retroco-
chlear cause of hearing loss.

In  considering  the  types  of lesions  that  can  lead  to  retroco-
chlear  hearing  loss, it  is  helpful to  understand  the  anatomy of
the  auditory nerve. The  auditory nerve  is  the  part  of the  vesti-
bulocochlear nerve (eighth  cranial nerve) that  is responsible for
hearing. It  exits the  cochlea to run  w ithin  the  in ternal auditory
canal (IAC), leaving the  IAC at  the  porus  acusticus  to  enter  the
cerebellopontine  angle  (CPA) before  entering  the  brainstem  to
project  to  the  cochlear  nuclei  of  the  m edulla.  Lesions  of  the
auditory  nerve  can  occur  via  compression  of the  nerve  by  tu-
m ors (or  less com m only, adjacent  blood  vessels) w ith in  the  IAC
or  CPA. The  nerve  can  also  be  compressed  via  grow th  of the
surrounding bone of the IAC, as is seen  in  proliferative bony dis-
orders. Alternatively, retrocochlear  hearing  loss  can  be  due  to
lesions  that  originate  w ith in  the  auditory  nerve.  Physiologic
dysfunct ion  of  the  nerve  m ay  occur,  as  in  auditory  dyssyn-
chrony.  The  nerve  m ay  degenerate  w ith  age,  as  in  neural
presbycusis. The  nerve  m ay  be  m issing, as  in  agenesis  of  the
auditory  nerve. Finally, the  in tegrity  of  the  nerve  m ay  be  af-
fected by a neurologic disorder that  sim ilarly a ects other parts
of the central nervous system , such  as m ultiple sclerosis.

125.2  The Disease Process
125.2.1  Tum ors of the  Internal Auditory
Canal and Cerebellopont ine Angle
One  of the  m ost  im portant  reasons  w hy otolaryngologists  are
asked  to  assess  a  patient  w ith  newly  diagnosed  sensorineural
hearing loss  is  to  evaluate  the  likelihood  that  a  tum or  m ay be
causing the  hearing deficit . The  m ost  com m on  tum or  found  in
the  IAC/CPA is  a  vestibular  schwannom a  (acoustic  neurom a),
w hich  is  a  benign  tum or  that  m ay  originate  from  either  the
superior  or  inferior  branch  of the  vestibular  nerve. This is typi-
cally a slow -grow ing tum or, w ith  an  average grow th  rate of 1 to
2 m m  per  year.  As  the  tum or  grow s,  it  compresses  and/or
stretches  the  adjacent  cochlear  nerve, causing  a  retrocochlear
hearing  loss. Alternatively, a  grow ing  tum or  m ay  occlude  the
blood  supply to the  cochlear  nerve, such  as by compressing the
internal auditory artery w ith in  the  IAC, also  leading to hearing
loss. As  the  tum or  grow s  further,  it  expands  w ithin  the  CPA,

compressing  other,  nearby  cranial  nerves  and  causing  poten-
tially life-threatening brainstem  compression .

Other, less  com m on  tum ors  involving  the  IAC/CPA m ay also
lead  to  retrocochlear  hearing loss  via  sim ilar  m echanism s. The
second  m ost  com m on  tum or  of the  IAC/CPA is  a  m eningiom a,
w hich  is  a  benign  tum or  arising from  the  arachnoid  villi. Neu-
rom as  originating  from  the  other  nerves  w ith in  the  IAC can
also  lead  to  hearing  loss,  including  facial  neurom as  (facial
nerve) and  cochlear  schwannom as (cochlear  nerve). Other  rare
tum ors  that  can  arise  in  th is  region  include  lipom as, hem an-
giom as, and  m etastatic  tum ors  (such  as  from  breast, prostate,
or  lung cancer).

125.2.2  Neural Presbycusis
The  progressive  loss  of sensorineural  hearing  associated  w ith
old  age  is  term ed  presbycusis. Patients  older  than  55  years  of
age  can  be  expected  to  lose  hearing at  an  average  rate  of 9 dB
per  decade  as  a  result  of age-related  degeneration  of di erent
structures  w ithin  the  auditory  pathway.  These  structures  in-
clude  those  found  w ithin  the  cochlea,  such  as  the  hair  cells
(sensory  presbycusis),  basilar  m em brane  (m echanical  presby-
cusis), and  str ia  vascularis  (m etabolic  presbycusis), as  well  as
those found  behind  the cochlea, such  as the first-order neurons
of the  auditory nerve  (neural presbycusis). In  neural presbycu-
sis, w hich  is the only type of presbycusis that  leads to a  ret roco-
chlear  hearing  loss, the  classic  audiom etric  pat tern  is  speech
recognition  scores that  are lower  than  expected  based  on  pure-
tone  audiom etry  in  com bination  w ith  a  slow ly  dow n-sloping
high-frequency sensorineural hearing loss.

125.2.3  Auditory Dyssynchrony
Auditory  dyssynchrony  (also  know n  as  auditory  neuropathy)
has  becom e  better  know n  since  the  use  of object ive  m easures
to assess hearing, part icularly otoacoustic em issions (OAEs) and
auditory  brainstem  response  (ABR) testing, has  becom e  w ide-
spread  as  part  of new born  hearing screening  program s. Audi-
tory  dyssynchrony  is  defined  by  an  abnorm al  ABR (reflecting
auditory nerve  dysfunct ion) in  the  context  of norm al OAEs (re-
flecting norm al outer hair  cell funct ion  w ith in  the  cochlea) in  a
patien t  w ithout  other retrocochlear pathology (such  as a tum or
of the IAC/CPA). The exact  site of the lesion  responsible for audi-
tory  dyssynchrony  is  unknow n  and  m ay  vary  from  patient  to
patien t;  lesions  of the  inner  hair  cells  of the  cochlea, auditory
nerve, or  in tervening neural synapse  betw een  the  cochlea  and
auditory nerve m ay all fit  th is definition . Two groups of patients
w ith  auditory dyssynchrony have been  described. The predom -
inant  group  includes  infants  in  w hom  the  condition  is  found
during the course of neonatal hearing screening. It  has been  es-
tim ated  that  auditory  neuropathy  is  responsible  for  approxi-
m ately  7% of  cases  of  perm anent  hearing  loss  in  children .
Although  the  cause  is  often  unknow n,  correlat ions  betw een
neonatal  insults  (especially  hyperbilirubinem ia  and  hypoxia)
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and  auditory dyssynchrony have been  found. The second group
includes  young adults, typically  patients  w ith  m ultiple  neuro-
pathies.  For  example,  neurologic  disorders  such  as  Charcot-
Marie-Tooth  syndrom e  and  Friedreich  ataxia  m ay  lead  to  de-
generat ion of the auditory nerve w ith  auditory dyssynchrony.

125.2.4  Tem poral Bone Osseous
Dysplasias
Rare disorders of the temporal bone involving abnormal bone re-
modeling may be  associated  with  retrocochlear hearing loss. The
mechanism  by  which  hearing  loss  occurs  is  abnormal  osseous
growth  around  the  internal  auditory  canal, causing  stenosis  of
the  IAC and  compression  of the  auditory nerve. Osseous dyspla-
sias  do  not  exclusively cause  retrocochlear  hearing  loss—for  ex-
ample, bony proliferation  can  also  narrow  the  external auditory
canal, resulting in  a  conductive  hearing loss. Of these  disorders,
the ones most  likely to lead  to IAC stenosis are the  osteopetroses
(marble  bone  disease), a  group  of hereditary diseases character-
ized  by immature, dense  bone  secondary to  abnormal rem odel-
ing, in  which  a characteristic “chalky” sclerosis of bone is evident
on  computed  tomography (CT). Two  other  bony dysplasias  may
also on  rare  occasions cause IAC stenosis and  retrocochlear hear-
ing  loss. The  first  is  fibrous  dysplasia, in  which  normal bone  is
replaced  by weak, imm ature fibro-osseous tissue that  has a clas-
sic “ground glass” appearance on  CT. The second is Paget  disease,
in  which  haphazard osteoclastic and osteoblastic activity leads to
abnorm al bone deposition  and  the appearance of multiple trans-
lucencies on  CT, reflective of demineralized  bone.

125.2.5  Other Disorders
A num ber  of other  etiologies of retrocochlear  hearing loss have
been  described. Congenital absence  of the  auditory nerve  is  an
im portan t  cause to consider  in  infants born  w ith  profound  sen-
sorineural hearing loss because  it  is a  cont raindicat ion  to coch-
lear  im plantation. Radiographic im aging  dem onstrating  a  nar-
row  IAC (< 3 m m  in  diam eter)  or  m agnet ic  resonance  (MR)
im aging dem onstrating the  absence  of signal corresponding to
the  auditory  nerve  is  consistent  w ith  th is  diagnosis. However,
such  radiographic  findings  do  not  guarantee  the  absence  of
functional  auditory  nerve  fibers  because  children  w ith  appa-
rent cochlear nerve aplasia on  im aging have undergone im plan-
tation  and dem onstrated responses to auditory stim uli.

Disorders  of the  central nervous  system  can  a ect  the  audi-
tory nerve  and  result  in  retrocochlear  hearing loss. In  patients
w ith  m ultiple  sclerosis,  demyelination  of  the  auditory  nerve
can  lead  to hearing loss. Neurosyphilis is another  disorder  that
can  result  in  lesions  of  the  auditory  nerve  and  hearing  loss.
However, hearing  loss  as  the  sole  present ing  sym ptom  is  un-
usual in  these  disorders;  patien ts  often  have  lesions that  a ect
m ultiple parts of the central nervous system  and are not  specif-
ic to the auditory nerve.

Another  potential  cause  of  retrocochlear  hearing  loss  is
compression  of the  auditory  nerve  by  adjacent  blood  vessels.
Vascular  loops from  nearby branches of the  posterior  or  anteri-
or  inferior  cerebellar  artery  have  been  im plicated.  However,
such a diagnosis is controversial because m any patients w ithout
hearing loss m ay also have blood vessels that  appear on  MR im -
ages to be touching the auditory nerve.

125.3  Medical Evaluat ion
125.3.1  History and Physical
Exam inat ion
It  is im portant  to take  a thorough  history in  the  evaluation  of a
patient  w ith  hearing  loss.  The  character  of  the  hearing  loss
should  be probed. A sudden  or  asym m etric sensorineural hear-
ing  loss,  or  the  presence  of  unilateral  nonpulsatile  t innitus,
often  prom pts  additional work-up  for  a  retrocochlear  etiology.
All patien ts should  be  questioned  about  the  presence of associ-
ated  ear  sym ptom s,  including  t inn itus,  otorrhea,  otalgia,  and
vertigo. Patients  should  also  be  asked  about  any h istory of ex-
posure  to  loud  noise, ear  surgery, hearing aid  use, and  hearing
loss in  the  fam ily. When  children  are  evaluated, it  is im portant
to  ask  the  paren ts  if  the  ch ild  passed  a  new born  hearing
screen , to  help  determ ine  if the  hearing  loss  is  congen ital  or
acquired .  The  ch ild’s  bir th  h istory  and  developm ent  should
also  be  assessed  for  clues  about  the  et iology  and  sever ity  of
the hearing loss.

The  physical exam inat ion  of the  head  and  neck w ill often  be
norm al in  a  pat ient  w ith  retrocochlear  hearing loss. Otoscopic
exam ination  is useful in  evaluating for other (nonretrocochlear)
causes  of hearing  loss, such  as  a  m iddle  ear  e usion  or  tym -
panic  m em brane  perforation.  The  results  of  the  Weber  and
Rinne  tuning fork  tests  w ill be  consistent  w ith  a  sensorineural
hearing loss. Occasionally, pat ients w ith  a retrocochlear hearing
loss m ay have other cranial nerve deficits, such  as those associ-
ated w ith  a large cerebellopontine angle tum or.

125.3.2  Audiom etric Evaluat ion
All patien ts w ho have hearing loss should  be  evaluated  w ith  an
audiogram  at  their  in it ial  visit.  The  audiom etric  evaluation  is
helpful in  determ ining if additional work-up  for a retrocochlear
hearing  loss  is  indicated. The  finding of sensorineural hearing
loss  on  pure-tone  audiom etry is  consisten t  w ith  both  cochlear
and  retrocochlear  etiologies.  The  follow ing  additional  audio-
m etric  findings  increase  the  clin ician’s  suspicion  of a  retroco-
chlear loss, often prom pting fur ther testing.

Asym m etry of Hearing Loss.
Concern  for  a  retrocochlear  lesion  (in  par ticular  a  tum or  of the
IAC/CPA on  the  a ected  side)  occurs  w hen  a  patient  dem on-
strates  a  sign ificant  asym m etry  in  sensorineural  hearing  loss.
The  exact  criteria  for  significant  asym m etry  are  controversial.
Obholzer et  al suggested the criteria of asym m etry of m ore than
15 dB at  two adjacent  pure-tone frequencies for  un ilateral hear-
ing loss, and asym m etry of m ore than  20 dB at two adjacent fre-
quencies  for  bilateral hearing loss. This  yielded  a  sensitivity of
97% and  a  specificity  of  49% w hen  fur ther  testing  w ith  MR
im aging was ordered to evaluate for an  IAC/CPA tum or.

Poor Speech Discrim inat ion Out  of Proport ion
to Degree of Hearing Loss
Individuals  w ith  cochlear  sensorineural  hearing  loss  typically
do  not  experience  a  significant  degradat ion  of their  ability  to
understand  speech  until  they  have  a  hearing  loss  of  at  least
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60 dB HL. In  contrast, a  pat ient  w ith  a  retrocochlear  loss  m ay
exhibit  poor  speech  discrim ination  despite  relatively  good
pure-tone  thresholds. It  has  been  show n  that  75% of the  audi-
tory  nerve  fibers  can  be  dam aged  before  a  decrease  in  pure-
tone  thresholds  is  seen,  w hereas  good  speech  discrim ination
requires  the  preservation  of the  m ajority  of such  fibers. Thus,
an  IAC/CPA tum or  that  compresses  the  auditory nerve  w ill re-
sult  in  an  earlier  deterioration  of speech  discrim inat ion  than  of
pure-tone thresholds.

Rollover
Rollover  is a  classic finding consistent  w ith  retrocochlear  path-
ology, in  w hich  as  the  in tensity  of speech  is  increased, it  be-
com es m ore di cult  for  patients to understand  the speech. The
theory is that  in  patients w ith  a  retrocochlear  lesion, fatigue  of
the auditory nerve increases as sound in tensity increases, m ak-
ing speech  perception  m ore di cult .

Decruitm ent
Decruitm ent  is another classic finding in  patients w ith  retroco-
chlear  pathology, in  w hich  as  the  in tensity  of  a  sound  is  in-
creased, its perceived  loudness increases at  an  abnorm ally slow
rate. Som e pat ien ts m ay even perceive a decrease in  loudness as
sound  in tensity increases. This  is  again  related  to  an  increased
susceptibility to auditory nerve fat igue  w ith  a  retrocochlear  le-
sion.  Decruitm ent ,  however,  is  not  routinely  assessed  in  an
audiom etric evaluation.

Abnorm al Acoust ic Reflexes
Acoust ic reflex testing has also t raditionally been  used to deter-
m ine  the  likelihood  of a  retrocochlear  lesion  by assessing con-
traction  of  the  stapedius  m uscle  in  response  to  loud  sounds.
This reflex is thought to be im portan t  in  protecting the ear from
acoustic t raum a. Two m easurem ents have been  correlated  w ith
retrocochlear  lesions. The first  is an  abnorm ally elevated  (if not
absent)  acoust ic  reflex  threshold,  in  w hich  a  sound  stim ulus
needs to be presented at an  abnorm ally h igh  in tensity to t rigger
the  reflex. The  second  is  an  abnorm ally fast  acoustic reflex de-
cay, in  w hich  the stapedius m uscle is unable to sustain  contrac-
tion  during  the  presentat ion  of  a  continuous  loud  sound.  In
both  cases, these  findings reflect  increased  fatigue  of the  audi-
tory  nerve, induced  by  a  retrocochlear  lesion , in  response  to
h igh-intensity  sound  stim uli.  However,  although  m ore  than
75% of  patien ts  w ith  a  vestibular  schwannom a  w ill  dem on-
strate  abnorm al  acoust ic  reflexes,  th is  test  is  no  longer  rou-
tinely  used  to  rule  out  a  retrocochlear  lesion  because  of  its
h igh  false-negative  rate.

125.3.3  Further Work-up
If a  patient  is  suspected  of having a  retrocochlear  hearing loss,
additional  work-up  is  warranted. Som e  have  suggested  using
ABR testing as the m ost cost-e ective next  step in  the screening
process, though  th is  is  controversial. ABR testing  involves  the
m easurem ent  of  auditory  evoked  potent ials.  Elect rodes  are
placed  on  the  pat ient’s  head  to  m easure  changes  of elect rical
activity  in  response  to  the  presentation  of a  sound  stim ulus.

The m easured act ivity occurs in  a wavelike pattern , as the stim -
ulus is t ransm itted  in  a  peripheral to  central direct ion  through
the auditory system : from  the auditory nerve (waves I and II) to
the  cochlear  nucleus (wave  III) to  the  superior  olivary complex
(wave IV) to the lateral lem niscus (wave V) to the  inferior  colli-
culus (waves VI and  VII). The presence of a  retrocochlear  lesion
is suspected w hen  the appearance of the expected waves of the
ABR is  delayed, either  in  a  relat ive  sense  (the  a ected  ear  is
compared  w ith  the  opposite  norm al  ear,  or  early  waves  are
compared  w ith  later  waves  in  the  sam e  ear)  or  in  an  absolute
sense  (� Fig. 125.1). A poor  ABR waveform  on  the  a ected  side
is also  consistent  w ith  a  retrocochlear  lesion . However, the  use
of ABR testing is lim ited  for  a  num ber  of reasons. First , it  is not
usefu l  in  pat ien ts  w ith  a  severe  (> 70 dB HL)  hearing  loss  be-
cause  the  ABR waveform  w ill  be  abnorm al  str ictly  because  of
the  severity of hearing loss. Second, ABR testing is good  for  de-
tecting larger  tum ors but  m ay m iss sm aller  ones (< 1 cm ), w ith
a  reported  sensitivity  above  95% for  tum ors  larger  than  1 cm
and  a  sensitivity  of 79% for  those  sm aller  1 cm . Thus, patients
w ith  a  norm al ABR can  be  relatively  but  not  absolutely  confi-
dent  that  they do not  have an  acoustic neurom a.

Recently, the use of stacked  ABR testing to screen  for acoust ic
neurom as  has  becom e  m ore  popular.  In  stacked  ABR testing,
m asking  noise  of di erent  frequencies  is  used  in  conjunct ion
w ith  the t raditional auditory click stim ulus to derive  m easured
waveform s reflecting neural activity across the  entire  auditory
spectrum . This is  in  contrast  to  the  standard  click-evoked  ABR,
in  w hich  the m easured waveform  is dom inated by the response
of  h igh-frequency  auditory  nerve  fibers.  As  a  result ,  the
stacked  ABR test  is  m ore  sensit ive  for  detect ing sm all acoustic
tum ors  because  a  tum or  a ect ing  only  low -frequency  audi-
tory  nerve  fibers  would  result  in  a  norm al  standard  ABR but
an  abnorm al  stacked  ABR. Stacked  ABR test ing  has  been  re-
ported  to  have  a  sensit ivity of 95% and  a  specificity of 88% for
detect ing sm all (≤ 1 cm ) acoustic tum ors. Patien ts  w ith  an  ab-
norm al  ABR require  addit ional  MR im aging  to  evaluate  for  a
retrococh lear  lesion .

Fig. 125.1  Standard  auditory brainstem  response  (ABR) of a  patient
with  a left  acoustic neuroma. The  right  ear demonstrates normal ABR
waveforms. The left  ear demonstrates prolonged absolute latencies for
waves I, III, and V, consistent  with the patient’s diagnosis of an acoustic
neuroma.
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The gold  standard  to evaluate for  a retrocochlear lesion  is MR
im aging w ith  gadolinium  contrast, and  m any clin icians w ill by-
pass  ABR testing in  favor  of MR im aging  to  obtain  a  definitive
diagnosis m ore  quickly. MR im aging can  detect  IAC/CPA tum ors
as  sm all  as  a  few  m illim eters  in  diam eter, w ith  these  tum ors
dem onstrating  characterist ic  enhancem ent  after  the  adm inis-
tration  of contrast  (� Fig. 125.2). However, som e  patients  can-
not  undergo MR im aging—for example, because of the presence
of m etal in  the body (e.g., cardiac pacem akers, shrapnel, hem o-
static clips in  the  brain). If these  pat ien ts  need  to  be  evaluated
for  a  retrocochlear  lesion, CT w ith  in travenous  contrast  and/or
ABR testing  should  be  used. If CT is  used, patien ts  should  be
aware that  it  m ay m iss tum ors sm aller than  1.5 cm .

125.3.4  Auditory Dyssynchrony versus
Neural Presbycusis versus Cent ral
Auditory Processing Disorder
Som e  adults  m ay complain  of di culty hearing, part icularly in
noisy  environm ents,  but  have  relatively  norm al  pure-tone
thresholds  and  speech  discrim ination  scores  (in  quiet)  on
audiom etric evaluation. The  need  for  additional work-up  from
this  poin t  is  cont roversial. Som e  clin icians  w ill  attr ibute  these
patien ts’ complain ts  to  neural presbycusis, particularly  if they
are  older. Others  w ill  obtain  OAE and  ABR testing  to  evaluate
for  auditory  dyssynchrony. (It  should  be  noted, however, that
the absence of OAEs does not  rule out  auditory dyssynchrony in
adults,  as  m any  adults  w ith  norm al  hearing  lose  their  OAEs
w ith  age.) Yet others w ill obtain  testing to evaluate for  a central
auditory  processing  disorder  (CAPD). CAPD is  a  controversial
diagnosis  in  w hich  di culty  hearing  in  the  context  of norm al
peripheral  auditory  funct ion  is  att ributed  to  problem s  w ith
auditory processing by the  central nervous system . No consen-
sus  criteria  exist  for  the  diagnosis  of  CAPD,  although  m ost

testing involves an  evaluation  w ith  sensitized  speech  (in  w hich
speech  is  distorted  in  som e  m anner  to  reduce  in telligibility,
such  as w ith  the addition  of background noise). If CAPD is diag-
nosed, auditory rehabilitation  is prescribed, although  the  e ec-
tiveness of such  therapy is inconclusive.

125.4  Treatm ent
125.4.1  Retrocochlear Hearing Loss
Treatm ents w ith  respect  to hearing are sim ilar for retrocochlear
and  cochlear  hearing  loss. Hearing  am plificat ion  is  useful  for
m ild  to  m oderate  hearing loss, w ith  a  decrease  in  utilit y noted
as the severity of hearing loss increases. Pat ien ts w ho have ret-
rocochlear loss m ay find hearing aids relatively less helpful than
those  w ho  have  cochlear  loss  because  am plification  often
m akes speech  sounds louder  but  not  m ore  understandable. Pa-
tients  w ith  bilateral  severe  to  profound  sensorineural  hearing
loss m ay be candidates for cochlear  im plantat ion, as long as the
in tegrity of the  cochlear  nerve has not  been  comprom ised  (e.g.,
by a tum or of the IAC).

125.4.2  Tum ors of the Internal Auditory
Canal and Cerebellopont ine Angle
The treatm ent  of tum ors of the  IAC and  CPA is discussed  in  de-
tail  elsew here  in  th is  book. Briefly, the  options  fall  in to  three
categories:  observation, surgery, and  stereotact ic radiosurgery.
Observation  is  typically  reserved  for  older  individuals  w ith
sm all tum ors. If surgery is selected, the  decision  m ust  be  m ade
either  to sacrifice hearing (via  a t ranslabyrin thine  approach) or
to attempt to preserve hearing (via a m iddle cranial fossa or ret-
rosigm oid  approach). Stereotact ic  radiosurgery  is  another  op -
tion  for  preserving hearing, although  long-term  outcom es have
yet to be determ ined.

125.4.3  Auditory Dyssynchrony
Infants w ho are  evaluated  for hearing loss often  have failed  ob-
ject ive  testing, typically OAE and/or  ABR testing. The  com bina-
tion  of norm al OAE and  abnorm al ABR test  results is consisten t
w ith  auditory  dyssynchrony.  Infants  w ith  auditory  dyssyn-
chrony  are  typically  followed  until  behavioral  audiom etric
thresholds  can  be  obtained, so  that  the  degree  of hearing loss
can  be  determ ined . Patients  w ith  auditory  dyssynchrony  m ay
have  anyw here  from  a  m ild  to  profound  sensorineural hearing
loss. The  in itial t reatm ent  for  auditory dyssynchrony is hearing
am plificat ion. Som e  children  m ay  derive  a  sign ifican t  benefit
from  hearing  aids. (In  contrast , few  adults  w ith  auditory  dys-
synchrony benefit ;  they report  that  hearing  aids  m ake  speech
louder  but  not  m ore  understandable.)  Additional  m easures,
such  as  preferential  seating  in  classroom s  and  the  use  of FM
system s, m ay  be  useful.  Speech  and  language  therapy  should
also  be  considered  for  all children  w ith  auditory dyssynchrony
because  both  are  often  im paired  as a  consequence  of the  hear-
ing  im pedim ent.  Finally,  cochlear  im plantation  should  be
considered  for  children  w ho  continue  to  struggle  w ith  hearing
despite  am plification .  Such  a  decision  should  be  undertaken
carefully  because  cases  of spontaneous  resolution  of auditory

Fig. 125.2  Magnetic resonance  image  (T1 with  gadolinium) demon-
strating  a small (0.5 cm) acoustic neuroma located  in  the  left  internal
auditory canal. The  neuroma enhances with  contrast  (asterisk).
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dyssynchrony  before  1  year  of age  have  been  reported. Addi-
tionally, although  cochlear  im plantation  is  w idely accepted  for
treating auditory dyssynchrony w hen  it  is associated  w ith  a se-
vere  to profound  sensorineural hearing loss, its  role  in  t reating
m ilder degrees of associated hearing loss requires further study.

125.5  Roundsm anship
●  A retrocochlear etiology should  be considered for all patien ts

w ith  sensorineural hearing loss. In itial clin ical suspicion is
heightened w hen patients dem onstrate asym m etric sensori-
neural hearing loss, asym m etric nonpulsatile tinn itus, speech
perception worse than  expected based on pure-tone audio-
m etry, or auditory fat igue.

●  The gold standard for the evaluation  of retrocochlear hearing
loss is MR im aging of the in ternal auditory canal w ith  gadoli-
nium . Other tests that m ay have clin ical value in  selected
cases include ABR testing and CT.

●  Auditory neuropathy is a retrocochlear disorder m ost com -
m only diagnosed in young children w ith  norm al OAEs and ab-
norm al ABRs. The m ainstays of therapy include hearing am -
plification  and speech–language therapy. Cochlear im planta-

tion  is reserved for those w ho do not dem onstrate significant
im provem ent  w ith  these m easures.
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126  Middle Ear Im plants
George Alexiades

126.1  Int roduct ion
Conduct ive hearing loss is one of the m ost  com m on  indications
for  m iddle  ear  surgery. A conductive  hearing loss results w hen
sound  is not  e ect ively transm itted  through  the ossicular chain
to the  inner  ear. It  m ay occur  in  m any situations, such  as ceru-
m en  im paction,  otit is  externa,  tym panic  m em brane  perfora-
tion, m iddle  ear  e usion, and  ossicular  erosion  and/or  fixation .
Conduct ive  hearing  loss  is  com m only  found  in  patients  w ith
cholesteatom a, chronic  otit is  m edia, and  otosclerosis  and  is  a
frequent  result  of otologic  surgery. This  chapter  w ill  concen-
trate  on  the  prostheses  used  w hen  continuity  of the  ossicular
chain  is disrupted. Num erous techniques and m aterials are used
for  ossiculoplasty.  Many  of  the  m aterials  that  were  in  vogue
years  ago  have  been  replaced  by  lighter, m ore  biocompat ible
m aterials.

126.2  Incidence of Disease
It  is unclear w hat the incidence of conductive hearing loss is be-
cause  it  is  associated  w ith  m any  causative  disease  processes.
Chronic suppurative  otit is  m edia, w ith  or  w ithout  cholesteato-
m a, and  otosclerosis  are  the  m ost  com m on  situations  that  re-
sult  in  ossicular  problem s. Other  causes  of conduct ive  hearing
loss  include  temporal  bone  traum a,  osteogenesis  im perfecta,
and various genet ic syndrom es.

126.3  Term inology
Traditional ossicular chain  reconstruct ions are classified accord-
ing  to  the  Wullstein  classification  on  a  scale  of I through  V. A
type  I  tym panoplasty  consists  of  a  prim ary  tym panic  m em -
brane repair (myringoplasty) w ith  an  in tact  ossicular chain . In  a
type  II tym panoplasty, the  tym panic  m em brane  is  grafted  to
the  incus.  The  tym panic  m em brane  is  grafted  directly  to  the
stapes suprast ructure  in  a  type  III tym panoplasty. In  a  type  IV
tym panoplasty, the  tym panic m em brane  is grafted  onto  a  m o-
bile stapes footplate. A type  V tym panoplasty has also been  de-
scribed  and  consists of graft ing the  tym panic m em brane to the
oval w indow  or a lateral sem icircular canal fenestration.

Middle  ear  im plants  are  classified  according  to  the  poin t  of
origin  from  w hich  the  prosthesis  spans  the  ossicular  gap. The
two m ajor classes are part ial ossicular reconstruction prosthesis
(PORP) and  total ossicular  reconstruct ion  prosthesis  (TORP). A
PORP is  used  w hen  the  incus  is  eroded  but  the  stapes  supra-
structure  is  in tact . A TORP is  required  w hen  the  incus  and  the
stapes  suprast ructure  are  eroded  but  an  in tact, m obile  stapes
footplate  rem ains. In  situations in  w hich  there  is a  fixed  stapes
footplate, stapes prostheses, in  a  variety of shapes and  m ateri-
als,  m ay  be  used.  The  two  m ost  com mon  stapes  prosthesis
shapes are  the  w ire–piston  and  the  bucket  handle. These  typi-
cally span  from  the  long process of the  incus to  a  stapedotomy
in  the  footplate  or, in  the  case  of a  stapedectomy, to  a  vein  or
perichondrial  graft  placed  over  the  oval  w indow.  In  patients
w ith  erosion  of the long process of the  incus, a  longer  prosthe-

sis can  be used to span  the gap from  the m anubrium  of the m al-
leus to the stapedotomy/stapedectomy site.

126.4  Materials
Before  the  1970s, autologous  ossicular  rem nants, cartilage, or
bone, as  well as  hom ografts, were  used  for  ossicular  chain  re-
constructions.  The  m ost  com m on  ossicular  reconstruct ion  in
w hich the patien t’s ow n t issue is used is the incus in terposition.
In  th is  instance, the  long process of the  incus is usually eroded
by disease, result ing in  ossicular  discontinuity. The  incus is  re-
m oved and  rem odeled  to fit  on  top of the stapes suprastructure
and  underneath  the  m anubrium  of the  m alleus, thus restoring
continuity of the  ossicular  chain . In  situat ions in  w hich  the  in-
cus  is  unavailable, m ultiple  m aterials  have  been  used  over  the
years,  ranging  from  gold,  stainless  steel,  polytetrafluoroethy-
lene  (Teflon;  DuPont, Wilm ington , DE), fluoroplast ic, and  bio-
glass  to  hydroxyapatite, ionom eric cement , and  titanium . Tita-
n ium  has  becom e  the  m aterial of choice  for  PORPs and  TORPs
because  it  biocompatible, lightweight , and  strong. � Fig. 126.1
show s  a  typical  t itanium  PORP in  use  today. The  head  of the
prosthesis  is  w ide  and  sits  underneath  the  tym panic  m em -
brane, w hile the bottom  of the prosthesis attaches to the stapes
suprastructure.  The  shaft  is  usually  adjustable  in  length .
� Fig. 126.2 show s a typical TORP, w hich  has a sim ilar head, but
the  shaft  is  longer  and  lies  on  the  stapes footplate. In  addition
to  being  used  as  a  m aterial  for  prostheses, ionom eric  cem ent
has  been  used  to  fuse  the  incus  rem nant  to  the  stapes  supra-
structure  in  cases of erosion  of the long or  len ticular  process of
the incus. Stapes prostheses are still m ade from  a variety of m a-
terials:  stain less steel, platinum , t itan ium , and  fluoroplast ic, or
from  com binations thereof (� Fig. 126.3).

126.5  Result s
The rates of successful hearing depend on  the type of prosthesis
used. Stapedectom ies  have  the  highest  success  rate;  closure  of
the  air–bone  gap  to  w ith in  10 dB is  achieved  in  approxim ately
90% of cases. When  PORPs  are  used,  closure  to  w ithin  20 dB

Fig. 126.1  Partial ossicular reconstruction  prosthesis (PORP).
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occurs about  70 to 80% of the t im e, w hich  is considered  accept-
able. TORPs fare even worse, w ith  closure of the air–bone gap to
w ithin  20 dB achieved  in  only 50 to 60% of cases. The  results of
incus  in terposition  grafts  are  comparable  to  those  of  PORPs.
Com parisons  of the  various  m aterials  in  use  for  ossiculoplasty
yield  varying results; however, the t rend  suggests that  t itanium
is the m aterial of choice today.

Hearing  results  after  ossicular  chain  reconstruct ion  ulti-
m ately depend  upon  the  status  of the  m ucosa  and  aeration  of
the  m iddle  ear  cleft . Hearing results in  situat ions of eustachian
tube  dysfunct ion  w ill  be  poorer  than  those  in  cases  of  good
m iddle ear  aeration. In  addition  to the form ation  of a serous ef-
fusion,  retract ion  of  the  tym panic  m em brane  negatively  im -
pacts surgical success. Continued  negative  m iddle  ear  pressure
is believed to be a significant  risk factor for prosthesis extrusion
and/or displacem ent.

126.6  Com plicat ions
The  m ost  com m on  complication  of ossicular  reconstruct ion  is
persistent  conductive hearing loss. The variables described  ear-
lier  all  a ect  the  success  of ossiculoplasty  and  do  not  depend
m erely  upon  choice  of  prosthesis  m aterial  or  proper  sizing.
Prosthesis m igration  and/or  extrusion  is another  frequent  com -
plication  of ossiculoplasty. It  is  currently  recom m ended  that  a
cartilage  graft  be  laid  betw een  the  head  of the  prosthesis  and
the  tym panic m em brane  to  act  as  a  th in  biological barr ier  and
reduce extrusion  rates. Rates of extrusion  for currently available
prostheses are in  the range of 5 to 10% for PORPs and TORPs. As
would  be  expected, the  rates  of extrusion  increase  over  t im e.
Stapes  prostheses  are  generally  m ore  stable,  and  prosthesis
displacem ent  and/or  erosion  of the  long  process  of the  incus

resulting  in  ossicular  discontinuity  is  uncom m on  (3  to  5%).
Chorda  tym pani  nerve  stretch  injury  or  transect ion  occurs  in
approxim ately  15% of patients  undergoing  tym panoplasty  and
results  in  either  temporarily  or  perm anently  altered  taste;
stretch  injuries are  m ore  sym ptom atic than  nerve  transact ions
in  these cases. Facial nerve injury is also exceedingly rare  in  os-
siculoplasty w ithout  concom itant  m astoidectomy and  occurs in
fewer than  1% of cases. Perm anent  sensorineural hearing loss is
quite  rare  w ith  the use  of PORPs and  TORPs; however, the  inci-
dence of sensorineural hearing loss is 0.5% in  prim ary stapedec-
tomy and 1% in  revision stapedectomy.

126.7  Roundsm anship
●  Although currently available ossicular reconstruction  pros-

theses are m ade of a num ber of m aterials, t itanium  has be-
com e the m aterial of choice because of its light  weight  and
strength , and the ease w ith  w hich the length  of the prosthesis
can  be adjusted.

●  Ossiculoplasty results in  successful hearing in  about 90% of
patients w ith  stapedectom ies, 60 to 70% of those w ith  PORPs,
and 50 to 60% of those w ith  TORPs.

●  The status of the m iddle ear is crit ical in  successful
ossiculoplasty.

126.8  Recom m ended Reading
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Hydroxyapatite versus titanium  ossiculoplasty. Otol Neurotol 2007; 28:  492–
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Fig. 126.2  Total ossicular reconstruction prosthesis (TORP).

Fig. 126.3  Wire–piston stapes prosthesis.
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127  Otosclerosis and Stapedectomy
Seilesh C. Babu

127.1  Int roduct ion
Otosclerosis  is  a  d isease  that  a ects  the  ot ic  capsule  of  the
tem poral  bone,  result ing  in  conduct ive,  m ixed ,  or  rarely  a
sensorineural hearing  loss. Causes  of otosclerosis  can  rem ain
elusive  and  have  been  know n  to  include  endocrine, m etabol-
ic,  t raum at ic,  and  autoim m une  disorders.  Otosclerosis  m ay
also be hereditary.

127.2  History
Hearing restoration  for otosclerosis via a fenestration  procedure
was  described  in  1938  by  Lem pert . Rosen  and  Shea  fur thered
the  work  of their  m entor  by  perform ing  stapes  m obilizations
and  stapedectom ies. In  1956, Shea  first  perform ed  a  stapedec-
tomy for  otosclerosis. In  1969, Schuknecht  and  Applebaum  in-
troduced  the  technique  of  stapedotomy, in  w hich  the  stapes
superstructure  is  resected  but  the  footplate  is  preserved. The
adaptat ion  of the laser  to m icrosurgery has been  a m ore recent
innovation  that has m ade stapes surgery m ore accurate and less
risky.

127.3  Clinical Findings
The  hearing  loss  associated  w ith  otosclerosis  is  typically  con-
duct ive  and  presents  in  m iddle  adult  life. Occasionally, it  m ay
present  earlier  or  m ay represent  congenital stapes fixation . The
treatm ent  is  sim ilar  for  both  presentations,  but  the  risk  for
complete  hearing loss needs to be  discussed  w ith  fam ily m em -
bers w hen  hearing loss presents early in  a  ch ild  and  surgery is
contem plated.  A positive  fam ily  history  is  found  in  approxi-
m ately 50% of patients. In  som e  patients, a  m ixed  hearing loss
and a gradual worsening of the sensorineural component devel-
op as a result  of cochlear involvem ent  w ith  otosclerosis. The de-
gree  of  eventual  sensorineural  involvem ent  is  unpredictable.
Otosclerosis  is  estim ated  to  be  unilateral in  approxim ately 15%
of cases. Tinnitus m ay be associated w ith  otosclerosis and varies
in  in tensity and character.

Audiom etry reveals a  low -frequency conductive  hearing loss
initially, w hich  usually  progresses  to  a  larger  air–bone  gap  as
the degree of fixation  increases at  the footplate of the stapes. In
other audiom etric testing, im pedance plethysm ography often  is
norm al or  can  show  reduced  tym panic m em brane  compliance.
The  stapedial  reflexes  classically  are  abnorm al;  however, they
m ay be w ithin  norm al lim its depending on  the degree of stapes
fixation.

127.3.1  Carhart  Notch
An  apparent  loss in  bone conduction , first  described  by Carhart
in  1950, occurs  at  around  2,000 Hz  on  audiom etry  in  patients
w ith  otosclerosis. This  is  secondary to  loss  of the  contribution
of  the  m iddle  ear  to  bone  conduct ion. Upon  vibration  of the
m astoid  bone, the  ossicular  chain  vibrates slightly out  of phase,
causing a m ovem ent of the stapes footplate relative to the coch-

lea. In  otosclerosis, th is does not  occur. Carhart  found  that  oto-
sclerosis reduces bone conduction  thresholds by 5 dB at  500 Hz,
10 dB at 1,000 Hz, 25 dB at 2,000 Hz, and 15 dB at 4,000 Hz.

127.4  Di erent ial Diagnosis
The diagnosis of otosclerosis is based  on  the clin ical and  audio-
m etric  findings. Progressive  conductive  hearing  loss, a  norm al
otoscopic  exam ination  w ith  an  in tact  and  m obile  tym panic
m em brane, no evidence of eustachian  tube dysfunct ion , a nega-
tive  Rinne test  result , and  an  absent  stapedial reflex are  typical
findings  in  otosclerosis. Other  processes  should  be  considered
in  pat ients  w ith  conductive  hearing loss. Ossicular  discontinu-
ity, m iddle  ear  e usion  or  disease, tym panosclerosis, Paget  dis-
ease, osteogenesis  imperfecta, and  degenerat ive  arthrit is  m ay
all  cause  conduct ive  deafness. In  addition, causes  of ossicular
fixation  should  be  considered, including  lateral  ossicular  fixa-
tion  and  incus–anulus fusion. Another consideration  is superior
sem icircular canal dehiscence. The stapedial reflex can  help  dif-
ferentiate  th is  condition  from  otosclerosis  because  the  reflex
should  be  in tact  in  superior  sem icircular  canal  dehiscence;
however, variable presentat ions of the reflex can  occur depend-
ing on  the  degree  of stapes fixation  present. VEMP (vestibular
evoked  myogenic potential) testing and  computed  tom ography
(CT)  of  the  temporal  bone  m ay  be  used  to  rule  out  superior
sem icircular canal dehiscence.

127.5  Managem ent  of
Otosclerosis
127.5.1  Am plificat ion
Patients  m ay  use  hearing  aids  as  an  alternative  to  surgery.
These  carry  lit t le  risk  but  w ill  obviously  not  prevent  fur ther
progression  of the otosclerotic process. The disadvantage of the
use  of hearing aids  for  a  long period  is  that  it  m ay reduce  the
success rate  and  m ay increase  the  complication  rate  of surgery
years  later  as  the  otosclerosis  progresses. If  the  patient  has  a
significant  m ixed  hearing loss before surgery, he or she m ay re-
quire  a  hearing  aid  after  stapes  surgery. However, the  pat ient
m ay  require  a  less  powerful, m ore  e ect ive  hearing  aid  w ith
better sound quality.

127.5.2  Medical Managem ent
The  value  of m edical  therapy  for  otosclerosis  is  controversial.
Medical therapy m ay be considered for pat ien ts w ith  a predom -
inantly sensorineural hearing loss.

Sham baugh  first  predicted  that  otosclerot ic lesions  could  be
stabilized w ith  the use of sodium  fluoride. This agent  is thought
to  slow  or  halt  the  progression  of otosclerot ic  hearing  loss  by
neutralizing and  inact ivating the hydrolytic and  proteolytic en-
zym es  of otospongiotic lesions. Sodium  fluoride  prom otes  the
m aturation  of act ive  otospongiosis  by  reducing  its  vascularity
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and  bone  resorption  activity  and  by  increasing  new  bone  for-
m ation, eventually inact ivating otosclerosis.

Over-the-counter  preparations  of  sodium  fluoride  include
Monocal and Florical (Mericon Industr ies, Peoria, IL). Monocal is
is absorbed in  the in testine rather than  in  the stom ach  and m ay
cause  fewer  side  e ects.  Recom m ended  doses  vary,  typically
two  tablets  per  day  to  m inim ize  side  e ects,  w hich  include
stom ach  upset, allergic itching, and  increased  joint  pain . Fluo-
rosis, the  m ost  severe  side  e ect  in  the  treatm ent  of osteopo-
rosis, has not  been  noted  w ith  lower  doses of fluoride  therapy.
Wom en  of childbearing  age  should  be  inform ed  that  fluoride
m edication  can  be  teratogenic during the  first  6  weeks of fetal
developm ent .

127.5.3  Surgical Managem ent
Stapedectomy is  typically considered  for  patients  w ith  an  air–
bone gap  of at  least  15 dB, reversal of Rinne testing w ith  a 512-
Hz  tuning  fork, speech  discrim ination  scores  of 60% or  better,
and  no  contraindicat ion  to  surgery.  The  ear  w ith  the  worse
hearing should  be addressed  first . Early procedures entailed  re-
m oval  of  the  en t ire  stapes  footplate  and  the  placem ent  of
grafted  tissue  over  the  oval  w indow, followed  by  the  piston.
With  newer  technology, such  as the m icrodrill and  laser, stape-
dotomy (opening in to  the  vestibule)  has  becom e  a  m ore  com -
m on  technique  because  it  results  in  less  traum a  and  better
hearing.

Stapedectom y Prostheses
Many di erent  prostheses of various m aterials have been  devel-
oped  for  stapedectomy. Som e  of the  designs  that  have  proved
m ost  e ect ive  and  are  still  in  use  today  include  the  McGee
piston  and  the Robinson  bucket  handle prostheses. The im plan-
tation  of m etallic prostheses  m ust  be  carefully considered  be-
cause  of  potent ial  issues  w ith  m agnetic  resonance  im aging
compatibility.  Appropriate  nonferrom agnetic  m etals,  such  as
platinum , titanium , and  stainless steel, m ay be  used  safely. Nu-
m erous  types  of prostheses  are  available  and  have  been  suc-
cessfully  used  in  stapes  surgery.  Surgeon  preference  usually
leads to the select ion  of a safe and e ect ive prosthesis.

Lasers in Stapedotom y
Several  di erent  types  of lasers  have  been  adapted  for  stape-
dotomy. Lasers  allow  vaporization  of the  stapes footplate  w ith
m inim al vibratory  e ect . This  technology also  causes  m inim al
therm al  injury  to  the  perilym ph .  Com plex  revision  stapes
surgery  that  t rad it ionally  was  associated  w ith  h igh  risk  and
low  success  rates  is  now  perform ed  m uch  m ore  e ect ively
w ith  laser.

Several types  of lasers  are  available  for  otologic surgery, in -
cluding  argon, potassium  t itanyl phosphate  (KTP), and  carbon
dioxide  (CO2)  lasers. Argon  and  KTP lasers  have  sim ilar  wave-
lengths  and  proper ties.  The  wavelength  of  an  argon  laser  is
488 nm , w hereas the  KTP laser  wavelength  is 532 nm . The visi-
ble wavelengths of these two lasers provide excellent  target  ac-
curacy because  the  aim ing beam  and  the  surgical beam  are  the
sam e. Both  fiber-optic handheld  probes and  m icrom anipulators
can  be  used  w ith  these  lasers. Argon  and  KTP laser  radiation  is

poorly absorbed in  bone and perilym ph, so that  potent ial risk to
the saccule and utr icle is increased during use.

The  wavelength  of the  invisible  CO2  laser  is  10,600 nm . CO2

lasers are  absorbed  in  bone  and  perilym ph, an  ideal character-
istic  that  allow s  stapedotomy  to  be  perform ed  safely. Studies
have  show n  that  use  of  the  CO2  laser  in  the  open  vestibule
causes a rise in  the perilym ph temperature of on ly 0.3°C. One of
the  advantages of the  CO2  laser  for  stapedotomy, the  high  rate
of  absorpt ion  in  the  perilym ph,  results  in  a  low  penetration
depth  of only 0.01 m m .

Because  the  CO2  laser  beam  is  invisible,  a  second  aim ing
beam  (helium –neon  [HeNe], 612 nm ) is  required, and  the  cali-
bration  of these two lasers m ust  be ensured. Until recently, CO2

laser was available for  use only w ith  a m icrom anipulator. Fiber-
optic delivery of the CO2 laser has now  been  in troduced, allow -
ing the benefit  of handheld m anipulation.

Stapedotom y Procedure
The procedure  m ay be  perform ed  w ith  in travenous sedat ion  or
general anesthesia. Antibiotics and  often  steroids are  given  pre-
operatively.

After  sterile  preparation  and  draping, local anesthetic is in fil-
trated  in to  the  ear  canal and  postauricular  region. This  should
be  done slow ly and  deliberately, and  blanching of the  ear  canal
skin  should  be observed  to ensure  adequate anesthesia and  he-
m ostasis.

A sm all piece  of subcutaneous fascia  or  fat  is harvested  from
a postauricular incision  and saved for later use.

The speculum  should  then  be  secured  in  the  speculum  hold-
er. The largest  speculum  that can com fortably fit  in to the ear ca-
nal should  be used for the greatest exposure.

A 6-  to  8-m m  tym panom eatal  flap  is  created.  The  chorda
tym pani  nerve  is  preserved  and  the  m iddle  ear  en tered. Ad-
equate  exposure  is  attained  by using a  m icrodrill and/or  curet
on  the  osseous anulus (� Fig. 127.1) until the  stapedial tendon
and  inferior  portion  of the  tym panic facial nerve  are  well seen.
Malleus  and  incus  m obility  are  ensured, and  stapes  fixation  is
confirm ed by m anual palpation .

The  incudostapedial  join t  is  lasered  before  it  is  separated
w ith  a  joint  kn ife  (� Fig. 127.2). To  allow  better  stability of the
stapes  superstructure,  the  stapes  tendon  is  lasered  a fter  the
join t  has been  separated (� Fig. 127.3). The posterior crus of the
stapes is  then  lasered  (� Fig. 127.4) as  close  to the  footplate  as
possible  to  preven t  the  stum p  of the  crus  from  later  in terfer-
ing  w ith  placem en t  of the  piston . If the  an terior  crus  is  visi-
ble, it  can  also  be  lasered . The  superstructure  is  then  briskly
dow n-fractured  away  from  the  facial  nerve  and  rem oved
(� Fig. 127.5).

Sm all  fenestra  laser  stapedotomy  can  be  perform ed  via  a
rosette  technique  w herein  m ultiple  laser  applications
(� Fig. 127.6) w ith  the  0.2-m m  spot  size  are  used  to  gradually
create a 0.7-m m  fenestra (� Fig. 127.7). Although  the CO2 wave-
length  w ill m in im ize the risk to the inner ear, care  m ust  still be
taken not  to allow  the laser to pass through adjacent, previously
created  holes in  order  to  prevent  injury to the  inner  ear, espe-
cially  if perilym ph  has  leaked  out  to  cause  a  dry  fenestra. Ab-
sence of the perilym ph  takes away the natural protect ion  of the
vestibular  end-organs. Those  surgeons w ho choose  to  use  visi-
ble  spectrum  lasers  (KTP  or  argon)  instead  of  the  invisible
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wavelength  CO2  laser  m ust  take  even  greater  care  because
visible  lasers  can  pass  through  perilymph, potentially  causing
injury to the inner ear.

Measurem ents  m ay  be  taken  from  the  incus  to  the  stapes
footplate  opening.  Typically,  the  stapes  prosthesis  m easures
4.25 m m  in  length  and  0.5 m m  in  diam eter. These  dim ensions
seem  to  be  appropriate  for  90  to  95% of patients  undergoing
surgery.  The  stapes  piston  is  then  inserted  in to  the  fenestra
w ith  a sm all alligator forceps.

Once its position  is confirm ed, the piston  is crim ped onto the
incus (� Fig. 127.8), and  then  its position  at  both  the  incus and
the  footplate  is  confirm ed  under  h igh-power  m agnification.
The  previously harvested  fascia  is  cut  in to  3 m m  pieces, w hich
are  m oistened  and  packed  around  the  piston  at  the  fenest ra. A

crit ical  m aneuver  before  closure  is  to  m ove  the  m alleus  and
look for  m ovem ent  of both  the  incus and  piston. The tym pano-
m eatal flap  is then  replaced. A w hisper  test  confirm s im proved
hearing,  and  several  pieces  of  saline-soaked  Gelfoam  (Pfizer,
New  York,  NY)  are  placed  over  the  tym panom eatal  flap  and
tym panic  m em brane. An  antibiotic  ointm ent  that  is  not  oto-
toxic, such  as  bacitracin , is  then  instilled  in  the  external audi-
tory  canal. Most  pat ients  m ay  be  discharged  the  sam e  day  if
they live w ithin  an  hour or two of the hospital.

Int raoperat ive Issues
Anatom ical varian ts m ay be found at  the t im e of m iddle ear  ex-
ploration  done for  possible  stapes surgery. When  these  are  en-
countered, err ing on  the  side  of patien t  safety is  of crit ical im -
portance. If a  low -hanging facial nerve  contact ing the  stapes or
a  persistent  stapedial artery  is  identified, the  surgeon  w ill not
be faulted for aborting the procedure.

Narrow Oval Window Fenestra
A di cult  scenario  in  stapes  surgery  is  dealing  w ith  a  narrow
oval w indow  niche. This lim its the surgeon’s ability to create an
appropriately  sized  fenestra  and  m akes  it  di cult  to  know  if
the  fenestra  created  m ay in  fact  be  too  narrow, w hich  w ill re-
str ict  m ovem ent  of  the  piston .  A narrow  niche  can  often  be
m arkedly  improved  by  using  the  laser  to  vaporize  approxi-
m ately  1 m m  of prom ontory  bone  just  below  the  stapes. This
im proves visibility and allow s accurate placem ent of the piston.

Incus Erosion/Subluxation
Erosion  of the  incus is  a  com m on  finding at  revision  stapedec-
tomy. In  dealing  w ith  incus  erosion, the  surgeon  m ust  assess
w hether  reconstruct ion  is possible  w ith  the  rem aining incus or
w hether  reconstruct ion  to  the  m alleus  or  drum  is  necessary.
In  certain  m odification  techniques, bone  cem ent  m ay  be  used
to  rebuild  the  incus  and  anchor  the  prosthesis.  Alternative
prostheses, such  as  the  Big  Easy  o set  piston  and  the  Lippy-

Fig. 127.1  Adequate  exposure  of the  stapes
footplate  often  necessitates removal of some  of
the  osseous anulus.

Fig. 127.2  Separation of the  incudostapedial joint  with  a  joint  knife.
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m odified Robinson  prostheses, m ay also be e ect ive if the incus
erosion  is  m ild  to  m oderate. If incus  erosion  is  severe, a  m al-
leus–to–oval  w indow  prosthesis  m ay  be  used  and  the  proce-
dure perform ed by an  experienced surgeon.

Postoperat ive Com plicat ions
In  the  postoperative  patien t  w ith  significant  dizziness,  t inn i-
tus, and/or  hearing loss, one  m ust  consider  the  m ost  likely dif-
feren tial diagnosis. Etiologies  include  serous  labyrinth itis, per-
ilymphatic  fistula,  a  deep  piston,  and  reparative  granulom a.
Patien ts  should  be  m onitored  closely;  the  t im ing  and  severity
of sym ptom s  as  well  as  the  physical exam ination  findings  are
key factors in  determ ining the likely cause  and  treatm ent .

Serous Labyrinthit is
The  m ost  com m on  cause  of postoperative  inner  ear  sym ptom s
after  routine  stapedotomy is  thought  to  be  “serous  labyrinthi-
tis,” w hich  occurs  during  routine  “successful”  stapes  surgery.
This complication  m ay be  associated  w ith  individual variations
in  inner  ear  sensitivity. Most  pat ients appear  to  benefit  from  a
short  course of oral steroids. If rapid  im provem ent  is not  noted,
the  packing should  be  rem oved  (even  at  an  early stage  postop-
eratively), the  ear  exam ined, and  the hearing assessed. Repara-
tive  granulom a, perilym ph  fistula, and  a  deep  or  long  piston
should be excluded.

Fig. 127.3  The  stapedial tendon is lysed  with
laser.

Fig. 127.4  The  posterior crus of the  stapes is lasered.

Fig. 127.5  The remaining stapes superstructure is down-fractured and
removed.
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Oval Window Fistula
Oval w indow  fistula  was  relatively com m on  in  the  past  w hen
Gelfoam  and  blood  were  used  in  the  fenestra  instead  of t issue
seals. Oval w indow  fistula after  stapedectomy m ay occur  in  the
early  postoperat ive  period  or  years  later.  Fluctuating  or  pro-
gressive  hearing loss is noted, as well as t innitus w ith  or  w ith-
out  vert igo. Traum a  or  a  change  in  barom etric  pressure  m ay
precede  the  sym ptoms. The  clinical  exam ination  m ay  include
fistula testing, typically perform ed  sim ply w ith  digital pressure
or  pneum otoscopy to  elicit  dizziness. Audiom etric findings  in-
clude sensorineural hearing loss, although hearing loss is not al-
ways  present  on  the  audiogram . The  diagnosis  is  rarely  seen
w hen  a  t issue  seal of fascia  or  vein  has  been  used. Middle  ear
exploration  and graft ing of the oval w indow  w ith  tissue is indi-
cated if a fistula is thought  to be present.

Deep Piston/Prosthesis
The  incidence  of deep  insert ion  of the  piston  w ith in  the  vesti-
bule  is low  in  experienced  hands. Most  com m only, th is compli-
cation  occurs  w hen  the  length  of  the  chosen  piston  is  m ore
than  the  standard  length  of 4.25 m m . The  diagnosis is  strongly
considered w hen  either a longer prosthesis was used  or  the pa-
tient  experienced  dizziness  in traoperatively  during  placem ent
of  the  piston  through  the  fenestra. As  in  patien ts  w ith  peril-
ym ph  fistula,  digital  pressure  or  pneum otoscopy  often  elicits
dizziness;  however, the  onset  of sym ptom s is  usually  im m edi-
ately  after  surgery,  w hereas  fistulas  m ay  occur  quite  late. CT
after  stapedectomy has not  been  show n  to be  reliable  in  deter-
m ining the depth  of piston  insertion  w ithin  the vestibule. Thus,
im aging  after  stapedectomy has  lim ited  value  in  identifying  a
piston  that  is too deep w ithin  the vestibule.

Other  etiologies  of  vert igo  should  be  considered,  including
benign  paroxysm al positional ver tigo (BPPV), a  depressed  foot-
plate  fragm ent, or  reparative  granulom a. BPPV in  the  postope-
rative  period  m ay be  secondary to surgical injury to the  utr icle
or  due  to  the  free  flow  of  par ticles  from  the  fenestra.  This

condition  is  typically  self-lim iting, and  patien ts  often  benefit
from  canalith  reposit ioning m aneuvers.

Reparat ive Granuloma
The  hallm ark  of  reparative  granulom a  is  progressive  sensori-
neural hearing loss after  earlier  postoperative hearing improve-
m ent.  This  m ay  be  associated  w ith  vert igo,  aural  fu llness,  or
tinn itus. Often, the audiogram  reveals a m ixed  hearing loss that
is  m ost  severe  in  the  high  frequencies.  If  th is  diagnosis  is
considered, the  packing  in  the  external  auditory  canal  should

Fig. 127.6  A rosette  pat tern  is lasered  on  the  stapes footplate.

Fig. 127.7  Creating a small stapedotomy.

Fig. 127.8  Stapes prosthesis in  place  in  stapedotomy and  crimped  on
the  long  process of the  incus.
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be  rem oved  and  the  ear  exam ined. The  tym panic  m em brane
typically appears  th ickened, and  bright  red  tissue  is  visualized
along  the  tym panom eatal  flap  and  len ticular  process  of  the
incus.

The  cause  of  th is  rare  complication  is  curren tly  unknow n.
Surgical exploration  should  be considered if it  is suspected. Sig-
nificant  granulation  tissue  around  the  oval w indow  and  pros-
thesis  is  noted  on  exploration.  Multinucleated  gian t  cells  are
noted  h istologically, signifying foreign  body react ion. The gran-
ulom a  should  be  lasered  away, the  prosthesis  rem oved, and  a
tissue  seal placed  over  the  oval w indow. Another  prosthesis  is
usually not  placed, and depending on  the hearing level, revision
surgery in  6 m onths m ay be considered. Alternatively, a hearing
aid or bone-anchored hearing aid m ay be considered.

Persistent  Postoperat ive Conduct ive Hearing
Loss
In  the  case  that  the  postoperative  audiogram  show s  no  im -
provem ent  in  hearing, one  m ust  consider  m alleus  fixat ion , a
fenestra that  is too tight, piston  displacem ent, or  superior canal
dehiscence.  After  superior  canal  dehiscence  is  ruled  out,  the
patient  m ay  be  reexplored. If  m alleus  head  fixation  is  found,
m obilization  m ay  be  considered,  w hich  is  ideally  done  after
the  incudostapedial  joint  (or  piston)  has  been  separated  to
m inim ize  labyrinthine  t raum a. Refixation  of the  m alleus  after
m obilization, though, is  not  uncom m on. Thus, alternatively, an
atticotomy m ay be  perform ed  to rem ove  the  m alleus head  and
incus, w ith  subsequent  ossicular  reconstruct ion  perform ed  be-
tween the m alleus and oval w indow.

Postoperat ive Otit is Media
Acute  otit is m edia in  the  postoperative  period  is a  rare  compli-
cation. This is an  especially concerning condition  because bacte-
ria  m ay enter  the  labyrin th  and  can  rarely  lead  to  m eningitis.
Antibiotic  therapy  should  be  instituted, myringotomy  consid-
ered, and the pat ient’s condition  m onitored closely.

Results of Stapes Surgery
Approxim ately 90% of patients undergoing prim ary stapes sur-
gery have a conductive deficit  of 10 dB or less w hen  m easured 6
to 12  m onths after  stapedectomy. In  these  studies, about  5% of
patients have  an  unsat isfactory result , w ith  an  estim ated  aver-
age  air–bone  gap  of 15 dB or  h igher. The  air–bone  gap  closure
typically rem ains stable  through  tim e. A long-term  sensorineu-
ral hearing loss  a ect ing the  high  frequencies  m ay occur  w ith
tim e and  m ay be  a consequence of presbycusis or  cochlear  oto-
sclerosis.

The  experience  of the  surgeon  is clearly a  predictor  of stapes
surgery outcom es. Experienced  surgeons in  one study m ore ac-
curately  placed  the  stapes  prosthesis  and  caused  less  cochlear
traum a than  novice surgeons. The num ber of resident stapedec-
tom ies  perform ed  in  training  program s  over  the  past  several
decades  has  declined  significantly, and  m ore  recent  graduates
have  becom e  increasingly  reluctant  to  perform  stapes surgery.
Consequently, although an  otologic fellow ship is not  a prerequi-
site  for  perform ing  stapes  surgery,  otolaryngologists  should

honestly evaluate  their  training, experience, and  m icrosurgical
skills before opting to perform  stapes surgery.

127.6  Sum m ary
Otosclerosis  is  a  com m on  cause  of conductive  hearing  loss  for
w hich  surgical t reatm ent  is  h ighly successful, w ith  a  low  inci-
dence  of complications  in  experienced  hands. The  nonsurgical
treatm ent  of otosclerosis includes fluoride therapy and  am plifi-
cation. Laser  stapedotomy is  the  definitive  t reatm ent  for  hear-
ing restoration.

Generous  exposure  of the  m iddle  ear, the  use  of laser  tech-
nology, and  compulsive  atten tion  to  detail before, during, and
after  stapedectomy are  critical elem ents to  achieve  optim al re-
sults and m inim ize complications.

127.7  Roundsm anship
●  Otosclerosis typically presents w ith  conductive or m ixed

(rarely sensorineural) hearing loss.
●  A Carhart  notch  occurs because stapedial vibration  at  the

round w indow at around 2,000 Hz on bone conduct ion  testing
is dim inished in  a patien t  w ith  stapes fixation , resulting in  a
factit ious finding of sensorineural hearing loss.

●  Sodium  fluoride reduces vascularity and bone-resorpt ive ac-
tivity, thereby inact ivating foci of otospongiosis.

●  Although all patien ts should  be m easured to determ ine the
appropriate length  of a stapes prosthesis, m ost  are treated ap-
propriately w ith  a length  of 4.25 m m .

●  Palpation  of the m alleus to observe piston  m otion  should  al-
ways be perform ed to ensure an  in tact  sound-conduct ing
m echanism .

●  Com m on causes of postoperat ive vert igo include a long pros-
thesis, benign  paroxysm al positional vert igo, a depressed
footplate fragm ent, and reparative granulom a.

127.8  Recom m ended Reading
[1]  Carhart  R. The  clin ical application  of bone  conduct ion  audiom etry. Trans Am

Acad Ophthalm ol Otolaryngol 1950; 54: 699–707
[2]  Caughey RJ, Pitzer GB, Kesser BW. Stapedectomy: dem ographics in  2006. Otol

Neurotol 2006; 27: 769–775
[3]  Caw thorne T. Otosclerosis. J Laryngol Otol 1955; 69: 437–456
[4]  Lem pert  J. Im provem ent  of hearing in  cases of otosclerosis:  a  new, one stage

surgical technic. Arch  Otolaryngol 1938; 28; (1): 42–97
[5]  Levin  G, Fabian  P, Stahle  J. Incidence  of otosclerosis. Am  J Otol 1988;  9:  299–

301
[6]  McGee TM. The  argon  laser  in  surgery for  chronic ear  disease  and  otosclero-

sis. Laryngoscope 1983; 93: 1177–1182
[7]  Perkins RC. Laser stepedotomy for otosclerosis. Laryngoscope 1980; 90: 228–

240
[8]  Rosen  S. Restoration  of hearing  in  otosclerosis  by  m obilization  of the  fixed

stapedial footplate; an  analysis of results. Laryngoscope 1955; 65: 224–269
[9]  Schuknecht  HF, Applebaum  EL. Surgery for  hearing loss. N Engl J Med  1969;

280: 1154–1160
[10]  Sham baugh  GE. Clin ical diagnosis of cochlear  (labyrin thine) otosclerosis. Lar-

yngoscope 1965; 75: 1558–1562
[11]  Shea JJ. Thirty years of stapes surgery. J Laryngol Otol 1988; 102: 14–19
[12]  Sheehy  JL,  Nelson  RA,  House  HP.  Stapes  surgery  at  the  Otologic  Medical

Group. Am  J Otol 1979; 1: 22–26
[13]  Soifer  N, Weaver  K, Endahl GL, Holdsworth  CE. Otosclerosis:  a  review. Acta

Otolaryngol Suppl 1970; 269: 1–25

Otosclerosis and Stapedectomy

1002



128  Baha and Other Osseointegrated Tem poral Bone
Im plants
Katrina R. Stidham

128.1  Int roduct ion
The  bone-anchored  hearing  aid  or  Baha  is  an  osseoin tegrated
temporal bone  implant  that  conducts  sound  through  the  skull
and directly in to the inner ear. It  has been  show n to be e ect ive
in  treating patients w ith  conduct ive hearing loss, m ixed hearing
loss, or un ilateral profound hearing loss.

128.2  Term inology
128.2.1  Baha
Baha  is  a  patented  technology  ow ned  by  Cochlear  (Cochlear
Baha  Products  and  Services, Mölnlycke, Sweden). In  the  past,
BAHA was  an  acronym  for  bone-anchored  hear ing a id, but  the
company has  dropped  use  of the  acronym  and  instead  prefers
to describe the technology as an  osseointegrated temporal bone
im plant under the product  line of Baha.

128.2.2  Osseointegrat ion
Osseointegration  is  the  act ive  process  of bone  grow ing into  or
assim ilating  an  implanted  m aterial. Osseoin tegration  provides
very strong fixation  for a prosthesis, w hich  essentially becom es
an  in tegrated part  of the bone.

128.2.3  Osseointegrated Hearing Aid
The  term  osseointegra ted  hear ing  a id  is  is  used  to  describe
the Baha and any other hearing aids that  are fixed by osseoin te-
gration .

128.2.4  Single-Sided Deafness
The term  single-sided deafness (SSD) is used  to describe a situa-
tion  in  w hich  an  individual has profound hearing loss in  one ear
w ith  very  poor  discrim inat ion  that  cannot  be  im proved  w ith
convent ional hearing aid technology.

128.3  Applied Anatom y
Sound  norm ally passes  in  waveform s into  the  ear  canal and  to
the  eardrum . The  sound  waves  cause  the  eardrum  to  vibrate,
and  the  vibration  drives  m ovem ent  of the  ossicular  chain . The
ossicular  chain , in  turn , transm its  the  vibratory  nature  of the
sound  waves to the  cochlea, w here  the  acoustic signal is trans-
lated  in to an  electr ical signal, and  the  cochlear  nerve  transm its
the inform ation  to the brain .

The  cochlea  is  encased  in  bone  that  is  contiguous  w ith  the
skull. It  has  long  been  know n  that  w hen  a  sound  wave  is  ap -
plied  directly to the skull, the skull can  conduct  the wave e ec-
tively to the inner ear. In  th is way, the norm al passage of sound
through air, w hich requires a funct ioning eardrum  and ossicular

chain , is  e ect ively  bypassed. This  phenom enon  is  known  as
bone  conduct ion. It  can  be  dem onst rated  by pressing a  vibrat-
ing tuning fork  to the  skull. Bone  conduction  of sound  is  regu-
larly  used  in  audiom etric  testing  to  dist inguish  betw een
conductive  and  sensorineural hearing loss. In  situations of con-
duct ive  hearing  loss, in  w hich  there  is  a  problem  w ith  sound
conduction  from  the  environm ent  to  the  inner  ear, bone  con-
duct ion  thresholds are  norm al, w hereas air  conduction  thresh-
olds are elevated.

128.4  Funct ion and Com ponents
of Osseointegrated Hearing Aids
128.4.1  History of the Baha and Other
Osseointegrated Hearing Aids
The  concept  of  osseointegrated  hearing  aids  began  w ith  re-
search  in  the 1950s related  to dental implants. At  that  t im e, Per
Ingvar  Brånem ark  discovered  that  t itanium  could  be  accepted
as  part  of living  bone. He  described  th is  process  as  osseoin te-
gration  and  began  research  on  creating  t itanium  dental
im plants. In  1977, Professor  Brånem ark and  a  colleague  in  oto-
laryngology, Anders  Tjellström , suggested  that  bone-anchored
im plants  could  be  used  to  help  patients  w ith  conductive  hear-
ing loss w ho could not benefit  from  tradit ional am plification.

Before  that  t im e, patien ts w ith  conductive  hearing loss were
treated w ith  transcutaneous bone conduction  hearing aids. Tra-
ditional bone conduct ion  devices consist  of a hearing aid  that  is
placed  on  a  m etal  headband  on  one  side  of  the  head  and  a
transducer  that  presses against  the skull on  the opposite side of
the head. The hearing aid picks up the sound and t ransfers it  via
a  cable  to  the  transducer,  w hich  in  turn  conducts  sound
through  the  skull to the  inner  ear. Unfortunately, bone  conduc-
tion  aids  have  several inherent  problem s. First , the  soft  t issue
betw een  the  transducer  and  the  skin  attenuates  the  sound, re-
ducing  sensitivity  and  causing  distort ion.  Second, because  of
the pressure needed to transm it  the sound, the devices are very
uncom fortable  and  have  to  be  repositioned  frequently. Third,
w ith  the need to wear a m etal band across the head, cosm esis is
a  significant  concern . Because  of these com bined  problem s, the
overall compliance  rate  w ith  t raditional bone  conduct ion  hear-
ing  aids  is  low. However, for  pat ien ts  w ith  atresia  and  severe
stenosis, th is type of hearing aid  was previously the only option
available for sound am plificat ion.

The  first  Baha  was  placed  in  Sweden  in  1977, and  over  the
next  several  years,  m any  technologic  advances  were  im ple-
m ented  to im prove the funct ionality of the device. The obstacle
of com bining  the  transducer  and  hearing aid  in  the  sam e  unit
was  overcom e  by elastically suspending the  hearing aid  below
the  transducer. The  second  problem  was  to  create  a  coupling
system  that  would  allow  the  hearing  aid  to  easily  be  coupled
to  and  decoupled  from  the  abutm ent  w hile  a  h igh  level  of
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m echanical  im pedance  was  m aintained.  The  coupling  system
also  had  to  have  a  low  profile  and  w ithstand  debris  from  hair,
sweat, and  hair  products. A unique flexing m ale-to-fem ale cou-
pling  system  was  designed  that,  w ith  a  few  m odificat ions, is
still in  use today.

The  Baha  was  first  approved  by  the  FDA in  1996  for  use  in
adults  w ith  m ixed  and  conductive  hearing  loss. It  was  subse-
quently  approved  for  implantation  in  children  5  years  of age
and  older  in  1999, and  was  approved  for  bilateral  fit t ings  in
2002.

In  the  early  2000s, research  was  carried  out  to  evaluate  the
functionality and  benefit  of the Baha in  patien ts w ith  unilateral
profound  hearing loss, also  know n  as  Single-Sided  Deafness  or
SSD. These  were  patients, usually w ith  a  sudden  severe  shift  in
hearing, experiencing  significant  funct ional  di culties. Before
the  Baha, the  only option  for  a  patient  w ith  SSD was either  no
intervention  or  a  CROS hearing  aid.  The  CROS (contralateral
routing of sound) hearing aid  consists of a device w ith  a m icro-
phone worn  in  the ear w ith  poor hearing and an am plifier worn
in  the  ear  w ith  good  hearing. Sound  is picked  up  on  the side  of
the  deficit  and  t ransm itted  to  the  good  ear. Because  the  Baha
transm its  sound  through  the  en t ire  skull,  it  essentially  func-
tions in  the sam e way as the  CROS device, and  the  pat ient  does
not  have  to  wear  an  am plifier  in  the  opposite  ear.  In it ial  re-
search  was positive, and  the  FDA approved  the  Baha  for  use  in
patients w ith  SSD in  2002.

Recent developm ents have focused  on  im proving the in ternal
technology of the hearing aid. The in itial devices were based  on
analogue  technology. Recent  generat ions  of  Baha  devices  are
based  on  digital  technology  and  have  im proved  qualit ies,  in-
cluding  autom atic  directional  m icrophone,  m icrophone  posi-
tion  compensation , autom atic noise  reduct ion, and  active feed-
back cancellation . All of these advances are designed to improve
the funct ionality of the devices.

The  Baha  has  also  been  m odified  for  use  in  young children.
An  elastic headband, referred  to as the  softband, was approved
by the FDA in  2002. It  allow s the device to be worn  m uch  m ore
com fortably than  it  can  w ith  the  convent ional m etal headband.
The softband is indicated for children  too young to undergo sur-
gical placem ent of a t itanium  im plant.

In  2009, Oticon  Medical (Som erset, NJ) released  a  competing
osseointegrated  hearing aid  that  m im ics  Baha  technology. It  is
m arketed under  the nam e Ponto and has m any of the sam e fea-
tures as the Baha. In  June 2011, Sophono (Boulder, CO) released
an  im plant  w ith  a  m agnetic  attachm ent  that  does  not  have  a
percutaneous abutm en t. Cochlear has also recently developed  a
m agnetic attachm ent  for the Baha as well.

128.4.2  Com ponents of the Baha
The  Baha  basically  consists  of  th ree  par ts:  the  t itan ium  im -
plan t, the  abutm ent , and  the  extern al processor  (� Fig. 128.1).
The  t itan ium  im plan t  and  abutm ent  are  usually packaged  and
placed  at  surgery  as  a  com bined  unit , but  they  can  be  sepa-
rated  if there  is  a  need  to  change  to  a  longer  abutm ent . The
external  processor  is  coupled  to  the  abutm ent  via  a  unique
flexing  m ale  com ponent  on  the  external  processor  that
at taches  to  a  fixed  fem ale  component  on  the  abutm ent.
The  external  processor  houses  the  t ransducer  and  the  digital
hearing aid .

128.4.3  How  the Baha Works
The  external  processor, through  its  coupling  to  the  abutm ent
(and  ultim ately the titanium  implant), transm its sound  directly
through  the skull.

In  patien ts  w ith  a  conductive  hearing  loss,  the  device  by-
passes  the  problem atic  natural am plifiers  of the  eardrum  and
m iddle  ear  bones and  conducts sound  waves directly to the  in-
ner  ear.  The  device  can  be  program m ed  to  provide  hearing
thresholds w ith in  a norm al range w hen  the device is worn.

In  pat ien ts w ith  SSD, the device transm its sound  through  the
skull to the opposite inner ear. The m icrophone picks up sounds
on  the  side  w ith  poor hearing that  would  otherw ise be  m issed.
For persons w ith  SSD, the Baha is particularly useful in  environ-
m ents w ith  background noise or competing noise.

128.4.4  Indicat ions and Test ing for Use
of the Baha
There are basically two categories of pat ients w ho are  poten tial
Baha  candidates:  those  w ith  conduct ive  or  m ixed  hearing loss
and those w ith  SSD.

Com m on  diagnoses  in  patien ts  w ith  conduct ive  hearing loss
w ho  are  potential  Baha  candidates  include  aural  atresia, con-
genital syndrom ic hearing loss (e.g., Treacher Collins syndrom e,
CHARGE [colobom a, heart  disease, a tresia  of the  nasal choanae,
retarded  grow th  and/or  developm ent ,  ear  abnorm alit ies  or
deafness]  syndrom e),  chronic  draining  ear,  and  otosclerosis.
The  current  FDA criteria  for  fitt ing  the  Baha  system  require  a
pure-tone average bone conduction  threshold  equal to or better
than  45 dB HL, a  speech  discrim ination  score  of 60% or  better,
and  an  air  conduction  threshold  equal  to  or  poorer  than  the
bone conduction  threshold.

Com m on  diagnoses in  patients w ith  SSD include sudden  sen-
sorineural hearing loss, acoust ic neurom a, t raum a, Meniere dis-
ease, labyrinthitis, and  congenital  unilateral  hearing  loss. The

Fig. 128.1  Baha components include  the  titanium  implant  inset  into
bone; the abutment, which serves to link the external processor to the
implant; and  the  external processor.
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FDA criteria for fit t ing a Baha in  a patient  w ith  SSD include pro-
found  hearing  loss  in  the  a ected  ear  and  essentially  norm al
hearing in  the opposite ear.

An  individual patient  in  either  group  can  evaluate the  poten-
tial benefit  of the  device  by listen ing w ith  a  dem o  device  on  a
m etal headband  or  test  rod. The  dem o device  is  not  as good  as
the  im planted  device because  of the  presence  of soft  t issue  be-
tween the device and the skull, but  it  gives the pat ient a reason-
able approxim ation  of the benefit  that  m ay be an ticipated.

128.5  Surgery for the Baha
128.5.1  Surgical Procedure for
Placem ent
Surgery for  placem ent  of the  Baha  is  a  relatively sim ple  proce-
dure  that  takes  approxim ately  30 m inutes  to  complete.  For
adults, the  procedure  can  be  done  w ith  in travenous  sedation
and  local  anesthetic. For  children, the  procedure  is  completed
w ith  general anesthesia. Surgery requires a dedicated  drill un it ,
drill t ips, and  im plants, all produced  by the  implant  m anufac-
turer. Modificat ions to the technique have been  developed  over
the  years, and  individual surgeons  have  di erent  m ethods  for
incision  and  soft-t issue  reduction. The  follow ing  technique  is
the ver tical incision  m ethod.

Before  anesthesia  is  adm inistered,  a  m ark  is  m ade  on  the
surgical side, approxim ately 5 cm  behind  the  ear  canal. It  is im -
portant  to  ask  the  patien t  about  specific preferences regarding
hats  or  glasses, and  to  have  the  pat ient  to  bring  these  to  the
surgery  center.  Usually,  the  device  can  be  positioned  away
from  such  h indrances. For  patien ts  w ith  prior  surgical defects,
such  as  from  a  previous  suboccipital  approach  to  tum or, the
incision  w ill  need  to  be  m odified  to  take  in  account  present
bony defects.

In  the  operating  room , the  area  is  shaved  and  prepared  for
surgery. Depth  of soft  t issue is m easured using a needle prior  to
anesthetic inject ion  nd  appropriate abutm ent  length  is selected
accordingly.  A  generous  am ount  of  local  anesthetic  w ith
epinephrine  is  in filtrated  in to the  area  of the  incision  and  sur-
rounding soft  t issue  dow n  to the  skull. A 3-cm  vertical incision
is m ade.

The  bone  is  then  prepared  for  placem ent  of the  im plant. A
10-m m  area  of  perisoteum  in  the  center  of  the  incision  is
opened  to  expose  the  bone  beneath.  With  a  guide  drill,  an
opening is  first  created  to  a  depth  of 3 m m  (� Fig. 128.2). The
bone is carefully exam ined, and  if it  is adequate, the  guide  drill
length  is  increased  to  4 m m . If the  bone  is inadequate  for  drill-
ing to  a  depth  of 4 m m , the  surgeon  proceeds to  the  next  step,
using a 3-m m  countersink and a 3-m m  im plant.

Follow ing the  determ ination  of bone  adequacy, the  counter-
sink drill bit  is  placed, and  drilling is  carr ied  out  w ith  copious
irr igation  just  to  the  depth  that  the  countersink  recess  is  cre-
ated  in  the bone  (� Fig. 128.3). The  com bined  titan ium  im plant
and  abutm ent  is  then  opened, and  w ithout  touching  the  im -
plant, the  surgeon  uses the  rotat ing hand  piece  to pick it  up. A
very slow  rotat ion  is used to place the implant , in it ially w ithout
irr igation  until  the  first  threads  of the  screw  are  in  the  bone
and  subsequently  w ith  copious  irr igation  unt il  the  im plant  is

seated  flush  w ith  the  bone  (� Fig. 128.4). The  wound  is  closed
around  the  im plant, w ith  the  abutm ent  left  exposed. A healing
cap  is  placed  on  the  abutm ent, and  a  pressure  dressing  is  ap -
plied (� Fig. 128.5).

Alternatively, a  two-stage  procedure  can  be  completed, w ith
placem ent  of  only  the  osseointegrated  titanium  im plant;  the
skin  is  closed  directly  over  it  after  soft-t issue  reduct ion. After
osseointegration  is  complete, the  surgeon  returns  and  m akes a
punch  incision  over  the  implant  and  attaches  the  abutm ent .
Som e surgeons choose  the  two-stage  procedure  for  ch ildren  in
w hom  there  is  a  concern  about  h itt ing or  disrupting the  abut-
m ent before full osseoin tegration.

Fig. 128.2  A guide  drill is used  to  gauge  the  depth  of bone.

Fig. 128.3  Countersink drilling.
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128.5.2  Com plicat ions of Surgery
As w ith  any surgical procedure  involving  placem ent  of an  im -
plant,  there  can  be  in traoperative,  im m ediate  postoperative,
and late postoperat ive complications.

Intraoperative  complications are few  and  consist  prim arily of
bleeding from  soft  t issue  and  bone. There  is, however, a  poten-
tial risk  for  dural exposure  and  cerebrospinal fluid  leak. Many
surgeons have  not  found  dural exposure  itself to be  a  problem ,
and the im plant can  be safely placed w ith  exposed dura.

Postoperative  and  long-term  complications  have  been  re-
ported  in  8  to  59% of Baha  pat ien ts. The  m ost  com m on  long-
term  complications  are  soft-t issue  overgrow th  and  skin  infec-
tion  at  the  abutm en t  site.  Other  problem s  include  abutm ent
and  fixture  dislodgem ent, exposed  bone  at  the  abutm ent  site,
scalp  paresthesia,  persisten t  pain ,  failure  of  osseointegration ,
granulation  t issue  and  bleeding at  the  abutm ent  site, feedback
problem s, neurom a, keloid, and hem atom a.

Skin  irr itation , in fect ion, and  overgrow th  are  thought  to  be
due  in  part  to  the  percutaneous  nature  of the  im plant  and  in
part  to the surgical approach  and  abutm ent  design. Most  of the
skin  irr itation  problem s  can  be  m anaged  locally  w ith  topical
steroids and  an tibiotic oin tm ent . Cauterization  and  oral antibi-
otics  are  em ployed  in  m ore  severe  cases. When  complete  skin
overgrow th  occurs, surgery is  necessary  to  reexpose  the  abut-
m ent  and  th in  the skin . Som e pat ien ts can  be m anaged by plac-
ing a longer  abutm ent , w hich  usually resolves the  problem . Re-
cent  m odifications  in  surgical technique  and  abutm ent  design
have been  associated w ith  lower complication  rates.

128.6  Hearing Benefit s of the
Baha
The  Baha  has  been  show n  to  provide  object ive  and  subject ive
benefit  in  patients w ith  bilateral conductive  and  m ixed  hearing
loss, unilateral conductive and m ixed hearing loss, and SSD.

For  pat ients  w ho  have  bilateral conductive  hearing  loss, the
benefits  are  the  m ost  obvious  because  their  on ly other  m eans
to am plify hearing is often  a bone conduct ion  device worn  on  a
headband. Pat ien ts  w ho  have  bilateral conductive  loss  experi-
ence  significant  im provem ent  in  speech  thresholds w ith  a  uni-
lateral Baha fit t ing. However, the  greatest  benefit  is ach ieved  in
patien ts  w ho  receive  bilateral  im plants.  In it ially,  th is  benefit
was  questioned  because  one  device  can  obviously  conduct
sound  to both  coch leas. How ever, im provem en ts in  d irect ion-
al hearing  and  speech  recogn it ion  in  quiet  and  in  noise  w ith
bilateral  fit t ings  com pared  w ith  un ilateral  fit t ing  have  been
docum ented. Pat ien ts w ho have  bilateral im plan ts also  repor t
a  sign ifican t  increase  in  quality  of life  on  standard ized  ques-
t ionnaires  com pared  w ith  those  w ho  have  un ilateral  Baha
placem en t.

Patien ts  w ith  unilateral  conductive  hearing  loss  have  been
noted  to have better  hearing in  quiet  and  in  background  noise,
w ith  significant  im provem ent  on  speech-in-noise  tests. Sound
localization  is  not  changed  for  the  m ajority  of  pat ients  using
the  Baha, although  a  subset  of patients have  had  definitive  im -
provem ent  in  localization, as  well. In  general, greater  benefits
are  seen  in  patien ts w ho have acquired  conduct ive hearing loss
compared  w ith  those  w ho  have  congenital conductive  hearing
loss, due  in  part  to overall better  unaided  scores for  directional
hearing and  understanding in  noise for  the group w ith  congen-
ital hearing loss.

For patien ts w ith  SSD, Baha has been  docum ented to improve
perform ance  on  speech-in-noise  tasks. No  im provem ent  in  lo-
calization  has been  docum ented. This  lack of localization  is  at-
tr ibuted to the fact  that all sound is directed in to one funct ional
cochlea, and  norm al cues of in teraural tim ing and  in tensity are
not  restored  w ith  the  am plification. Pat ients  report  significant
subject ive  benefit  in  m ultiple  hearing situat ions, including lis-
tening in  quiet, listening in  a  group, listening at  a  dinner  table,
and  listen ing to TV or  radio. In  addition , an  increase  in  quality
of  life  and  a  decrease  in  hearing  handicap  scores  have  been
docum ented.

Fig. 128.4  Placement  of the  combined  titanium  implant  and  abut-
ment.

Fig. 128.5  The  healing  cap  is positioned  over the  abutment.
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128.7  Roundsm anship
●  Osseoin tegrated conductive hearing aids are beneficial for

patients w ith  conductive and m ixed hearing loss, and for
those w ith  unilateral profound hearing loss.

●  Osseoin tegration  of the Baha allow s it  to conduct sound e ec-
tively through the skull to the inner ear.

●  The m ost  com m on complications of soft-t issue overgrow th
and skin  infect ion  can  usually be m anaged w ith  topical
m edications. Revision  of the abutm ent site m ay occasionally
be required.

●  The Baha im proves sound localization  in  patients w ith  bilat-
eral conductive hearing loss w hen two devices are fit ted.

●  For patients w ith  unilateral conductive hearing loss and sin-
gle-sided deafness, the Baha im proves hearing in  noise but  in
general does not  im prove sound localization.
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129  Cochlear Im plantat ion
Christopher J. Linstrom

129.1  Int roduct ion
Hearing loss in  any degree  for  any reason  handicaps the  ability
of  a  person  to  com m unicate.  Background  noise  worsens  th is
handicap. For a pat ient  w ith  bilateral hearing loss so severe that
m edical care (am plification) or  surgical care  (e.g., eradication  of
chronic ear disease or a cholesteatom a, or correct ion  of the con-
duct ive  component  of  hearing  loss  in  otosclerosis)  has  not
brought  the  hearing up  to  an  am plifiable  level, a  cochlear  im -
plant  m ay be the next best alternative.

It  is im portant  to keep  a few  basic facts in  m ind. Firstly, a pa-
tien t  w hose  hearing can  be  am plified  w ill generally com m uni-
cate globally better  than  a patient  w ith  a cochlear im plant. Sec-
ondly, a  cochlear  im plant  is  not  a  hearing aid. It  is an  electrical
representation  of sound. It  works in  a  very di eren t  way from
any analog or digital hearing aid. Thirdly, un ilateral hearing loss
is  not  an  indication  for  cochlear  implantation;  a  norm al  or
nearly norm al ear  w ill always function  better  than  an  ear  w ith
a  cochlear  im plant.  Furtherm ore, a  cochlear  im plant  is  not  a
substitute for norm al hearing. Finally, the cochlea and, m ost  im -
portantly the spiral ganglion  cells from  the eighth  cranial nerve
are housed  in  the hardest  bone in  the body, the petrous tempo-
ral  bone. Although  they  are  them selves  soft-t issue  structures,
they  are  protected  from  m any  disease  processes  a ect ing  the
temporal bone, so that cochlear im plantation  is possible.

This chapter  w ill focus on  the  evaluation  of the  patient  w ith
severe  to  profound  hearing loss, on  various  m eans used  to  ha-
bilitate hearing, and  on  the steps taken  before and  during coch-
lear  im plantat ion  w ith  the  goal  of  rehabilitating  the  pat ient
w ho  has  a  hearing  handicap  and  restoring  a  better  m eans  of
com m unicat ion.

129.2  Incidence of Disease
It  is  estim ated  that  21  m illion  Am ericans are  su ciently hear-
ing-im paired  to  require  som e  form  of  treatm ent ,  w hether
through  am plification  or  surgery, including cochlear  im planta-
tion. Of those w ith  significant  hearing loss, it  is di cult  to esti-
m ate  how  m any  would  qualify  for  cochlear  implantation . The
m inim um  age  for  cochlear  im plantat ion  in  the  United  States is
12  m onths, although  th is  num ber  is  being  pushed  dow nward.
There  is  no  upper  age  lim it  for  cochlear  im plantation.  The
audiom etric and  general health  status  of the  patient  alone  de-
term ines the upper age lim it.

When  a  person  is  discovered  to  have  hearing loss  and  seeks
m edical  attention  for  th is  problem ,  the  m edical  professional
w ho encounters the pat ient should investigate several basic fea-
tures. Is  the  hearing loss  unilateral or  bilateral?  Was  it  of sud-
den  or gradual onset? Does it  fluctuate? Has there been  a return
of any hearing? What  m edical or surgical m eans has the pat ien t
used  to habilitate  h is or  her  hearing?  Is the hearing loss associ-
ated  w ith  any  other  ear-related  problem , such  as  chronic  ear
disease?  Is there  any other  complaint, such  as dizziness/ver tigo
or  facial  nerve  weakness?  Is  there  a  fam ily  h istory  of hearing
loss? Does the patien t  rem em ber previously hearing well in  the

a ected  ear?  What  m edical and/or  surgical problem s does the
patien t  have, if any, that m ight cause hearing loss?

129.3  Term inology
Hearing is m easured in  decibels (dB) of hearing level. For stand-
ard audiom etric m easurem ent, the worse the hearing, the high-
er  the  decibel level of the  hearing threshold, com m only m eas-
ured  as  the  speech  reception  threshold  (SRT). The  SRT is  the
level at  w hich  the  subject  is aware  of 50% of the  words in  a  list
of equally  weighted  two-syllable  words, although  the  num ber
of syllables per  word  in  the word  list  w ill vary depending upon
the language tested. A second, com plem entary param eter  to test
hearing  is  the  word  recognition  score  (WRS), expressed  as  the
percentage of correctly heard  words from  a list  of single-syllable
words presented  without  context. In  English, the  single-syllable
word  w ill  be  chosen  from  a  list  of “consonant–nucleus–conso-
nant” (CNC) words presented  by convention  at  35 dB above  the
SRT. The  WRS is  a  di cult  test  because  every part  of the  word
m ust  be  heard  and  recognized  independently  and  divorced
from  any context. The  SRT and  WRS are  separate  but  com ple-
m entary  tests  and  should  be  done  independently  for  each  ear.
Of all  test  param eters, these  two  item s  w ill  yield  the  greatest
am ount  of inform ation  about  the subject’s level of audition .

Hearing loss  m ay  be  classified  as  m ild, m oderate, severe, or
profound. Each  category  im plies  approxim ately  a  20-dB wor-
sening of hearing. The  term  deaf to  any hearing professional is
associated  w ith  im m easurable  hearing  at  or  below  110  to
120 dB. Very few  pat ients w ho claim  to be  “deaf” have  th is ex-
trem ely poor level of hearing (� Fig. 129.1).

129.4  Applied Anatom y
The  basic  anatomy  of  the  outer,  m iddle,  and  inner  ear  has
been  presented  in  th is  book.  For  a  consideration  of  cochlear

Fig. 129.1  Levels of audition.
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im plantat ion , the  ear  should  have  norm al anatomy and  eusta-
chian  tube funct ion. In  rare  cases, the  patient  m ay have had  se-
vere  chronic  ear  disease  and  already  undergone  otologic  sur-
gery. The patien t and surgeon m ust bear in  m ind that a cochlear
im plant  is a  large  foreign  body, roughly the  size  of a  silver  dol-
lar, w ith  an  electrode array (or  two arrays in  one FDA-approved
m odel)  at  one  end. Any  preexisting  otologic  disease  m ust  be
eradicated  before  a  cochlear  im plant  can  be  placed  in to  the
m astoid  and  inner  ear.  In  som e  cases,  cochlear  im plantation
m ust  be  staged;  first , the  external and  m iddle  ear  are  exenter-
ated  of any  disease  and  surgically  overclosed. After  a  suitable
period of about  4 to 6 m onths, if the ear is free of active disease,
an im plantation  m ay be done. In  pat ients w ho have had bacteri-
al m eningitis, the  otic capsule  m ay be  filled  in  w ith  scar  t issue
(labyrinthitis ossificans), or  in  rare cases of advanced  otosclero-
sis, the otic capsule  is distorted  to such  a degree that  on ly a few
electrodes of the  array can  be  im planted. In  other  cases, a  split
electrode  array is  m ade, and  the  cochlea  is  fenestrated  in  two
places  to  allow  both  an  or thograde  and  a  retrograde  insertion
of the  electrodes. In  general, the  greater  the  num ber  of active
electrodes that  are im planted, the better the patien t’s word rec-
ognition  w ill be.

129.5  The Disease  Process
Deafness  has  hundreds  of causes, and  the  likely  causes  based
upon  the  pat ient’s  h istory  and  physical  exam ination  m ust  be
investigated, as would  be  done in  any m edical or  surgical proc-
ess. Hearing  loss  in  general m ay  be  classified  as  congenital or
acquired. The  m ost  com m on  causes  of congenital hearing  loss
are  heritable, and  m ost  of  these  are  subclassified  as  nonsyn-
drom ic form s of hearing loss.

The m ost  com m on  cause  of acquired  hearing loss in  children
is  bacterial  m eningitis,  especially  m eningococcal  m eningitis.
This gram -positive  infect ion  leads to a severe  im m une react ion
that  causes  labyrin thitis  ossificans, w ith  severe  scarring of the
basal and  higher  turns  of the  cochlea. Many of these  children
w ill have  a  precipitous loss  of hearing, and  cochlear  im planta-
tion  should  not  be  delayed  because  the  w indow  of opportunity
betw een  the  onset  of m eningitis  and  the  developm ent  of laby-
rin thit is  ossificans  is  a  m atter  of weeks  to  a  few  m onths. If a
child  has  lit t le  m easurable  hearing,  im plantation  should  be
done  as  soon  as  the  severe  hearing  loss  has  been  established
and the ch ild is well enough  to undergo the procedure.

A m ore  complete  list  of the  causes of hearing loss is given  in
� Table 129.1. All of these item s w ill be factored  in to the di er-
ent ial diagnosis of hearing loss. The  pat ient’s h istory of hearing
loss w ill usually determ ine w hich factors m erit  investigation.

129.6  Medical Evaluat ion
The history of the hearing im pairm ent  is the single m ost  im por-
tant  step  guiding  the  investigation  and  rehabilitation  of  the
patient.  The  diagnostic  steps  w ill  vary  depending  upon  the
patient’s age and prior audition, if any.

129.6.1  Children
Most  parents give hearing the benefit  of the  doubt  for  no m ore
than  12 m onths. If the  child  is not  reliably responding or  start-
ing  to  babble  by  the  first  bir thday,  the  parents  usually  seek
m edical  in tervention.  The  ch ild  w ith  suspected  speech  delay
or  suspected  hearing  loss  eventually  requires  a  professional
evaluation  of hearing. It  is im portan t  to investigate th is problem

Table 129.1  Common causes of hearing loss

Congenital hearing  loss  Acquired  hearing  loss

●  Familial/genetic
○  Syndromic versus nonsyndromic

●  Gestational, delivery-related, perinatal
○  Prematurity, hypoxia, anoxia, hyperbilirubinemia

●  Infectious
○  Rubella, toxoplasmosis, syphilis, cytomegalovirus infection,

herpes
●  Teratogens
○  Thalidomide

●  Congenital malformations of the  otic capsule
○  Michel aplasia

–  Agenesis of the  otic capsule, both  bony and  membranous;
middle  and  external auditory canal may be  normal

○  Mondini-Alexander dysplasia
–  Partitioning  defect  of the  bony and  membranous labyrinth;

subclassification termed by degree and location of partitioning
defect

○  Scheibe  dysplasia
–  Bony labyrinth  normal; membranous dysplasia  of the  cochlea

and  saccule  (pars inferior); membranous utricle  and  semi-
circular canals normal (pars superior)

○  Alexander dysplasia
–  High-frequency neurosensory hearing  loss caused  by partial

aplasia  of cochlear aqueduct
○  Bing-Siebenmann dysplasia

–  Vestibular labyrinth  abnormal; cochlear labyrinth may be
abnormal

●  Familial/genetic
○  Syndromic versus nonsyndromic

●  Infectious
○  Meningitis
○  Chronic otitis media
○  Cholesteatoma
○  Labyrinthitis

–  Serous (sterile)
–  Bacterial
–  Viral: mumps, measles, influenza

●  Trauma
○  Head  trauma (temporal bone, base  of skull fracture)
○  Iatrogenic trauma (otologic surgery)

●  Aminoglycosides
○  Kanamycin, amikacin: primarily cochleotoxic
○  Streptomycin, gentamicin: primarily vestibulotoxic, may affect  cochlea if

doses high  enough
●  Metabolic
○  Paget  disease
○  Cochlear otosclerosis

●  Autoimmune
○  Autoimmune  neurosensory hearing  loss

●  Idiopathic
○  Endolymphatic hydrops (Meniere  syndrome)

129.6  Medical Evaluat ion
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w ith  care  and  to  be  aware  of the  fam ilial and  social issues  in-
volved.

A single  test  does  not  yield  all of the  inform ation  about  the
child’s  hearing. If there  is  reasonable  doubt  about  the  level of
audition, it  is w ise to state  so at  each  point  of the  investigation,
to  be  em pathetic, but  above  all  to  be  t ruthful based  upon  the
current  know ledge.

A num ber  of  specific  questions  are  helpful  w hen  a  pat ient
w ith  suspected  speech  delay  or  hearing  loss  is  evaluated, and
these di er  for  pediatric and  adult  patients (� Table 129.2). The
adult  patient  w ill usually have a very good idea about  the onset
and  progression  of hearing loss in  one  or  both  ears, can  gener-
ally give  a  thorough  m edical h istory, and  m ay even  be  wearing
a hearing aid.

129.6.2  Present ing Com plaints
In  addition  to  hearing  loss, the  parents  of young  pat ients  and
older patients them selves m ay describe related problem s of t in-
nitus, im balance, or  very  rarely  facial nerve  involvem ent. It  is
very  rare  for  young  children  them selves  to  complain  of dizzi-
ness. Young children  do not  have th is m ental concept or  the vo-
cabulary  to  describe  it. The  parent  w ill usually  notice  that  the
child  cannot  sit  upright  alone  or  is very clum sy in  walking, etc.
These complaints m ust  be investigated, and  the collaboration  of
a pediatr ic neurologist  is crucial for such  cases.

Older patients w ill usually have a very good way of describing
concom itant  otologic complaints. As indicated, these  should  be
investigated w ith  the appropriate m eans and treated.

129.6.3  Physical Exam inat ion
For m ost  patients present ing w ith  hearing loss, the physical ex-
am ination  is usually noncontributory, but  it  is im portant  to rule
out  chronic  ear  disease  (especially  cholesteatom a)  in  all  pa-
tients.

With  children, the  parents w ill usually know  if there  is  any-
thing abnorm al about  the shape or size of a child’s ear (e.g., in  a
case  of congenital auricular  atresia). This  is  noticed  at  bir th  in
alm ost  all  cases. The  parents  usually  know  about  other  “syn-
drom ic” causes of hearing loss, such  as Pierre  Robin  m alform a-
tion, Alport  disease, Goldenhar  syndrom e, and  other  first  arch
abnorm alities, unless the otologist  is the first  m edical professio-
nal to evaluate the child.

129.6.4  Test ing
Audiom etry
It  is di cult  to fully express how  importan t  each  and  every test
of  audition  is;  fundam ental  and  profound  recom m endations
w ith  far-reaching e ects are m ade based upon  tests of audition.
Each  test  m ust  be  designed  in  an  age-appropriate  m anner  for
the  subject  w ith  the  knowledge  that  not  every subject  m ay be
able  to  inform  the  exam iner  of the  exact  level of audition . For
very  young  subjects, object ive  tests  of audition  are  em ployed.
For  older  subjects,  the  standard  audiogram  assum es  that  the
patien t  understands the  test  and  is  w illing to  comply w ith  the
exam iner to ascertain  the t rue level of audition.

Table 129.2  Important questions for cochlear implant candidates

For  younger children  (0  to  2  years)  For older  children  (older  than  2  years)  For adults

Normal gestation?  Do the parents remember the child hearing well?  When did  the  patient  become aware  of the
hearing  loss?

Infections during  pregnancy (e.g., genital
herpes)?

History of frequent  ear infections?  Was it  sudden or progressive? Is there progression
of loss?

Mother immunized  for rubella  and
toxoplasmosis?

Over what  period of time was hearing loss noted?  Is the  hearing  loss in  one  or both  ears?

Delivered  by cesarian  section? If so, why?  Does the  child  remember hearing  in  each ear?  Does the  hearing  fluctuate?

Apgar scores (at  1 minute  and  at  5 minutes)?  Has the  child  ever had  a  serious head  injury?  Does the  patient  have  a  history of chronic ear
disease?

Neonatal jaundice?  Has the  child  ever been hospitalized  for a serious
ear infection?

Is there  a  history of significant  noise  (especially
military or industrial) exposure?

Did  the  neonate  have  any phototherapy or
exchange transfusion  for jaundice?

Has the  child  ever had  meningitis?  Familial history of hearing  loss?

History of sepsis?  Has the  hearing  ever been measured?  Is the  hearing  loss related  to  puberty or to
pregnancy?

Intravenous antibiotics, especially an
aminoglycoside?

Has the  child  ever been treated  for hearing  loss?  Has the  hearing  loss previously been  docu-
mented?

Neonatal hearing screening  done?

Familial history of hearing  loss?

Parental consanguinity?

Parental hearing  normal?

Cochlear Implantat ion
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Object ive Tests of Audit ion
Otoacoust ic Emissions
The  cochlea  is  not  solely  a  passive  conduit  of sound  from  the
footplate  of  the  stapes,  th rough  the  conversion  of  shearing
forces  of  the  perilym ph  to  electrical  im pulses  transm it ted
thence  to  the  eighth  cran ial  nerve. The  cochlea  in teracts  w ith
the  auditory  environm ent  in  a  very  active  way,  producing  a
weak  sound, called  the  cochlear  m icrophonic,  in  response  to
sound  stim ulation .  The  otoacoustic  em ission  (OAE)  m easures
this  sound  of  the  cochlea  produced  in  response  to  received
sound. It  occurs in  the outer hair cells of the cochlea in  response
to sound stim uli. A probe w ith  both  a sound source and a h ighly
sensitive m icrophone is placed  in to the external auditory canal.
A weak sound stim ulus is presented to the ear. The ear responds
by producing a very weak sound  (about  3  to 4 dB in  am plitude)
virtually  im m ediately. Several  di erent  responses  m ay  be  ob-
tained, depending on  the  funct ion  used. If there  is hearing loss
from  any  etiology  of approxim ately  40 dB or  greater, the  OAE
w ill not  occur. Thus, the OAE is of great  value as an  audiom etric
screening tool, especially in  the  neonatal period. It  is a  “pass or
fail”–type of audition  test . Patients w ho pass the  screen  are  as-
sum ed  to  have  at  least  cochlear  hearing;  those  w ho do not  are
scheduled for retesting and for additional tests of audition .

Auditory Brainstem  Reflex
The  auditory  brainstem  reflex  (ABR)  is  an  evoked  response  of
the  cochlea, eighth  cranial nerve, cochlear  nerve  nucleus, m id-
brain , and  higher  centers  of hearing  to  a  sound  stim ulus. It  is
obtained  by  an  “averaging” computer  that  is  calibrated  to  ex-
clude  competing  bioelectrical  signals, such  as  those  from  the
electroencephalogram  and  electrocardiogram , and  to allow  on-
ly signals of predeterm ined  latency and  am plitude  to pass. The
ABR is used  to test  both  cochlear and  retrocochlear pathways of
hearing. In  neonates  and  babies  w ho  fail  the  OAE screen, the
ABR is of great  value both  to determ ine the presence of audition
and  also to give som e idea of the level at  w hich  audition  can  be
expected  to  occur.  Sound  m ay  be  presented  by  air  or  to  the
m astoid  bone. The  ABR can  establish  the  presence  of audition
or  predict  its  level, or  it  can  be  used  as  a  ret rocochlear  screen
after  an  abnorm al result  of sound  field, conditioned  orientation
response (COR), ABR, or standard audiom etry testing.

Radiography
Structural abnorm alit ies of the otic capsule, such  as patent  ves-
tibular  aqueduct, partit ioning defects  (e.g., Mondini deform ity,
single-sac abnorm ality), and dysplasia/aplasia (e.g., Michel apla-
sia),  are  best  dem onstrated  by  edge-enhanced  computed  to-
m ography (CT) of the  petrous temporal bone  w ithout  contrast,
w hich  yields  im portant  inform ation  about  the  bone–air  in ter-
face. Soft  t issue  is  less  well  delineated  on  CT. For  purposes  of
preoperative  planning, CT is  usually the  only  radiographic test
required  because  it  w ill  provide  important  inform ation  about
the  structure  of the  inner  ear, structure  of the  m iddle  ear  cleft ,
am ount  of m astoid  pneum at ization  and  aeration , and  course of
the facial nerve.

Magnet ic resonance  (MR) im aging  w ith  and  w ithout  gadoli-
nium  contrast  gives  im portant  inform ation  about  soft  t issue.
Bone  and  air  are  both  seen  as a  black silhouette  on  MR im ages.

If vascular  abnorm alit ies are  suspected, MR angiography or  MR
venography m ay be  designed  a long with  MR im aging. It  is  im -
portant  to  note  that  MR angiography and  MR venography can-
not  be  added  to the  MR im aging data once the latter  have been
obtained. They are  a  di erent  data  set  and  m ust  be  requested
“up front .”

It  is also im portant  to rem em ber  that  both  CT and  MR im ag-
ing are  tests  of anatomy, not  of funct ion. They w ill yield  infor-
m ation  about space requirem ents for an  implant  w ithin  the otic
capsule  but  give  no  predict ive  inform ation  about  the  funct ion
of any cochlear im plant.

Serology
For  otherw ise  healthy children , the  yield  of routine  blood  test-
ing for  causes  of neurosensory  hearing loss  is  very  poor. Non-
syndrom ic causes of hearing loss, such  as a connexin  deficiency,
m ay be diagnosed by the appropriate special genetic tests. Most
adult  patients  have  very  lit t le  in  their  m edical h istory  to  sug-
gest  the  utility  of  specific  serologic  testing.  A “shotgun”  ap-
proach  to  serologic screening should  not  be  used  because  it  is
cum bersom e to both  patien t  and m edical provider, rarely yields
clin ically  im portant  inform ation,  and  represents  an  unneces-
sary expense. The physician  should  know  w hat he or she is spe-
cifically looking for  before  ordering any test . For  m ost  patien ts,
age-specific  blood  work  w ill  be  required  before  implantation ,
and no other serologic testing.

129.6.5  Di erent ial Diagnosis
See � Table 129.1.

129.7  Treatm ent
129.7.1  Medical Treatm ent
Patients  w ith  dow nwardly  fluctuating  sensorineural  hearing
loss w ill have been  or should  be treated w ith  an  oral cort icoste-
roid, w ith  or  w ithout  an  antim etabolite  such  as  m ethotrexate.
Continuat ion  of m edical treatm ent  depends on  clin ical success;
patients w ho fail m edical treatm ent  and  progress inexorably to
severe or profound hearing loss w ill require im plantat ion .

Som e form s of neurosensory and  m ixed  hearing loss m ay re-
spond  to  m edical treatm ent . The  m ost  com m on  examples  are
sensorineural  haring  loss  result ing  from  syphilis  and  autoim -
m une  sensorineural haring loss. Both  are  treated  w ith  cort ico-
steroids. If  a  pat ient  tests  positive  for  syphilis  and  has  never
been  t reated,  in tram uscular  followed  by  oral  penicillin  (w ith
probenecid) m ay be  added  to  the  treatm ent  plan . The  an ti-in-
flam m atory  e ect  of steroids  m ay  help  restore  som e  hearing.
For  pat ients w ho have hypertension , diabetes, glaucom a, or  os-
teoporosis, coordinated  care  w ith  the  appropriate  m edical spe-
cialists is necessary.

The m edical treatm ent  of hearing loss in  alm ost  all cases w ill
include a tr ial of am plification. This is com m on  sense, except  in
cases in  w hich  the audition  is so poor that it  is obvious from  the
audiogram  that  no  hearing  aid  could  possibly  benefit  the  pa-
tient . For pat ients w ith  m easurable hearing, a trial of am plifica-
tion  of at  least  6  weeks  should  be  o ered.  The  procedure  of
cochlear  im plantat ion  includes  som e  form  of  cochleostomy,
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w hich  m ay be  expected  to  rem ove  any residual cochlear  hear-
ing. In  rare  cases, the  residual  cochlear  hearing  m ay  be  pre-
served, but  the  pat ient  m ust  be  m ade  aware  that  in  every case
it  is likely that any residual m easurable hearing w ill be gone.

The  only except ion  to  the  trial of hearing am plification  is  in
cases of bacterial m eningitis, especially culture-proven  m enin-
gococcal m eningitis. The risk for  the developm ent of labyrinthi-
tis  ossificans  is  so  great  that  the  patient  should  undergo
im plantat ion  as  soon  as  profound  hearing  loss  can  be  estab-
lished and he or she is m edically cleared for the procedure.

129.7.2  Surgical Treatm ent
Pat ient  Select ion
Patients  w ho  have  been  completely  evaluated  and  have  been
given,  w hen  appropriate,  a  tr ial  of  am plification,  and  have
failed, m ay then  progress to a  cochlear  im plant. Because  of the
irreversibility of cochlear  im plantat ion, a  thorough  and  routine
evaluation  is required.

It  is  in tuit ive  that  the  pat ient  m ost  likely  to  benefit  from  a
cochlear  im plant  would  be  one  w ho  has  already  developed  a
system  of oral  com m unication  (i.e., can  hear, speak, read, and
w rite  a  language  and  has  a  good  idea  of how  his  or  her  ow n
speaking voice  should  sound). Such  a  patient  is  a  postlingually
deafened adult.

A som ew hat  less  favorable  candidate  would  be  a  postlin-
gually or  perilingually deafened  ch ild, still less favorable  a  pre-
lingually deafened ch ild.

A prelingually  deafened  adult  (born  deaf, w ith  lit t le  speech
and  com m unication  via  sign  language)  would  be  expected  to
have  very lit t le  sound  perception  and  prognostically would  be
expected be the poorest  perform er, as a consequence of the lack
of the t rophic e ect  of sound  upon  the spiral ganglion  cell pop -
ulation , cochlear  nerve, cochlear  ganglion  cell bodies, and  cells
of the m idbrain  and auditory cortex.

Because the cochlea is m inim ally functional or nonfunct ional,
an  elect rical  stim ulating  device  is  placed  that  w ill  depolarize
the  residual (and  expectedly healthy) spiral ganglion  cells w ith
an  envelope  of elect rom agnet ic inform ation , regulated  by tim e
(pulses per  m illisecond) and  place  (frequency-specific stim ula-
tion). The  electrical engineering  specifics  of the  workings  of a
cochlear  im plant  are  too  complex  for  a  brief discussion. How -
ever, there  are  com m on  them es in  every cochlear  im plant  that
should  be  understood. All cochlear  implants  are  designed  w ith
the the follow ing basic features:
1. External receiver (direct ional m icrophone). This is usually

worn  at ear level and is positioned to pick up the sound
source, the naturally occurring or analog signal. These signals
include the hum an voice, m usic, noise, and other sounds. The
received analog signal is t ransm it ted  to the external speech
processor. This part  of the cochlear im plant  resem bles a be-
hind-the-ear (BTE) hearing aid.

2. External speech  processor. This is usually built  in to the BTE
external receiver complex. It  m ay also be designed to be
clipped to a belt  or placed in  a back pack for very young
children. The analog signal received by the direct ional
m icrophone is filtered and digitized, converted in to a digital
representation  of sound, and presented to the external trans-
m itt ing coil as a digit ized electronic signal. For reasons of

e ciency and size, not all of the sound envelope can  be
represented. Enough of it  is represented to eventually give
the spiral ganglion  cells and eighth  cran ial nerve inform ation
about  place (pitch), t ime (rhythm ), amplitude (loudness), and
timbre (the quality of a sound). It  is here that the analog sig-
nal is processed (external speech processor), converted in to a
digital envelope of sound inform ation  through various
coding strategies, and then  sent on  its way to the external
transm itt ing coil.

3. External t ransm itt ing coil. This part  of the cochlear im plant
consists of a centrally placed, coated m agnet surrounded by
the transm it ting antenna. The external transm it ting coil is
held by its m agnet over a m agnet of opposite polarity im -
planted w ithin  the in ternal receiver/stim ulator. The t rans-
m itt ing an tenna of the external t ransm itt ing coil passes the
digit ized electric signal via elect rom agnet ic induction  across
the scalp to the in ternal receiver/stim ulator. The external
transm itt ing coil is connected to the external receiver and
external speech processor by a w ire and appears to be an
added part  to the BTE device. Thus, all ear-level cochlear im -
plants have the sam e basic features, but  the design  and style
of each m anufacturer  w ill vary.

4. In ternal receiver/stim ulator. This is the only part  of a cochle-
ar implant  that  is surgically im planted. It  consists of an  in ter-
nal m agnet, the polar opposite of the m agnet of the external
transm itt ing coil, and the receiver/stim ulator apparatus.

A bony well in  the  outer  table  of the  parieto-occipital cortex of
the skull is usually drilled  to accom m odate the body (also called
the  “can”)  of  the  in ternal  receiver/stim ulator.  Each  m anufac-
turer  has a slightly di erent  design  of the  “can” and  w ill supply
a sterile  m etallic pattern  to help  in  planning the bony well (the
sterile  “dum my). The  device  w ill be  anchored  w ith  perm anent
sutures  after  placem ent  through  soft  t issue, th rough  a  suture
hole  drilled  in to  the  outer  table  and  d ip loë, or  over  a  sm all
t itan ium  post . The  in ternal receiver/st im ulator  should  be  sta-
bilized  as  it  heals.  The  in ternal  receiver/st im ulator  con tains
the  m ult ichannel  elect rode,  w h ich  is  com posed  of  several
proxim al  st i en ing  (inact ive)  elect rodes  and  distal  st im ulat-
ing (act ive) elect rodes.

The m ultichannel elect rode has been  dem onstrated to defini-
tively  transm it  an  elect ronic  representation  of  sound  better
than  the  single-channel elect rode. As would  be  expected, each
m anufacturer  w ill have  a  slightly di erent  design  for  the  elec-
trode array; all are m ultichannel elect rodes. The electrode array
is  placed  in to  the  cochlea  through  a  cochleostomy drilled  near
the round w indow  or through a cochleostomy that  incorporates
the  round  w indow. Recently, som e  im plant  surgeons  have  re-
turned  to  placing  the  elect rode  array  through  the  round  w in-
dow. Recent  evidence indicates that  placem ent  of the  elect rode
array in to the  scala tym pani rather  than  in to the scala vestibuli
is  associated  w ith  better  perform ance. Infrequently, especially
in  “drill out” cases of labyrinthitis ossificans, the elect rode array
m ust  be placed  in to the scala vestibuli. These patients w ill defi-
n itely  be  expected  to  have  sound  perception , but  their  overall
perform ance m ay not  be as good as w ith  a scala tym pani inser-
tion .  The  spiral  ganglion  cell  population  and  thereafter  the
cochlear  nerve  are  stim ulated  via  elect rom agnetic  induction,
w hich produces the perception  of sound.

Cochlear Implantat ion

1012



A schem at ic representation  of a cochlear  im plant  is show n  in
� Fig. 129.2. There  are  other  designs  available  worldw ide  that
have  not  yet  obtained  FDA approval for  use  w ithin  the  United
States. All have  the  sam e  basic features, but  they di er  signifi-
cantly not  only in  design  but  in  coding strategy for  conversion
of  the  analog  to  d igital  envelope  of  sound  and  how  th is  is
represen ted  and  passed  to  the  coch lea.  Each  of  the  th ree
FDA-approved  m anufacturers  has  m ade  extensive  in form a-
t ion  available  on  the  In ternet ,  and  the  reader  is  referred  to
the  Web site  address provided  at  the  end  of th is chapter.

Unusual Cases
Infrequently, underlying  disease  w ill  lead  to  structural  abnor-
m alities that  w ill either  prevent  complete  insert ion  of the  elec-
trode array or necessitate placem ent of a split  electrode array.

The  m ost  com m on  causes  of these  structural  abnorm alities
are  labyrinthitis  ossificans  after  m eningitis, leading  to  incom -
plete insertion , and  cochlear otosclerosis, causing severe distor-
tion  of the  otic  capsule. Other  cases  of dysgenesis  of  the  otic
capsule  m ay  require  a  straight  elect rode  array,  a  shortened
electrode  array, or  a  non–m odiolar-hugging  array. In  all cases,
edge-enhanced,  th in-section  CT of  the  temporal  bone  per-
form ed  before im plantat ion  w ill help  the surgeon  decide w hich
array to use.

In  rare  cases, such  as  patients  w ith  hearing loss after  surgical
rem oval of or  stereotact ic irradiation  for  a  neurofibrom a  of the
eighth  cranial  nerve  (neurofibromatosis  type  II),  there  w ill  no
longer  be  a  useful cochlear  nerve. In  these  patients, an  auditory
brainstem  implant  m ay  be  used, but  its  e cacy  would  not  be
expected  to  approach  that  of  a  standard  cochlear  implant  be-
cause  the  tonotopic  representation  of  sound  structurally  m ir-
rored in  the m ultichannel electrode array is not  reproduced with
the  sam e  precision  and  nuances  as  in  the  auditory  brainstem

im plant. In  general, its utility would  be for  the  awareness of en-
vironmental sounds and  to aid  in  lip  reading, but  little  else. It  is
of some  benefit  to  these  very  di cult  patients, but  it  lacks  the
robust  reproduction  of sound expected of a cochlear implant.

129.8  Prognosis
Many m etrics are used to m easure the e cacy of a cochlear im -
plant. Alm ost  all of them  show  a preoperative histogram  worse
than  its  postoperat ive  counterpart ,  no  m atter  w hat  m etric  is
used  to m easure  the  outcom e. If the  patient  can  be  brought  up
to  the  level of soft  speech, in to  an  area  called  the  “speech  ba-
nana” (see  � Fig. 129.1), he  or  she  can  be  expected  a  benefit  of
audition  significantly  above  the  preim plant  level.  Not  all  pa-
tients w ill derive the sam e benefit, especially if the lack of coch-
lear  hearing  has  been  long-standing  over  m any  years. Such  a
patient  m ay obtain  inform ation  about  directionality but  would
not  be  expected  to  enjoy the  sam e benefit  as  would  a  recently
deafened, t im ely im planted  pat ien t. The latter patient  would  be
expected  to  have  a  very  robust  spiral ganglion  cell population
and  an  otherw ise  healthy  eighth  cranial  nerve, and  to  benefit
m uch  m ore than  a  pat ien t  w ho has been  deaf for  longer  than  5
to 10 years. The m ore recently hearing ear is the ear that  is usu-
ally im planted for  th is very reason.

129.9  Com plicat ions
●  Flap failure and extrusion
●  Soft  failure
●  Device failure/obsolescence
●  Traum a
●  External component breakage and loss

Fig. 129.2  Schematic representation  of a  cochlear implant.
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129.10  Roundsm anship
●  A cochlear implant  is not a hearing aid. It  is an  elect rical (ana-

log to digital) representat ion  of sound. It  works in  a very dif-
ferent  way from  any analog or digital hearing aid.

●  Unilateral hearing loss is not an  indication  for cochlear im -
plantation. A norm al or nearly norm al ear  w ill always func-
tion  better than an  ear w ith  a cochlear im plant .

●  A cochlear implant  is not a substitute for norm al hearing.
●  A cochlear implant converts analog sound energy to a digital

representation, then  transm its th is via elect rom agnetic in-
duct ion  through the scalp to the in ternal receiver/stim ulator
and then  to the cochlea.

●  The indications for cochlear im plantat ion  are str ict . Every ef-
fort  should  be m ade to rehabilitate the pat ien t by m edical
and other surgical m eans before an  im plant  is chosen.

129.11  Recom m ended Reading
[1]  Linstrom  CJ. Cochlear  im plantation. Pract ical inform ation  for  the  generalist .

Prim  Care 1998; 25: 583–617
[2]  Dorm an  MF, Spahr T, Gi ord  R et  al. An  electric frequency-to-place m ap  for a

cochlear  im plant  patient  w ith  hearing in  the  nonim planted  ear. J Assoc Res
Otolaryngol 2007; 8: 234–240

[3]  Finley CC, Holden  TA, Holden  LK et  al. Role  of elect rode  placem ent  as a  con-
tr ibutor  to variability in  cochlear  im plan t  outcom es. Otol Neurotol 2008; 29:
920–928
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130  Vest ibular Pathology: Evaluat ion and Clinical
Syndrom es
Ana H. Kim, Clare Dean, and Ronald A. Ho man

130.1  Int roduct ion
The proper  diagnosis and  m anagem ent  of balance disorders re-
sult  from  a  thorough  history  and  physical  exam inat ion  w ith
subsequent  appropriate laboratory evaluation. The basic anato-
my  and  physiology  of  the  vestibular  system  are  covered  in
Chapter  113 of th is book. However, the  reader  is rem inded  that
vestibular  pathology m ay arise from  a dysfunct ion  in  any of the
m ajor vestibular pathways and centers (� Fig. 130.1).

130.2  History
130.2.1  The Chief Com plaint
Balance  sym ptom s  that  arise  from  disorders  of  the  inner  ear
(sem icircular  canals,  utr icle,  and  saccule)  can  range  from  a
vague  sense  of im balance  to  a  sense  of being  “o ,” or  feeling
“drunk,” or  that  the  body  or  the  world  is  turn ing  or  m oving.
This last  sym ptom , the sense of bodily m otion, particularly that

the body or  the environm ent  rotating, defines the word  vert igo.
It  is  im portant  to  rem em ber  that  vert igo  is  a  sym ptom , not  a
disease  entity. It  is  crit ical to  take  all balance  complaints  seri-
ously  and  not  be  of  the  opinion  that  only  vertigo  constitutes
real pathology.

130.2.2  History of the Present  Illness
The  features  docum ented  in  the  h istory  of the  present  illness
m ust  be focused  on  identifying the  source  of the  balance  prob-
lem . Is  the  dizziness  constant  or  in term ittent?  Was  the  onset
associated w ith  any system ic illness? Is the dizziness positional?
Are there any precipitating or relieving factors?  Is there hearing
loss?  If so, is the hearing loss unilateral or  bilateral, progressive
or sudden, and does it  fluctuate w ith  episodes of dizziness? Tin-
n itus m ay be  defined  as  “a noise  in  the  ear  or  head.” If present ,
it  should  be ascertained w hether the t inn itus is un ilateral or bi-
lateral, constant  or  in term ittent , pulsatile  or  nonpulsat ile, and
w hether it  occurs in  concert  w ith  episodes of dizziness. Is there

Fig. 130.1  Major vestibular pathways and  centers.
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a sense of ear  fullness?  If so, is it  unilateral or  bilateral, and  is it
associated  w ith  the  episodes  of dizziness?  Has  there  been  any
recent  head  traum a or  barotraum a?  Does loud  sound  m ake the
dizziness worse?  Does lift ing heavy objects or  blow ing the nose
m ake  the  dizziness  worse?  Is  there  any  history  of ear  pain  or
drainage?  Is  there  any past  m edical h istory of ear  infect ion  or
surgery?  Are  there  any  associated  neurologic  sym ptom s?  In
particular, are there any sym ptom s of m igraine headache, crani-
al nerve sym ptom s, or cerebellar sym ptom s?

130.2.3  Review  of System s
A thorough  review  of system s is  necessary to  identify any new
system ic  diseases  that  m ight  be  associated  w ith  dizziness  or
hearing loss.

130.2.4  Past  Medical History
A full past  m edical h istory is  im portan t , w ith  em phasis  upon
general m edical condit ions  that  m igh t  cause  dizziness, m edi-
cat ions  that  m igh t  be  associated  w ith  d izziness,  and  prior
hospitalizat ions  and  the  possible  adm in ist rat ion  of  ototoxic
m edicat ions.

130.2.5  Fam ily History
It  is  obviously  important  to  assess  for  any  fam ilial  h istory  of
hearing loss, dizziness, m igraine  headache, or  other  neurologic
disorders.

130.2.6  Physical Exam inat ion
The  neurotologic  physical  exam ination  focuses  on  the  ear
and  cen tral  nervous  system .  The  core  elem en ts  include  the
follow ing:
●  A thorough exam inat ion  of the external and m iddle ear, in-

cluding a fistula test  if indicated
●  Tuning fork testing as a hearing screen
●  Assessm ent of cranial nerves III through  XII, w ith  an  em phasis

on  eye m ovem ents and nystagm us (� Table 130.1)
○  Sm ooth  pursuits: The pat ient follow s the exam iner’s finger

from  one  extrem e of the  visual field  to the  other  in
sm ooth  pursu it . Som e patien ts m ust  be  encouraged  to
concen trate  w hen  they do th is. Poor  pursuits suggest  cer-
ebellar  pathology.

○  Saccades: The exam iner holds up one finger to the left  and
one to the right of the patien t’s visual field. The pat ien t  is
instructed to look from  finger to finger. “Overshoot” of the
target  suggests cerebellar pathology.

○  Saccadic catch: The pat ient’s gaze is fixed on  the exam iner’s
nose. The pat ient  lowers the head 15 degrees to bring the
horizontal sem icircular canal in to the horizontal plane. The
head is m oved from  side to side slow ly and then gently
thrust  to the left; th is m aneuver is then  repeated to the
right. The patient  should be able to m aintain  a fixed gaze on
the exam iner’s nose. If there is a saccadic catch , it  suggests
peripheral hypofunction  on  the side of the direct ion  of head
thrust  associated w ith  the catch.

○  Frenzel goggles: These are a valuable adjunct  during an
evaluation  for induced nystagm us. The lenses prevent  visual
fixation , w hich powerfully inh ibits nystagm us. The m agnifi-
cation  of the lenses (20 diopters) and the ligh ts enhance the
clin ician’s observations.
– Spon taneous nystagm us:  The  patien t  is in st ructed  to

gaze  forw ard, to the left , and  to the  righ t . Nystagm us
(the fast  phase) beats aw ay from  a  hypoact ive  ear  or  to-
w ard  a  hyperact ive  ear. First -degree  nystagm us occurs
on ly w ith  the  eyes in  the  direct ion  of the  slow  phase.
Second-degree  nystagm us occurs w ith  the  eyes in  the
direct ion  of the  slow  phase  and  in  the  cen ter. Th ird-de-
gree  nystagm us occurs in  all th ree  stat ions of gaze. Up -
beat ing or  dow n-beat ing nystagm us st rongly suggests
cen tral pathology.

– Headshake-induced nystagm us: The head is lowered 15
degrees to bring the horizontal sem icircular canal in to the
horizontal plane. The head is m oved from  side to side
gently for 15 seconds. This is stopped, and the pat ient
opens the eyes and looks forward. If there is a unilateral
vestibular weakness of 60% or greater, there w ill usually
be a headshake-induced nystagm us w ith  the fast  phase
away from  the hypoact ive ear. Headshake-induced nys-
tagm us in  the presence of a norm al caloric irr igation  re-
sult  on videonystagm ography suggests a central velocity
storage abnorm ality.

– Dix-Hallpike m aneuver–induced nystagm us: The patient
sits on  a flat  table, the exam iner turns the patient’s head
toward him self or herself, and then  lays the patient  back,
head hanging over the edge of the table, as quickly as pos-
sible. The patient  is observed in  th is position  for induced
nystagm us for 60 seconds.

Table 130.1  Eye movements

Class of eye  movement  Main  funct ion

Fixation  Holds image  of a  stationary object  on the  fovea

Vergence  Moves eyes medially so  image  of single  object  is placed  simultaneously on  both  foveas

Vestibular  Holds images steady on  retina during  brief head  rotations

Optokinetic  Holds images steady on  retina during  sustained  head  movements

Smooth pursuit  Holds image  of a  moving  target  on  fovea

Nystagmus  Resets eyes during  prolonged  rotation and  direct  gaze  toward  the  oncoming visual scene

Saccades  Rapid  eye  movement  that  brings image  of interest  onto  fovea
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●  Assessm ent of cerebellar funct ion
○  Rapid  finger to nose exercise

●  Rom berg and sharpened (tandem ) Rom berg testing

The  physical findings that  di erentiate  peripheral from  central
vertigo are sum m arized in � Table 130.2.

130.2.7  Laboratory Test ing
Laboratory  testing  w ill  depend  upon  the  history  and  physical
exam ination  findings. The  m ost  com m only perform ed  tests in-
clude the follow ing:
●  Pure-tone and speech  audiom etry establishes the presence,

degree, and type of hearing loss.
●  Auditory evoked brainstem  response (ABR) m easures auditory

potentials from  the ear to the brainstem . ABR is not  per-
form ed routinely in  the evaluation  of patients w ith  a vestibu-
lar disorder. Historically, it  has been  used to screen  for vestib-
ular schwannom a.

●  Elect rocochleography (ECochG) m easures cochlear potentials
that reflect  abnorm alities in  fluid dynam ics. An elevated SP
(sum m ating potent ial)/AP (action  poten tial) ratio m ay be en-
countered in  endolym phatic hydrops or perilym ph fistula
and can  be helpful in  identifying the o ending ear.

●  Vestibular evoked myogenic potential (VEMP) testing has
been well docum ented to be helpful in  identifying patients
w ith  superior canal dehiscence syndrom e.

●  Videonystagm ography assesses the funct ion  of the vestibular
end-organs, the central vestibulo-ocular pathways, and ocu-
lom otor processes. A subtest of videonystagm ography is
warm  and cold water caloric irr igation , in  w hich  the eye
m ovem ents clin ically observed w ith  Frenzel goggles in  res-
ponse to caloric stim ulation  of the horizontal sem icircular ca-
nal and superior vestibular nerve are object ively recorded.
Caloric testing allow s a selective determ ination  of unilateral
vestibular responsiveness.

●  Rotational chair testing quantifies the vestibulo-ocular reflex
and helps di erentiate peripheral from  central pathology.

●  Dynam ic posturography involves a bat tery of tests that help
to assess the functional capacity of a patient  w ith  a balance
disorder.

●  Im aging studies
○  Magnet ic resonance (MR) im aging
○  Com puted tomography (CT) of the temporal bones

●  Selected serologic studies
○  Syphilis (fluorescent  t reponem al antibody [FTA]), Lym e

titer, autoim m une (antinuclear an tibody [ANA], rheum atoid
factor [RF], erythrocyte sedim entation  rate [ESR])

130.3  Di erent ial Diagnosis of
Vert igo
The  diagnostic  paradigm  for  com m on  causes  of  dizziness  is
described in  th is chapter. An overview of the algorithm  for eval-
uation  of the dizzy patient  is show n in � Fig. 130.2.

130.3.1  Peripheral Causes of Vert igo
Benign Paroxysm al Posit ional Vert igo
Benign  paroxysm al positional vert igo  (BPPV) is  the  m ost  com -
m on  type  of vert igo  in  otherw ise  healthy  adults. BPPV occurs
w hen  free-floating otoconia  cause  m ovem ent  of the  vestibular
sensory  epithelia.  The  m ost  com m on  cause  of  BPPV is  head
traum a, but  it  can  be of viral or  of unknow n cause. Pat ients w ill
describe the sudden  onset of rotatory vert igo, lasting seconds to
m inutes, in  specific positions. The  vert igo  is  usually noticed  in
bed, w hen  they roll  over  or  look  up  or  dow n. There  m ay be  a
prior h istory of sim ilar  episodes in  the  past  that  resolved  spon-
taneously. There should  be no h istory of hearing loss or  tinnitus
and  no associated  neurologic sym ptom s. The physical exam ina-
tion  w ill be  norm al w ith  the  exception  of Dix-Hallpike  testing,
in  w hich the pat ient  w ill experience ver tigo and nystagm us w ill
be  observed  w hen  the  o ending ear  is  dow n. The  m ost  typical
form  of BPPV involves the posterior sem icircular canal; the nys-
tagm us is rotatory and  dow n-beating toward  the lower ear. The
m inim um  laboratory work-up is a pure-tone and  speech  audio-
gram , w hich  should  be  norm al  or  show  a  sym m etric  hearing
loss. The  treatm ent  of BPPV consists  of a  head  m aneuver  that
m oves and relocates the o ending otoconia, known as the Epley
m aneuver.

Meniere  Disease
Meniere  disease  results  from  an  abnorm al  buildup  of  endo-
lymph  and  presents  as  a  classic sym ptom  complex of ear  full-
ness, drop  in  hearing, t innitus, and  vert igo. The sym ptom s m ay
last  m inutes to days, resolve spontaneously, and recur at  unpre-
dictable  and  irregular  in tervals. Not  all of the  sym ptoms in  the
complex  m ust  be  present  to  m ake  the  diagnosis. Meniere  dis-
ease  is of unknow n  etiology. It  should  be  viewed  as a  com m on
set  of sym ptom s reflect ive  of several possible  underlying path-
ologies: too m uch  endolymph  production;  too litt le  endolym ph
absorption;  or  viral,  genetic,  toxic,  or  m etabolic  disorders.
Unfortunately, we  do  not  have  the  diagnostic  tools  to  reliably
elucidate  these  possibilit ies. Diseases  that  can  m im ic  Meniere

Table 130.2  Physical findings that  di erentiate peripheral from central vertigo

Characterist ic  Peripheral vert igo  Central vert igo

Intensity  Severe  Mild

Fatigability  Fatigues, adaption  Does not  fatigure

Eye  closure  Symptoms worse  with  eye  closure  Symptoms better with  eye  closure

Nystagmus  Horizontal, may be  unilateral, rotary  No effect  or enhances nystagmus

Ocular fixation  Suppresses nystagmus (may not  suppress in  acute  phase)  No effect  or enhances nystagmus

Associated  symptoms  Nausea, hearing  loss, sweating  Weakness, numbness, falls more  likely

130.3  Di erent ial Diagnosis of Vert igo
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disease  include  acoustic  neurom a, perilym phatic  fistula, Lym e
disease, syphilis, autoim m une  inner  ear  disease, and  m ultiple
sclerosis. If a  specific  etiology  can  be  identified, Meniere  syn-
drom e  is  diagnosed  as  opposed  to  idiopathic disease. Meniere
disease is bilateral in  about 25% of patients. Over t im e, the hear-
ing loss  ceases  to  fluctuate  and  becom es m ore  severe, and  the
acute  attacks of vert igo  “burn  out” and  give  way to  a  constan t
sense of im balance.

Physical findings are  few. During an  acute  attack, nystagm us
can  be observed. Betw een  attacks, abnorm al tuning fork testing
m ay be  the  only finding. Audiom etry docum ents a  sensorineu-
ral hearing loss, often  m ore  not iceable  in  the  low  frequencies,
that  fluctuates  on  repeated  testing. ECochG m ay  confirm  hy-
drops. Vestibular  testing  is  not  usually  necessary  to  m ake  the
diagnosis,  w hich  relies  heavily  on  the  patient’s  h istory.  MR
im aging  w ith  gadolinium  enhancem ent  is  m andatory  to  rule

Fig. 130.2  Algorithm  for evaluation  of the  dizzy patient.
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out  an  acoustic neurom a, m ultiple  sclerosis, and  other  central
nervous system  pathology.

In it ial  t reatm en t  is  w ith  salt  rest r ict ion  to  2 g  a  day,  an
oral  d iu ret ic,  an d  vest ibu lar  suppressan ts  as  necessary.  If
m edical  th erapy  is  not  adequate, vest ibu lar  ablat ion  can  be
perform ed . Th is  is  done  m ost  often  w ith  in t ratym pan ic gen -
tam icin  th erapy.  Surgical  alternat ives  include  endolym -
ph at ic  sac  decom pression ,  labyrin thectom y,  an d  vest ibu lar
neurectom y.

Delayed Endolym phat ic Hydrops
This  diagnosis  is  m ade  w hen  episodic  vestibular  sym ptom s,
sim ilar  to  those  in  Meniere  disease, develop  m onths  or  years
after a sensorineural hearing loss of any cause. For example, th is
condition  m ay develop  after  a  congenital hearing loss, after  an
idiopath ic  sudden  or  progressive  hearing  loss, or  follow ing  a
“dead  ear” after  stapedectomy surgery. Som e  authors  feel that
the  syndrom e  is  a  variant  of Meniere  disease, w ith  endolym -
phatic hydrops developing as a sequela of prior  otologic pathol-
ogy, so that  it  is referred  to as delayed  endolymphatic hydrops.
The diagnosis is confirm ed by docum ented hearing loss and  the
absence of other ear pathology.

Viral Neuronit is
Viral neuronitis is due to inflam m ation  of the vestibular port ion
of the eighth  cranial nerve. The history is crit ical in  establish ing
the  presence  of a  system ic  viral  infect ion  close  to  the  t im e  of
the onset of ver tigo. The presence of hearing loss or t innitus ex-
cludes  th is  diagnosis. Physical exam ination  m ay reveal nystag-
m us,  but  the  findings  are  otherw ise  norm al.  Pure-tone  and
speech  audiom etry should  be norm al. Treatm ent  is w ith  vestib-
ular  suppressants. The sym ptom s usually resolve w ith in  several
days to weeks.

Labyrinthit is
This condition  produces an  acute vestibular crisis w ith  a h istory
sim ilar  to that  of vestibular  neurit is. However, the vertigo is ac-
companied by a sudden  hearing loss, usually w ithin  a few  hours
before  or  after  the  onset  of vertigo. The  recovery period  should
be sim ilar  to that seen  in  vestibular neurit is. Hearing m ay be re-
covered, or the hearing loss m ay persist .

Perilym phat ic Fistula
Perilymphatic  fistula  is  an  abnorm al leakage  of perilym ph  via
the  oval  or  round  w indow.  It  is  alm ost  always  the  result  of
im plosive  or  explosive  pressure  changes  due  to  head  t raum a,
barotraum a, or  Valsalva m aneuver. The h istory is the key to the
diagnosis. Sym ptom s m ay be  isolated  dizziness or  vertigo, w ith
or  w ithout  hearing loss  or  t inn itus. Perilym phat ic fistu la  can
m im ic Meniere  disease. On  physical exam inat ion , pneum atic
otoscopy can  precipitate  or  exacerbate  sym ptom s, a  so-called
posit ive  “fistu la  test .” There  is  no  d iagnostic  laboratory  test .
The  presence  of a  fistu la  can  be  confirm ed  on ly  by  surgical
explorat ion  of  the  m iddle  ear.  The  t reatm en t  is  surgical  re-
pair  of the leak.

Dehiscent  Superior Sem icircular Canal
Syndrom e
Dehiscent  superior  sem icircular  canal  syndrom e  is  a  loss  of
bone  over  the  dom e  of the  superior  sem icircular  canal that  ex-
poses  its  endosteum  to  the  dura. The  cause  is  unknow n. The
m ost  com m on  sym ptom  is  episodic  dizziness  or  vert igo, pre-
cipitated  by  loud  noise  or  Valsalva  m aneuver. Hearing  loss  is
com m on  and  m ay  be  a  low -frequency  conductive  loss  w ith
preservation  of the  acoustic reflexes. Based  on  the  history and
audiom etric findings, the  patien t  undergoes CT of the  temporal
bones, w hich  is  the  diagnostic study. The  treatm ent  is  surgical
resurfacing of the dehiscence.

130.3.2  Central Causes of Vert igo
Migraine Headache (Vest ibular Migraine)
Migraine  headache  can  be  associated  w ith  dizziness  or  vert igo
as  an  aura. The  diagnosis  in  these  cases  is  obvious. However,
other pat ients present  w ith  episodic vert igo w ithout headaches,
so  that  the  diagnosis  is  obscured. In  these  cases, the  spells  of
ver t igo  are  sim ilar  to  those  of Meniere  disease, bu t  w ithout
the  associated  hearing  loss, t in n itus, or  aural fu llness. A per-
sonal  or  fam ily  h istory  of classic  m igraine  is  key  because  all
d iagnost ic  tests  of inner  ear  funct ion  and  radiograph ic  find-
ings are  norm al.

Vertebrobasilar Vascular Insu ciency
The  ver tebrobasilar  ar ter y  supp lies  the  essen t ial  st ructu res
of  th e  vest ibu lar  system ,  in clud ing  the  in ner  ear,  cran ial
n er ve  VIII, and  th e  cerebellum . As  a  resu lt , t ransien t  sym p -
tom s  m ay  occur  as  a  con sequence  of  reduced  blood  flow
result in g  from  hypoten sion  (in clud ing  or th ostat ic  hypoten -
sion )  or  card iac  ar rhythm ias.  Som e  pat ien ts  w ith  d iabetes
m ellit us or  ath erosclerosis  h ave  balance  com plain ts and  m ay
h ave  m ult ip le  sm all ischem ic areas  in  th e  brain stem . Oth ers
m ay  h ave  in term it ten t  ver tebrobasilar  ar tery  in su  cien cy
associated  w ith  postu ral  ch anges, certain  h ead  posit ions, or
exercise .

Acoust ic Neurom a
Acoust ic  neurom a  is  a  m isnom er  because  th is  entity  is  a
schwannom a  that  usually  arises  on  the  vestibular  portion  of
the  eighth  cranial nerve  and  so  is  m ore  properly  called  a  ves-
t ibu lar  schwannom a.  The  usual  presenting  sym ptom s  are
hearing loss and/or  t innitus. When  an  acoustic neurom a  is  as-
sociated  w ith  dizziness,  the  dizziness  is  usually  vague  and
nonspecific, not  frank  vertigo. On  occasion , an  acoustic neuro-
m a  can  m im ic  Meniere  disease.  The  physical  exam ination  is
usually norm al, except  for  tun ing fork testing. When  an  acous-
t ic  neurom a  is  large, cranial  nerve  V and  VII findings  m ay  be
noted. Pure-tone  and  speech  audiology  reveals  a  un ilateral  or
asym m etric  sensorineural  hearing  loss. MR im aging  w ith  ga-
dolinium  enhancem ent  is  100% sensitive  and  h ighly  specific.
Treatm ent  options  include  continued  observation,  radiation,
and  surgery.

130.3  Di erent ial Diagnosis of Vert igo
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Mult iple  Sclerosis
Vertigo or dizziness is an  in itial sym ptom  in  5 to 15% of patients
w ith  m ultiple  sclerosis.  Up  to  50% of  pat ients  w ith  m ultiple
sclerosis becom e vertiginous at  som e t im e during the  course  of
the  illness. The  ver tigo  m ay  be  transient  or  perm anent  and  is
usually accom panied by nystagm us. Cerebrospinal fluid  and MR
im aging studies are helpful in  confirm ing the diagnosis.

Psychiat ric Disorders
Patients w ith  panic disorder and related anxiety disorders, such
as agoraphobia, tend  to have  vestibular  complaints. The  patho-
physiology is  unclear. Pat ients  m ay have  di culty distinguish-
ing dizziness from  anxiety attacks because  they occur  together.
In  addition , the dizziness m ay be nonspecific and possibly m ask
an  underlying clin ical depression.

130.4  Using the  Clinical History to
Guide Treatm ent  Decisions
Most  patients w ith  acute  vert igo w ill im prove w ith  supportive,
expectant  m anagem ent.  When  th is  is  not  the  case,  and  the
sym ptom s have  been  present  for  m onths  to  years, it  is  im por-
tant  to determ ine w hether  the vestibular  pathology is stable  or
unstable. If the sym ptom s are predictable and  provoked by m o-
tion, then  the patient  has a stable vestibular lesion  not  yet com -
pletely compensated  by the  central nervous  system . These  pa-
tien ts  are  appropriate  candidates  for  vestibular  rehabilitation.
On  the  other  hand, if the  sym ptom s  occur  spontaneously  and
w ithout  warn ing, the  patient  has  an  unstable  peripheral  dys-
function. Meniere  disease  is  the  prototype  of an  unstable  ves-
tibular  dysfunct ion . These  “unstable” patients  are  not  suitable
candidates for  vestibular  rehabilitation. They are  m anaged w ith
m edical therapy, and  if th is  fails, surgical in terventions  should
be considered, depending on  the etiology of the vestibulopathy.

130.5  Roundsm anship
●  Frenzel goggles are a valuable adjunct during an  evaluation

for induced nystagm us. The lenses prevent  visual fixation ,
w hich  powerfully inhibits nystagm us.

●  Up-beating or dow n-beating spontaneous nystagm us strongly
suggests central pathology.

●  Videonystagm ography assesses the funct ion  of the vestibular
end-organs, central vestibulo-ocular pathways, and oculom o-
tor processes.

●  Rotational chair testing quantifies the vestibulo-ocular reflex
and helps di erentiate peripheral from  central pathology.

●  Dynam ic posturography involves a bat tery of tests that help
to assess the functional capacity of the patient  w ith  a balance
disorder.
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131  Managem ent  of the Pat ient  w ith Chronic Dizziness
Bryan D. Hujsak and Laura Lei-Rivera

131.1  Int roduct ion
Dizziness ranks as  one  of the  m ost  frequent  complaints  in  pri-
m ary  care  m edicine.  Dizziness  can  arise  from  a  num ber  of
causes, including but  not  lim ited  to side  e ects of m edications,
cardiac  conditions,  psychological  disorders,  neurologic  disor-
ders, and dysfunct ion  of the vestibular system . Dizziness arising
from  a vestibular  disorder can  be quite disabling. It  m ay reduce
not only quality of the life and well-being but  also in terpersonal
relationships. The  treatm ent  of individuals  w ith  chronic dizzi-
ness  can  be  quite  challenging. It  requires  pat ience  and  confi-
dence  on  the  part  of  the  pract it ioner  to  guide  the  pat ien t
through  the  m urky waters of conflicting opin ions and  the  m ul-
titude  of m edical  tests  used  to  rule  out  m ore  life-threaten ing
pathology.  Many  people  w ith  chronic  dizziness  do  not  show
any outward signs of their disorder. As a result , they som etim es
are  unable  to  obtain  the  kind  of em pathy from  friends, fam ily,
and  health  care  pract it ioners that  som eone w ith  a m ore visible
disability  receives. Som etim es, the  sym ptom s they are  experi-
encing  m ay  be  attributed  to  the  anxiety  and  depression  that
com m only accom pany any disabling condition , lim it ing the care
that  m ight  return  them  to their  previous level of funct ion. It  is
our  hope  that  th is  sum m ary  of  the  m anagem ent  of  patients
w ith  chronic  dizziness  w ill  provide  the  reader  w ith  a  deeper
appreciation  of  the  complexities  involved  in  caring  for  th is
unique population  of patients.

131.2  Classificat ion of Vest ibular
Disorders
Vestibular  disorders  can  be  broadly defined  as  either  stable  or
unstable lesions. Stable  lesions are  typically the  result  of a one-
tim e insult  to the system , such  as vestibular  neurit is or labyrin-
th itis.  Episodic  disorders  that  have  been  am eliorated  through
m edical or surgical m anagem ent can  also be classified  as stable.
An  example  would  be  Meniere  disease  that  has responded  to a
low -sodium  diet  and  diuresis, ablative  therapy  w ith  an  in tra-
tym panic inject ion  of gentam icin , vestibular  nerve  sectioning,
or  labyrinthectomy. Unstable  lesions are  those  that  continue  to
cause  episodic  bouts  of ver tigo, dizziness, and  disequilibrium ,
potentially  result ing  in  fur ther  degradation  of  the  vestibular
system . Exam ples include  unm anaged  Meniere  disease, vestib-
ular  m igraine, endolymphatic hydrops, and  vestibular  autoim -
m une  disorders.  Before  any  rehabilitation  in tervent ion  is
undertaken, it  is crit ical that  any episodic degenerative  process
be  halted  through  m edication  or  surgery, or  the  outcom e  w ill
m ost certainly be less than  optim al.

Vestibular  disorders  can  be  further  classified  as  unilateral or
bilateral,  incomplete  or  complete,  sym m etric  or  asym m etric,
and  peripheral, cen tral, or  m ixed. Peripheral disorders  include
any pathology that  a ects the vestibular end-organs or the ves-
tibular  portion  of the  eighth  cranial nerve  (e.g., vestibular  neu-
rit is). Bilateral  peripheral  dysfunct ion  can  be  seen  in  patients
w ith  ototoxicity from  the in travenous adm inistration  of an  am i-
noglycoside  or  w ith  Meniere  disease.  Any  of  these  disorders

can  cause part ial or complete loss of funct ion. Central disorders
include any pathology that  a ects the vestibular nuclei, the cer-
ebellum , or  any  of the  connect ing  pathways  in  between  (e.g.,
cerebellar  degeneration , hydrocephalus, vascular  insult , brain-
stem  traction  injuries, and  basilar  m igraine). Demyelination  at
the nerve root  en try zone of cranial nerve VIII occurs w ith  m ul-
tiple  sclerosis and  can  be  classified  as a  m ixed  peripheral–cen-
tral disorder. Other  m ixed  disorders include vestibular  schwan-
nom as comprom ising the  cerebellopontine  angle  and  acquired
brain  injury w ith  labyrin thine  concussion  as a sequela. Classifi-
cation  in  these  categories  can  assist  in  the  prognosis  and  m ay
determ ine  the  m ost  appropriate  approach  to  rehabilitation. A
com bination  of vestibular  funct ion  testing, the  clin ical exam i-
nation, and  the  patient’s  report  w ill aid  the  clinician  in  deter-
m ining the type of vestibular dysfunct ion  that is present .

131.3  Disablem ent  Model
For  m ost  pat ients  w ith  vestibular  dysfunction, once  they have
been  stabilized  m edically, the  sym ptom s  of dizziness  and  im -
balance resolve over t im e. As they begin  to engage in  their prior
activities, gradually increasing the level of in tensity, the system
naturally  recovers  and  adapts.  However, in  som e  individuals,
barriers to th is adaptive  process prevent  spontaneous recovery.
Typically, it  is  these  patients  w ho  require  skilled  rehabilitation
to  facilitate  a  m ore  favorable  outcom e. Although  the  m ain  ob-
ject ive  of t reatm ent  is  to  elim inate  the  sym ptom s of dizziness
and  disequilibrium , th is cannot  always be  achieved. In  lieu  of a
complete  recovery,  m anagem ent  of  the  patient  w ith  chronic
dizziness should  em phasize  a  return  to the  patient’s prior  level
of funct ion  w ith  a m inim um  of sym ptom s.

Traditionally,  treatm ent  has  focused  on  addressing  the
underlying  pathology. According  to  the  m edical  m odel, if  the
pathology is elim inated, the im pact on  the patient’s life w ill also
be  dim inished. Over  t im e, th is  philosophy has fallen  short, es-
pecially in  disorders  in  w hich  a  complete  cure  is  not  available.
In  order  to  understand  how  pathology im pacts  an  individual’s
ability to funct ion, m any disablem ent  m odels have been  devel-
oped. The  currently accepted  m odel in  rehabilitation  is  the  In-
ternational  Classification  of  Function,  Disability,  and  Health
(ICF), developed  by the World  Health  Organization  (WHO). This
m ultidirect ional  in teract ion  m odel  takes  in to  account  how  a
health  condition  im pairs  body  structure  and  funct ion . It  also
takes in to  account  how  this  im pairm ent  a ects  an  individual’s
activity  level and  participation  in  act ivit ies  of daily living. The
ICF m odel is  the  first  to  form ally acknow ledge  the  influence  of
personal  and  environm ental  factors.  Earlier  m odels  by  WHO
and  Nagi  considered  pathology,  impairm ents,  funct ional  dis-
ability, and  handicap  only in  a bidirect ional fashion. The signifi-
cance  of the  ICF m odel lies  in  its  broadened  view  of how  the
disease  process impacts a  person’s ability to funct ion  in  society
(� Fig. 131.1).

In  providing  comprehensive  m anagem ent  for  pat ients  w ith
chronic dizziness, it  is im portan t  for the practit ioner to consider
all  levels  of  the  ICF m odel.  It  is  im perative  that  the  patien t
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receive  all  possible  m edical  and  surgical care  to  m inim ize  the
im pact  of the health  condition  on  body structure  and  funct ion .
Physical  therapists,  occupational  therapists,  and  audiologists
m ay provide  skilled  rehabilitation  in  order  to  facilitate  adapta-
tion  of the  system  to  any residual deficits. This helps  to  return
the  pat ien t  to  prem orbid  levels  of  act ivity  and  participation .
During the  course of rehabilitation, these  pract it ioners can  also
provide strategies that  allow  the  patien t  to participate  in  activ-
it ies  of daily  living  w ith  a  m inim um  of sym ptom s. All  pract i-
t ioners  par ticipating  in  the  care  of  these  patients  need  to  be
m indful of the  personal and  environm ental factors  that  either
help  or  h inder  the  patien t’s  recovery. If these  barriers  prove  to
be too large to overcom e, consultat ion w ith  psychiatry, psychol-
ogy, and social work m ay be appropriate.

131.4  Principles of Treatm ent
The ultim ate goal of rehabilitation  is to return  the individual to
a  prem orbid  level  of  funct ion. Com plete  recovery  can  be  de-
fined  as  the  pat ient’s  ability  to  tolerate  all  m otions  and  activ-
it ies  w ithout  any rem ain ing sym ptom s of ver tigo, dizziness, or
disequilibrium .  Recent  texts  have  delineated  separate  ap-
proaches  for  di ering  theoretical  m odels  of  recovery.  These
have been  described in  a h ierarchical fashion:
1. Adaptation/compensation
2. Habituation
3. Substitut ion

Separate  m odalit ies  for  each  category are  im plem ented  in  the
hope  of  facilitat ing  funct ional  recovery.  In  term s  of  planning
treatm ent  strategies, the  preferred  result  is  one  in  w hich  the
central  nervous  system  has  adapted  to  the  altered  vestibular
input  caused  by  the  pathology.  Specific  m ovem ents  are
prescribed that attempt to recalibrate the responses of the asso-
ciated vestibular  reflexes and  their  subsequent  sensory in tegra-
tion. This is described  as adaptat ion  or compensation. A second
treatm ent approach  takes advantage of the neurologic phenom -
enon  of habituat ion. A sym ptom-provoking stim ulus, usually a
head  m otion  or  position  change, is  presented  to  the  pat ient  in
sm all  increm ents  followed  by  a  specified  recovery  tim e. With
repeated  stim ulation, the  sym ptom  response  dim inishes  until
the  individual  is  no  longer  sym ptom at ic  w ith  the  particular
m ovem ent. A third treatm ent approach  is to substitute an  alter-
native  sensation  for  the  m issing vestibular  in form ation. In  th is
approach , com m only used  for  pat ients  w ith  complete  bilateral
vestibular  loss, vision  and  som atosensory inform ation  are  opti-
m ized during the act ivity.

131.5  Treatm ent  Modalit ies
The  prim ary  form  of rehabilitative  treatm ent  is  exercise. Early
form s of exercise  developed  by Caw thorne  and  Cooksey recog-
nized  the  need  to m ove the  eyes, head, and  body in  a  repeated
fash ion. These  m aneuvers  helped  facilitate  recovery by requir-
ing  the  pat ient  to  m ove  in  direct ions  that  had  been  avoided

Fig. 131.1  International Classification of Function, Disability, and  Health.
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because  of a  fear  of dizziness. Although  less  sophisticated  and
specific  than  m odern  approaches, the  cont inued  use  of  these
exercises m ay be e ect ive w ith  som e patien ts, especially during
the in terim  betw een consultat ion  w ith  the m edical practit ioner
and the in itiation  of form al rehabilitation.

Although  we  can  m ake  clear  theoretical distinct ions  am ong
adaptat ion, habituat ion, and  substitut ion, the  m ovem ents used
in  treatm ent  usually take advantage of all three e ects. In it ially,
the  dizziness  provoked  by  the  therapeutic  m otion  m ay be  too
great for adaptation  to be achieved, and tolerance of the m otion
through  habituat ion  m ay  be  required  first . To  a  large  degree,
m any  patients  spontaneously  learn  to  substitute  alternate
senses  to  m aintain  their  orientation . During  visual fixation  on
stationary  objects,  visual  cues  override  the  erroneous  signals
generated  by the  vestibular  system , im proving equilibrium  and
m inim izing dizziness. Also, m any patients  w ill m axim ize  their
proprioceptive  input  by  increasing  their  double  support
tim e  during  gait ,  resulting  in  shorter,  m ore  deliberate  steps.
These  substitution  strategies  becom e  ine ect ive  in  conditions
of absent  visual stim uli (i.e., dark  and  dim ly lit  environm ents),

complex  visual  m ovem ents  (i.e.,  crow ds,  stores),  and  uneven
terrain  (sand, grass, sidewalks; � Fig. 131.2).

Modern  approaches  to  treatm ent  target  three  areas:  gaze
stability, postural reflexes, and  sensory organization . Exercises
are  in troduced  at  a  level  that  challenges  the  pat ient’s  abilit ies
but  does not  overw helm  his or  her  ability to complete  the task.
Each  exercise  is  perform ed  two  to  three  t im es  per  day. Sym p-
tom  provocation  is not  the  prim ary object ive  in  adaptat ion  ex-
ercises, but  it  can  be present  as a m inor side e ect . If sym ptom s
are provoked, the recovery tim e should  be m inim al because pa-
tien ts are  instructed  to recover  from  any sym ptom s before pro-
ceeding to the next exercise or activity.

Gaze  stability  exercises  prim arily  address  deficits  in  the
vestibulo-ocular  reflex. Patients are  asked  to fix their  gaze  on  a
sim ple, asym m etric  target  w hile  oscillating  the  head  through
30 degrees of yaw  or  pitch . This head  m otion  is cont inued  for  a
m inim um  of 90  seconds  in  both  direct ions. If any degradation
of the  im age  is  observed, patients  are  asked  to  slow  dow n  to
m aintain  clarity  and  stability.  Over  t im e,  they  w ill  be  able
m ove  their  head  at  a  faster  rate.  More  complex  targets  are

Fig. 131.2  Integrated  recovery model.

131.5  Treatment  Modalit ies

1023



progressively substituted for sim ple targets. Target  m otion  adds
another  dim ension  to  the  exercise, approxim ating  in  vivo  de-
m ands on  the vestibular system .

Postural reflexes are challenged w ith  both  static and dynam ic
balance  act ivit ies  designed  to  improve  the  responsiveness  of
the  vestibulospinal reflex. The  vestibulospinal reflex is  respon-
sible  for  m aintaining  balance  during  changes  in  head  or  body
position  relative  to the  gravity axis (i.e., walking on  an  inclined
surface)  or  displacem ent  of the  head  outside  the  base  of sup-
port (i.e., a head turn). These act ivities m ay include static stand-
ing  w ith  a  progressively  narrowed  base  of  support,  postural
sway act ivities, gait  w ith  a progressively narrowed  base of sup-
port, and gait  w ith  head turns.

Sensory organization  is  characterized  by the  reflexive  selec-
tion  of the  appropriate  orien tation  sense  for  a  given  environ-
m ent. The brain  select ively relies on  visual cues, proprioceptive
inform ation, or  vestibular inform ation. If visual and  som atosen-
sory  cues  are  m anipulated  during  balance  and  gait  act ivities,
the  system  can  be  forced  to  use  vestibular  input  to  m aintain
balance. This  m anipulat ion  is  achieved  by  having  the  pat ient
stand  w ith  the  eyes  closed,  follow  a  m oving  object  w ith  the
eyes, or stand on  a compliant  surface.

In  addition  to exercises, there are m any products and  devices
that  purport  to be  e ect ive  in  m anaging chronic vestibular  dis-
orders. Som e of these devices are based  on  the principle  of sen-
sory substitut ion, providing head  and  body position  sensation
via  tact ile  stim ulation  of the  body, feet, and  even  the  tongue.
Other  devices  provide  controlled, m easurable, sensory organi-
zation  testing and  t raining. Like  the  vestibular  exercises  previ-
ously described, they have  their  strengths and  weaknesses and
m ay not  be  e ect ive  w ith  all patients. It  is  not  our  object ive  to
prom ote  or  dim inish  the  e cacy of these  devices, but  to  urge
clin icians to evaluate  the  evidence surrounding each  device be-
fore incurring large expenses to their capital budget.

131.6  Barriers to  Recovery
Most  people  respond  favorably to therapy as long as the  lesion
is stable  and  the  therapy provided  is skilled  and  custom ized  to
the  needs of the  patien t. Because  therapeutic exercise  is a very
conservative form  of m anagem ent  for  vestibular  disorders, it  is
im portant  to  recognize  that  not  all pat ien ts  are  helped  by ves-
tibular rehabilitation . As w ith  any disorder, failure via conserva-
tive m anagem ent  should  compel the clin ician  to investigate  the
underlying  cause. There  are  m any  reasons  w hy a  patient  m ay
not recover from  lesions of the vestibular system . These barriers
m ay also prevent  progress w ith  rehabilitation. Although  not  ex-
haust ive, the follow ing is a list  of the m ore com m on causes.

One of the prim ary reasons for failure to adapt  is that  the pa-
tien t  has a  m isdiagnosed  unstable  lesion. Many tim es, patients
are  referred  for  therapy for  w hat  appears  to  be  an  unresolving
vestibular  neurit is. Unfortunately, the  in it ial bout  of ver tigo as-
sum ed  to be  the  result  of neurit is is only the  first  of m any epi-
sodes to follow. This is com m only seen  in  patien ts w ith  Meniere
disease or vestibular m igraine. Once the pat tern  of episodic ver-
tigo  has  been  identified, the  m edical approach  needs to  be  re-
vised in  order to stabilize the disorder.

Visual–perceptual  form s  of  dysfunction  are  another  m ajor
barrier  to recovery. Of all sensory inform ation  processed  by the

brain , 90% is  related  to vision , and  therefore  distort ions in  th is
system  can  be  very disorient ing. It  is a  com m on  m isconception
that  the  vestibular  system  is  the  “balance  organ.” The  reality is
that our visual system , not our vestibular system , is the prim ary
orien tation  sense. Sym ptom s  of dizziness  can  be  compounded
by or  arise  purely from  visual–perceptual form s of dysfunct ion.
These  include, but  are  not  lim ited  to, cataracts, glaucom a, m ac-
ular  degeneration, visual field  loss, refractive  errors, and  m ulti-
focal  lenses.  It  is  im portant  to  recognize  that  patients  are
usually  the  last  to  know  that  they  cannot  see  as  well  as  they
should.  This  is  because  m ost  pathology  in  the  visual  system
occurs over  t im e, and  the brain  is able  to adapt  to th is slow  de-
terioration.  Therefore,  a  visual  screen  for  acuity,  dom inance,
vergence, confrontation visual fields, and extraocular eye m ove-
m ents should  be a component of every clin ician’s exam ination .

Em otional disorders  are  another  com m on  cause  of failed  re-
covery. It  is expected that  any pat ient  w ith  a vestibular disorder
w ill have  som e degree  of anxiety and  depression  related  to the
condition. This is a norm al em otional response that  can  be con-
sidered  pathologic only w hen  it  prevents the  pat ient  from  par-
ticipating at a level that  would prom ote adaptation. This type of
anxiety and  depression  is  di erent  from  prim ary clin ical anxi-
ety and  depression  and  is  classified  as  an  adjustm ent  disorder.
Other  em otional disorders, such  as prem orbid  m ood  disorders,
personality disorders, and  psychoses, w ill also  have  a  negative
e ect  on  t reatm ent  outcom e.  It  is  im portant  to  educate  the
patien t  that  m anagem ent  of  both  the  psychological  disorder
and  the  vestibular  disorder  is  needed  in  order  to  m axim ize
functional im provem ent. In  these  cases, close work w ith  a  psy-
chiatrist , psychologist, or social worker  versed  in  vestibular dis-
orders can  be quite e ect ive.

131.7  Alternat ives to Tradit ional
Treatm ent
In  the past  two decades, a grow ing body of evidence supporting
tai  chi  as  a  valuable  complem entary  t reatm ent  for  vestibular
disorders  has  em erged  in  the  Western  scientific literature. Tai
ch i, a  t rad it ional  Ch inese  m ethod  of exercise  derived  from  a
m art ial  ar ts  form ,  has  gained  popularit y  as  a  t reatm ent
paradigm  for  a  variety  of hum an  ailm en ts, including  balance
im pairm ent .

Tai ch i is an  appropriate form  of exercise for  individuals of all
ages w ith  a w ide range of abilit ies and conditions, including the
m edically complex. It  has applications for  balance dysfunct ions,
or thopedic  and  neurologic  rehabilitation,  pain  m anagem ent,
cardiovascular and  respiratory disorders, m ood and  m ental dis-
orders, fitness, and  general well-being. The beneficial e ects of
tai ch i for  w hich  the  evidence  is  m ost  compelling appear  to  be
related to funct ional balance and fall prevention .

Vestibular  rehabilitation  is  a  well-accepted  exercise  program
intended for the t reatm ent of persons w ith  balance im pairm ent
caused  by  dam age  to  the  peripheral  vestibular  system . How -
ever,  individuals  w ith  balance  deficits  result ing  from  central
nervous system  pathology or  the involvem ent  of m ultiple  com -
ponents of the  sensory system  do not  generally have  the  sam e
outcom es.  Although  patien ts  w ith  cent ral  pathology  can
achieve  clin ical  and  funct ional  gains,  im plem enting  tai  ch i
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train ing as  an  adjunct ive  therapy in  the  first  group  of patients
m ay m axim ize t reatm ent outcom es. In  addition, the im plem en-
tation of a tai ch i program  m ay help transit ion patients from  su-
pervised  m edical care  to a  longer-term  com m unity-based  pro-
gram . It  is th is lifestyle change that m ay have the m ost enduring
e ect  of im proving balance and wellness.

131.8  Conclusion
The  m anagem ent  of  patients  w ith  chronic  dizziness  arising
from  vestibular  dysfunct ion  can  be  very  challenging, but  also
extrem ely  rewarding. In  order  to  ach ieve  successful  outcom es
in  th is  pat ient  population, it  is  crit ical to  properly  classify  the
underlying  disorder,  involve  the  appropriate  professionals  in
each  pat ien t’s care, recognize  influences beyond  the  pathology,
and  explore  com orbidities  in  the  face  of slow  or  absent  prog-
ress. Com m unication  betw een  the  pat ien t, physician , audiolo-
gist ,  and  therapist  is  crit ical  because  the  successful  m anage-
m ent of vestibular dysfunct ion  is not  an  event, but a process.

131.9  Roundsm anship
●  Vestibular rehabilitation  is an  e ective form  of conservative

m anagem ent for patients w ith  stable peripheral and central
vestibular dysfunct ions.

●  The m anagem ent of pat ients w ith  chronic dizziness requires
considerations beyond pathology. Understanding the e ects
of physical impairm ent on social and environm ental factors
w ill result  in  optim al patient outcom es.

●  Patients w ho do not  respond to rehabilitation  should be
evaluated for com orbidities that m ay be prevent ing adapta-
tion , habituat ion , and substitut ion. These m ay include visual–
perceptual dysfunct ion, em otional disorders, or a previously
unident ified  unstable lesion .

●  Adjunct ive and alternative therapies like tai chi have been
show n to be e ective in  prom oting recovery and m ay also
help  in  transit ioning patients from  m edical care to part icipa-
tion  in  com m unity-based act ivities.

●  The e ective m anagem ent of patien ts w ith  chronic dizziness
m ay require additional support  from  psychology and social
work to complem ent  the m edical and therapeutic care pro-
vided by the physician  and physical therapist .
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132  Diagnost ic Assessm ent  and Managem ent  of Acute
Facial Palsy
Christopher J. Linstrom

132.1  Int roduct ion
The  m anagem ent  of a  pat ien t  presenting w ith  facial paresis  or
paralysis m ay at  first  seem  like  a  daunting task to the  clin ician,
and  it  should  be rem em bered  that  “all that  palsies is not  Bell’s.”
A thorough  h istory  and  physical  exam ination,  w ith  the  rea-
soned  developm ent  of a  di erential  diagnosis, understanding,
and  the  judicious  use  of clin ical testing, w ill enable  the  physi-
cian  to arrive  at  a specific diagnosis and  form ulate an  appropri-
ate t reatm ent  plan  in  cases of acute facial paralysis. This chapter
w ill review  the  pert inent  anatomy and  physiology of the  facial
nerve  and  facial m ovem ent, w ith  an  em phasis  upon  the  accu-
rate evaluation  and support ive and definitive care of the pat ient
w ith  facial  paralysis.  A review  of  the  com m on  etiologies  of
acute  facial  dysfunct ion  and  a  plan  for  the  treatm ent  of acute
facial paralysis w ill be given, along w ith  several clin ical case ex-
am ples. A separate section  w ill review  elect rodiagnostic testing
of the facial nerve.

132.2  Relevant  Anatom y and
Physiology
Like  m any  other  structures  in  the  head  and  neck,  the  facial
nerve, cranial nerve  (CN) VII, respects  the  rule  of “economy of

m eans.”  It  is  a  composite  nerve,  prim arily  subserving  m otor
function  to  the  m uscles  of facial  expression  (branchial  m otor)
but  also, through  the  nervus in term edius of Wrisberg, carrying
general sensory and  special sensory fibers  (taste) and  pregan-
glionic parasym pathetic fibers  (visceral m otor)  for  lacrim ation
and salivation  (to the subm andibular and sublingual glands).

The facial nerve m ay be detected  in  em bryonic life as early as
the  th ird  week  of gestation, w hen  the  em bryo  is  3 m m  long.
This collect ion  of neural crest  cells also gives rise  to CN VIII and
thus is called the facioacoustic prim ordium  or crest.

The  facial nerve  becom es housed  w ith in  the  petrous tempo-
ral bone, taking the  longest  in traosseous  course  of any cranial
nerve  (� Fig. 132.1). It  has two m ajor  points of flexion, the first
(superior)  and  second  (inferior)  genus, before  taking  a  som e-
w hat  ver tical  course  to  leave  the  temporal  bone  at  the  stylo-
m astoid  foram en,  w here  it  branches  at  the  pes  anserinus
(“goose’s  foot”)  in to  two  m ain  divisions,  the  tem porofacial
(superior) and cervicofacial (in ferior) branches. These then  trav-
el betw een  the  superficial and  deep  lobes of the  parotid  to  in-
nervate  the  m uscles  of  facial  expression  via  five  nam ed
branches:  the  temporal, zygom atic, buccal, m arginal m andibu-
lar, and  cervical ram i. Proxim al to the  poin t  of ram ification , the
facial nerve  gives o three and  som etim es four  sm all branches:
(1) the  nerve  to the  stapedius m uscle  (w ithin  the  facial canal);
(2)  the  posterior  auricular  nerve  to  the  occipitalis  m uscle;

Fig. 132.1  Schematic of the  facial nerve.
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(3) the  nerve  to the  posterior  belly of the  digastr ic m uscle;  and
(4) the  lingual branch , w hich  the  corda  tym pani joins  to  carry
a eren t  special sensation  (taste) for  the  anterior  two-thirds  of
the tongue.

The  nervus  in term edius  exits  the  brainstem  near  the  m otor
nucleus of the  facial nerve. Cell bodies for  lacrim ation  and  sali-
vation, as well as vasom otor fibers destined for the nasal m uco-
sa, arise  in  the  superior  salivatory  nucleus  and  join  the  facial
nerve  after  it  has  passed  the  abducens  nucleus  (CN VI);  these
structures t ravel together until the nerve reaches the geniculate
ganglion. The greater  superficial petrosal nerve  takes o at  th is
point,  carrying  preganglionic  parasym pathetic  fibers  for  the
pterygopalatine  ganglion  and  eventually  innervating the  lacri-
m al, m inor salivary, and m ucosal glands of the palate and nose.

A sm all  nam ed  contribut ion  to  the  facial  nerve,  the  corda
tym pani, carries special sensory fibers for  taste from  the anteri-
or  two-th irds  of the  tongue. Its  cell  bodies  are  located  in  the
geniculate  ganglion. These  special  sensory  a erent  fibers  w ill
eventually  synapse  in  the  m edulla  in  the  nucleus  solitarius  of
the  tractus  solitarius. General  sensation  for  the  tongue, how -
ever, is m ediated by the lingual nerve (CN V3).

The  principal  m otor  functions  of  the  facial  nerve  are  indi-
cated  by  its  anatom ical  distr ibution.  Teleologically,  there  are
few  branches to the extrem es of the face because these areas do
not serve either to protect  the eye or to aid  in  alim entation. The
m uscles  of facial expression, although  of great  importance, are
of a  secondary order  because  they are  not  required  for  life-sus-
tain ing  functions.  The  facial  nerve  branches  extensively  and
densely  in  the  m idface  to  innervate  the  orbicular is  oculi, or-
bicular is  or is, and  buccinator, all necessary for  life-sustain ing
funct ions.  The  orbicu laris  oculi  and  orbicular is  or is  serve
both  protect ive  and  expressive  funct ions—hence  the  large
am ount  of anatom y devoted  to them .

The  cornea, as  w ill  be  described  in  greater  detail  below, is
protected  by an  elaborate  system . The  a erent  fibers  of CN V1

sense w hen  the cornea becom es dry, and a reflex arc to e erent
fibers of CN VII in  the pons both  stim ulates lacrim ation  and  in i-
tiates  blinking. In  health , it  is  an  elegant  and  e cient  system .
With  either  an  a erent  sensory  deficit  or  weakness  of CN VII,
th is system  m ay fail and place the cornea at  risk for dryness and
exposure.

132.3  Facial Paralysis: History
It  is of the utm ost  importance to concentrate on  the  t ime course
of facial paralysis. Paresis or  paralysis of the face occurring over
a m atter of m inutes (e.g., traum a) or hours (Bell palsy) is usually
quite  di erent  from  that  occurring over  a  period  of years (cho-
lesteatom a  involving  the  otic  capsule,  other  inflam m atory
conditions  of the  temporal bone  and  facial nerve, facial nerve
neurom a, or  rarely  acoustic  neurom a).  What  was  the  overall
general health  of the  patien t  at  the  t im e  of the  onset  of facial
dysfunct ion?  Does the  patient  have  any other  m etabolic disor-
ders,  such  as  diabetes?  Did  the  paralysis  occur  during  preg-
nancy?  What  was  at  first  thought  to  be  Bell palsy  m ay in  fact
turn  out  to  be  som eth ing  completely  di erent  after  a  careful
history has been  obtained.

Has  the  patien t  ever  had  an  episode  of paresis  or  paralysis
sim ilar  to  the  current  one  on  the  sam e  or  opposite  side  of the

face?  Are  there  any additional findings that  the  pat ient  has no-
ticed, has  been  told  about, or  rem em bers  from  a  prior  episode
(e.g., fissuring of the  tongue  [lingua  plicata], as  in  Melkersson-
Rosenthal  syndrom e)?  Was  facial  paralysis  accom panied  by
vesicular  lesions  around  the  ear  or  soft  palate  (herpes  zoster
oticus)?  Was  any other  otologic complaint, such  as  pain , aural
discharge, t innitus, or  vert igo, associated  w ith  the  loss of facial
nerve funct ion?  Did  facial paralysis occur  in  the  context  of oto-
logic  surgery?  If so, it  is  im portant  to  hear  from  the  referr ing
surgeon  or  to  determ ine  from  the  operat ive  report  the  exact
nature  of the  disease being treated, the surgical procedure, and
the suspected site of injury to the facial nerve.

Traum a to  the  temporal bone  resulting in  facial paralysis  re-
quires  special  consideration . If  the  patient  or  an  observer  re-
m em bers  the  nature  of the  t raum a  or  it  is  well  docum ented,
th is m ay aid in  estim ating the likely nature and extent of a facial
nerve  injury.  So  often ,  a  patient  w ith  severe  m ultisystem
traum a is taken  to the em ergency departm ent  of a hospital, sta-
bilized,  operated  upon  for  general,  orthopedic,  or  neurologic
injury, placed  in  a  surgical in tensive  care  unit  (ICU), and  there-
after  sent  to  a  non-ICU bed  on  a  surgical floor  for  a  few  days
before  a  nurse  or  house  o cer  notices facial weakness or  para-
lysis. Other  body system s  m ay have  taken  precedence  and  re-
quired  urgent  m edical  or  surgical  in tervention  before  any
thought  was  given  to  facial  nerve  injury. In  other  cases, facial
nerve funct ion  is observed  and  docum ented  im m ediately upon
arrival in  the em ergency departm ent . In  th is latter case, the de-
cision  to  treat  or  observe  m ay be  m ore  straightforward, m uch
as in  the possible surgical m anagem ent of Bell palsy.

If  the  patien t  w ith  traum atic  facial  paralysis  was  observed
early on  to m ove the face, one can  safely bet  that  at  least  part  of
the facial nerve was in tact  and funct ioning. If the patient  subse-
quently  lost  facial  funct ion  completely, one  would  treat  m uch
as  one  would  w ith  Bell  palsy:  anti-inflam m atory  agents  (ste-
roids) first, w ith  surgical decom pression  of the nerve to be con-
sidered  if the patien t  lost  all clin ical and  elect rical funct ion  and
was otherw ise a surgical candidate.

If, however, the traum a patient  has been  observed  to have  no
active  facial m ovem ent  upon  arrival or  was not  observed  at  all
early on  and  now  has been  found  to have facial paralysis and  is
stable  enough  for  the facial nerve to be evaluated, the temporal
bone  should  be  im aged  w ith  edge-enhanced  computed  tom og-
raphy (CT), w hich  w ill yield  the  greatest  am ount  of anatom ical
inform ation  for  the bone, air, and  soft-t issue  in terfaces. Further
m anagem ent  w ill be based  on  th is result  and  the overall health
of the  patien t. A com atose  patient  is  obviously not  a  candidate
for  a  facial  nerve  decompression.  However,  the  sam e  pat ient
m ay be m uch  m ore funct ional 2 to 3 m onths later and still have
a  facial nerve  paralysis. In  th is  case, he  or  she  m ay  be  able  to
endure a facial nerve decom pression  to definitively m anage the
nerve, as indicated.

Facial paralysis is m uch m ore than  a cosm etic deficit . Because
eyelid  closure depends upon  an  actively functioning orbicularis
oculi, facial nerve  dysfunct ion  for  any reason  places the  cornea
at  risk. With  every eye  blink, two very im portan t  act ions  hap-
pen  to the  tear  film . (1) It  is w icked  from  a  superolateral point
of product ion  in  the lacrim al gland  in  an  inferom edial direct ion
toward  the  superior  and  inferior  lacrim al puncta. (2) It  is  then
everted, m uch as a sheet is turned  upside dow n in  a dryer.
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These  two  active  functions  ensure  that  the  tear  film  is  kept
fresh  and  act ively m oving across the  globe to lubricate  the  cor-
nea. With  facial  paralysis, th is  act ive  funct ion  is  severely  im -
peded  or ceases, placing the cornea at  risk for exposure. If there
is a  concom itant  corneal a eren t  sensory deficit  (CN V1), espe-
cially in  patients w ho have undergone  resection  of a  large  pos-
terior  fossa  tum or  involving CN V, the  cornea  is  now  at  severe
risk  for  exposure  keratitis, abrasion, ulceration, and  eventually
endophthalm itis. If the  condition  is  left  untreated, the  pat ient
m ay  ultim ately  lose  sight  in  the  a ected  eye. Because  of  the
grave  potential risk  to  the  globe, it  is  importan t  that  the  clin i-
cian  focus carefu lly on  the  eye, especially the health  of the  cor-
nea. Clinical tests of tearing, such  as the  Schirm er  test , yield  in-
form ation  about  the  quantity  but  not  about  the  nature  of the
tear  film  produced. This in form ation  m ay be  obtained  by sam -
pling and  analyzing the tear  film , looking at  the horm onal con-
tent  of the  tear  film , especially estrogen. In  actual practice, th is
is  rarely  done  by an  otolaryngologist . The  estrogen  concentra-
tion  in  the tear  film  of postm enopausal wom en, for  example, is
decreased  in  comparison  w ith  that  in  the tear  film  of prem eno-
pausal  wom en, and  th is  decrease  is  thought  to  contribute  in
large  m easure  to  the  complaint  of  “dry  eye” in  patients  w ith
otherw ise  norm al  facial  nerve  funct ion .  Awareness  of  the
grave  consequences of exposure keratit is  w ill ordinarily su ce
for  both  the  doctor  and  patient  to  keep  the  eye  m oist .  It  is
w ise  to  en list  the  collaboration  of an  ophthalm ologist  experi-
enced  in  the  care  of the  anterior  cham ber  to  help  in  the  care
of these  patients.

132.4  Physical Exam inat ion: Evalu-
at ion of Facial Nerve Funct ion
In  cases of facial nerve  paralysis, detect ion  is  generally sim ple.
However, a m ild  paresis of only one part  of the face m ay be no-
ticeable  to  the  patient  alone, especially w hen  the  pat ient  is  fa-
tigued, and to no other observer.

It  is w ise to complete the general head  and neck exam ination
before  focusing on  the  face. In  th is  way, the  likelihood  of over-
looking  potential  contributory  pathologies, such  as  a  lesion  in
the  parotid,  base  of  the  tongue, ret rom olar  trigone, or  naso-
pharynx, w ill be dim inished. Not  all pathology involving the fa-
cial  nerve  occurs  w ith in  the  temporal  bone. Once  the  general
ear, nose, and  throat  exam inat ion  has  been  perform ed  and  is
negative, a  careful  exam inat ion  of  the  facial  nerve  should  be
perform ed.

A quick exam ination w ill reveal w hich part  of the face has im -
paired  m ovem ent. The  pat ient  m ust  be  instructed  not  to  bite,
but sim ply to try to m ove the face. Can the pat ient  raise the eye-
brow  (w hile  the  exam iner  holds  dow n  the  opposite, “norm al”
side)?  Is  there  act ive  eyelid  closure?  Or  is  there  sim ply passive
relaxat ion of the upper lid w ith  or w ithout a Bell reflex (upward
rotat ion  of the  globe, protect ing the  cornea.) Is  there  an  active
closed-lipped  sm ile?  Do  the  extrem es  of  the  face  (fron talis,
depressor  anguli  oris)  m ove?  Where  is  the  greatest  deficit—
upper  face  versus  lower  face  versus  the  w hole  face?  Is  there
synkin esis?

Act ive m ovem ent  a lone counts. It  is a com mon  fault  of physi-
cians  w ho  should  understand  the  subtleties  of facial  funct ion
to  m istake  relaxation  of the  levator  (CN III)  w ith  active  eyelid

closure. This  is  not  active  eyelid  closure. Even  a  new born  baby
w ill dem onstrate  “crow ’s-feet” form ation  at  the lateral m argins
of the orbit  w hile crying, and  th is pattern  alone indicates active
contraction  of the orbicularis oculi and not relaxation  of an  ady-
nam ic upper  lid. The exam iner  m ust  elicit  active  m otion  as op-
posed to passive relaxat ion.

It  is also im portant  for the physician in terested in  treating pa-
tients  w ith  facial paresis/paralysis  to  study the  norm al face, to
have a good idea of w hat is “norm al.”

132.5  Facial Nerve Grading
System s
Most  facial nerve  grading  system s  are  based  upon  the  clin ical
observation  of  facial  nerve  funct ion  and  not  upon  object ive
m easures of linear  displacem ent, velocity, or  acceleration  from
repose. Although  num bers have been  assigned in  these system s,
the  num bers  should  be  thought  of as  “bins,” or  levels  of func-
tion. The various grades of funct ion  are not  in tegers, and the as-
signed  num ber  cannot  undergo  m athem atical  subtraction  or
addition .

Two  of the  m ore  com m only  used  system s  w ill be  described
here: the House-Brackm ann  (H-B) grading system  and the Fisch
classification . Many other  system s have been  prom ulgated. The
House-Brackm ann  system  has been  approved  by the  Am erican
Academy  of  Otolaryngology—Head  and  Neck  Surgery  (AAO-
HNS)  for  general  use  in  describing  facial  nerve  funct ion.
Although  it  is com m only used  to describe facial funct ion  at  any
tim e  along the  course  of facial dysfunct ion, it  was actually de-
vised to describe a state of function  after m edical or surgical in -
tervention  (i.e., later  on  in  the  course  of disease). The  House-
Brackm ann  system  is  easy  to  learn  and  apply  to  the  pat ient
(� Table  132.1).  The  face  m ay  be  divided  in to  an  upper  face
(containing the  eyes) and  a  lower  face. The  dividing line  in  th is
system  is  an  act ively  closing  eye  (H-B III)  and  an  eye  that
cannot  close  on  its  ow n  (H-B IV). Patients  w ith  norm al  facial
funct ion  in  all  divisions  of the  nerve  are  H-B I;  patients  w ith
flaccid/adynam ic  hem ifacial  function  are  H-B  VI.  Mim im al
paresis of the  nerve  but  with  act ive  eyelid  closure  and  no  syn-
kinesis  is  H-B II.  Tone  only  of  the  face  without  act ive  facial
m ovem ent  is  H-B V.  Any  am ount  of  synkinesis  dow ngrades
the  patient  to  H-B III.

The  ease  of application  of th is system  is  also  its greatest  dis-
advantage. Not  all  H-B III patients  are  the  sam e, as  is  t rue  for
pat ien ts  in  each  H-B grade. There  m ay be  m arked  di erences
in  the  appearance  of  tw o  hem ifaces  w ith in  the  exact  sam e
classificat ion , especially w hen  the  deficit  is  p redom inan tly in
the  upper  face. Nonetheless, the  H-B system  has proved  to  be
of  great  u t ilit y  in  the  evaluat ion  and  m anagem ent  of  facial
paralysis.

The  second  m ost  com m only  used  system  was  developed  by
Fisch . He  recognized  the  problem  of sorting out  facial funct ion
in  rigid  categories  and  t ried  to  achieve  a  poin t-based  grading
system  that  m ight  yield greater  predictability for  recovery from
acute  facial dysfunction . In  h is  system , the  hem iface  is  divided
in to  five  regions:  frontal, eyelid, m idface  (buccal), m outh, and
lower  face, corresponding roughly to  those  regions  innervated
by the  respective  branches of the  facial nerve:  temporal, zygo-
m atic, buccal, m andibular, and cervical ram i.
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Twenty points are  awarded  for  each  of the five facial regions,
for  a  total  of 100  points. Synkinesis  subtracts  poin ts  from  the
final score. A higher  overall score  is  better  than  a  lower  score
and  is  thought  to  predict  greater  return  of function . Although
this  grading  system  takes  a  bit  longer  to  calculate, it  is  in tui-
tive  and  does  attem pt  to  use  a  clin ical  m etric  (i.e.  regional
observation) to  predict  outcom e. However, it  is not  truly arith-
m etic  in  that  the  final grading  system  is  ultim ately  subject ive
in  design  and  cannot  undergo  str ict  m athem atic  functional
analysis.

132.6  Test ing
132.6.1  Object ive Measurem ent  of
Facial Nerve Funct ion
Many attem pts  have  been  m ade  to  m easure  facial nerve  func-
tion  in  an  object ive  way and  thereby  to  rem ove  observer  bias
from  the  calculation. Various  m ethods have  been  quite  ingeni-
ous in  their ways of m easuring facial nerve funct ion .

Facial  displacem ent  m ay  be  m easured  linearly  w ith  surface
electrodes and  an  elect romyographic recording and  m easuring
system . Neely et  al and  Holm an  et  al used  a  subtracted-im age,
computer-assisted  technique that  m easures the  degree  of facial
surface  deform ation  (per  expression,  per  t im e  segm ent)  ex-
pressed  as  a  sum m ation  of  all  pixels  in  the  subtracted  area.
Ligh t  reflectan ce  is taken  as a  tw o-dim ensional m arker  of the
th ree-d im ensional  surface  deform ation  occurr ing  during  fa-
cial  expression . Another  system  uses  norm al  shadow s  of the
various  regions  of the  face  and  variat ions  of  lum inance  pro-
duced  by  changes  of facial  expression  to  calcu late  linear  re-
gional  d isplacem ent .  Landm ark-based  system s  apply  som e
type  of fixed  m arker  to  the  face, w ith  facial  m ovem ent  from
repose  m easured  either  by hand  or  via  a  video/com puter  d ig-
ital in terface.

These  system s  are  advanced, eloquent, and  suprem ely  “be-
lievable” in  that  the  data  they generate  are  not  subject  to  ob-
server  bias. Unfortunately, alm ost  all of them  have  the  built-in
burden of advanced computation  and are never real-tim e. Som e
require  m ore  than  an  hour  of computer  t im e  to  compute  the
data  analysis  for  one  requested  m ovem ent  (e.g.,  closed-lip
sm ile). The  clin ical ut ility of object ive facial nerve function  sys-
tem s  is  lim ited, but  as  a  research  tool  they  are  superb. With
faster  “super computers” an  object ive, real-t im e m etric of facial
function  m ay one day be possible.

132.6.2  Topognost ic (Site-of-Lesion)
Test ing
Testing the various branches of the facial nerve for the presence
or absence of funct ion  has been  perform ed in  an  e ort  to locate
the  site  of the  lesion. The supposit ion  for  these  tests is that  de-
creased  funct ion  at  a  given  site  identifies  the  approxim ate  site
of pathology  and  that  the  nerve  proxim al to  th is  site  is  func-
tioning.  These  supposit ions  are  not  always  true.  Topognostic
testing has been  show n to correlate poorly w ith  the chronologic
return  of funct ion. The accuracy of defining the  absolute  site  of
a  lesion  is also quite low. For  these reasons, topognostic testing
has largely been  replaced by electrical testing of the facial nerve
and  radiographic  im aging  of  the  temporal  bone.  Perhaps  the
test  of greatest  utility  is  the  Schirm er  test  because  it  m ay help
identify an  eye  at  risk for  exposure keratit is. These  tests are  re-
viewed for h istorical in terest  (� Table 132.2).
1. The Schirm er test  m easures the capillary flow  of tears on to a

filter paper placed in to the inferior forn ix of the eye, indi-
rectly m easuring the funct ion  of the greater superficial pet-
rosal nerve, w hich is the first  branch of CN VII. Tear produc-
tion  is usually m arkedly reduced in  Bell palsy.

2. The stapedius reflex m easures the contract ion  of the stape-
dius m uscle, innervated by the facial nerve. It  is usually ab-
sent  in  facial paralysis due to Bell palsy.

3. The blink reflex m easures an  involuntary reflex arc of the af-
feren t  CN V1 (corneal sensation) to the t rigem inal nerve and
thence to the brainstem , w ith  connections in  the pons and
out through  the e erent  CN VII to the orbicularis oculi. The
arc is in tact only if som e active funct ion  of VII rem ains.

4. The rate and am ount of salivary gland product ion from  the
subm andibular  gland  m ay be  m easured  by direct  m icroca-
theterizat ion  of the  War th in  duct . A quan t itat ive  decrease
in  salivary product ion  from  the  a ected  side has been
though t  to help  locate  the  site  of facial nerve  involvem en t
but  is nonspecific.

5. Taste (via the chorda tym pani) has been  used as a qualitative
test  of facial dysfunct ion  but  has proved to be of lit t le clin ical
use as a predictor of return  of funct ion.

The  greatest  potential  use  of  topognostic  testing  rem ains  in
cases  of tem poral  bone  traum a  in  w hich  the  patient  retains  a
slight  am ount  of facial m ovem ent  and  in  w hich  there  is  a  dis-
crete  area  of  injury  to  the  nerve, identified  on  a  CT scan . In
these  cases, topognostic  testing  m ay  give  clin ical  clues  to  the

Table 132.1  House-Brackmann classification of facial nerve function

Grade  Clinical descript ion  Rest ing  Volit ional

I  Normal  Normal facial function  in  all divisions  Normal facial function  in  all divisions

II  Mild  dysfunction  Normal symmetry and  tone; slight  weakness noted  Mild  dysfunction, usually at  the  extremes of the  face;
active  eyelid  closure

III  Moderate  dysfunction  Obvious difference  between the  two sides  Greater dysfunction; active  eyelid  closure  with  forced
movement

IV  Moderately severe  dysfunction  Obvious, disfiguring  asymmetry  Greater dysfunction; passive  eye  closure  only

V  Severe  dysfunction  Asymmetry at  rest; tone  only  Barely perceptible  motion; passive  eye  closure  only

VI  Total paralysis  Flaccid, adynamic face  Flaccid, adynamic face
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precise area of injury. In  the m ajority of cases, however, the face
is flaccid and adynam ic.

Because the poin t  of greatest  narrow ing of the in tratym panic
facial nerve  is  at  the  m eatal foram en  and  because  supram axi-
m al stim ulation  of the  facial nerve  w ith  elect roneuronography
(compound  m uscle  act ion  potent ial)  has  been  show n  to  be  a
better  predictor  of facial nerve  outcom e, topognostic testing is
now  of secondary ut ility  and  is  indeed  of h istorical in terest  in
the  diagnostic  evaluation  of  idiopath ic  facial  paralysis.  The
Schirm er test, along w ith  slit-lam p fluorescein  testing for punc-
tate  keratopathy, is  still  perform ed  as  part  of a  global  assess-
m ent  of corneal health . Other  than  th is, topognostic  testing  is
rarely done  today because  its utilit y is low  compared  w ith  that
of other tests.

132.6.3  Audiogram
All  pat ien ts  w ith  facial  paralysis,  regardless  of  the  suspected
cause, should  have  an  audiogram  w ith  a  m inim um  bat tery  of
tests,  perform ed  separately  for  each  ear,  of  pure  tones,  bone
conduction  (m asked  appropriately),  word  discrim inat ion, and
im m ittance  w ith  reflex  decay, if  the  level  of hearing  perm its.
Otologic and  neurotologic m edical and  surgical advice  m ust  be
based  upon  a reliable audiogram  perform ed  by a trained  and  li-
censed audiologist .

Otoacoust ic  em ission  (OAE)  testing  and  auditory  brainstem
response (ABR) testing m ay be considered if the patient  is unre-
sponsive  or  cannot  otherw ise  cooperate  w ith  a  behavioral
audiogram . The OAE test  is a  “pass or  fail” exam ination  and w ill
not  detect  the  presence  of audition  below  about  40 dB. There-
fore, its  utility  is  som ew hat  lim ited. If facial nerve  neurom a  is
suspected  as  a  part  of  retrocochlear  pathology,  the  ABR test
m ay be  helpful as part  of the  test  bat tery to determ ine  if hear-
ing can  be  preserved  in  the  m anagem ent  of a  neoplasm  a ect-
ing the facial nerve.

As  has  already  been  described,  the  m iddle  ear  m uscle  re-
flexes  (im m ittance) would  be  expected  to  be  a ected  in  facial
paralysis, depending upon the site of the paralysis.

132.6.4  Elect rical Test ing of the Facial
Nerve
The  ordinarily  possible  test  battery  of the  facial nerve  is  large
and includes the follow ing types of tests.

Minim al Excitabilit y Test
This  test  em ploys a  portable, battery-powered, t ranscutaneous
stim ulator  of the  facial nerve. A Hilger  stim ulator  (WR Medical

Elect ronics, St illwater, MN)  or  sim ilar  device  is  placed  on  the
face  near  the  stylom astoid  foram en  of both  the  norm al (refer-
ence)  and  a ected  sides.  The  lowest  stim ulus  in tensity  that
excites all branches of the  nerve  on  the  una ected  side  is  con-
sidered  the  electrical  baseline.  A 2.0-  to  3.5-m A di erence
betw een  the norm al and  a ected sides indicates impending de-
nervation  of the  a ected  side. Advantages of th is technique  are
its portability, relatively low  elect ric current  requirem ents, and
relatively low  level of discom fort  for  the test  subject . The disad-
vantage  is  that  the  m etric  is  subject ive;  the  tester  m ust  judge
that  all branches are  either  m oving or  not. In  addition, the  test
m ay excite  larger  branches  m ore  easily  than  sm aller  branches
and give a false picture of the overall funct ion  of the nerve.

Maxim al Excitabilit y Test
A transcutaneous  electrical  device  is  em ployed  to  m axim ally
saturate and stim ulate both  the una ected  and  a ected  sides of
the  face. A subject ive  determ ination  is  m ade  that  the  a ected
side  is  (1)  the  sam e  as  the  norm al  side,(2)  50% dim inished
(m inim ally a ected) w hen  compared  w ith  the  norm al side,(3)
75% dim inished  (m arkedly  a ected)  w hen  compared  w ith  the
norm al side, or  (4) 100% dim inished  (completely a ected), w ith
an  absence  of elect rical stim ulation. The  advantage  of th is  test
is its ease of application. The obvious disadvantage is that  it  is a
subject ive test  and lacks a m etric to quant ify the degree of facial
dysfunct ion.

Supram axim al Tests (Elect roneuronography/
Evoked Elect romyography)
In  elect roneuronography  (ENOG), a  supram axim al stim ulation
of the facial nerve  is applied  at  its junction  w ith  the  face  at  the
stylom astoid  foram en,  and  the  am plitude  of  the  compound
m uscle  action  potential (cMAP) is recorded  at  the  site  of great-
est  am plitude.  This  technique  allow s  a  comparison  of  the
response of the a ected  side w ith  the una ected side to be dis-
played  and  recorded  and  m ay be  used  to  m easure  the  relative
integrity of working axons w ithin  the nerve. ENOG is very help-
ful  for  identifying  nerve  degenerat ion  and  for  prognost icat ing
the  likelihood  of return  of funct ion, as well as possible  adverse
sequelae of the a ected  nerve. ENOG is of clin ical value w hen  a
nerve injury is “in  evolut ion”—that  is, after  wallerian  degenera-
tion  should  have  occurred  (48  to  72  hours  after  the  onset  of
paralysis)  but  w ithin  2  to  3  weeks  after  the  onset  of  facial
paralysis. It  is of lit tle  value  after  th is t im e because  of the  dys-
synchrony  of fibers  w ithin  an  a ected  nerve. ENOG is  also  of
secondary im portance if any part  of the a ected  side is act ively

Table 132.2  Topognostic testing of the facial nerve

Clinical test  Branch  of facial nerve

Tearing  (Schirmer test)  Greater superficial petrosal nerve

Immittance  (stapedial reflex) testing  Stapedial branch

Salivary secretion
(cannulation  of Warthin  duct)

Lingual branch
(preganglionic parasympathetic fibers from  chorda tympani to lingual nerve)

Blink test  Reflex arc of cranial nerve  V1 (afferent) and  cranial nerve  VII (efferent)

Taste  test  Chorda tympani nerve
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m oving, and  the  clin ical exam ination  a lways takes precedence
over ENOG.

When  used  during  th is  w indow, however,  ENOG has  been
show n  to reliably predict  good versus poor  prognosis for  recov-
ery. A 90% th reshold  is  used;  patien ts  w ho  retain  at  least  10%
of elect rical  funct ion  on  ENOG test ing  are  though t  to  have  a
bet ter  clin ical outcom e  than  those  w ith  10% or  less of elect ri-
cal funct ion .

Because  of its  ability to  o er  an  object ive  metric and  its  rela-
tive  ease  of  application,  this  test  now  supersedes  almost  all
others in  clinical use. It  has become the mainstay of clinical prac-
tice. Its  chief drawback  is  its  learning  curve;  an  inexperienced
technician  may erroneously  stimulate  the  m asseter  (V) and  ob-
tain  falsely encouraging results. These false-positive results occur
mainly in  children  and  in  patients w ith  very thin  necks.

The term  electroneuronography is synonym ous w ith  the term
compound  muscle  act ion  potent ia l,  w hich  is  used  m ore  com -
m only by neurologists.

Elect rom yography of the  Facial Muscles
The  response  of an  individual m uscle  or  its fibers to  either  the
voluntary in it iation  of m ovem ent  or  electrical st im ulation  m ay
be  recorded  at  the  neurom uscular  junct ion  w ith  m onopolar
(bare-tip)  or  coaxial  (concentric)  needle  elect rodes. Voluntary
and  spontaneously generated  facial m otor  responses are  m eas-
ured and compared w ith  those in  neighboring groups on  the af-
fected side and in  equivalen t groups on  the una ected side.

Quantificat ion  in  units  of electric  potent ial, current  flow, or
resistance  m ay be  used  to indicate  relative  funct ion  versus lack
of the sam e in  a given  m uscle group. The greatest  ut ility of elec-
trom yography (EMG) is  in  the  m easurem ent  of facial nerve  in-
tegrity and  the  prognostication  of expected  return  of funct ion
in  patien ts  w ith  significant  neurapraxia, such  as  after  acoust ic
neurom a  dissect ion,  or  possible  neurotm esis  after  temporal
bone fracture.

EMG recordings m ade 10 to 14 days after  the onset of clin ical
paralysis  reflect  the  dynam ic  resting  m em brane  potent ials  of
postsynaptic  elem ents.  In  th is  phase,  the  m uscle  m em brane,
deprived  of “t rophic” substances that  are  norm ally t ransported
through  the  axon, undergoes changes that  destabilize  the  rest-
ing  potential. These  changes  produce  spontaneous  depolariza-
tions  reflected  in  the  EMG as  fibrillation  potentials  and  are
interpreted as indicators of persistent denervation .

Successful  reinnervation  generates  h igh-frequency  polypha-
sic poten t ials  that  increase  in  am plitude  and  durat ion  and  re-
place fibrillation  potentials. These polyphasic potentials m ay be
used to m easure the course of reinnervation .

Magnet ic St im ulat ion
Transcranial electr ical stim ulat ion  has been  perform ed  in  an  ef-
fort  to stim ulate  the facial nerve  proxim al to a  suspected  in tra-
temporal  lesion ,  and  continuous  or thograde  stim ulation  has
been  used  during  the  dissection  of skull base  lesions  in  w hich
the  facial nerve  is  adjacent  to  the  pathologic process. Although
less  select ive  than  other  m eans  of facial  nerve  stim ulation, it
has  been  dem onstrated  that  the  stim ulation  of cort ical repre-
sentations  of the  facial nerve  is  possible. This  m ethod  of facial
nerve stim ulat ion  has not  yet gained w idespread use.

Of these tests, ENOG and  needle EMG are by far  the m ost  fre-
quently  ut ilized  clin ically. They  provide  real-t im e  inform ation
about  the status of the nerve, so that  the course of facial paraly-
sis  in  electrical evolution  can  be  followed  and  the  likelihood  of
recovery can  be predicted.

In  practice, in  a  patien t  w ith  acute  complete  facial paralysis,
m ost  otologists  w ill rely upon  ENOG (cMAP) to guide  the  deci-
sion  betw een  m edical treatm ent  (steroids, an tivirals, and  lubri-
cation) and surgical decom pression  of the facial nerve.

132.6.5  Radiographic Evaluat ion
For  patients  w ho  have  idiopath ic  facial  paralysis  without  ac-
companying hearing loss, early radiographic im aging is  usually
not  indicated  because  it  w ill not  a ect  either  the  clinical deci-
sion-m aking  process  or  the  eventual  outcom e.  Because  idio-
pathic facial paralysis (Bell palsy) results in  inflam m ation  of the
nerve, especially at the m eatal foram en, it  is expected that  m ag-
netic resonance  (MR) im aging of the  temporal bone  and  brain
w ill  dem onstrate  enhancem ent  of  the  nerve.  This  is  usually
found  and  in  no way indicates a  retrocochlear  neoplasm . How -
ever,  the  finding  of  nerve  enhancem ent  does  not  exclude  a
retrocochlear  neoplasm .  It  does  com m it  the  patient  and  the
th ird-party  payer  to  a  second, follow -up  MR im aging  session
after  inflam m ation  would  be  expected  to have  subsided, about
6  m onths later. If hearing in  the  two ears is equal, it  is  a  waste
of t im e, m oney, and  e or t  to  obtain  MR im aging  in  the  acute
phase  because  inflam m ation  w ill  cause  a  positive  result .  All
patients  w ith  idiopath ic  facial  paralysis  would  be  expected  to
recover  at  least  som e  funct ion .  In  now  fam ous  dem ographic
studies,  Peitersen  described  the  natural  h istory  of  untrea ted
(but  observed) idiopathic facial paralysis. No one w ho had  truly
idiopathic  (Bell)  palsy  was  left  w ith  a  flaccid, adynam ic  face.
Approxim ately  71% had  nearly  perfect  recovery;  29% had  im -
perfect  recovery of either  a  facial region  or  synkinesis. One  of
the  im portan t  findings  of th is  study  was  that  all  patients  had
som e  recovery  of facial  funct ion . Those  w ho  had  no  recovery
did  not  str ictly have  Bell palsy and  were  further  studied  to  ex-
clude  retrocochlear  neoplasia, including  facial  nerve  neurom a
and  other lesions. For  these rare  pat ients, a ret rocochlear  im ag-
ing  study  would  be  appropriate  at  th is  t im e, not  during  the
acute inflam m atory phase.

If there  is  asym m etric  neurosensory  hearing  loss, unilateral
tinn itus, involvem ent  of another cranial nerve, or  any concom i-
tant  neurologic  deficit ,  these  m ust  be  investigated  as  they
would  be if facial paralysis were  not  part  of the  clin ical picture.
It  is the unilateral hearing loss, t innitus, or other conditions that
drive the retrocochlear investigation , not acute facial weakness.

Facial  paralysis  occurring  in  the  context  of acute  or  chronic
inflam m atory  or  infect ious  disease  should  be  investigated  as
the  underlying disease  would  be—that  is, ordinarily w ith  com -
puted  tom ography  (CT)  of  the  temporal  bone.  The  expected
course of the  in tratym panic facial nerve  is easy to follow  in  the
norm al temporal bone. Its expected  location  m ay be  lost  in  in-
flam m atory  or  in fect ious  disease,  thus  pinpointing  the  likely
site of facial nerve involvem ent.

Tem poral  bone  t raum a  is  best  investigated  w ith  CT of  the
temporal bone. With  edge-enhanced studies, the tem poral bone
m ay be im aged in  any plane, including planes at  a right  angle to
and  coaxial to  the  suspected  direct ion  of the  injury. Any angle
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m ay  be  im aged  w ith  m odern  scanning  equipm ent.  In  facial
nerve traum a, one wants to best  detail the bony architecture  as
it  a ects  the  norm al  and  expected  pathway  of  the  in tratym -
panic facial nerve. Ultim ately, the decision  m ust  be m ade to ob-
serve  or  to  operate, and  the  CT w ill  better  guide  th is  decision
than  MR im aging. If there is complete loss of hearing along w ith
facial paralysis, one would  expect  to find  a t ransverse  or  m ixed
fracture  of the  temporal bone  involving the  otic capsule. If the
otic capsule has been  spared and  if the pat ient  has a conductive
pattern  of hearing  loss, one  would  expect  a  longitudinal  frac-
ture  of the  temporal bone. Rarely, a  discrete  fracture  line  m ay
be seen  pointing to the  geniculate  ganglion  w ith  no other  find-
ings. Because  the  geniculate  is  “tethered” by the  greater  super-
ficial petrosal branch, it  is  a  likely site  of injury and  should  be
carefully inspected.

132.7  Di erent ial Diagnosis
A complete  listing of all the  conditions that  cause  facial paraly-
sis would be enorm ous, and it  is impractical to investigate them
in  day-to-day clin ical practice. It  is im portan t for the clin ician  to
think broadly as he or she takes the pat ien t’s h istory and let  the
patient’s  story  poin t  toward  the  m ost  likely  cause  of  facial
weakness. The  t im e  course  of facial weakness  is  probably  the
m ost  im portant  par t  of the h istory. Also of great  importance  in
the h istory is recurrence: has the patien t  ever had a sim ilar epi-
sode  on  the  sam e  or  opposite  side?  Does  the  patient  have  any
know n  m etabolic or  neurologic problem s, such  as  neurofibro-
m a form ation  or  a  fam ily history of these?  The com m on  causes
of acute  facial paralysis  are  presented  in  � Table  132.3. For  the
general  otolaryngologist  pract icing  in  a  com m unity  sett ing,
cases of acute  facial paralysis w ill m ost  frequently be  Bell palsy
(idiopathic) or  associated  w ith  herpes zoster  oticus, in fect ious/
inflam m atory conditions including Lym e disease, and  temporal
bone traum a. Other conditions are included for the sake of com -
pleteness but  are rarely seen  in  a com m unity-based practice.

132.8  Treatm ent
132.8.1  Medical Treatm ent
The m ainstay of m edical care for acute facial paralysis is lubrica-
tion  and  passive  protect ion  of the  cornea, and  the  adm inistra-
tion  of cort icosteroids. Any oral form  of steroid  m ay be  chosen,
w ith  the  dose  equivalen t  of approxim ately 1 m g of prednisone
per  kilogram .  Regardless  of  the  cosm etic  deficit ,  the  patient
m ust  be instructed  that  the real problem  at  hand is ongoing ex-
posure of the eye, and every e ort  m ust  be taken  to ensure that
the cornea is kept  m oist.

There  is  controversial and  inconclusive  but  nonetheless  sug-
gestive  evidence from  acute  and  convalescent  serologic studies
that  idiopathic facial paralysis m ay be linked  to a herpetic infec-
tion, especially  herpes  sim plex  type  1. Because  of this, there  is
currently little  objection  to the  addition  of antiviral m edications
such  as  acyclovir  and  fam ciclovir  to  the  m edical  treatm ent  of
acute  idiopathic  facial  paralysis. For  patien ts  w ith  know n  her-
petic infect ions, such  as  Ram sey Hunt  syndrom e  (herpes zoster
oticus), antiviral m edications would  be indicated  along with  ste-
roids, usually for  5  to 7  days. The patient’s hepatic function  m ay
need  to be m onitored  for higher or  longer dosing regim ens.

Rarely, acute facial paralysis m ay be part  of a polyneuropathy
involving both  the seventh  and eighth  cran ial nerves, as is occa-
sionally seen  in  Ram sey Hunt syndrom e. These patients m ay re-
quire acute hospitalizat ion  and sedat ion  to control vert igo.

In  addition  to art ificial tears and salves, m any other nonsurgi-
cal techniques are  readily available  to help  in  acute  facial para-
lysis. The  a ected  eye  m ay  be  taped  shut  or  m ay  be  covered
w ith  a  clear  plastic m oisture  cham ber. This is som ew hat  bulky
but  changes  the  local  m ilieu  of the  cornea  from  dry  to  m oist
and  m ay be required  acutely in  exposure keratit is. Patching the
eye  is  less  desirable  because  the  levator  palpebrae  superioris
(CN III)  rem ains  funct ional and  unopposed  and  m ay  keep  the
eyelid  open  underneath  the  patch , especially during sleep. The
lower lid  m ay be suspended w ith  a th in  adhesive tape  if tone is
absent  and  ectropion  develops. A sm all fusiform  piece  of adhe-
sive  tape  placed  above  the  tarsal crease  m ay help  to  keep  the
upper lid  in  a som ew hat  ptotic position, thus improving passive
closure  of  the  eyelid.  Patients  are  instructed  in  these  local
m easures, and  it  is  im portan t  to  enlist  the  aid  of an  ophthal-
m ologist  to prevent  any ocular  injuries in  the  setting of incom -
plete eye closure.

Parenteral  steroid  m edications  are  rarely  indicated  in  the
treatm ent  of acute  facial paralysis. However, they m ay be  indi-
cated  in  a  patient  w ho  is  hospitalized  follow ing  t raum atic
m ultisystem  injury and  w hose  face  is  not  actively m oving. De-
pending  upon  concom itant  injuries  and  the  general  state  of
the  patient,  it  m ay  be  desirable  to  treat  w ith  in travenous  or
intram uscular  steroid  m edication.  Sim ilarly,  in  pat ien ts  w ith
m ultiple  cranial  nerve  involvem ent  and  vert igo,  in travenous
treatm ent  w ith  steroids and  sedat ion  m ay be  of benefit  if nau-
sea and vom iting are severe and persistent.

132.8.2  Surgical Treatm ent
Eyelid
The  oculoplastic  literature  is  replete  w ith  various  techniques
used  to protect  the cornea in  acute paralysis. One need  not  for-
m ally  train  in  oculoplastic  surgery  to  readily  and  adequately
treat  acute  paralytic  corneal  exposure.  A few  sim ple  surgical
techniques are easy to m aster and should  be in  the arm am enta-
rium  of any surgeon treating pat ients w ith  facial paralysis. Most
patien ts  w ill do  very well w ith  a  temporary tarsorrhaphy or  a
gold  or  platinum  weight  properly placed  to counterbalance  the
levator. The technique of lid  loading is straightforward and  easy
to learn , and  it  m ay be  perform ed  under  straight  local anesthe-
sia in  an  o ce-based  procedure room . However, it  is im portant
for the nonophthalm ologist  to know  his or her lim its. The Asian
paralytic eyelid  or  an  eyelid  w ith  in-turning lashes for  any rea-
son  is  a  very di cult  eyelid  to  m anage. These  paralytic eyelids
often  do  poorly w ith  standard, sim ple  surgical techniques, and
patien ts  should  be  referred  im m ediately  to  the  oculoplastic
surgeon.

Tarsorrhaphy
Tarsorrhaphy is a  stat ic technique  of corneal protect ion. It  does
not  aid  in  w icking  the  tear  film  across  the  globe. Although  it
has  been  the  m ainstay of treatm ent  of the  acutely paretic eye-
lid,  it  has  largely  fallen  in to  disfavor  because  other,  dynam ic
techniques  are  readily available. Nonetheless, it  is  occasionally
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indicated,  and  the  surgeon  caring  for  pat ien ts  w ith  acute  or
chronic facial paralysis should  understand the technique and  be
able to perform  it .

The  rare  pat ient, especially one  w ith  a  CN V1 a erent  deficit ,
m ay  su er  from  exposure  keratit is  despite  com m on  m eans  of
corneal protect ion. In  certain  instances, a  lateral and/or  m edial
tarsorrhaphy m ust  be  perform ed  in  order  to narrow  the area of
corneal exposure  and  still  allow  frontal vision . The  typical pa-
tient  is elderly w ith  a large, part ially resected acoustic neurom a
or  m eningiom a  extending  an teriorly  toward  the  petrous  apex

and  involving  the  t rigem inal  nerve.  The  pat ient  m ay  already
have been  treated  w ith  irradiation  or  for  w hatever  reason  is no
longer  a  candidate  for  skull base  resection . These  rare  patients
m ust  be  m anaged  in  concert  w ith  an  ophthalm ologist  experi-
enced in  the care of the cornea.

Temporary
Under local anesthesia and  w ith  corneal protect ion, one  or  two
sutures  (e.g., 4–0  silk)  are  placed  in  the  lateral  and/or  m edial
canthal areas  betw een  the  upper  and  lower  lids. If the  need  is

Table 132.3  Di erential diagnosis of facial paralysis

Etiology  Condit ions

Birth  Forceps delivery
Myotonic dystrophy
Möbius syndrome  (facial diplegia  associated  with  other cranial nerve  deficits)

Trauma  Cerebrocortical injuries
Penetrating  injury to the  middle  ear
Brainstem  injuries

Basilar skull fractures
Barotrauma (altitude  paralysis, scuba diving)

Neurologic  Opercular syndrome  (cortical lesion  in  facial motor area)  Millard-Gubler syndrome  (abducens palsy with  con-
tralateral hemiplegia  due  to  lesion in  base  of the  pons
involving  corticospinal tract)

Infectious  Necrotizing  otitis externa
Otitis media  (acute  or chronic)/mastoiditis
Meningitis
Parotitis
Cholesteatoma (acquired  or congenital)
Chickenpox
Herpes zoster oticus (Ramsay Hunt  syndrome)
HIV/AIDS
Syphilis
Lyme  disease

Influenza
Coxsackievirus infection
Tuberculosis
Mucormycosis
Botulism
Leprosy
Malaria
Scleroma

Metabolic  Diabetes mellitus
Hyperthyroidism
Hypertension

Pregnancy
Acute  porphyria

Vascular  Embolization for epistaxis (external carotid  branches)
Anomalous sigmoid  sinus
Intratemporal aneurysm  of internal carotid  artery
Benign intracranial hypertension

Neoplastic  Acoustic neuroma
Meningioma
Parotid  tumors (benign  or malignant)
Sarcoma
Facial nerve  neuroma
Metastatic carcinoma (breast, kidney, lung, prostate, thyroid);
malignant  melanoma

Fibrous dysplasia
Hemangioblastoma
Glomus jugulare
Neurofibromatosis (von Recklinghausen  disease)
Hand-Schüller-Christian disease
Leukemia

Toxic  Thalidomide  (Miehlke  syndrome: cranial nerves VI and  VII with
congenital malformed external ears and  deafness)
Lead  intoxication

Carbon  monoxide  poisoning

Iatrogenic  Otologic, neurotologic, skull base, head and  neck surgery
Antitetanus serum
Local anesthesia infiltration

Rabies vaccine
Dental surgery, mandibular block anesthesia
Embolization

Autoimmune/idiopathic  Bell palsy
Temporal arteritis
Guillan-Barré  syndrome  (ascending  paralysis)
Paget  disease  of bone
Melkersson-Rosenthal syndrome (recurrent  facial palsy, furrowed
tongue  [lingua plicata], faciolabial edema)
Sarcoidosis (Heerfordt  syndrome, uveoparotid  fever, periarteritis
nodosa, myasthenia gravis)

Multiple  sclerosis
Amyloidosis
Hereditary hypertrophic neuropathy (Charcot-Marie-
Tooth  disease, Dejerine  Sottas disease)
Idiopathic thrombocytopenia  purpura
Osteopetrosis (marble  bone  disease)
Kawasaki disease (infantile acute febrile mucocutaneous
lymph node  syndrome)
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expected to be temporary, the surgeon need not expose m ucosa
in  order to create a controlled, apposed scar. A lateral tarsorrha-
phy w ill lim it  lateral gaze; a m edial tarsorrhaphy w ill lim it  m e-
dial gaze. The  occasional patien t  m ay require  both  m edial and
lateral tarsorrhaphies. In  th is case, the field  of vision  w ill be se-
verely lim ited.

Permanent
The  technique  is  the  sam e  as  that  for  temporary  tarsorrhaphy
w ith  a  few  m odifications. A sm all (2  x 3  or  4 m m ) str ip  of skin
and  m ucosa  is  rem oved  from  the  upper  and  lower  lids  in  the
area  of the  in tended  tarsorrhaphy (lateral and/or  m edial). One
or two m attress sutures are placed (w ith  or w ithout silicon  bol-
sters) to appose the raw  surfaces. These are left  in  place for 7 to
10 days, then  rem oved  in  the o ce. The result  should  be a con-
trolled  and  healed  apposition  of the  upper  and  lower  lids. Per-
m anent  tarsorrhaphy  is  indicated  w hen  an  insensate  cornea
and paretic eyelid  place the cornea at  extrem e risk.

Palpebral Spring
A palpebral  spring  m ay  be  thought  of  as  an  open  safety  pin
under the upper eyelid. Because the levator m uscle (CN III) is al-
m ost  always  norm al and  unopposed, the  eyelid  w ill have  nor-
m al  opening  forces.  These  opening  forces  are  opposed  by  a
spring, m ade from  biocompatible m aterial (usually gold) and in-
ser ted  under  the  upper  lid  to  force  it  in to  the  closed  position
This  technique, although  straightforward  and  relatively sim ple,
in  m ost cases requires revision  because of slippage of the spring
or because of the changing needs of opposing force as the eyelid
recovers m otor  function. In  large m easure, it  has been  replaced
by lid-loading techniques.

Lid Loading
The paralytic eyelid  over  tim e w ill be m ore and  m ore at  risk for
exposure because the levator palpebrae superioris is unopposed
and usually norm al. Over t im e, the cornea w ill becom e progres-
sively  exposed  and  dry.  In  norm al  funct ion,  the  tear  film  is
actively pumped  and  w icked  across the  globe, as has been  pre-
viously described. This process is dim inished  or  absent  in  facial
paralysis. Various techniques of loading the upper lid  w ith  vari-
ous m aterials or  im planting springs have been  developed  in  an
e or t  to counteract  the  ton ic retract ion  of the  unopposed  leva-
tor. Although  none of these m ethods is perfect  w hen  compared
w ith  norm al, act ive  eyelid  closure  or  blink, som e  very  sim ple
techniques o er  the pat ien t  w ith  an  a ected  cornea im m ediate
benefit .

The  m ost  im portant  technique  is  lid  loading  w ith  a  bar  of
pure (24-kt) gold or platinum  weighing 0.6 to 1.6 g; weights are
in  increm ents  of 0.2 g. The  bar  to  be  im planted  is  either  taped
or a xed  to the paralytic eyelid  w ith  a temporary fixative, usu-
ally  t incture  of  benzoin  or  double-sided  adhesive  tape.  The
patient  is  placed  in  a  sit t ing position  and  is  asked  to  relax  the
eyelid. The  pat ient  m akes  a  decision  about  the  m ost  com fort-
able weight; the surgeon  chooses the weight  providing the best
closure. Topical corneal anesthesia is provided  w ith  drops (0.5%
tetracaine), and  the  lid  is  injected  w ith  1% lidocaine  w ith  epi-
nephrine  1:100,000.  This  outpatient  procedure  m ay  be  done
under  straight  local  anesthesia,  w ith  or  w ithout  in travenous

sedation . Most  patients w ill require  a  1.0-  to  1.2-g weight . The
gold  or  platinum  bar  is implanted  in  a  sm all pocket  m ade at  or
above  the  level  of the  tarsal  crease  and  is  suture-fixed  to  the
pretarsal soft  t issue. A layered  closure  of the  orbicularis  oculi
and  skin  m ust  be  perform ed  because  the  foreign  body (gold  or
platinum  bar)  crosses  an  incision  line. When  the  eyelid  is  re-
laxed, gravity  w ill allow  the  upper  lid  to  close. It  is  im portan t
for  the  patient  to  be  told  that  th is  technique  provides  better
passive  closure in  the sit t ing or  standing position , less so in  the
supine  position . When  facial  funct ion  returns, the  eyelid  m ay
feel excessively heavy because  the  now -funct ioning orbicularis
oculi is reinforced  w ith  the  weight. At  th is t im e, after  consulta-
tion w ith  the ophthalm ologist , the weight  m ay be rem oved.

Canthoplasty for Ectropion Repair
The  paralytic  lower  eyelid  m ay  becom e  ptotic  over  t im e  and
lead  to  further  exposure  of the  cornea. Epiphora  m ay becom e
an  additional problem  due to sagging of the  paralytic lower  lid.
This  is  especially so  in  pat ients  age  55  and  older  in  w hom  the
norm al  supportive  and  elastic  properties  of  the  face  have
already  weakened. For  patien ts  w ith  facial  paralysis  w ho  are
older  than  50  years  of age, ect ropion  form ation  should  be  an-
ticipated  and  the  lower  lid  supported  w ith  a  sm all lateral can-
thoplasty. This technique is easy to understand  and  m aster. The
arch  of the upper lid  is draw n dow nward for about  6 m m . A line
4 to 5 m m  m edial to the lateral canthus is also draw n. The lower
lid  is  injected  w ith  local  anesthetic. The  incisions  to  be  m ade
are  grasped  w ith  straight  hem ostats  placed  in  the  inferior  for-
nix, and  the  sm all tr iangle  so  clamped  is rem oved. The  inferior
tarsal plate/lateral canthal tendon  is supported w ith  a suture  of
5–0 clear  nylon  or  other  perm anent  suture  placed  at  the lateral
canthal tubercle. The  skin  is  closed  w ith  in terrupted  sutures of
5–0 fast-absorbing gut .

Facial Nerve Decom pression
Decompression  of the  facial nerve  in  the  acute  t im e  period  re-
m ains controversial. The m ain  questions to be answered are the
follow ing:  (1)  In  the  acute  situation , does  facial nerve  decom -
pression  significantly  im prove  the  outcom e  of  facial  paralysis
over  standard  m edical m anagem ent?  (2) Which  patient  should
be selected for facial nerve decompression?

Very  few  well-designed,  prospect ive,  random ized  clin ical
studies  w ith  large  num bers  of patients  have  attempted  to  an-
swer  these  quest ions.  The  im portant  work  of  Peitersen  in
studying the natural h istory of untreated  idiopathic facial para-
lysis should  loom  large in  the m ind  of any surgeon  contem plat-
ing  decompression  of  the  facial  nerve  for  a  pat ient  w ith  Bell
palsy. A further  confounding  factor  is  that  the  m etric  for  the
m ost  part  is subject ive (i.e., the House-Brackm ann  or  Fisch  clas-
sification  system ). There is no universal, easy-to-apply object ive
system  for  m easuring facial m ovem ent  or  expression, and  elec-
tr ical testing of the  facial nerve  is of value  only w ithin  the  first
10 to 14 days after the onset of facial paralysis.

For surgeons in terested  in  th is field, the sem inal work of Pro-
fessor  Fisch  m ust  be  carefully  studied  and  m astered, w ith  the
acknow ledgm ent  that  the  num bers  of patients  both  observed
and  treated  are  not  large. In  addition, to  be  recalled  is  that  the
outcom e grading of facial m ovem ent  was better  by the surgeon
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and  worse by the  patient, the  person  w ith  the  problem . In  gen-
eral, based upon h is work in  patients w ith  idiopa thic facial para-
lysis, a w indow  of opportunity of approxim ately 2  weeks exists
betw een  the onset  of clin ical paralysis (not  paresis) and  electri-
cal  degeneration  of  90% or  m ore  by  ENOG testing  in  w hich
decompression  of  the  facial  nerve  (and  especially  the  m eatal
segm ent  of the  facial nerve) w ill beneficially a ect  the  clin ical
outcom e of the nerve. Both  the t im e w indow  and  indication  for
decompression  rem ain  controversial in  cases of acute idiopathic
facial paralysis.

Of less controversy are cases of t raum atic facial paralysis and,
for m any surgeons, herpes zoster oticus.

Patients  w ith  temporal  bone  traum a  m ay  be  t reated  in  the
sam e  way as those  w ith  Bell palsy, depending upon  the  t im ing
of observation of the face, as has been  previously described.

The  natural h istory of facial funct ion  after  herpes zoster  oti-
cus is bleak for pat ients w ith  both  clin ical and electr ic paralysis.
Approxim ately 50 to 60% of pat ients w ith  facial paralysis due to
herpes zoster oticus w ill have adverse sequelae: lack of reinner-
vation  and/or  synkinesis. Because  of the  poor  natural h istory of
herpes  zoster  oticus, the  case  for  surgical  decom pression  m ay
be  m ore  compelling  in  patients  w ith  th is  condition  than  in
those w ith  idiopath ic facial paralysis.

Delayed Surgery for the Eye
The  various  techniques  previously  described  m ay  be  used  for
patien ts w ith  chronic facial paralysis. What  m ay not  be delayed
is  adequate  lubrication  and  protect ion  of  the  cornea. For  pa-
tients  w ith  facial paralysis  for  3  weeks  or  longer, it  is  w ise  to
consult  w ith  an  ophthalm ologist  experienced  in  corneal care to
o er  guidance  about  corneal  health  and  the  risk  for  exposure
keratit is.

Patients  w ith  chronic  facial  paralysis  and  brow  ptosis  m ay
have severely lim ited  field  vision  on  the a ected  side. The paret-
ic  eyelid  m ay  retract  under  the  ptotic  brow  (lateral  hooding)
and  cause  poor  natural toilet  of the  cornea. All of these  factors
m ay  predispose  the  eye  to  blepharitis,  chronic  conjunctivitis,
and  further  infection. In  the chronic state, the needs and  level of
act ivity of the patient, such  as driving and  reading, m ust  be tak-
en  into  account. The  vision  in  both  the  a ected  and  una ected
eyes should  be carefully evaluated. The elderly patient  m ay have
cataract  form ation  that  w ill  require  treatm ent. Glaucom a  m ay
be found  in  one or  both  eyes. The  overall health  of the  eye  m ust
be evaluated  along w ith  the requirem ents of facial m ovem ent.

When  indicated, the  ptotic brow  m ay be lifted  w ith  a variety
of straightforward  techniques (endoscopically, directly above the
brow  line, or  through  a  re-created  forehead  crease;  see  Chapter
56 ). The lifted  brow  will now  be  in  a  m ore  neutral position  just
above  the  level of the  superior  orbital rim  and  allow  the  upper
lid  to be seen. The upper  lid  m ay require lid  loading at  this tim e
to counterbalance the chronic retraction  of the levator oculi. The
lower lid  m ay have undergone ectropion  formation  that  m ay re-
quire  correction. An  experienced  ophthalm ologist  m ust  be  con-
sulted  to  help  thoroughly  evaluate  the  vision  in  both  eyes, as
well as the overall needs and goals of the patient.

Face
Many techniques exist  for  facial reanim ation . The surgical cata-
logue  is  far  too  great  to  describe  in  detail  for  the  purposes  of

th is  sum m ary. The  in terested  reader  is  referred  Chapter  51  for
fur ther discussion.

Synkinesis after return  of facial funct ion  m ay be relieved w ith
the  select ive  use  of  botulinum  toxin  (Botox;  Allergan,  Irvine,
CA) to chem ically denervate unwanted facial m ovem ent  tempo-
rarily. If desired, a  m ore  perm anent  selective  denervation  m ay
be achieved  either chem ically (w ith  phenol or absolute alcohol)
or surgically.

There  is  no surgical technique  of facial reanim ation  that  w ill
equa l a working, norm al facial nerve. Reconstruct ive procedures
are in  essence attem pts to restore facial sym m etry (static proce-
dures)  or  isolated  and/or  regional  facial  m ovem ent  (dynam ic
procedures), but  the  pat ient  w ill never  possess  the  subtlety of
m im etic facial expression  provided  by a norm al, funct ioning fa-
cial nerve. This  fact  m ust  be  clearly understood  by the  pat ient
(and  physician) so  that  reasonable  goals  and  expectations m ay
be  achieved. It  is  always better  to  underplay in tended  surgical
results and  have a delighted  patient  than  to overstate them  and
have  a  disappoin ted  one. Neither  physician  nor  patient  should
yield to m agical, unrealist ic th inking.

The  physician  m ust  carefully attend  to  the  history and  tim e
course  of the  paralysis  and  the  funct ional  needs  and  goals  of
the patient. Consultation  w ith  other physicians and  surgeons in
related  disciplines, especially ophthalm ology, m ay  be  required
to achieve the best  overall plan  for the pat ient. With  all of these
techniques, the  best  plan  for  restoring facial funct ion  to the  in-
dividual w ho has facial paralysis m ay be reached.

132.9  Case Exam ples
132.9.1  Case 1: Recurrent  Bell Palsy
A 13-year-old  girl presented  w ith  a  7-day h istory of left  facial
paralysis. A prior  episode  of facial  paralysis  on  the  sam e  side
had occurred about 2 years prior. There were no other contribu-
ting findings: no fissuring of the tongue and  no vesicles around
the  ear  or  in  the  nasopharynx. The hearing was w ithin  norm al
lim its by tuning fork and  audiom etric exam inat ion . The left  ip -
silateral  and  right  contralateral  acoust ic  reflexes  were  absent,
as  expected. She  had  no  facial m ovem ent  on  the  left  side  (H-B
VI/VI),  but  an  in tact  Bell  reflex  (� Fig.  132.2).  ENOG was  ob-
tained  and  showed  complete  degeneration  of  the  left  facial
nerve  (� Fig. 132.3). Nonenhanced  CT of the  petrous  temporal
bones was  norm al. Because  by h istory she  had  recurrent  facial
paralysis, her  parents  were  instructed  that  a  surgical  decom -
pression  of the  left  facial nerve  would  be  advisable  in  order  to
increase the chances of a good outcom e and help prevent  recur-
rent  episodes  of  left  facial  paralysis.  They  agreed  to  th is  and
gave consent  for  the procedure. The pat ient  underwent surgical
decompression  of the  complete  facial nerve  (� Fig. 132.4). She
healed  well  and  has  a  very  slight  weakness  of the  left  ram us
m andibularis  as  her  only  sequela  (� Fig. 132.5). She  has  been
followed  for  longer  than  10  years  and  has  had  no  subsequent
episodes of facial paralysis.

132.9.2  Case 2: Herpes Zoster Ot icus
A 32-year-old  m an  presented  w ith  righ t  facial  paralysis  of  2
weeks’ duration .  He  had  no  act ive  eyelid  closure  and  severe
right  facial  dysfunct ion  (H-B VI/VI).  The  facial  paralysis  had
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been  preceded  by  an  eruption  of blisters  around  his  righ t  ear
and lower face in  the distr ibution  of righ t CN V1, and the patient
presented to the o ce 8 days after the onset of facial paralysis.

The  otoscopic  exam ination  was  norm al.  The  patien t  had  a
few  healing blisters (� Fig. 132.6) around  the  right  ear, none  in
the  oropharynx or  nasopharynx. The  tuning fork test  at  512 Hz

was  norm al, as  was  his  level of audition . ENOG was  obtained,
w hich  showed  64% degenerat ion  of the  seventh  cranial  nerve
on the right  (� Fig. 132.7).

The patient  had  previously been  started  on  very low  doses of
cort icosteroids, w hich  were  changed  to prednisone 60 m g/d  for
10  days  w ith  tapering  thereafter. He  had  already been  t reated
w ith  fam ciclovir  2 g/d  for  7 days, w hich  was not  continued. The
patien t  was using artificial tears during the  day and  lubrication
at  n ight, but  he still had  excessive  dryness of the  right  eye  dur-
ing  the  day. A gold  weight  was  inserted  in  the  right  upper  lid
under  local  anesthesia  approxim ately  1  week  after  presenta-
tion. Serial ENOG never revealed degeneration  of the right facial
nerve of m ore than  62%. At  the second week after  presentation,
a  slight  tw itch  of m otion  was detected  in  the  right  frontalis re-
gion.  The  righ t  side  of  the  face  returned  to  norm al  funct ion
w ithout  synkinesis. Patient  has now  been  followed for at  least  3
years and is norm al w ith  an  H-B I classificat ion.

132.9.3  Case 3: Tem poral Bone Traum a
(Gunshot  Wound)
A 27-year-old  m an  was brought  to a  New  York City em ergency
room  after  sustaining a  gunshot  wound  to  the  right  side  of h is
face at  close range (� Fig. 132.8). He was unconscious on  arrival

Fig. 132.2  Case  1. (a,b) Left  facial paralysis with  an intact  Bell reflex.

Fig. 132.3  Case  1: Electroneuronogram  shows 100% degeneration of
left  facial nerve  function.

Fig. 132.4  Case  1: Intraoperative  findings during  left  facial nerve
decompression. A, head  of malleus; B, short  process of incus; C, left
geniculate  ganglion; D, labyrinthine  segment  of left  facial nerve.

Fig. 132.5  Case  1: Postoperative  result.
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and was in tubated  and  treated  by the t raum a team  for  vascular
injuries  to  the  right  and  left  carotid  arteries. The  entry  site  of
the  bullet  was seen  on  the  right  cheek. Plain  film s of the  head
and  neck showed  bullet  fragm ents in  the  right  m astoid, as well
as  around  the  bifurcation  of  the  left  com m on  carotid  artery
(� Fig. 132.9). After he regained consciousness, a complete right
facial paralysis was noted. The patien t  subsequently underwent
a  right  tym panoplasty  w ith  m astoidectomy,  evacuat ion  of
shrapnel in  the m astoid  and  right  and  left  neck, and  a m odified
right  neck dissect ion. The right  facial nerve had  been  injured  by
the  bullet, and  a  reparative  neurom a  in  form ation  was  noted
and  excised. The  proxim al  and  distal  ends  of the  facial  nerve
were  found  and  freshened;  a  gap  of about  2.5 cm  was  left . A

Fig. 132.6  Case  2: Vesicular eruption in  the  inferior right  concha.

Fig. 132.7  Case 2: Electroneuronogram  3 days after the  onset  of right
facial paralysis, showing  partial degeneration  of the  right  facial nerve.
ENOG, electroneuronogram.

Fig. 132.8  Case  3: Gunshot  wound  to the  right  side  of the  face.

Fig. 132.9  Case  3: (a) Lateral and  (b) frontal plain  X-rays of the  face
and  neck, with  shrapnel in  the  right  mastoid  and  left  neck. (c)
Angiogram  of the  left  carotid  artery, with  shrapnel at  the  site  of a
pseudoaneurysm.
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right  great  auricular  nerve  in terposition  graft  was  harvested
(� Fig. 132.10) and  was sutured  in  place in  an  end-to-end  fash-
ion  (� Fig. 132.11). This patient  also  underwent  placem ent  of a
gold  weight  in  the right  upper lid  and  a right  lower lid  shorten-
ing procedure at  the sam e sit t ing.

The  patient  had  additionally sustained  significant  injuries  to
his righ t  external auditory canal and  righ t  temporom andibular
joint  and  had  to  have  subsequent  surgery to  repair  these  sites.
He regained  function  to an  H-B III/VI level w ith  significant  syn-
kinesis  (� Fig. 132.12). After  rem oval  of the  injured  tym panic
ring and  a  w ide  m eatoplasty, there  was closure  of the  conduc-
tive deficit  in  the right ear to w ith in  10 dB.

132.9.4  Case 4: Cholesteatom a
A 39-year-old  wom an  presented  w ith  a 6-week h istory of wor-
sening  facial  nerve  funct ion  and  hearing  loss  on  the  right. By
the  tim e  she  was  seen, she  had  no  act ive  facial  m ovem ent  in
any part  of the righ t side of her face (� Fig. 132.13) and no hear-
ing in  the right ear by tun ing fork exam inat ion.

Fig. 132.10  Case 3: Segment  of the  great  auricular nerve for grafting.

Fig. 132.11  Case  3: Interposition  graft  in  place  (asterisk).

Fig. 132.12  Case  3: Postoperative  views of (a) eye  closure  (right  gold
weight  in place) and (b) closed-lip smile. Note the relative flat tening of
the right  nasolabial fold, droopy right  upper lip, and inward curl of the
right  lower lip.

Fig. 132.13  Case  4: Preoperative  view of right  facial paralysis. (a)
Close-up view of eyes shows ptosis of the right upper lid with rounding
and  malposition  of the  right  lower lid. (b) Paralysis of the  lower right
face.
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Two years before being seen , she had undergone two separate
surgeries  in  Denm ark  to  control  “ear  disease,” the  first  on  the
left  and  the  second  on  the  right . The  left  ear  becam e  dry, and
she was wearing a behind-the-ear hearing aid  on  th is side. Dur-
ing the surgery on the righ t side, a cerebrospinal fluid (CSF) leak
had  occurred, and  she  subsequently  underwent  repair  of  the
CSF leak  and  overclosure  of the  righ t  ear  w ith  abdom inal  fat .
She  reported  a  right  facial  weakness  at  the  t im e  of these  two
surgeries that subsequently recovered.

An  audiogram  showed  no  m easurable  hearing  on  the  right
(� Fig. 132.14)  and  a  m ixed  hearing  loss  on  the  left  at  35 dB/
100% word  recognition  score. The left  canal-wall-dow n  ear  was
safe and dry.

CT of the  petrous  temporal bones  w ithout  contrast  revealed
an  overclosed  right  ear  w ith  postoperat ive  changes and  a  large
tegm en  defect  of approxim ately 2 x 2 cm . The temporal lobe re-
tained  its norm al contour. Soft  t issue was seen  im m ediately in-
ferior  to  the  temporal lobe, likely  representing a  fat  graft . The
right  petrous  apex  was  scalloped, and  the  norm al appearance
of  the  cochlea  and  in tratym panic  facial  nerve  was  distorted.
The norm al bony appearance of the in ternal auditory canal was
lost, w ith  scalloping (� Fig. 132.15).

Im ages  of  the  left  temporal  bone  showed  postsurgical
changes consistent  w ith  a  canal-wall-dow n  technique. The  otic

capsule  was  in tact, and  there  were  no  erosive  changes  of the
petrous apex, as seen  on  the right.

MR im aging  of the  brain  w ithout  and  w ith  gadolin ium  en-
hancem ent  showed  findings  sim ilar  to  those  on  CT, including
an  in tact  right  temporal  dura  and  a  low -lying  temporal  lobe.
Soft  t issue  im m ediately under  the temporal lobe had  the signal
characteristics  of fat;  the  signal w ith in  the  right  petrous  apex
was  of  low  intensity  on  T1-weighted  im ages  and  brighter  on
T2-weighted im ages, supporting the diagnosis of cholesteatom a
of the petrous apex (� Fig. 132.16).

Within  a  week  of being  seen, the  pat ien t  underwent  place-
m ent  of a  righ t  upper  lid  gold  weight  and  lateral canthoplasty,
and  she  subsequently  underwent  a  com bined  neurotologic/
neurosurgical procedure. After  placem ent  of a  lum bar  drain , a
m iddle  fossa  cran iectomy  was  perform ed. The  tegm en  defect
was  exposed  from  below  and  above. A sm all dural dehiscence
was suture-repaired, and  the  tegm en  defect , w hich  was  larger
than  anticipated, was  repaired  w ith  a  5  x  3-cm  calvarial bone
and  tensor  fasciae  latae  graft  in  an  extradural  fashion
(� Fig. 132.17).

Fig. 132.14  Case  4: Preoperative  audiogram.

Fig. 132.15  Case  4: (a) Axial and  (b) coronal computed  tomographic
scans demonstrating  a large  petrous apex lesion.

132.9  Case Examples

1039



After  the  temporal  lobe  had  been  reduced, a  cholesteatom a
w ithin  the  righ t  petrous  apex  was  im m ediately  seen. Because
the  right  ear  had  no  m easurable  hearing, a  righ t  translabyrin-
th ine  approach  was used  to  exteriorize  the  cholesteatom a. The
usual landm arks  of the  otic capsule  and  tym panic facial nerve
were gone. All visible  cholesteatom a and  its accom panying m a-
tr ix were carefully rem oved. The bone surrounding the in ternal
auditory canal was weak and  decalcified. At  the  level of the  in-
ternal  auditory  canal, a  CSF leak  was  again  encountered, and
this was stopped w ith  a single piece of tensor fasciae latae, a fat
graft , and  fibrin  glue. Facial nerve funct ion  is not  expected, and
the  pat ient  w ill  likely  require  a  m icroneurovascular  m uscle
graft  (see Chapter 51).

132.10  Conclusion
More than  any other pat ient, the pat ient  present ing w ith  acute,
subacute, or  chronic facial paresis/paralysis  m ay challenge  the
treating physician  w ith  the complexity of the required fact  find-
ing,  investigations,  and  diagnostic  and  therapeutic  planning.
Because  of the  complex nature  of the  facial nerve  (a  com bined
nerve) and its long course through  the temporal bone, the etiol-
ogies  of facial  nerve  compression  and  paralysis  are  num erous
and varied.

132.11  Roundsm anship
●  A thorough and careful h istory w ill alm ost  always poin t

toward the correct  pathway for an  investigation  of facial
paralysis.

●  The facial nerve m ust  be viewed in  light of the w hole pat ient,
and especially the function  of the inner ear.

●  Regardless of the patient’s cosm etic concerns, the a ected eye
and specifically the cornea are of prim ary concern . Atten tion
should be focused upon eye care. In  m any cases, ophthalm o-
logic in tervention w ill be required, m ost especially in  the
patient  w ith  a concom itant a eren t  sensory deficit .

●  Once a facial nerve completely loses funct ion , it  is h ighly
unlikely that  recovery w ill be perfect. Sequelae such as synki-
nesis and regional paresis m ay occur, and the pat ient  m ust be
so inform ed.

●  Tim ely surgical decompression  of the facial nerve in  the
appropriate patient  w ho has both  clin ical and electr ical de-
generat ion  of the nerve rem ains a viable option  and should
be o ered. Tim e is of the essence, w ith  surgical in tervent ion
undetaken no m ore than  approxim ately 2 to 3 weeks after
the onset of paralysis.

●  Traum atic injury to the facial nerve is the m ost compelling
reason  for surgical decompression.

Fig. 132.16  Case  4: (a) T1-weighted  and  (b) T2-
weighted  axial and  (c) T1-weighted  and  (d) T2-
weighted  coronal magnetic resonance  images
demonstrating  low-intensity signals on T1 and
high-intensity signals on T2 images, consistent
with  cholesteatoma of the  right  petrous apex.
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Fig. 132.17  Case 4: Repair of a right  tegmen defect  with calvarial bone
graft  (full thickness). (a) Bone graft  design. (b) Right  middle fossa and
transmastoid  view of tegmen defect. Retractor is protecting  the
temporal lobe, and the Freer elevator instrument  points to the petrous
apex. (c) Following repair of the right  tegmen defect  with bone, tensor
fasciae  latae, and  titanium  mesh.
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133  Anatomy of the Skull Base and Infratem poral Fossa
Maura K. Cosetti and Christopher J. Linstrom

133.1  Int roduct ion
The  skull  base, or  floor  of the  in tracranial cavity, is  a  complex
anatom ical region  that  form s the border betw een  the brain  and
the  structures of the  face  and  upper  neck. A basic understand-
ing of skull  base  anatomy is  crit ical for  the  accurate  diagnosis
and e ective m anagem ent of lesions in  th is area. For otolaryng-
ologists  and  neurosurgeons alike, t reatm ent  planning and  sur-
gical decision  m aking depend  on  the  relationship  betw een  the
disease process or lesion  and  the adjacent  in tracranial and  neu-
rovascular structures.

The  skull  base  is  composed  of  five  bones:  the  frontal,  eth-
m oid, temporal,  sphenoid, and  occipital;  of  these, the  frontal
and temporal bones are paired. Each  bone houses m ultiple fora-
m ina  (� Table  133.1)  traversed  by  cranial  nerves  (CNs)  I
through  XII (� Table 133.2) and by arteries and veins (described
in  detail  in  the  follow ing  sections).  A knowledge  of  the  con-
ten ts, locations, and  relationships  of these  neurovascular  fora-
m ina  is  crucial in  both  diagnosing and  treating  skull  base  dis-
ease, as well as in  understanding routes of spread of in tracranial
and extracranial disease.

Clin ically and  anatom ically, bony landm arks divide the cran i-
al  base  in to  three  general  regions—the  anterior,  m iddle,  and
posterior  fossae  (� Fig. 133.1).  The  an terior  fossa  and  m iddle
fossa  are  separated  by  the  lesser  w ings  of the  sphenoid  bone
and the planum  sphenoidale, w hile the dorsum  sellae, posterior

clinoid  processes,  and  petrous  temporal  ridges  separate  the
m iddle  fossa  from  the  posterior  fossa. The  skull base  is  longest
in  the  anterior–posterior  diam eter  and  th innest  in  the  cranio-
caudal direction, m easuring only 3  to  5 m m  in  all areas  except
the  petrous temporal bone. This chapter  w ill describe  the  ana-
tom ical  boundaries, contents, and  pert inent  extracranial  rela-
tionships  of the  an terior, m iddle, and  posterior  fossae. Im por-
tant  anatom ical–clin ical  correlations  w ill  be  h ighlighted.  The
anatom ical  borders, contents,  and  per tinent  in tracran ial  rela-
tionships of the infratem poral fossae w ill also be discussed.

133.2  Anterior Skull Base
133.2.1  Borders and Foram ina
The  anterior  cran ial fossa  is  bordered  anteriorly  by  the  orbital
portion  of the  frontal bone, posteriorly by the  lesser  w ing and
body of the sphenoid bone, and centrally by the cribriform  plate
of the  ethm oid  bone. Bilaterally, the frontal bone form s the lat-
eral  boundary  of  the  anterior  cranial  fossa  and  houses  the
supraorbital foram en. The  central cribriform  plate  is  the  deep-
est  and  th innest  port ion  of the  anterior  cranial fossa  and  con-
tains 15 to 20 sm all foram ina that  transm it  the olfactory nerves
(CN I) from  the  olfactory bulb  in tracranially to the  superior  na-
sal m ucosa. In  the  anterom edial portion  of the  cribriform  pate
is the crista galli, a superiorly directed  bony project ion  betw een

Table 133.1  Foramina of the skull base

Intracranial foramen  Bone(s) involved  Structure(s) t ransmit ted

Anterior  cranial fossa

Cribriform  plate  Ethmoid  CN I

Middle  cranial fossa

Optic canal  Sphenoid  CN II, ophthalmic artery

Superior orbital fissure  Sphenoid  CNs III, IV, V1, VI; superior ophthalmic vein

Foramen rotundum  Sphenoid  CN V2

Foramen ovale  Sphenoid  CN V3, accessory meningeal artery, lesser petrosal
nerve, emissary vein

Foramen spinosum  Sphenoid  Middle  meningeal artery and  vein

Foramen lacerum a

Posterior cranial fossa

Internal auditory meatus (porus acusticus)  Temporal  CNs VII, VIII; internal auditory artery and  vein

Jugular foramen  Occipital, temporal  CNs IX, X, XI; internal jugular vein; inferior
petrosal sinus

Foramen magnum  Occipital  Medulla oblongata, spinal root of CN XI, vertebral
artery and  vein, anterior and  posterior spinal
arteries and  veins

Hypoglossal canal  Occipital  CN XII

Abbreviation: CN, cranial nerve.
aThe foramen lacerum  is not  a true foramen. It  is located at  the junction of the sphenoid, temporal, and occipital bones and is covered by cartilage. The
greater and  deep  petrosal nerves and  the  internal carotid  artery pass over its intracranial surface.
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the  cerebral hem ispheres  onto  w hich  the  falx cerebri attaches.
Anterior  to  the  crista  galli  is  the  foram en  caecum , a  variable
opening in  the frontoethm oidal suture line through  w hich  a na-
sal em issary vein  m ay com m unicate w ith  the in tracranial supe-
rior  sagittal sinus. Im m ediately lateral to the  cribriform  plate  is
the fovea ethm oidalis, or roof of the ethm oid cavity. The fovea is
th icker  and  frequently m ore  superior  than  the  adjacent  cribri-
form  plate, although  anatom ical  variance  in  th is  area  is  com -
m on. Know ledge  of these  relationships  and  individual  pat ient
anatomy  is  an  essential  component  of presurgical planning  in
both  in tranasal  sinus  surgery  and  the  extirpation  of anterior
skull  base  lesions.  At  the  anterolateral  and  posterolateral  as-
pects of the cribriform  plate, the anterior and posterior ethm oi-
dal branches of the  ophthalm ic artery, respect ively, exit  the  in-
tracranial cavity to enter  the nasal cavity. Posteriorly, the cribri-
form  plate of the ethm oid bone articulates w ith  the central por-
tion, or  body, of the  sphenoid  bone, form ing the  planum  sphe-
noidale.  The  optic  chiasm  or  chiasm atic  sits  in  the  m idline,
w hile  posterolaterally, the  lesser  w ings  of the  sphenoid  form
the anterior clinoid  processes and the roof of the optic canals.

133.2.2  Contents
The  contents  of  the  an terior  cran ial  fossa  include  the  frontal
lobes  of the  brain , olfactory  bulbs  and  t racts, and  inferior  and
superior sagittal sinuses. The olfactory nerve (CN I) is a prim ary
a erent  sensory nerve  consisting of bipolar  neurons w ith  short
peripheral  and  long  central  project ions. The  peripheral  olfac-
tory  receptor  cells  are  located  in  the  superior  2-cm 2 aspect  of
each  nasal cavity, adjacent  to  the  cribriform  plate, superior  na-
sal septum , and superior–lateral nasal wall. Hundreds of central
processes  traverse  the  cribriform  plate  as  unmyelinated  fas-
cicles, or  fila  olfactoria, w ith  approxim ately 20  fila  or  olfactory
nerves  on  each  side  of the  crista  galli. These  nerves  culm inate
centrally  in  the  ipsilateral  olfactory  bulb, an  extension  of the
brain  on  the  ventral surface  of the  frontal lobe  closely apposed
to  the  cribriform  plate.  Disruption  of  th is  region  by  t raum a,
planned  an terior  skull base surgery, or  uninten tional iatrogenic
injury during endoscopic sinus surgery can  lead  to  cerebrospi-
nal fluid  (CSF) leak as  well as  disorders of sm ell, such  as anos-
m ia  or  hyposm ia  (inability or  decreased  ability, respect ively, to

Table 133.2  Cranial nerves and their function

Cranial nerve  Type  of nerve  Funct ion

Olfactory (I)  Sensory  Special visceral afferent  for smell

Optic (II)  Sensory  Special visceral afferent  for vision

Oculomotor (III)  Motor  All extraocular muscles except  superior oblique  and  lateral rectus; striated  muscle  of the  eyelid;
pupillary constrictors

Trochlear (IV)  Motor  Superior oblique  muscle; moves globe  down and  outward

Trigeminal (V)  Mixed  V1: sensory to the  upper face, nasal cavity, ethmoid and  sphenoid  sinuses
V2: sensory to the  midface, hard  and  soft  palate, maxillary sinus, maxillary dentition  and  gums
V3: motor to  muscles of mastication, anterior belly of the  digastric, mylohyoid, tensor tympani,
tensor palatini; sensory to lower face and jaw, mandibular dentition and gums; taste to anterior two-
thirds of the  tongue  (from  CN VII)
Autonomica

Abducens (VI)  Motor  Lateral rectus muscle; moves globe  laterally

Facial (VII)  Mixed  Motor: muscles of facial expression, stapedius, stylohyoid, posterior belly of digastric
Sensory: taste  sensation from  anterior two-thirds of tongue  carried  via CN V3 and  chorda tympani
Autonomic: parasympathetic fibers originate  in  nervus intermedius and  travel via chorda tympani
and  greater superficial petrosal nerve  to tongue; lacrimal gland; submandibular, sublingual, and
lingual salivary glands

Vestibulocochlear (VIII)  Sensory  Cochlear nerve: hearing
Superior and  inferior vestibular nerves: balance

Glossopharyngeal (IX)  Mixed  Motor: pharyngeal musculature, parotid  gland
Sensory: taste  sensation from  posterior one-third  of tongue; sensation from  pharynx and tympanic
cavity; visceral afferent  from  carotid  sinus and  body
Autonomic: parasympathetic to  parotid  gland

Vagus (X)  Mixed  Motor: striated muscles in larynx, pharynx, and soft  palate; palatoglossus muscle of tongue; smooth
muscles in  heart, blood  vessels, trachea, bronchi, esophagus, stomach, small and  large  intestine
Sensory: taste  sensation from  epiglottis; sensory from  external ear canal, tympanic membrane,
pharynx, larynx, thoracic and  abdominal viscera
Autonomic: parasympathetic to  abdominal and  thoracic viscera

Spinal accessory (XI)  Motor  Trapezius and  sternocleidomastoid  muscles

Hypoglossal (XII)  Motor  All muscles of tongue  except  palatoglossus (CN X)

Abbreviation: CN, cranial nerve.
aParasympathetic neurons do not  originate  in  CN V; however, branches of CN V are  used  as carriers for the  peripheral distribution  of parasympathetic
input  from  CNs VII and  IX.
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detect  odors). Follow ing  synapse  in  the  olfactory  bulb, secon-
dary sensory neurons course posteriorly along the ventral fron-
tal lobe  as the  olfactory t ract . The  venous contents of the  ante-
rior cranial fossa have implications for the in tracranial spread of
infect ion.  The  dural  attachm ents  to  the  frontal  crest  and  the
crista  galli  form  the  falx  cerebri, w hich  transm its  the  inferior
and  superior  sagittal  sinuses. These  valveless  venous  channels
drain  the brain , m eninges, and  diploic spaces w ithin  the cranial
bones, ult im ately form ing the in ternal jugular  vein . In  the ante-
rior  cran ial fossa, the veins of Brechet, w hich  are  valveless, dip-
loic veins of the  posterior  frontal bone, provide  a  venous route
for  the in tracranial spread of frontal sinus infect ions. Patency of
the foram en  caecum , anterior  to the  crista galli, is the anatom i-
cal basis for  developm ental nasal anom alies such  as nasal glio-
m as, encephaloceles, and m eningoencephaloceles.

133.2.3  Ext racranial Relat ionships
The m ajor extracranial relat ionships of the anterior cran ial fossa
are  w ith  the  orbits  and  paranasal  sinuses.  As  previously  de-
scribed, the floor  of the  anterior  cranial fossa serves as the  roof
of the  orbits  and  the  ethm oid  and  sphenoid  sinuses and  abuts
the  posterior  wall  of the  frontal  sinuses. Neoplastic  lesions  in
these  regions, such  as esthesioneuroblastom a (a  rare  neoplasm
originat ing  from  olfactory  neuroepithelium ), m ay  extend  in to
the  anterior  cranial fossa  from  below, w hereas prim arily in tra-
cranial processes  m ay progress  in  the  reverse  direct ion. These
relationships  can  also  be  exploited  for  surgical  planning  and
used as routes of access to the anterior in tracranial cavity.

The  close  proxim ity of the  bony orbit  to  the  an terior  cranial
and infratem poral fossae provides m ultiple routes for  the trans-
m ission  of  in tracranial  or  extracranial  disease,  including  the
posterior  orbital foram ina, such  as the superior  and  inferior  or-
bital  fissures  and  the  optic  canals. Technically  situated  in  the
m iddle  cranial fossa, the contents of the superior orbital fissure
include  the  oculom otor  nerve  (CN III), trochlear  nerve  (CN IV),
abducens  nerve  (CN VI), ophthalm ic  branch  of the  tr igem inal
nerve  (CN V1), and  ophthalm ic  veins. The  inferior  orbital  (in -

fraorbital)  fissure  transm its  the  m axillary  branch  of the  t rige-
m inal  nerve  (CN  V2)  and  infraorbital  vessels,  and  unlike  the
superior orbital fissure, it  com m unicates directly w ith  the infra-
temporal and  pterygom axillary fossae. The optic canal contains
the optic nerve (CN II) and ophthalm ic artery.

133.3  Middle  Skull Base
133.3.1  Borders
The  m iddle  cranial  fossa  is  separated  from  the  anterior  skull
base  by the  posterior  aspect  of the  planum  sphenoidale  m edi-
ally and  by the lesser  w ings of the  sphenoid  bone laterally. The
anterior  wall  and  floor  are  form ed  by  the  greater  w ings  and
body  of the  sphenoid  bone, w hile  the  posterior  floor  is  com -
posed  of the  anterior  aspect  of the  petrous tem poral bone. Lat-
erally, the  m iddle fossa is bounded  by the  squam ous portion  of
the temporal bone and the anterior–inferior  portion  of the pari-
etal bone. Posteriorly, the  m iddle  and  posterior  fossae  are  de-
m arcated  by  the  posterior  clinoid  processes  m edially  and  the
petrous ridge of the temporal bone laterally. The petro-occipital
fissure, a  gap  betw een  the  m edial border  of the  petrous  bone
and  the  lateral border  of the  clivus, subdivides the  m iddle  cra-
nial  fossa  in to  a  central  and  two  lateral  compartm ents. Easily
seen  on  radiologic  im aging, th is  is  an  important  landm ark  in
preoperative  surgical planning because  of its close  relationship
w ith  various m iddle fossa foram ina.

Centrally located  betw een  the  anterior  and  posterior  clinoid
processes, the sella turcica (Latin  for  “Turkish  saddle”) occupies
the  central  compartm ent  of  the  m iddle  fossa  and  has  three
distinct  regions  (� Fig. 133.2). Anteriorly  to  posteriorly, these
include  the  tuberculum  sellae, w hich  is  an  olive-shaped  bony
protuberance betw een  the  optic canals;  the  hypophyseal or  pi-
tuitary fossa, w hich  is a deep central depression  that houses the
pituitary gland;  and  the  dorsum  sellae. The  dorsum  sellae  con-
tains  the  sigm oid  groove  for  the  in ternal  carotid  artery  as  it
navigates the  m iddle  fossa  floor  through  the  petrous apex in to
the cavernous sinus.

Fig. 133.1  Internal aspect  of the  skull base, with
division  into three  distinct  fossae.
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Along the floor and  lateral walls of the m iddle fossa, a groove
for  the  m iddle  m eningeal  ar tery  is  typically  visible  w here  it
courses superoposteriorly and  traverses the  in tracranial side  of
the pterion  (an  area of very th in  bone w here the parietal, squa-
m ous  temporal,  and  frontal  bones  and  the  greater  sphenoid
w ings  m eet). The  pterion  is  easily  fractured  by  head  traum a,
and  resulting  disrupt ion  of  the  m iddle  m eningeal  artery  is  a
com m on  cause  of  epidural  hem atom a.  The  petrous  ridge,  or
crest, along  the  superior  aspect  of the  temporal  bone  dem ar-
cates  the  posterior  boundary  of the  m iddle  cran ial  fossa. In  a
depression  on  the superom edial aspect  of the petrous temporal
bone, the  tr igem inal (CN V) or  gasserian  ganglion  lies w ith in  a
dural  envelope  called  the  Meckel  cave.  This  arachnoid-lined,
CSF-filled  cavity houses the  ganglion  and  neural fascicles of CN
V in  the  m iddle fossa. The three  divisions of CN V then  exit  the
m iddle  fossa through  individual foram ina (discussed  in  the  fol-
low ing sect ion .)

Along the  m idpetrous  ridge, the  arcuate  em inence  is  a  bony
protuberance  representing  the  superior  extent  of the  superior
sem icircular  canal. An  im portant  landm ark in  the  m iddle  fossa
approach  to  the  in ternal auditory canal, the  arcuate  em inence
can  be  used  to  localize  the  geniculate  ganglion  of  the  facial
nerve (CN VII) and  the in ternal auditory canal. Bony dehiscence
over  the  geniculate  ganglion  is not  uncom m on, and  careful ele-
vation  of the  dura  during  m iddle  fossa  surgery  is  required  to
avoid  facial nerve  injury in  th is area. Laterally, the  th in  tegm en
tym pani and  tegm en  m astoideum  form  the  roof of the  m iddle
ear  and  m astoid, respect ively;  t raum a  or  iatrogenic  injury  to
these  regions  during  otologic  or  m astoid  surgery  m ay  lead  to
dural disruption  and CSF leak requiring repair.

133.3.2  Foram ina
As  previously  discussed, the  superior  orbital  fissure  and  optic
canal  are  bony apertures  in  the  anterior  aspect  of the  m iddle
cranial fossa. Posteroinferior  to  the  superior  orbital fissure  and
lateral to the sella turcica, the foram en  rotundum  transm its the
second division of the t rigem inal nerve (CN V2) from  the m iddle

fossa through the lateral wall of the cavernous sinus to the pter-
ygopalatine fossa. After exiting the skull, CN V2 continues as the
infraorbital  nerve  and  provides  sensory  innervation  to  the
cheek and  m axillary dentit ion . Inferom edial to the foram en  ro-
tundum  is  the  vidian  canal, w hich  transm its  the  vidian  artery
and  nerve. The  vidian  nerve  is  composed  of the  greater  super-
ficial petrosal nerve and the deep petrosal nerve.

Unlike  the  first  two divisions of CN V, the  th ird  division  (CN
V3) does not  pass through  the  cavernous sinus;  instead, it  exits
directly from  the  Meckel cave  through  the  foram en  ovale. Also
unlike  the  ophthalm ic (CN V1) and  m axillary (CN V2) divisions,
the  m andibular  branch  (CN V3) carries both  sensory and  m otor
fibers  providing  innervation  to  the  m uscles  of  m astication
(m asseter,  tem poralis,  and  m edial  and  lateral  pterygoid
m uscles), the mylohyoid  m uscle, the tensor  tym pani and  tensor
veli  palatin i  m uscles,  and  the  anterior  belly  of  the  digastr ic
m uscle. It  also  supplies sensation  to the  buccal m ucosa, skin  of
the  lower  face, and  m andibular  dentit ion. In  addition  to CN V3,
the  foram en  ovale  t ransm its  the  lesser  superficial  petrosal
nerve, accessory m eningeal branch  of the  m axillary artery, and
em issary  veins  to  the  pterygoid  plexus  in to  the  infratem poral
fossa. Farther  posterolaterally, the  foram en  spinosum  contains
the  m iddle  m eningeal artery (described  above). Form ed  by the
greater  w ing of the  sphenoid  and  the  petrous apex of the  tem -
poral bone, the  carotid  canal transm its  the  in ternal carotid  ar-
tery (also  called  at  th is level the  petrous carotid  artery) and  its
sym pathetic plexus. Medial to the foram en ovale, the m isnam ed
foram en  lacerum  is not  a t rue  foram en  but  rather  the  cartilagi-
nous floor of the horizontal port ion  of the petrous in ternal car-
otid artery canal (� Fig. 133.3).

133.3.3  Contents
The  m iddle  cranial  fossa  houses  a  num ber  of vital  structures,
including  the  temporal  lobes,  pituitary  gland,  cavernous
sinuses, in tracranial port ion  of the  in ternal carotid  arteries, tr i-
gem inal ganglia, and  CNs I through  VI. In  the  central compart-
m ent  of  the  m iddle  fossa, strong  dural  attachm ents  form  the

Fig. 133.2  Anatomical relationships near the sella
turcica.
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diaphragm atic sella, a circular band  of dural reflect ions that en-
velope  the  pituitary gland. Superiorly, the  infundibulum  (pitui-
tary stalk) and the hypophyseal veins perforate th is structure.

The  cavernous  sinuses  are  paired,  septate  venous  sinuses,
lined  w ith  dura,  that  drain  inferiorly  to  the  two  pterygoid
plexus and  in ternal jugular  veins. Bounded  laterally by the  an-
terior  and  posterior  petroclinoid  dural folds and  extending pos-
teriorly  from  the  superior  orbital  fissure  to  the  petrous  apex,
th is complex region  of venous sinusoids is t raversed  by various
crit ical neurovascular  structures. Centrally, the  horizontal por-
tion  of  the  in tracranial  in ternal  carotid  artery  runs  in  the
through  the  cavernous  sinus  close  to  the  lateral  wall  of  the
sphenoid  sinus. The  follow ing  CNs  t raverse  the  lateral  wall  of
the  cavernous  sinus  (listed  in  a  superior  to  inferior  direct ion):
oculom otor  (CN III), trochlear  (CN IV), ophthalm ic (CN V1), and
m axillary  (CN V2).  Only  the  abducens  nerve  (CN VI)  actually
courses through  the venous sinusoids in  the center of the sinus.
With  its complex neurovascular  components, the  cavernous si-
nus plays an  im portant  clin ical role in  the in tracranial transm is-
sion  of infect ion. Tributaries of the  cavernous sinus include the
valveless veins of the face, sinuses, and dentit ion, so that a rapid
spread  of infect ion  from  these  anterior, extracranial  sites  in to
the cavernous sinus is possible.

133.3.4  Ext racranial Relat ionships
Surgical approaches to the  m iddle  fossa  exploit  the  close  prox-
im ity of the pituitary and clivus to the sphenoid sinus and naso-
pharynx inferiorly. Sellar pneum atization allow s the endoscopic
or  m icroscopic  t rans-sphenoidal  excision  of  pituitary  disease
because  the  m iddle  cranial  fossa  can  be  en tered  through  the
roof of the  sphenoid  sinus. During procedures  in  the  sphenoid
sinus, care  m ust  be  taken  to  avoid  injury  or  disruption  of the
lateral  wall  because  the  course  of  the  in ternal  carotid  artery

and optic nerve is im m ediately lateral to the th in  sinus wall. Oc-
casionally, bony dehiscence  results  in  exposure  of the  in ternal
carotid  artery, CN II, or  vidian  nerve  w ithin  the sphenoid  sinus.
In  the  m iddle  fossa  approach  to  the  in ternal  carotid  artery, a
transtem poral route through  the squam ous portion  of the tem -
poral  bone  is  used  to  access  in ternal  carotid  artery  disease
superiorly.

The  nasopharynx  is  located  posterior  and  inferior  to  the
sphenoid  sinus and  an terior  to the  clivus. The foram en  lacerum
and horizontal in tracranial in ternal carotid  artery, as previously
described, lie  im m ediately  superior  to  the  superior  border  of
the  nasopharynx. In  the  superior–lateral nasopharyngeal wall,
the sinus of Morgagni is a clinically significant  region  of m uscu-
lar  dehiscence. Here, the  levator  veli palatin i and  car tilaginous
eustachian  tube  penetrate  the  superior  constrictor  m uscle;
through  th is  weak  area,  nasopharyngeal  infect ions  and  neo-
plastic processes m ay gain  access to and invade the skull base.

133.4  Posterior Skull Base
133.4.1  Borders
The  posterior  cran ial  fossa  is  separated  from  the  m iddle  fossa
by the  dorsum  sellae  m edially and  by the  petrous ridges of the
temporal  bones  laterally. In  the  m idline, the  basal  part  of the
occipital  bone  (called  the  basiocciput)  and  the  basisphenoid
bone form  the clivus and  the anterom edial wall of the posterior
fossa. Anterolaterally, th is  boundary is  form ed  by the  posterior
face  of the temporal bone. The rem ain ing posterior, lateral, and
inferior  borders  are  form ed  by the  occipital bone. The  occipto-
m astoid suture, the junct ion  of the occipital bone w ith  the m as-
toid  portion  of the  temporal bone, courses  in  an  anterom edial
to posterolateral direction  along the posterior  fossa floor. Supe-
riorly, the  tentorium  cerebelli attaches  to  the  petrous  ridge  of

Fig. 133.3  Inferior view of the  skull base.
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the  temporal bone, creat ing a  dural roof of the  posterior  fossa
and  a  separation  betw een  the  cerebellum  below  and  the  cere-
bral hem ispheres above.

Centrally, the  foram en  m agnum , the  largest  foram en  of the
skull base, is an  opening in  the floor of the posterior cranial fos-
sa. The  in ternal occipital crest  courses  in  an  anterior–posterior
direct ion  from  the  m idline  of the  foram en  m agnum  to  the  in-
ternal occipital  protuberance  and  is  the  site  of attachm ent  for
the falx cerebelli. This area is rich  w ith  venous sinuses;  the  du-
ral folds  of the  falx cerebelli form  the  m idline  occipital venous
sinus, w hich  drains  in to  the  in ternal jugular  vein . Superior  to
the  in ternal occipital protuberance  is  a  vertical groove  for  the
superior  sagittal  sinus,  w hile  the  horizontal  grooves  of  the
transverse sinuses are situated lateral to the bony protuberance.
Laterally, the  superior  petrosal sinus  is  located  at  the  junct ion
of the  transverse  and  sigm oid  sinuses. Along the  m astoid  por-
tion  of the temporal bone, a sulcus for  the sigm oid  sinus can  be
identified  coursing  inferiorly  toward  the  in ternal jugular  fora-
m en  and  vein . In  the  anterior  m idline, the  paired  inferior  pet-
rosal sinuses lie  posterior  to  the  clivus and  anterior  to the  pet-
rous apex.

133.4.2  Foram ina
Like the floor of the  m iddle cranial fossa, the floor of the poste-
rior cran ial fossa contains m any im portan t  neurovascular struc-
tures and  foram ina, including CNs VII through  XII, the  m edulla
oblongata, and  the  jugular  veins. The  in ternal acoustic m eatus,
or  porus  acusticus, is  located  on  the  posterior  face  of the  pet-
rous tem poral bone  superior  to  the  jugular  foram en. This fora-
m en  transm its  the  facial  (CN  VII)  and  vestibulocochlear  (CN
VIII) nerves, the  nervus  in term edius, and  the  labyrinthine  ves-
sels  (branches  of  the  anterior  inferior  cerebellar  artery)  from
the  brainstem  to  the  in ternal  auditory  canal  of  the  temporal
bone. Within  the  in ternal  auditory  canal, the  facial  nerve  (CN
VII)  occupies  the  anterosuperior  quadrant , separated  from  the
superior  vestibular  nerve  in  the  posterosuperior  quadrant  by a
bony ver tical crest  (“Bill’s  bar,” nam ed  for  Dr. William  House).
Anteriorly, the  bony t ransverse  or  falciform  crest  separates the
facial nerve  (CN VII) superiorly from  the  cochlear  nerve  inferi-
orly. At  the lateral end  of the in ternal auditory canal, or  fundus,
CN VIII innervates the  inner  ear;  the  superior  and  inferior  ves-
tibular  nerves  term inate  in  the  vestibule  and  sem icircular  ca-
nals  of  the  labyrin th , w hereas  the  cochlear  nerve  traverses  a
m ultiply perforated  osseous plate  to enter  the  cochlear  m odio-
lus. The  facial  nerve, on  the  other  hand, begins  a  complicated
intratemporal course consisting of a  short, narrow  labyrin th ine
segm ent; a genu or bend, m arking the location  of the geniculate
ganglion;  and  a  horizontal, in tratym panic segm ent  that  traver-
ses the  m iddle  ear  and  ends in  the  descending or  m astoid  por-
tion. The  labyrin th ine  segm ent  is  the  shortest  and  narrowest
portion  and  thus  the  m ost  susceptible  to  compression  and  in-
jury from  edem a. After  exiting the  temporal bone  through  the
stylom astoid  foram en,  located  betw een  the  m astoid  t ip  and
styloid  process, the  nerve  begins  its  extracranial  course, ult i-
m ately innervating the m uscles of facial expression. Also on  the
posterior  face  of the  petrous  bone, posterior  and  lateral to  the
porus  acusticus, is  the  operculum  or  opening of the  vestibular
aqueduct  (or  endolym phatic duct) in to the  subarachnoid  space
of  the  posterior  fossa.  Enlargem ent  of  the  duct  is  associated

w ith  congenital  sensorineural hearing  loss  or  a  predisposition
to  the  later  developm ent  of hearing loss  and  can  be  associated
w ith  other  anatom ical  abnorm alit ies  of the  inner  ear, such  as
Mondini  deform ity  of  the  cochlea.  The  jugular  foram en  is
form ed  by the processus jugularis of the petrous temporal bone
anteriorly and  the  occipital bone  posteriorly and  can  be  found
at  the  m ost  posterior  aspect  of the  petro-occipital fissure. The
jugular  foram en  was previously divided  in to  two  portions, the
anterom edial pars nervosa and  the  posterolateral pars vascula-
ris, but  a  new  division  in to three  compartm ents  has been  sug-
gested. Anteriorly  to  posteriorly,  these  include  the  follow ing:
(1)  the  petrous  compartm ent , containing  the  inferior  petrosal
sinus;  (2) the  neural in trajugular  compartm ent, containing CNs
IX, X, and  XI and  their  respect ive  ganglia, the  Jacobsen  nerve
(from  CN IX), the  Arnold  nerve  (from  CN X), and  the  posterior
m eningeal  artery  (a  branch  of  the  ascending  pharyngeal  ar-
tery);  and  (3) the  sigm oid  compartm ent  receiving the  sigm oid
sinus and  beginning of the jugular  bulb. In  the neural compart-
m ent, the  glossopharyngeal nerve  (CN IX) is  located  anteriorly
and  is separated  from  the  inferiorly located  vagus nerve  (CN X)
and  spinal accessory  nerve  (CN XI)  by a  dural septum . Infero-
m edial  to  the  jugular  foram en, inferior  to  the  bony  protuber-
ance  called  the  jugular  tubercle, is  the  hypoglossal  canal. Lo-
cated in  the condylar port ion  of the occipital bone, th is foram en
transm its the hypoglossal nerve  (CN XII) and  its venous plexus.
Also form ed completely of occipital bone, the large, central fora-
m en  m agnum  serves  as  the  prim ary  connect ion  between  the
brainstem  and  spinal cord. It  contains  the  cephalic component
of CN XI, the ver tebral and posterior spinal arteries, and the m e-
dulla oblongata.

133.4.3  Contents
An  understanding of the  anatomy of the  posterior  fossa, w hich
houses  the  m idbrain ,  pons,  m edulla,  and  cerebellar  hem i-
spheres, as well as CNs VI through XII and m any critical vascular
structures, is  crucial for  any surgeon  working in  th is  area. The
posterior  fossa arterial contents include the paired vertebral ar-
teries, w hich en ter the posterior skull base through the foram en
m agnum , then  ascend  ver tically  ventral  to  CNs  IX, X, and  XI.
After giving o the posterior inferior cerebellar arteries, the ver-
tebral arteries join  to  form  the  basilar  artery at  the  base  of the
pons. The  basilar  artery  ascends  on  the  in tracranial  aspect  of
the  clivus  against  the  m idline  pons  and  gives  rise  to  m ultiple
branches. Inferiorly to superiorly, these are the anterior  inferior
cerebellar arteries, the m ultiple short  and  long pontine arteries,
and  the  superior  cerebellar  arteries, w hich  form  the  posterior
aspect  of the  circle  of Willis (� Fig. 133.4). With in  the  posterior
fossa, the cerebellopontine angle is of unique importance to the
otolaryngologist  because  of the  location  of the  facial and  vesti-
bulocochlear  nerves. The  cerebellopontine  angle  extends  from
the abducens nerve (CN VI) and lateral aspect of the clivus an te-
riorly to the  cerebellar  flocculus posterom edially. Medially, it  is
bounded  by the  m iddle  cerebellar  peduncle, pons, and  ventral
cerebellum ;  it  is  bounded  laterally  by  the  posterior  petrous
temporal bone  and  inferiorly by CNs IX, X, and  XI. The  choroid
plexus,  a  collection  of  CSF-producing  ependym al  cells,  m ay
pass  through  the  foram en  of Lushka  in to  the  cerebellopontine
angle. Well-know n  surgical approaches to the  in ternal auditory
canal and  cerebellopontine  angle  include  the  translabyrinth ine
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approach  through  the  m astoid  portion  of the  temporal  bone,
the  retrosigm oid  approach  through  an  occipital  cran iotomy,
and  the m iddle fossa approach  through  the squam ous temporal
bone (previously described). Although  further description  is be-
yond  the  scope  of th is  chapter, know ledge  of the  anatomy  in
this  region  is  fundam ental  to  understanding  the  presentation,
diagnosis, and t reatm ent of cerebellopontine angle pathology.

133.4.4  Ext racranial Relat ionships
Extracran ial  structures  inferior  to  the  posterior  fossa  include
the m usculature of the suboccipital region , specifically the ster-
nocleidom astoid  m uscle, w hich  originates on  the m astoid  tip  of
the  temporal  bone,  and  the  posterior  belly  of  the  digastr ic
m uscle. The posterior  m usculature  includes, from  superficial to
deep, the trapezius, splenius capitis, splenius colli, and sem ispi-
nalis  capitis  m uscles.  Beneath  these  m uscles,  inferior  to  the
superior nuchal line and superficial to the ligam ents connecting
the  atlas to the  axis, lies the  suboccipital t riangle. The  contents
of th is region  include the occipital and vertebral arteries, a com -
plex of veins, the greater occipital nerve, and the C1 nerve. Sub-
occipital  surgical  approaches  can  be  used  for  access  to  the
vertebral arteries and  foram en  m agnum . Additional inferior ex-
tracranial relationships  of the  posterior  skull  base  include  the
deep neck spaces, such as the retropharyngeal, danger, and pre-
vertebral spaces, as well as the cervical spine. The fascia of these
spaces  begins  at  the  skull base  and  extends  to  the  level of the
tracheal bifurcat ion , diaphragm , and coccyx, respect ively.

133.5  Infratem poral Fossa
133.5.1  Borders and Foram ina
The  infratem poral  fossae  are  irregular,  complex  anatom ical
spaces that  lie  m edial to  the  zygom atic arches and  m andibular
ram i bilaterally. Anteriorly, the infratem poral fossa is lim ited  by
the  posterior  surface  of the  m andible  and  the  inferior  orbital
fissure.  The  roof,  or  superior  boundary,  includes  the  inferior

surface  of the  greater  w ing of the  sphenoid  and  the  squam ous
temporal bone. Posteriorly, lim its include the m astoid  and  tym -
panic  temporal  bone, w hile  the  inferior  border  comprises  the
superior  aspect  of the  posterior  belly  of the  digastric  and  the
angle  of the  m andible. The  infratem poral fossa  com m unicates
w ith  the  m iddle  cranial  fossa  via  various  skull  base  foram ina,
notably  the  foram en  spinosum  and  foram en  ovale. Connect ion
w ith  the orbit  is m ediated by the inferior orbital fissure through
the pterygopalatine fossa and pterygom axillary fissure.

133.5.2  Contents
Muscular contents of the infratem poral fossa include the m edial
and lateral pterygoid m uscles, the latter of w hich  is divided in to
two m uscular  heads. The  m edial pterygoid  runs from  its origin
on  the  m edial side  of the  lateral pterygoid  process  and  inserts
on  the  m edial surface  of the  m andible  at  the  angle  and  ram us.
Although  both  insert  on  the temporom andibular  join t, the infe-
rior  belly of the  lateral pterygoid  arises from  the  lateral part  of
the lateral pterygoid  process, and  the  superior  belly attaches to
the  roof  of  the  infratem poral  fossa.  Multiple  braches  of  the
m andibular  nerve  (CN V3) traverse  the  infratemporal fossa, in-
cluding  the  inferior  alveolar, lingual, and  buccal branches, the
chorda tym pani, and the otic ganglion. Exiting through the fora-
m en ovale, CN V3 carr ies m otor fibers to the m uscles of m astica-
tion  and  sensory  fibers  via  the  auriculotemporal,  alveolar,
lingual,  and  buccal  branches.  The  chorda  tym pani  branches
from  the  facial  nerve  (CN VII)  in  the  m astoid  port ion , courses
through  the  m iddle  ear  and  through  the  tym panic canaliculus
in  the petrotym panic suture, and  enters the infratem poral fossa
m edial to the lateral pterygoid m uscle, w here it  ult im ately joins
the  lingual  nerve. The  prim ary  arterial  structure  in  the  infra-
temporal fossa is the m axillary artery and  its m any branches. A
branch  of the  external carotid  artery, the  m axillary artery  en-
ters  the  infratem poral  fossa  lateral  to  the  lateral  pterygoid
m uscle  and  proceeds  anteriorly  toward  the  pterygom axillary
fissure  and  pterygopalatine fossa. Venous drainage of the  infra-
temporal  fossa  proceeds  from  the  pterygoid  venous  plexus  to

Fig. 133.4  Components of the  circle  of Willis.

Anatomy of the Skull Base and Infratemporal Fossa

1048



the  facial vein  an teriorly and  the  m axillary vein  posteriorly. An
extensive  venous  anastom otic  plexus  connects  the  pterygoid
plexus w ith  the cavernous sinus, ophthalm ic veins, and pharyn-
geal venous plexus.

133.6  Conclusion
A fundam ental know ledge of the borders, foram ina, and  extrac-
ran ial relationships is necessary for the otolaryngologist , neuro-
surgeon, or  skull  base  subspecialist . Fam iliarity  w ith  the  ana-
tom ical  features  of each  part icular  region  plays  a  key  role  in
understanding  the  presentation,  pathophysiology,  and  treat-
m ent  of skull base lesions. Clearly, a  know ledge of the  complex
anatomy of the cranial base is also the foundation  for safe extir-
pation  of lesions in  th is region .

133.7  Roundsm anship
●  A thorough understanding of the anatomy of the posterior

cranial fossa is an  absolute prerequisite for perform ing safe
otologic and neurotologic surgery.

●  Although m any of the structures described herein  appear at
first  reading to be complex, they follow  a logical order based
upon regional em bryogenesis and developm ent.

●  Safe skull base surgery requires not only a thorough ground-
ing in  the local anatomy but also a lifelong dedication  to the
acquisit ion  and perfection  of surgical skill based upon  labora-
tory m icrodissection. There is no substitute for hands-on
m icrosurgical training.
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134  Posterior Skull Base Diseases and Surgery
Seilesh C. Babu and Ryan G. Porter

134.1  Int roduct ion
Although  there  are  num erous  diseases  of the  posterior  fossa,
the  general otolaryngologist  does not  encounter  m ost  of them .
This  chapter  w ill  focus  on  the  m ost  com m on  neoplasm s  that
a ect  the  seventh  and  eighth  cran ial  nerve  complex  at  the
internal  auditory  canal  and  cerebellopon t ine  angle  (see  Box
Di eren t ial  Diagnosis  of  Cerebellopon t ine  Angle  Tum ors
(p .1050)).  Pat ien ts  w ith  these  tum ors  often  presen t  first  to
the  general otolaryngologist  or  prim ary care  physician , and  it
is  im portan t  that  the  diseases  be  iden t ified  and  patien ts
t reated  appropriately,  or  that  they  be  referred  to  a  subspe-
cialist  for  fur ther  m anagem ent . The  tw o m ost  com m on  surgi-
cal  approaches  to  the  posterior  fossa, the  retrosigm oid  (sub-
occip ital)  and  the  t ranslabyrin th ine  approaches, w ill  also  be
discussed.

Different ial Diagnosis of Cerebellopont ine
Angle  Tum ors
●  Vestibular schwannoma (“acoustic neuroma”)
●  Meningioma
●  Epidermoid (cholesteatoma)
●  Arachnoid cyst
●  Facial schwannoma (“facial neuroma”)
●  Cochlear schwannoma (cochlear neuroma)
●  Vascular lesions (e.g., hemangioma)
●  Lipoma
●  Metastatic carcinoma (e.g., breast carcinoma)

134.2  Applied Anatom y
Cranial nerves (CNs) VII (facial) and  VIII (vestibulocochlear) exit
the brainstem  from  their  root entry zones at  the pons and cross
through  the  cerebellopontine  angle  (CPA)  before  entering  the
m edial aspect  of the  in ternal auditory canal (IAC) at  the  porus
acusticus. The  nerves then  travel in  the  IAC toward  the  fundus
(lateral aspect  of the  IAC). The  facial nerve  travels anteriorly in
the  canal  superior  to  the  cochlear  division  of  CN  VIII.  The
superior  vestibular  and  inferior  vestibular  branches  of CN VIII
travel posteriorly in  the  IAC. The  facial and  superior  vestibular
nerves are  separated  from  the  cochlear  and  inferior  vestibular
nerves  at  the  fundus  by  the  transverse  crest. The  facial  nerve
is separated  an teriorly from  the  superior  vestibular  nerve  by a
ver tical  crest  of  bone  (“Bill’s  bar,”  nam ed  for  Dr.  William
House).  After  traveling  through  the  fundus  of  the  IAC,  the
nerves  en ter  the  inner  ear,  m astoid,  or  m iddle  ear  and  ult i-
m ately innervate  the  cochlea, vestibular  system , and  facial and
m iddle  ear  m usculature.

The  an terior  inferior  cerebellar  artery, a  branch  of the basilar
artery, is also located in  the CPA. The an terior inferior cerebellar
artery  typically  sends  o  an  arterial  branch  to  the  inner  ear
through the IAC (the labyrinthine or in ternal auditory artery).

134.3  Epidem iology
The m ost  com m on  neoplasm  a ect ing the CPA is the vestibular
schwannom a (VS), also know n  as an  acoust ic neurom a. The in-
cidence  of VS is  approxim ately 1  per  100,000  people. The  sec-
ond  m ost  com m on  tum or a ect ing the  CPA is the  m eningiom a.
In  general, m eningiom as are  tw ice  as com m on  in  fem ales as in
m ales and  are  m ost  frequent  after  the fifth  decade of life. Other
tum ors and  lesions are  m uch  less com m on  than  VSs and  m en-
ingiom as, but  they m ust  still be considered  because their  treat-
m ent  m ay be m arkedly di erent.

134.4  Pathogenesis
VSs  are  benign  neoplasm s  arising  from  Schwann  cells  on  the
vestibular  port ion  of CN VIII. The inferior  division  of the vestib-
ular  nerve is a ected  by schwannom as alm ost  tw ice as often  as
the  superior  division . VSs  have  two  classic h istologic patterns,
Antoni A and Antoni B. The Antoni A pattern  is characterized  by
compact  cells  and  Verocay  bodies, in  w hich  palisading  nuclei
line  up  beside  anuclear, clear  areas. A looser  strom a, myxoid
changes,  and  fewer  cells  characterize  the  Antoni  B pattern
(� Fig. 134.1). Tum ors  are  typically  m ixtures  of both  Antoni A
and Antoni B types, w ith  the Antoni A pattern  predom inating.

The  grow th  rate  of VSs is  variable. In  an  analysis  by Sughrue
et  al  of 982  pat ients  in  34  published  studies  w ho  had  decent
hearing and  tum ors  2.5 cm  or  sm aller  in  size, the  m ean  tum or
grow th  rate was 2.9 ± 1.2 m m /y w ith  a m inim um  26-m onth  fol-
low -up.  Additionally,  patients  w ith  slower-grow ing  tum ors
(≤ 2.5 m m /y) had  h igher  rates of hearing preservation  than  did
patien ts w ith  faster-grow ing tum ors (75% vs 32%, p < 0.0001).

Meningiom as  are  slow -grow ing  and  arise  from  arachnoidal
cap  cells. Although  m ost  m eningiom as are  sporadic, cran ial ir-
radiation  (classically scalp  irradiation  for  t inea capitis) and  neu-
rofibrom atosis type  II (NF2) are  risk factors for  developm ent  of
the disease.

NF2 is an  autosom al-dominant genetic disease due to a m uta-
tion  of a  gene  on  chrom osom e 22  (22q12) that  causes a  defect

Fig. 134.1  (a) Antoni A and  (b) Antoni B areas from  a schwannoma.
The  cells are  spindle-shaped, and  the  nuclei can  be  seen  lining  up  or
“palisading” in areas that  represent characteristic Verocay bodies (H&E,
x100).
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in  a  tum or  suppressor  protein , m erlin  (also  called  schwanno-
m in). Patients w ith  NF2 are at  increased  risk for bilateral VSs as
well as other  central nervous system  tum ors, including m enin-
giom as, other schwannom as, and ependym om as.

134.5  History and Physical
Exam inat ion
Tum ors  of the  CPA and  IAC often  present  w ith  unilateral hear-
ing  loss  and  tinnitus.  A patient  presenting  w ith  asym m etric
hearing  loss  or  asym m etric  subject ive  tinnitus  should  prom pt
the  clinician  to  investigate  for  retrocochlear  pathology.
Although  som e  have  been  suggested,  there  are  no  universal
guidelines  on  the  degree  of  hearing  asym m etry  that  should
prom pt  further  evaluation. A hearing loss of 10  db  HL or  m ore
in  m ultiple  frequencies, especially in  com bination  w ith  im pair-
m ent  in  auditory  discrim ination  scores  or  other  cranial  nerve
palsies, should raise suspicion  for a neoplasm .

The  work-up  of  any  patient  w ith  a  suspected  lateral  skull
base  lesion  should  include  a  detailed  h istory  and  a  head  and
neck  exam ination, including  otoscopy. A per tinent  h istory  in-
cludes  the  tim ing  of  the  onset  of  hearing  loss  and  tinnitus;
history of otologic infect ions, previous  head  and  neck  surgery,
im balance,  ver tigo,  falls,  loss  of  coordination,  or  headaches;
fam ily  h istory  of  brain  tum ors,  including  acoustic  neurom as
and  m eningiom as;  past  h istory  of other  neurologic  tum ors  or
any  m alignancies;  and  sym ptom s of cran ial nerve  dysfunct ion
(e.g., facial hypesthesia, diplopia, dysphagia, aspirat ion, dyspho-
nia, shoulder or  tongue weakness). Sym ptom s of facial spasm  or
facial pain  should  lead  the  exam iner  to consider  advanced  dis-
ease or one of the rarer CPA pathologies.

Clinical vestibular  testing should  also be  perform ed  in  all pa-
tients  w ith  suspected  retrocochlear  lesions  because  it  can  give
clues about  the status of the inner ears. Standard clin ical vestib-
ular  testing should  include observation  for spontaneous nystag-
m us  and  post–head  shake  nystagm us, preferably  w ith  Frenzel
goggles  (� Fig. 134.2), w hich  elim inate  fixation ;  a  head  thrust
test; a Dix-Hallpike test  to rule out benign paroxysm al position-
al  vert igo;  Rom berg  testing;  cerebellar  testing;  and  a  Fukuda
stepping test. Com m on  findings in  a  patient  w ith  VS include  a

correct ion  saccade  after  head  thrust  toward  the  lesion, post–
head  shake  nystagm us w ith  a  fast  phase  away from  the  lesion,
and  a tendency to turn  toward the lesion  on  Fukuda testing. Pa-
tients  w ith  large  tum ors can  show  signs  of cerebellar  dysfunc-
tion, loss  of corneal reflex  or  facial hypesthesia  resulting  from
CN V compression, or signs of lower cranial nerve dysfunct ion .

134.6  Test ing
An  audiogram , including  speech  reception  testing,  should  be
perform ed  for  every patien t  w ith  suspected  retrocochlear  dis-
ease. Classic  findings  on  standard  audiom etric  testing  include
asym m etric  sensorineural  hearing  loss  and  im paired  speech
discrim ination  on  the side of the lesion  (� Fig. 134.3). Addition-
ally, “rollover” is  som etim es noted, in  w hich  an  increase  in  the
loudness of the presented  speech  sounds actually leads to a de-
crease in  speech  recognition  ability at  the louder level.

Auditory  brainstem  response  (ABR) testing has been  used  in
the  past  to screen  for  retrocochlear  lesions (� Fig. 134.4), but  it
lacks sensitivity for  sm all lesions. The stacked  ABR has been  re-
ported  to increase sensitivity for  sm aller  tum ors, but  it  st ill has
som e  problem s,  especially  related  to  in tersubject  variability.

Fig. 134.2  Frenzel glasses are  useful for magnifying a  patient’s eyes
during  an  evaluation for nystagmus. They also  obscure  the  patient’s
vision  so that  visual fixation is not  possible.  Fig. 134.3  An audiogram  typical of a patient  with  a  right-sided

vestibular schwannoma shows an asymmetric sensorineural hearing
loss with  impairment  of speech discrimination  on the  affected  side.

Fig. 134.4  Auditory brainstem  response  tracing  from  a patient  with
right-sided  retrocochlear disease  (vestibular schwannoma). The  abso-
lute  latencies for waves III and  V, as well as the  interwave  latency (I
through V), are  prolonged  on  the  right  side  (above). The  left  side
(below) is normal.
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The  gold  standard  for  the  diagnosis  of  CPA tum ors  is  gadoli-
nium -enhanced  m agnetic resonance (MR) im aging of the brain ,
including th in-cut  (≤ 3 m m ) im ages through  the IAC region. It  is
im portant  to view  T1 and  T2 sequences, including contrast-en-
hanced  im ages, in  both  coronal and  axial sections. VSs, m enin-
giom as, and  m alignancies  typically  enhance  on  contrasted  T1
sequences. VSs  and  m eningiom as  are  di cult  to  di eren tiate
on  MR im aging  only.  Meningiom as  m ay  exhibit  a  dural  “tail
sign” and/or hyperostosis of bone adjacent to the tum or. A dural
“tail sign” refers to enhancem ent  of a portion  of the dura at  the
edges  of the  m eningiom a, giving the  appearance  of a  “tail.” T1
sequences w ithout contrast  m ay reveal CPA lipom as, and T2 im -
ages  are  useful  for  locating  epiderm oids  and  arachnoid  cysts.
High-resolution  T2-weighted  im ages  are  also  useful  for  con-
firm ing the  presence  of a  space-occupying lesion, such  as a  VS,
in  the  IAC. The  VS w ill prevent  cerebrospinal fluid  (CSF) signal
at  the  site  of the  lesion, w hich  w ill show  up  as  a  hypoin tense
area  on  T2  im aging  (� Fig. 134.5). Although  relatively  insensi-
tive, th is  technique  m ay be  used  as  a  screening  tool in  a  low -
risk  pat ient  if gadolinium  was  not  adm inistered. Standard  MR
im aging of the  brain  w ithout  dedicated, th in  IAC cuts  or  w ith-
out  contrast  m ay  m iss  sm all  lesions, and  im aging  should  re-
peated if the level of suspicion is significant.

For  patien ts  w ho  are  not  candidates  for  MR im aging  (e.g.,
m etallic  im plants,  problem s  w ith  access),  th in-cut  computed
tom ography (CT) of the brain  and  tem poral bones w ith  contrast
is the  next  best  option, but  it  is not  as sensitive  as MR im aging
and  w ill not  likely show  sm all lesions. CT w ith  contrast  or  ABR
screening m ay be a reasonable option  if the pat ient  is elderly or

in  poor  health  because  it  is  unlikely  that  a  subcentim eter  be-
nign  tum or would be treated even  if identified.

If the patient  has a know n CPA tum or or abnorm alities on  the
clin ical vestibular  tests previously described for the physical ex-
am ination, videonystagm ography (VNG) should  be  perform ed.
VNG w ill often  show  a  weak caloric response  on  the  side  w ith
the  lesion  (� Fig. 134.6). VNG results  can  be  used  to  counsel
pat ien ts  regard ing  their  expected  recovery  follow ing  t reat-
m ent;  pat ien ts  w ith  preexist ing  large  caloric  deficits  tend  to
recover  faster  because  vest ibular  com pensat ion  in  the  con -
tralateral inner  ear  and  cen tral nervous  system  (CNS) has  al-
ready  occurred  before  t reatm ent .  Som e  pract it ioners  order
facial  nerve  elect roneurography  before  t reatm ent  to  deter-
m ine  the  subclin ical insult  to  the  facial nerve, w hich  can  help
w ith  pat ien t  counseling  and  treatm en t  p lann ing.  Curren t
studies  have  show n  that  elect roneurography  is  not  a  good
prognost ic  ind icator  of facial nerve  funct ion  follow ing  tum or
resect ion , although  the  studies have  been  done  in  lim ited  pa-
t ien t  populat ions.  Further  studies  are  needed  to  assess  the
prognost ic  role  of  elect roneurography  w hen  the  resu lts  are
abnorm al.

After a tum or has been  identified on  MR im aging, ABR testing
is  often  perform ed  as  a  baseline  assessm ent  before  a  hearing
preservation  approach  is  considered.  If  su cient  waveform s
are  present  preoperatively, there  w ill be  a greater  utilit y of in t-
raoperative ABR testing to m onitor  the in tegrity of the cochlear
division  of the eighth  nerve. Sedation  is not  typically needed  to
perform  an  ABR test  in  an  adult , and  m any centers can  obtain  a
baseline test  in  the o ce setting.

Fig. 134.5  T1-weighted  magnetic resonance
(MR) image after contrast  shows enhancement of
a left  intracanalicular vestibular schwannoma (VS;
arrow) on (a) axial and (c) coronal views. The VS is
located  where  the  cerebrospinal fluid  signal is
absent  (arrow) in  the  left  internal auditory canal
on a  (b) high-resolution, T2-weighted  CISS
(constructive  interference  steady state) se-
quence. The  VS is not  visible  on noncontrast  T1-
weighted  MR imaging. (d) The  arrow points to
the  location  of the  tumor that  is not  visible.
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Conventional  audiom etric  results  in  patients  w ith  VSs  and
other  tum ors of the  CPA are  typically reported  w ith  one  of two
scales.  The  Am erican  Academy  of  Otolaryngology—Head  and
Neck  Surgery  (AAO-HNS)  scale  (� Table  134.1)  uses  the  pure-
tone average  (PTA) of the  air  conduction  thresholds at  0.5, 1, 2,
and  3 kHz and the speech  discrim ination  score (SDS). The Gard-
ner-Robertson  classification  system  (� Table  134.2)  uses  the
poorer  of the  PTA or  speech  recept ion  threshold  (SRT) and  the
SDS to classify hearing in  a  range from  class 1  (norm al) to class
5 (no hearing).

134.7  Grading
VSs are  often  classified  according to size:  sm all (≤ 10 m m ), m e-
dium  (10  to 30 m m ), large  (30  to 40 m m ), and  giant  (> 40 m m ).
By  convention,  only  the  extram eatal  portion  of  the  tum or  is
m easured. In tracanalicular  tum ors are sim ply referred to as “in-
tracanalicular.” The  extram eatal portion  is  m easured  w ith  the
axial MR im aging or  CT scan  that  show s the  largest  port ion  of
the tum or. Two linear m easurem ents are taken, one of the m ax-
im al diam eter in  a plane parallel to the petrous ridge and one of
the  m axim al diam eter  perpendicular  to the  first  m easurem ent.
The  square  root  of  the  product  of  the  two  m easurem ents
rounded to the nearest 0.5 cm  is the tum or size (� Fig. 134.7).

Meningiom as can  be classified  according to the World  Health
Organization  (WHO)  grading  system . WHO grade  I m eningio-

m as are  the  m ost  com m on  and  typically have  the  m ost  benign
clin ical course. The m ost  com m on variants are the m eningothe-
lial, fibroblastic, and  t ransitional patterns. WHO grade II (atypi-
cal) and WHO grade III (anaplastic) tum ors are less com m on.

134.8  Treatm ent
There  are  four  m ajor  t reatm ent  options  for  tum ors  of the  CPA
and IAC: (1) observation , (2) m icrosurgical resection, (3) stereo-
tact ic radiosurgery, and  (4) m ultim odality therapy. Observation
is  an  option  for  sm aller  asym ptom atic  tum ors  or  for  tum ors
that  do not  appear  to be grow ing at  a significant  rate. In  a study
of the natural h istory of 552 pat ients followed w ith  observation
and  serial MR im aging for  VSs over  a m ean  of 3.6  years, signifi-
cant  grow th  occurred  in  17% of tum ors  that  were  confined  to
the  IAC and  in  28.9% of tum ors  that  extended  beyond  the  IAC.
The tum ors that  grew  typically did  so w ithin  5 years of diagno-
sis. However, not  all tum ors have  an  indolent  course. Som e tu-
m ors  grow  rapidly,  and  pat ients  require  treatm ent  to  avoid
complications  of tum or  grow th, including  hearing  loss, dizzi-
ness, brainstem  compression, hydrocephalus, and  eventual co-
m a or death . It  is reasonable to observe sm all tum ors w ith  serial

Fig. 134.6  Caloric testing  (videonystagmogra-
phy) from  a patient  with  a  right  vestibular
schwannoma. The  test  shows a  46% right-sided
vestibular weakness. Both  sides would  be  rela-
tively symmetric in  a  patient  with  no vestibular
dysfunction.

Table 134.1  American Academy of Otolaryngology—Head and Neck
Surgery (AAO-HNS) hearing classification system

Class  Pure-tone  threshold  (dB)  Speech  discriminat ion  (%)

A  ≤ 30 and  ≥ 70

B  >30 and ≤ 50 and  ≥ 50

C  >50 and  ≥ 50

D  Any level  <50

Source: Adapted  from  Committee  on Hearing  and  Equilibrium  guidelines
for the  evaluation of hearing preservation in acoustic neuroma (vestibular
schwannoma). American Academy of Otolaryngology-Head and  Neck
Surgery Foundation, INC. Otolaryngol Head Neck Surg  1995;113
(3):179–80.

Table 134.2  Gardner-Robertson classification for hearing preservation

Class  Pure-tone  average  or
speech  recept ion
threshold  (dB)a

Speech  discriminat ion
(%)

1  0–30 and  70–100

2  31–50 and  69–50

3  51–90 and  49–5

4  91–maximum  loss and  4–1

5  No response  and  No response

Source: Adapted  from  Gardner G, Robertson JH. Hearing  preservation  in
unilateral acoustic neuroma surgery. Ann Otol Rhinol Laryngol 1988;97
(1):55–66.
aUse  the  better score. If the  pure-tone  average  or speech reception
threshold  score  and  the  speech discrimination score  do  not  qualify the
patient  for same  class, use  the  class appropriate  for the  poorer of two
scores.

134.8  Treatment

1053



audiogram s  and  MR  im aging.  Typically,  MR  im aging  and
audiography w ill be  repeated  6 m onths after  the in it ial diagno-
sis  of a  tum or. If there  is  no  significant  change, testing m ay be
repeated  yearly. In  a  m eta-analysis  of pat ien ts w ith  good  hear-
ing  and  sm all  tum ors, patients  w ho  had  tum ors  w ith  slower
grow th  rates (≤ 2.5 m m /y) had higher rates of hearing preserva-
tion  than  did  patien ts w ith  faster-grow ing tum ors (75% vs 32%,
p < 0.0001).

Microsurgical resection  can  be categorized  in to hearing pres-
ervation  and  non–hearing  preservation  approaches. There  are
various criteria for deciding w hich  approach  to use, but  the sta-
tus  of the  pat ient’s hearing and  the  tum or  size  are  forem ost  in

the  decision-m aking  process.  “Serviceable  hearing” is  hearing
that  is  realistically  useful  to  the  patien t  for  understanding
speech. Serviceable  hearing includes  hearing that  is  norm al or
nearly  norm al, as  well  as  hearing  thresholds  that  can  realisti-
cally be  rehabilitated  w ith  a  hearing aid. A gross rule  of thum b
regarding  serviceable  hearing  is  the  “50/50” rule. If a  patien t
has  a  PTA (or  an  SRT) worse  than  50 dB HL and  an  SDS worse
than  50% (AAO-HNS class D or  E, or  Gardner-Robertson  class 3,
4, or  5), the  pat ient’s  hearing is  considered  to  be  generally not
serviceable.  Overall,  the  preservation  of  serviceable  hearing
(AAO-HNS class  A or  B)  is  possible  in  only about  40  to  50% of
patien ts w ith  tum ors sm aller  than  2 cm .

Hearing  preservation  approaches  include  the  m iddle  cran ial
fossa  approach  and  the  retrosigm oid  (RS) approach . A transla-
byrin th ine  (TL) approach  is  a  non–hearing preservation  proce-
dure  that  gives  the  best  overall  view  of  the  CPA w ith  least
am ount  of cerebellar  retract ion , at  the  expense  of hearing. Fac-
tors  a ect ing  the  decision-m aking  process  other  than  hearing
status  and  tum or  size  include  tum or  location,  pat ient  age,
vestibular  funct ion, and  pat ien t  and  surgeon  preference  (� Ta-
ble  134.3). The  TL and  RS approaches w ill be  described  below.
In traoperative  facial  nerve  m onitoring  is  standard  during  all
approaches to the CPA.

134.8.1  Translabyrinthine Approach
Although  it  does  not  allow  hearing  preservation ,  the  TL ap-
proach  is  a  versatile  option  that  is  useful for  any tum or  size  or
location. The  TL approach  o ers  the  surgeon  the  best  view  of
the  ent ire  IAC and  CPA w hereby even  the fundus (the  m ost  lat-
eral portion  of the  IAC near  the  m eatal foram en) can  be visual-
ized. Additionally, the  TL approach  allow s the  surgeon  to view
the vestibular nerves w ith  relative ease because the facial nerve
lies m edially in  th is plane of dissection  (� Fig. 134.8).

The  TL approach  begins w ith  an  incision  placed  sligh tly pos-
terior  to  a  standard  postauricular  m astoidectomy incision, but
in  the  sam e  C-shape  configuration . A generous m astoidectomy
is  accom plished  first . Next , bone  is  rem oved  from  the  sigm oid
sinus, posterior  fossa  dura, and  m iddle  fossa  dura. Som e  sur-
geons prefer  to  leave  a  sm all island  of bone  on  the  sigm oid  si-
nus  (“Bill’s  island”)  to  protect  the  sinus  from  instrum entation
and  the  rotat ing drill shaft  during fur ther  tum or  exposure  and

Fig. 134.7  Measurement  of a  right-sided  acoustic neuroma (AN). The
petrous ridge is marked with a white dashed line. The largest  diameter
in  a  plane  parallel to  the  petrous ridge  (3.12 cm) times the  largest
diameter perpendicular to the  first  measurement  (2.49 cm) equals
7.77 cm 2. The  square  root  of 7.77 equals 2.78. The  final AN
measurement  equals 2.5 cm  (2.78 rounded  to the  nearest  0.5 cm).

Table 134.3  Advantages and disadvantages of the three major approaches to the cerebellopontine angle and internal auditory canal

Middle  cranial fossa  Translabyrinthine  Retrosigmoid

Advantages Hearing  preservation  possible
No intradural drilling
Low rate  of headache

Consistent  identification  of facial nerve
Not  limited  by tumor size
No intradural drilling
Wide  exposure  to  posterior fossa
Low recurrence  rates
Auditory brainstem  implant  placement  possible
Low rate  of headache
Minimal or no cerebellar retraction

Not  limited  by extrameatal tumor size
Hearing  preservation possible
Wide  exposure  at  brainstem
Auditory brainstem  implant  placement
possible
Consistent  identification  of facial nerve
Neurosurgeons most  familiar with  this
approach

Disadvantages  Limited  to  small tumors
Temporal lobe  retraction
Limited  posterior fossa exposure
Increased  recurrence  risk if tumor is
unfavorably positioned

Definite  complete  hearing  loss
Neurosurgeons less familiar with  this approach
Requires abdominal fat  graft

Limited exposure for lateral internal auditory
canal
Possible  intradural drilling
Higher rate  of postoperative  headache
Possible  need  for cerebellar retraction

Source: Adapted from  Bennett  M, Haynes DS. Surgical approaches and complications in the removal of vestibular schwannomas. 2007. Neurosurg Clin N
Am  2008;19(2):331–343, vii.

Posterior Skull Base Diseases and Surgery

1054



resection . A labyrinthectomy  is  perform ed, and  the  IAC from
the fundus to the  porus acusticus is skeletonized. The goal is to
rem ove bone approxim ately 270 degrees around the circum fer-
ence of the  IAC. Often , the  cochlear  aqueduct  is opened  w hile  a
trough  is  drilled  inferior  to  the  IAC and  superior  to  the  jugular
bulb. When  the  cochlear  aqueduct  is  opened, CSF flow s  from
the opening, slightly decompressing the posterior fossa.

The  dura  of the  posterior  fossa  inferior  to  the  superior  pet-
rosal sinus  and  superior  to  the  jugular  bulb  region  is  carefully
opened. The seventh  and eighth  cranial nerves can  be seen  aris-
ing from  the pons before they t ravel to the IAC through  the CPA.
Laterally, at  the  fundus  of the  IAC, “Bill’s  bar” can  be  palpated
w here  it  divides  the  facial  nerve  anteriorly  from  the  superior
vestibular  nerve  posteriorly. The  t ransverse  crest  is  seen  sepa-
rating the superior and inferior compartm ents of the IAC.

After  tum or  rem oval, the  TL defect  is  usually closed  w ith  an
abdom inal fat  graft  because it  is not  possible to achieve a water-
tigh t  dural closure  follow ing th is approach. To prevent  CSF rhi-
norrhea, the  m iddle  ear  and  eustachian  tube  are  packed  w ith
periosteal  or  m uscle  t issue,  and  the  m astoid  antrum  and  air
cells  are  covered  w ith  temporalis  fascia  and/or  bone  wax. The
fat  graft  is  gently  packed  in to  the  craniotomy  defect , and  the
wound is closed in  layers over the fat .

134.8.2  Ret rosigm oid Approach
The  RS approach  has  the  advantage  of being  fam iliar  to  m ost
neurosurgeons,  w ho  m ay  refer  to  it  as  the  suboccipital  ap-
proach. In  reality, the  two  nam es  are  often  used  in terchange-
ably, although  the  RS approach  tends  to  be  positioned  sligh tly
closer  to  the  sigm oid  and  transverse  sinuses. The  RS approach
has the ability to preserve hearing in  selected cases, but  hearing
preservation  w ith  th is  approach  is  unlikely  if  exposure  is
needed in  the lateral th ird of the IAC.

In traoperative ABR m onitoring is perform ed during an  RS ap-
proach  if hearing  preservation  is  attempted. It  is  im portant  to
prevent  antiseptic  solution  from  accum ulating  in  the  external
auditory canal because th is w ill obscure ABR readings.

The RS approach  begins w ith  an  incision  sim ilar  to that of the
TL approach. It  is im portant  to expose  adequately the  posterior
portion  of the m astoid  t ip  and  skull base. To m inim ize postope-
rative  neck pain , care  should  be  taken  to  incise  the  sternoclei-
dom astoid  m uscle  as  close  as  possible  to  w here  it  attaches  to
the  skin  near  the  m astoid  rather  than  to  cut  through  the  belly
of the  m uscle  m ore  inferiorly. A craniectomy is perform ed  w ith
cutt ing and  diam ond  burs behind  the  sigm oid  sinus and  below
the  t ransverse  sinus. A m astoid  em issary vein  is often  encoun-
tered  in  the  area  posterior  to  the  sigm oid  sinus. Hem ostasis  is
achieved  w ith  a  com bination  of bipolar  cautery and  bone  wax.
Bone  dust  should  be  collected  if an  autologous  cran ioplasty  is
planned. Ultim ately, an  approxim ately 3-cm -diam eter  opening
is m ade in  the bone.

The posterior  fossa dura is opened  sharply along the  posteri-
or aspect of the sigm oid sinus and tacked open w ith  braided ny-
lon  suture. Tum or m ay often  be rem oved w ithout drilling of the
IAC, depending on  how  laterally the tum or extends past  the po-
rus  acusticus. If the  IAC m ust  be  drilled, Gelfoam  (Pfizer, New
York, NY) or  other  barrier  m aterials are  used  to prevent  the  in-
tradural accum ulation  of bone  dust, w hich  has been  associated
w ith  postoperative headache and asept ic chem ical m eningitis.

The  edges of the  posterior  fossa  dura  incision  alm ost  always
becom e desiccated  during tum or  rem oval, but  they can  univer-
sally  be  rehydrated  w ith  irr igation  so  that  they  can  be  closed
prim arily  for  a  watertigh t  dural  closure.  The  closure  can  be
reinforced  w ith  a  piece  of m uscle  or  synthetic dural repair  m a-
tr ix  if necessary. It  is  importan t  to  separate  the  dural  closure
from  the m uscular closure to m inim ize the incidence of chronic
postoperat ive  headache. This can  be  accom plished  by placing a

Fig. 134.8  Steps in the translabyrinthine resection of an acoustic neuroma. (a) Complete mastoidectomy. (b) Decompression of middle fossa, sigmoid
sinus, and posterior fossa dura. (c) Labyrinthectomy. (d) Skeletonization of the internal auditory canal. (e) Removal of bone from the internal auditory
canal. (f) Separation of tumor from  the facial nerve. (g) Internal auditory canal after tumor removal. (h) Packing adipose tissue graft  into the surgical
defect. AN, acoustic neuroma; IAC, internal auditory canal; HC, horizontal semicircular canal; IAC, internal auditory canal; MFD, middle  fossa dura; PC,
posterior semicircular canal; PFD, posterior fossa dura; SC, superior semicircular canal; SS, sigmoid  sinus; solid arrow, incus; VII, facial nerve.
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m ixture  of bone  dust  and  blood  (bone pâté) over  the  dural clo-
sure, followed  by an  abdom inal fat  graft . Alternatively, hydrox-
yapat ite  bone  cem ent  has been  used  to  reconstruct  the  cran ial
defect  w ith  prom ising results. The  wound  is then  irr igated  and
closed in  layers over the cranioplasty site.

134.8.3  Staged Surgery and
Mult im odalit y Therapy
Occasionally, an  in traoperative  change  in  the  pat ient’s  general
health  condition  or  a  particularly di cult  tum or  rem oval m ay
require cessation  of a tum or resection  before complete rem oval.
Other  t im es,  a  poor  surgical  candidate  or  an  elderly  patient
w ith  a large tum or m ay require subtotal resection  for brainstem
decompression w ithout  being kept  under general anesthesia for
the  length  of t im e  necessary for  total tum or  rem oval. In  any of
these cases, the patien t  w ith  a subtotal or nearly total tum or re-
sect ion  w ill be left  w ith  three  options:  (1) serial observation  of
residual tum or, (2) second-stage surgery for complete resection ,
and (3) postoperative stereotactic radiosurgery (“m ult im odality
therapy”). Tailoring the t reatm ent  algorithm  based  on  all of the
available  inform ation  has been  show n  to give  patients the  best
chance  for  a  favorable  facial nerve  outcom e, especially patients
w ith  large VSs.

134.9  Com plicat ions
The prim ary goal of surgery for  CPA tum ors is the  preservation
of life. Mortality and  stroke  are  extrem ely rare  in  th is  m odern
era of skull base m icrosurgery, and  e orts are now  aim ed at de-
creasing the  m orbidity of t reatm ent. The  early  rem oval of un-
necessary  indwelling  catheters  (arterial  lines, Foley catheters),
early  am bulation , pneum atic  compression  devices, periopera-
tive  antibiotics,  and  incentive  spirom etry  help  to  m inim ize
complications  com m on  to  all  surgical  pat ien ts.  Additionally,
there  are  unique  complications that  m ay occur  after  skull base
surgery.

The  risk  for  CSF leak  follow ing  the  surgical  resection  of VS
has  been  reported  to  be  as  h igh  as  10.6% in  one  m eta-analysis
of 5,964 procedures and was not related to patient  age or tum or
size. CSF leak can  m anifest as CSF rhinorrhea, otorrhea, or drain-
age of fluid  through  the skin  incision. CSF leaks are treated w ith
stool softeners, bed  rest , lum bar drain , and/or  surgical revision .
Bacterial m eningitis, another  complication , is m ore  com m on  in
the presence of CSF leak and  is treated w ith  in travenous antibi-
otics. Aseptic m eningitis can  be  caused  by in tradural bone dust
or  other  m eningeal irr itan ts and  is typically t reated  w ith  cort i-
costeroids. Postoperative  patients  w ith  fevers and  signs of m e-
ningeal irr itation  should  be  evaluated  prom ptly w ith  a  lum bar
puncture and CSF analysis.

Im m ediate  or  delayed  facial  palsy  can  also  occur  follow ing
surgical  resection . Im m ediate  facial  palsy  is  typically  due  to  a
neurapraxia  resulting from  stretching  the  nerve  during  tum or
rem oval. Neurapraxic  injury  is  m ore  com m on  w ith  larger  tu-
m ors.  Rarely,  a  complete  ipsilateral  facial  paralysis  is  due  to
nerve  transect ion  or  other  iatrogenic  t raum a.  Delayed  facial
palsy m ay be  due  to  a  react ivation  of latent  viruses  or  delayed

surgical edem a  of the  facial nerve. It  can  occur  in  up  to  15% of
patien ts, and  som e  advocate  the  perioperative  use  of antiviral
m edication  to m inim ize the incidence of th is complication. Pre-
operative  cort icosteroids  also  help  to  control the  rates  of both
im m ediate  and  delayed  facial nerve  weakness. The  m ajority of
patien ts  w ith  a  delayed  facial palsy  recover  m ost  of their  pre-
operative funct ion , and 90% recover fully.

Headache  is  a  com m on  postoperative  complaint  follow ing
both  the  TL and  RS approaches, but  it  is m ore  com m on  follow -
ing  RS surgery. As  noted  earlier, e orts  to  separate  the  dural
closure  from  the  nuchal  m usculature  m ay  help  to  control  the
rates of long-term  post-cran iotomy headaches.

Tinnitus  is  often  present  preoperatively. Although  som e  pa-
tients  notice  im provem ent  or  resolution  of their  t innitus  after
treatm ent , som e patien ts actually develop  a new  onset  of t inni-
tus. There  have  not  been  any accepted  m ethods  to  im prove  or
predict  the outcom es of t innitus.

Although  not  a  complication , disequilibrium  or  vertigo  is  an
expected  postoperative  sym ptom ,  especially  after  the  TL ap-
proach. Patients usually have  sym ptom s that  are  inversely pro-
portional to  their  am ount  of weakness  on  preoperative  caloric
testing. Those  w ith  poorer  preoperative  inner  ear  funct ion  on
the side of the tum or have begun central and contralateral com -
pensation  and are less a ected by the acute loss of unilateral in-
ner  ear  function. Early am bulat ion  w ith  assistance  and  focused
vestibular  rehabilitation  beginning on  postoperative  day  1  are
invaluable. Most  patients do not  need  form al vestibular  therapy
after discharge.

134.10  Roundsm anship
●  The two m ost com m on neoplasm s of the CPA are vestibular

schwannom as and m eningiom as.
●  The two non–hearing preservation  approaches for the t reat-

m ent of VS are the TL and the RS approaches.
●  The four options for a patient  w ith  a diagnosis of VS are (1)

observation, (2) m icrosurgical resection, (3) stereotactic ra-
diosurgery, and (4) m ultim odality therapy (i.e., surgical resec-
tion + postoperative stereotact ic radiosurgery).

●  The gold standard for  the diagnosis of VS is MR im aging of the
brain  and IAC w ith  gadolin ium  contrast.

●  NF2 is associated w ith  an  autosom al-dom inant m utation  in  a
gene located on  chrom osom e 22 (22q12) that codes for a tu-
m or suppressor protein , m erlin .

●  The m ost  com m on grade of m eningiom a is WHO grade I.
●  “Rollover” is seen  w hen  a pat ien t  w ith  ret rococh lear  path -

ology has a  decreasing SDS as speech  is presen ted  at  louder
levels.
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135  Middle Cranial Fossa Anatomy and Surgery
Seilesh C. Babu and Matthew L. Kircher

135.1  Int roduct ion
The  m iddle  cranial  fossa  (MCF), comprising  the  greater  sphe-
noid  w ing and  the  temporal bone, form s  the  base  of the  skull
upon w hich  the temporal lobe rests. The anatomy, including the
neurovascular  structures that  traverse  the  MCF and  the  cochle-
ovestibular  apparatus  that  lies  w ithin  the  petrous  tem poral
bone, w ill be  reviewed. Com m on  disease  processes and  the ba-
sic surgical approaches relevant  to the  MCF w ill be  the focus of
this chapter.

The  MCF approach  was popularized  by Dr. William  House  in
the  1960s. The  approach  had  been  described  previously, but  it
was the  work of House  that  established  th is approach  as a  reli-
able  surgical  technique. In itially,  its  ut ility  was  in  addressing
vestibular  schwannom a  in  pat ien ts  w ith  serviceable  hearing
and  tum ors  that  were  relatively sm all and  localized  to  the  in-
ternal  auditory  canal.  The  indications  for  the  MCF approach
have  since  expanded  to  address  m ultiple  skull  base  patholo-
gies,  w ith  the  advantage  that  the  labyrinth  and  its  related
structures  can  be  approached  from  above,  allow ing  the
labyrinth  to rem ain  in tact .

135.2  Com m on Indicat ions for
Middle Cranial Fossa Surgery
1. Middle and posterior cran ial fossa neoplasm s, including ves-

tibular schwannom as, m eningiom as, epiderm oids, and
arachnoid cysts

2. Petrous apex lesions, such  as cholesterol granulom as, pri-
m ary cholesteatom as, chondrosarcom as, and m etastases

3. Superior sem icircular canal dehiscence syndrom e
4. Middle fossa encephalocele and cerebrospinal fluid (CSF)

leak
5. Facial nerve decom pression  for facial nerve paralysis

135.3  Incidence of Disease
1. Vestibular schwannom as: Vestibular schwannom as account

for m ore than  90% of neoplasm s of the cerebellopontine an-
gle (CPA) and in ternal auditory canal (IAC). Less com m on le-
sions include m eningiom a, epiderm oid, and facial nerve
schwannom a.

2. Petrous apex lesions: Petrous apex lesions are relatively rare
and typically reported as sm all case series, even  at large skull
base surgical centers. However, incidental petrous apex find-
ings are becom ing m ore com m on because of the routine use
of computed tomography (CT) and m agnetic resonance (MR)
im aging. Cholesterol granulom a is the m ost com m on lesion
of the petrous apex.

3. Superior sem icircular canal dehiscence (SSCD) syndrom e:
This entity was first described by Lloyd Minor in  1998. The
incidence of anatom ical canal dehiscence is 0.5%, w ith  only a
sm all subset of patients actually experiencing sym ptom s.

4. Middle fossa encephalocele: The incidence of tegm en defects
in  th is region  ranges from  6% to 22%; once again , on ly a sm all
subset of patients w ith  tegm en defects w ill develop an  ence-
phalocele and/or CSF.

5. Facial nerve paralysis: Bell palsy is the m ost com m on cause
of facial paralysis, w ith  m ost  patien ts recovering full facial
function. Traum a to the facial nerve m ay also occur after a
temporal bone fracture or during surgical procedures. Stud-
ies have identified poor prognostic factors for facial recovery
that  include progression  to full paralysis and paralysis that
does not  recover w ithin  3 weeks. Elect rodiagnost ic techni-
ques can  quantify neural degeneration  and predict  the likeli-
hood of recovery. Pat ien ts at  risk for poor recovery are rare
but m ay benefit  from  facial nerve decom pression to im prove
function.

135.4  Applied Anatom y
When  the  m iddle  fossa floor  is  viewed  from  above, the  gasser-
ian  ganglion  is located at the anterior aspect of the petrous apex
and gives o the three subdivisions of the tr igem inal nerve. The
m andibular  division, V1, passes anteriorly through  the  superior
orbital fissure. The  m axillary and  ophthalm ic divisions, V2  and
V3, pass through  the foram en  rotundum  and  foram en  ovale, re-
spectively. Posterior  to  the  foram en  ovale  lies the  foram en  spi-
nosum , through  w hich  the  m iddle  m eningeal artery enters the
MCF. The greater  superficial petrosal nerve exits from  the  geni-
culate  ganglion  at  the lateral aspect  of the  in ternal auditory ca-
nal (IAC) and  runs in  an  an terom edial direction  across the floor
of the  MCF in  parallel alignm ent  w ith  the  deeper  and  m ore lat-
eral tensor tym pani m uscle and Eustachian  tube. The horizontal
portion  of the  carotid  artery lies m edial to the  eustachian  tube
and  inferior  to  the  greater  superficial  petrosal  nerve  as  it
courses toward the cavernous sinus (� Fig. 135.1).

Posteriorly, the  arcuate  em inence  approxim ates  the  position
of the superior sem icircular canal, w hich tends to be perpendic-
ular  to the  petrous ridge, although  the  orientation  m ay be vari-
able in  som e patients. Medially, the superior petrosal sinus runs
along the petrous ridge. The IAC lies in  approxim ately the sam e
plane  as  the  external  auditory  canal  and  is  found  m edially  at
the bisected  angle of the  superior  sem icircular  canal and  great-
er  superficial petrosal nerve. The cochlea lies m edial and  inferi-
or  to  the  geniculate  ganglion  at  the  junct ion  of  the  greater
superficial petrosal nerve  and  IAC. The vestibule  is situated  an-
terolateral to the superior sem icircular canal betw een  the later-
al end of the IAC and the m iddle ear space.

After  the superior  wall of the IAC is rem oved, the facial nerve
can  be  seen  in  the  anterosuperior  portion  of the  IAC and  the
superior  vestibular  nerve  in  the  posterosuperior  portion, sepa-
rated  by “Bill’s bar” in  the lateral aspect  of the  IAC. The tegm en
tym pani  and  tegm en  m astoideum  are  situated  lateral  to  the
labyrinth . This  bone  can  be  rem oved  to  reveal  the  epitym pa-
num , the  tym panic  segm ent  of  the  facial  nerve, the  ossicular
chain , and the m astoid antrum .
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135.5  Et iology/Pathogenesis
1. Vestibular schwannom a: The m ost com m on lesion of the cer-

ebellopontine (CPA) and IAC is vestibular schwannom a. A
slow -grow ing benign  tum or of the eighth  cranial nerve
sheath , it  accounts for 8 to 10% of all in t racranial tum ors.
These lesions exert  pressure on  surrounding neurovascular
structures, thereby leading to auditory and vestibular sym p-
tom atology. The vast  m ajority occur sporadically. Tum ors
w ith  a genetic origin  are typically m anifestations of the neu-
rofibrom atoses types I and II.

2. Petrous apex lesion: The m ost com m on lesion  of the petrous
apex is cholesterol granulom a. Histologically, these lesions
consist  of a granulom atous response to cholesterol degrada-
tion  components in  blood. They develop in  aerated portions
of the temporal bone, including the petrous apex, distant  to a
lesion that prevents norm al air cell aeration. Traum a or infec-
tion  w ith  hem orrhage is a m ajor factor theorized to predis-
pose to the form ation  of these lesions.

3. SSCD syndrom e: SSCD syndrom e is the result  of bony dehis-
cence over the superior canal. There appears to be a develop-
m ental or congenital predisposition  to these bony defects be-
cause the bone overlying the in tact  portions of the superior
canal is significantly th inner in  pat ients w ith  unilateral de-
h iscence than  in  pat ients w ithout  SSCD. The onset of the
signs and sym ptom s associated w ith  SSCD syndrom e typi-
cally occurs in  adulthood, suggesting that patients w ith  an
already th in  tegm en bone m ay be predisposed to the devel-
opm ent of a dehiscence caused by overlying temporal lobe
pulsations. The dehiscence e ect ively creates a th ird m obile
w indow  of the inner ear. Whereas sound pressure norm ally
enters through the oval w indow  and dissipates through the
round w indow, the superior canal defect  allow s pressure to
dissipate at  th is site. As a result, the superior canal is respon-
sive to sound and pressure stim uli.

4. Middle fossa encephalocele: Congenital predisposition  to
m iddle fossa encephalocele is thought to result  from  a dis-
turbance in  the norm al ossificat ion  and pneum atization  of
the temporal bone. This disturbance in  turn  creates a bony
defect . However, encephalocele develops in  only a sm all sub-
set of pat ients w ith  tegm en defects. Encephalocele form ation
and/or CSF leak is often tim es associated w ith  a locally de-
struct ive inflam m atory process such  as cholesteatom a or
chronic otit is m edia, although surgical and nonsurgical t rau-
m a is also im plicated. In  addition, factors such as benign  in-
tracranial hypertension  and obesity have been  suggested.

5. Facial paralysis: Facial paralysis is m ost com m only due to Bell
palsy, but  herpes zoster oticus, temporal bone fracture, facial
neoplasm , Melkersson-Rosenthal syndrom e, Lym e disease,
otit is m edia, and congenital causes m ust  also be considered
in  the di eren t ial. Most com m only, facial nerve paralysis
am enable to MCF decompression  or repair is secondary to
Bell palsy or to accidental or iatrogenic traum a.

135.6  Clinical Presentat ion
135.6.1  Vest ibular Schwannom a
The typical clin ical presentation  of a vestibular schwannom a in-
cludes  unilateral t innitus  and  slow ly progressive  sensorineural
hearing  loss. Sym ptom s  m ay  be  present  for  years  before  they
are  brought  to the  attention  of a  pract it ioner  because  these  le-
sions  tend  to  be  slow -grow ing, averaging 2 m m  of grow th  per
year.  In it ially,  a  tum or  confined  to  the  IAC m ay  be  asym pto-
m atic,  but  w ith  grow th,  the  cochleovestibular  nerve,  facial
nerve, and  labyrinthine  vasculature  becom e compressed. Many
patients  w ill  describe  a  m ild,  nondebilitating  im balance  be-
cause  the  contralateral  labyrinth  generally  compensates  well
for single-sided vestibular loss. Also, the facial nerve tends to be
relatively  resistan t  to  tum or  compression  and  is  a ected  only

Fig. 135.1  View of the  right  side  in  the  middle
cranial fossa surgical approach. 1, Internal audi-
tory canal; 2, geniculate  ganglion; 3, tympanic
segment  of facial nerve; 4, greater superficial
petrosal nerve; 5, carotid  artery; 6, eustachian
tube; 7, tympanic membrane  anulus; 8, cochle-
ariform  process; 9, long  process of incus; 10,
superior semicircular canal; 11, cochlea; asterisk,
labyrinthine  segment  of facial nerve.
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by very large tum ors. Those  tum ors that  continue  to grow  m ay
expand  the  IAC and  protrude  in to the  CPA. Rarely, m uch  larger
lesions  w ill compress  the  brainstem , leading to  hydrocephalus
and even  death  from  tonsillar hern iation.

135.6.2  Pet rous Apex Lesion
Patients  w ith  petrous  apex  lesions  m ay present  w ith  a  variety
of sym ptom s  and  clin ical  findings. Classically, Gradenigo  syn-
drom e  describes  retro-orbital  pain ,  otorrhea,  and  ipsilateral
sixth  cran ial  nerve  paresis  secondary  to  petrous  apicitis. Cho-
lesterol granulom a and  other  petrous apex lesions m ay also  be
diagnosed  incidentally on  im aging studies. However, larger  le-
sions  m ay  present  w ith  hearing  loss  and  vestibular  weakness
due  to  IAC compression. In  addition, patients  m ay experience
headache  and/or  ret ro-orbital, facial, or  neck  pain , depending
on the port ion of the temporal bone a ected.

135.6.3  Superior Sem icircular Canal
Dehiscence Syndrom e
Patients  w ith  SCCD syndrom e  are  variably  a ected  by  ver tigo
brought  on  by  loud  sounds  (Tullio  phenom enon), t ragal  com -
pression , Valsalva  m aneuver, or  nose  blow ing. In  addition, au-
tophony  and  som etim es  bizarre  complaints  such  as  “hearing”
one’s  eye  m ovem ents  m ay be  present. The  Weber  tuning  fork
test  typically  lateralizes  to  the  a ected  ear, and  patients  also
m ay  hear  a  tun ing  fork  placed  on  the  lateral  m alleolus  of the
ankle. The  clin ical m anifestat ions of SSCD syndrom e  are  varia-
ble;  som e  patients are  a ected  solely by vestibular  or  auditory
sym ptom s, w hereas  others  w ill  be  a ected  by  a  com bination.
The application  of positive pressure to the external auditory ca-
nal  ultim ately  causes  endolym ph  displacem ent, leading  to  an
excitatory  am pullofugal  deflect ion  of  the  superior  canal.  This
excitat ion  causes slow -com ponent  nystagm us directed  upward
and away from  the a ected ear w ith  fast  component  nystagm us
in  the  opposite  direct ion. These  evoked  eye  m ovem ents  are  in
the plane of the superior canal.

135.6.4  Middle Fossa Encephalocele
This  en tity  m ay  present  w ith  a  unilateral m iddle  ear  e usion,
conductive  hearing loss, a  m iddle  ear  or  m astoid  m ass, otorhi-
norrhea, or  m eningitis  or  another  in tracranial infect ious  proc-
ess. A com m on  scenario  is  an  adult  pat ient  presenting  w ith  a
unilateral  m iddle  ear  e usion  and  conduct ive  hearing  loss.
After  a  benign  nasopharyngeal exam inat ion, myringotomy and
tube  placem ent  are  perform ed, and  the  pat ien t  notes a  persis-
ten t  clear  otorrhea.  Leakage  m ay  be  in term ittent  and  occur
spontaneously or  w ith  increased  in tracran ial pressure  (i.e., Val-
salva m aneuver).

135.6.5  Facial Paralysis
Facial funct ion  should  be  docum ented  w ith  an  established  sys-
tem , such  as  the  House-Brackm ann  grading  scale, to  quantify
the  dysfunct ion  and  t rack  outcom es. The  clin ical  presentation
in  facial paralysis  is  of the  utm ost  im portance  in  determ ining
the  etiology, w ith  special attention  to  the  onset, duration, and

severity of paralysis. A complete  h istory and  physical exam ina-
tion, including  otoscopy, should  be  perform ed  in  all  patients.
Middle  ear  and  parotid  lesions  responsible  for  facial  paralysis
m ay be evident on  exam inat ion.

The  acute  onset  of  paralysis  or  paresis  w ith  full  recovery
w ithin  3  weeks  is  seen  in  the  m ajority  of  patients  w ith  Bell
palsy. Those  patients  w ith  a  gradual onset  of weakness  over  3
weeks, failure  to  resolve  incomplete  paresis,  failure  to  regain
function  after  3  to  6  m onths, recurrent  facial palsy, facial pain ,
or  associated  cranial neuropathy should  be  considered  for  fur-
ther work-up.

Im m ediate  facial  paralysis  after  traum a  indicates  sign ificant
nerve  impingem ent  or  transect ion. Delayed  weakness indicates
the  gradual developm ent  of nerve  edem a and  blockage  of axo-
plasm ic flow.

135.7  Test ing
135.7.1  Vest ibular Schwannom a
Auditory  and  vestibular  studies  assess  the  funct ional in tegrity
of  the  audiovestibular  system  and  are  the  preferred  in itial
screening  studies.  Based  on  th is  inform ation ,  the  decision  to
perform  im aging studies for a definitive anatom ical diagnosis is
m ade.

Audiom etry
Asym m etric  sensorineural  hearing  loss  or  impairm ent  of
speech  discrim ination  disproportionate  to  pure-tone  loss  on  a
routine audiogram  is suggestive of a retrocochlear lesion.

Auditory Brainstem  Response Test ing
The  brainstem  response  to  a  broadband  click  is  recorded, and
the  latencies  of wave  V for  the  two  ears  are  compared. An  ad-
justed  in teraural latency  for  wave  V greater  than  0.2  m illisec-
onds  is  considered  abnorm al  and  suggestive  of  retrocochlear
pathology.

Vest ibular Test ing
Elect ronystagm ography  and  caloric  testing  m ay  reveal  un ilat-
eral  vestibular  weakness  w hen  retrocochlear  pathology  is
present.

Im aging
CT can  provide  useful  in form ation  regarding  temporal  bone
pathology,  but  MR im aging  w ith  gadolinium  is  the  im aging
choice  of study  for  the  evaluation  of vestibular  scw hannom a.
Schwannom as  enhance  w ith  gadolinium  and  tend  to  be  isoin-
tense  or  hypoin tense  to  brain  on  T1-weighted  im ages  and  hy-
perin tense on T2-weighted im ages.

135.7.2  Pet rous Apex Lesion
Audiom etry
Audiom etry  is  a  sine  qua  non  before  any  in tervent ion  of  the
temporal bone.

Middle Cranial Fossa Anatomy and Surgery

1060



Im aging
Characteristic  CT and  MR im aging  findings  are  param ount  in
evaluating  lesions  of the  petrous  apex. The  com binat ion  of CT
and  MR im aging provides the  m ost  complete  radiologic assess-
m ent  of petrous  apex  lesions, allow ing  the  di erentiation  be-
tween  benign  and  m alignant  lesions  and  norm al  anatom ical
variants.

135.7.3  Superior Sem icircular Canal
Dehiscence Syndrom e
Audiom etry
Routine  audiogram  m ay reveal a  m ild  conductive  hearing  loss
at  lower  frequencies  and  bone  conduct ion  thresholds  below
0 dB nHL.

Vest ibular Test ing
Vestibular  evoked  myogenic  poten t ial  (VEMP)  responses  have
been  used  to assess for  the  presence  of SSCD syndrom e. In  th is
test ,  nerve  potent ials  evoked  by  clicks  or  tone  bursts  are  re-
corded  from  surface  electromyographic  (EMG)  electrodes
placed  over  the  ipsilateral  sternocleidom astoid  m uscle  w hile
that  m uscle  is  ton ically contracted. The  reflex  is  thought  to  be
activated  by sound  transm it ted  through  the  stapes footplate  to
the saccule and  inferior  vestibular  nerve. The threshold  for elic-
iting the  VEMP response  is  lower  in  an  ear  a ected  w ith  SSCD
than  in  a norm al ear.

Im aging
High-resolution  CT scans reconstructed  in  the plane of and  per-
pendicular  to  the  plane  of the  superior  sem icircular  canal can
confirm  the dehiscence of overlying bone. Of note, SSCD m ay be
noted  incidentally  on  im aging  in  pat ien ts  w ithout  signs  or
sym ptom s of SCCD syndrom e.

135.7.4  Middle  Fossa Encephalocele
Laboratory
Collected  fluid  suspected  to be CSF can  be evaluated  for a num -
ber  of factors  that  are  consistent  w ith  CSF composition . A glu-
cose  value  that  is  60% of serum  levels, a  protein  concentration
of less than  200 m g/dL, and a chloride level greater  than  norm al
serum  levels are all consistent  w ith  CSF. However, it  m ay be dif-
ficult  to collect  enough  fluid  to accurately assess these param e-
ters. The  identificat ion  of β2-transferr in , a  protein  found  in  CSF
and perilym ph, is the m ost  sensitive and specific laboratory test
to  confirm  the  presence  of CSF, w ith  only sm all trace  am ounts
of fluid required for testing.

Im aging
High-resolution  CT scans  are  needed  to  define  bony defects  in
the tegm en tym pani or  m astoideum , and MR im aging is superi-
or  for  defin ing  soft-t issue  and  dural  characteristics  and  con-
firm ing  encephalocele  com m unication  w ith  the  in tracranial
cavity.  CT w ith  the  in trathecal  inject ion  of  m etrizam ide  can

show  CSF leak fistulas for  diagnosis and  localization. The use  of
other  rad iopaque  in trathecal  agen ts, such  as  fluorescein  and
indigo  carm ine,  has  been  repor ted.  The  m ain  lim itat ion  is
that  sm all or  in term it ten t  leaks can  lead  to false-negat ive  test
resu lts.

135.7.5  Facial Paralysis
Laboratory
Laboratory  panels  including  blood  glucose,  erythrocyte  sedi-
m entation  rate,  angiotensin-converting  enzym e,  Lym e  titers,
and  VDRL (Veneral  Disease  Research  Laboratory)  testing, m ay
be sent  to evaluate for system ic causes of facial paralysis.

Elect rophysiology
Most  physicians use electroneuronography (ENOG) and  EMG to
determ ine the level of nerve injury. In  cases of incomplete para-
lysis, ENOG m ay give  prognostic inform ation, although  in  gen-
eral these pat ien ts have a good prognosis for full facial nerve re-
covery. In  patients w ith  complete  paralysis, ENOG can  estim ate
the  am ount  of nerve  fiber  degeneration. It  is  used  betw een  4
and 21 days after paralysis to allow  tim e for the onset of waller-
ian  degeneration.  Voluntary  EMG potentials  are  m easured  as
w ell  because  these  m ay  be  presen t  in  a  regenerat ing  nerve
and  would  indicate  a  greater  chance  of facial nerve  recovery.
Degenerat ion  of m ore  than  90% on  EMOG w ithout  volun tary
EMG poten t ials  indicates  a  greater  likelihood  of  poor  facial
nerve  recovery,  and  facial  nerve  decom pression  m ay  there-
fore be  considered.

Im aging
Facial paralysis after temporal bone traum a should be evaluated
w ith  high-resolution  CT of the  temporal bone. Infect ious or  in-
flam m atory  processes  m ay  show  evidence  of  enhancem ent
along the  fallopian  canal w ith  gadolin ium -enhanced  MR im ag-
ing. In  th is situation, edem a at  the m eatal foram en  is posited  to
be  the  com m on  epicenter  of neural injury. In  addition, CT and
MR im aging are  complem entary in  evaluating neoplastic proc-
esses involving the facial nerve.

135.8  Treatm ent
135.8.1  Middle Cranial Fossa Surgery:
Basic Technique
A preauricular  incision  is  extended  along the  temporal region.
Tem poralis  fascia  is  harvested  as  necessary.  The  temporalis
m uscle is divided, and a 5 x 5-cm  craniotomy is perform ed cen-
tered  over  the  zygom atic root. The  floor  of the  m iddle  fossa  is
exposed  by elevating the  dura  in  a  posterior  to  an terior  direc-
tion  to  avoid  injury to  the  geniculate  ganglion. Dural elevation
continues  m edially  to  the  level  of the  superior  petrosal  sinus.
The principal landm arks for orien tation to the IAC are the great-
er  superficial  petrosal  nerve  and  the  arcuate  em inence,  a
m arker  for  the  superior  sem icircular  canal. With  the  surgeon
working at  the bisected angle of these landm arks, w ide skeleto-
n ization  of the  IAC begins m edially. With  progressively sm aller
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diam ond burs, the IAC is unroofed  superiorly. Care m ust  be tak-
en  in  the lateral port ion  of the canal because of the proxim ity of
the cochlea and vestibule. For tum or rem oval in  the IAC, the du-
ra of the IAC is opened and  the facial nerve is freed  from  the tu-
m or, w ith  care taken  to preserve the vascular structures as well.
Once tum or rem oval is complete, the canal is sealed w ith  autol-
ogous fat , fascia, or m uscle, and the bone flap  is replaced.

135.8.2  Potent ial Com plicat ions
CSF leak m ay occur if the dura is violated. This should  be a con-
sideration  in  older patients because the dura m ay be less resist-
ant  to  injury and  tear  easily w ith  elevation. In tracranial hem a-
tom a is a  rare  postoperative  complication  in  w hich  the  patient
m ay present  w ith  m ental status  change  or  severe  headache. If
th is  complication  occurs, the  patient  m ust  be  returned  to  the
operating  room  quickly  for  hem atom a  evacuat ion  to  prevent
m ore  serious  sequelae. Language  im pairm ent  caused  by  dam -
age of the dom inant temporal lobe m ust  also be considered.

135.8.3  Disease-Specific Treatm ent
Considerat ions
Vest ibular Schwannom a
Treatem ent  options include observation , stereotact ic radiother-
apy, and  m icrosurgical resection . Vestibular  schwannom as  are
typically slow -grow ing tum ors. In  fact, approxim ately one-th ird
of tum ors followed  over  a  period  of 5  years showed  no grow th
on im aging. Nonetheless, serial MR im aging is indicated to track
tum or  progress because  som e tum ors have been  show n  to dis-
play rapid  grow th . Poor  operative  candidates w ith  tum ors that
display  grow th  m ay  be  o ered  stereotact ic  radiotherapy  as  a
prim ary  treatm ent  m odality.  In  addition ,  patients  w ho  have
undergone a subtotal resection  because  attempts at  total resec-
tion  m ight  have  caused  undue  facial  nerve  m orbidity  m ay
receive adjuvant  radiotherapy. Very large tum ors causing brain-
stem  compression  are an  absolute indication  for surgery, w ith  a
higher risk for  facial nerve dysfunct ion . Patients w ho have large
tum ors w ith  significant  CPA involvem ent  m ay not  be ideal can-
didates for  prim ary radiation  therapy because postradiation  tu-
m or  swelling w ith  hydrocephalus is a recognized  complication .
Ultim ately, except  for  those  w ith  large  tum ors  causing  brain-
stem  compression, pat ients  m ay  choose  the  t reatm ent  option
that best suits them .

The  prim ary  surgical  approaches  used  in  the  resection  of a
vestibular schwannom a are the translabyrinth ine, retrosigm oid,
and  MCF approaches.  The  retrosigm oid  and  MCF approaches
can  potent ially  save  hearing  in  selected  pat ients. The  t ransla-
byrinthine  approach  sacrifices  hearing  but  is  a  m ore  direct
approach  to  the  CPA and  IAC, w ith  the  resultant  advantage  of
requiring m inim al brain  retract ion. The  retrosigm oid  approach
is best suited for patients w ho have CPA-based lesions w ith  lim -
ited  IAC extension  and  serviceable  hearing. Cerebellar  retrac-
tion  m ay  be  required  for  optim al  exposure. The  m iddle  fossa
approach  is  ideally  suited  for  the  resection  of in tracanalicular
tum ors  in  pat ien ts  w ith  serviceable  hearing.  The  MCF ap -
proach  requires  tem poral  lobe  retract ion  and  thus  provides
lim ited  m edial exposure  for  lesions involving m ore  than  1 cm
of the  CPA.

The success of hearing preservation  depends in  large  part  on
m aintenance  of  the  cochlear  blood  supply.  Disruption  of  the
labyrinthine  artery after  IAC dissection  despite  cochlear  nerve
preservation  can  result  in  significant  postoperative hearing loss.
In  addition, care m ust  be taken  to preserve the an terior  inferior
cerebellar artery, w hich m ay loop in to the IAC.

Pet rous Apex Lesion
The  im aging  characteristics  of petrous  apex  lesions  are  para-
m ount  in  establishing a diagnosis and  determ ining the need  for
surgical  in tervent ion. Benign-appearing  cystic  lesions  m ay  be
m anaged  conservatively  w ith  observation . Solid  tum ors  of the
temporal bone and cholesteatom a are rem oved w hen first  iden-
tified  to  prevent  the  further  involvem ent  of nearby vital struc-
tures. Drainage  procedures  are  inadequate  t reatm ent  for  these
lesions, and  all  reasonable  e orts  should  be  m ade  to  rem ove
them  ent irely,  w hile  m inim izing  m orbidity.  Fortunately,  the
m ost  com m on  petrous apex lesion, cholesterol granulom a, is  a
benign  cystic lesion  that  can  be  m anaged  w ith  drainage  to  an
aerated portion  of the temporal bone.

Drainage  of a  petrous  apex  cystic  lesion  is  com m only  per-
form ed  via  a transcanal infracochlear  technique;  however, ana-
tom ical  constraints  m ay  som etim es  lim it  th is  approach .  The
MCF craniotomy allow s drainage  of the  cyst  from  above via the
previously  m ent ioned  MCF surgical  steps. Of note, the  IAC is
identified  only  as  necessary  to  orient  surgical  landm arks. The
cyst  is  opened,  and  a  catheter  is  placed  w ithin  the  cyst  and
routed  to  an  opening in  the  tegm en  m astoideum  to allow  con-
tinued drainage.

Superior Sem icircular Canal Dehiscence
Syndrom e
The  severity  of sym ptom s  m ust  be  weighed  against  the  risks
and  benefits  of  surgery.  Som e  patients  m ay  choose  lifestyle
changes  instead  of surgery, sim ply avoiding stim uli that  evoke
sym ptom s (i.e., loud  sounds, am bient  pressure  changes). Place-
m ent  of a  tym panostomy  tube  m ay  be  beneficial  in  som e  pa-
tients w ith  principally pressure-induced  sym ptom s. Autophony
or  a  m ild  conduct ive  hearing  loss  m ay  be  tolerable  to  som e
and  in tolerable  to  others.  For  those  pat ien ts  debilitated  by
sym ptom s, p lugging or  resurfacing of the  superior  canal m ay
be  o ered.

This procedure m ay be done via a transm astoid or an  MCF ap-
proach, each  w ith  inherent  advantages  and  disadvantages. In
general,  the  MCF approach  requires  temporal  lobe  retract ion
but  o ers a m ore  direct  exam ination  of the superior  sem icircu-
lar  canal  for  identification  and  m anipulation. For  canal  occlu-
sion, an  MCF craniotomy  is  perform ed, and  after  exposure  of
the  superior  sem icircular  canal, harvested  fascia  is  gently  slid
into  the  lum en  of the  bony superior  canal, w ith  care  taken  to
preserve the underlying m em branous superior canal. Overlying
bone chips are then  used to secure the fascia in  place.

Besides the  general risks inherent  to MCF craniotomy, poten-
tial  complications  of  superior  sem icircular  canal  occlusion
include sensorineural hearing loss and  in itial worsening of im -
balance sym ptom s postoperat ively. Im balance tends to improve
w ith  am bulation  and  physical therapy;  however, recovery  can
be a longer and m ore di cult  process in  older pat ients.
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Middle  Fossa Encephalocele
Traum atic  CSF leak  tends  to  respond  to  conservative  m anage-
m ent  w ith  or  w ithout  a  lum bar  drain . Middle  fossa encephalo-
cele w ith  CSF leak requires surgical in tervent ion  to reconstitute
the  bony defect  and  prevent  further  encephalocele  hern iation .
The curren t  standard  for  encephalocele  repair  involves a m ulti-
layered  closure  including  a  soft-t issue  repair  of  the  dura
com bined w ith  a repair of the bone defect . The encephalocele is
resected  or  reduced  w ith  bipolar  cautery because  it  is  inact ive
glial  t issue. Tem poralis  fascia  is  typically  used  for  soft  t issue,
w ith  cort ical bone  grafts  or  hydroxyapatite  synthetic bone  ce-
m ent  used  to  reconstruct  the  bony  defect .  Transm astoid  and
m iddle  fossa  cran iotomy  approaches  are  routinely  used  to
expose  these  leaks,  often  in  com binat ion.  The  transm astoid
approach  is  best  suited  for  isolated  posterior  tegm en  defects.
Anterior  or  m edial sites  are  addressed  via  MCF craniotomy. In
addition , m ultiple  areas  of tegm en  dehiscence  m ay be  present
and  are  best  visualized  from  the  MCF view point. The  potential
for  m eningitis  m ust  be  considered  w henever  a  CSF  leak  is
present.

Facial Nerve Paralysis
If a facial nerve has m ore than  90% degeneration  on  ENOG w ith
absent  EMG potent ials, then  patien ts m ay be o ered  MCF facial
nerve  decom pression. Facial nerve  decompression  via  MCF has
been  show n  to  have  benefit  only  w ithin  2  weeks  after  injury
and  is  in tended  to  reduce  perineural  edem a  and  reestablish
neural  in tegrity  along  the  labyrinth ine,  m eatal  foram en,  and
geniculate  ganglion  segm ents  of the  facial nerve  in  Bell  palsy.
Traum atic facial nerve injuries m ay also be explored through  an
MCF approach  for  decompression  or  repair  via  prim ary  nerve
anastom osis or graft ing.

135.9  Roundsm anship
●  The m iddle cranial fossa approach  m ay be used to address

sm all vestibular schwannom as in  the in ternal auditory canal

or w ith  m oderate extension  in to the cerebellopontine angle
in  pat ients w ho have good preoperative hearing.

●  Cholesterol granulom a and other petrous apex lesions m ay be
addressed w ith  a m iddle cran ial fossa approach.

●  Superior sem icircular canal dehiscence m ay be treated w ith
canal occlusion via m iddle cran ial fossa exposure of the canal
dehiscence.

●  Middle fossa encephalocele and CSF leak are com m only re-
paired via a m iddle cranial fossa craniotomy.

●  Facial nerve decom pression or repair  via m iddle cran ial fossa
craniotomy m ay be used in  patien ts w ith  complete facial pa-
ralysis and elect rophysiologic testing indicating a poor chance
of facial nerve recovery.
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136  Vascular Tum ors of the Skull Base and Pet rous Apex
Lesions
Raj Murali, Dhruve S. Jeevan, Jayson A. Neil, and Christopher J. Linstrom

136.1  Jugular Foram en Lesions
Tum ors  of the  skull  base  pose  a  significant  m anagem ent  chal-
lenge  as  a  consequence  of the  proxim ity of complex neurovas-
cular  structures.  Advances  in  anesthesia,  im aging  m odalit ies,
and  m icrosurgical techniques have enabled  the surgical rem ov-
al of these lesions. Because of their  rarity and  the complexity of
their  m anagem ent, these  tum ors are  best  m anaged  by a  m ulti-
disciplinary team  that  often  includes a neurosurgeon  as well as
an  otolaryngologist .

A variety of vascular  tum ors can  a ect  the  skull base, includ-
ing  hem angiom as, hem angiopericytom as, lymphangiom as, ju-
venile  nasopharyngeal angiofibrom as, angiom atous  m eningio-
m as, and paragangliom as (glom us tum ors). As a w hole, they are
uncom m on  entit ies, and  thus accurate  inform ation  about  their
incidence  is  unavailable. Many of these  lesions  are  beyond  the
scope of th is chapter, and we w ill focus our attention  on  tum ors
of the jugular foram en and paragangliom as.

The  jugular  foram en  is  a  complex structure  in  the  skull base
at  the  junct ion  of the  temporal and  occipital bones. The  m ost
com m on vascular  tum ors of th is region  are glom us jugulare tu-
m ors.  These  benign  tum ors  arise  from  the  neuroendocrine
autonom ic chem oreceptor  cells  (glom us  bodies)  of the  jugular
bulb  and  surrounding region  and  are  included  in  a group  of tu-
m ors  referred  to  as  paragangliom as.  Paragangliom as  occur  at
various  sites  and  include  carotid  body, glom us  vagale  (inferior
vagal ganglion), and  glom us tym panicum  (m iddle  ear) tum ors.
Although the tum ors are usually slow -grow ing and hypervascu-
lar, they occasionally can  be m ore aggressive or even  m alignant.

136.1.1  Incidence of Disease
Glom us jugulare tum ors are very rare, w ith  an  estim ated  annu-
al incidence  of 1  per  1.3  m illion  persons. Nonetheless, glom us
jugulare  tum ors  rem ain  the  m ost  com m on  tum ors of the  m id-
dle  ear  and  are  second  only to  vestibular  schwannom as as  the
m ost  com m on  tum ors  of the  temporal bone. The  m ean  age  of
patien ts at  presentation  is betw een 40 and 70 years, and the tu-
m ors are  m ore com m on  in  fem ales than  in  m ales by a 6:1 ratio.
There  is  a  left-sided  predom inance,  w ith  a  m ulticentric  inci-
dence of 3  to 10% in  sporadic cases and  of 25  to 50% in  fam ilial
cases.

136.1.2  Applied Anatomy
The jugular foram en is perhaps the m ost complex of all the skull
base  foram ina  (� Fig.  136.1,  � Fig.  136.2,  � Fig.  136.3,
� Fig. 136.4, � Fig. 136.5, � Fig. 136.6). It  is  an  irregular  gap  in
the skull base of the posterior cranial fossa between  the tempo-
ral and  occipital bones. Both  neural and  venous structures  are
transm itted  through  it . Som etim es, the  term s  jugular  foramen
and jugular  fossa  are used  in terchangeably to describe the jugu-
lar  foram en. However, str ictly speaking, the  term  jugular  fossa
should  be lim ited  to the deep, thum b-shaped depression  that  is
seen  on  the  external aspect  of the skull base. Anatom ically, th is
depression  is  just  below  the  jugular  foram en  and  houses  the
jugular bulb.

The foram en is separated by a fibrous band (jugular spine) in-
to a  larger  posterolateral compartm ent  (pars venosa) transm it-

Fig. 136.1  Cranial base  anatomy: superior view.
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t ing  the  jugular  bulb, posterior  m eningeal  artery, and  cranial
nerves (CNs) X and  XI. The  sm aller  anterom edial compartm ent
(pars  nervosa)  receives  the  inferior  petrosal  sinus  and  CN IX
(see � Fig. 136.2, � Fig. 136.4, � Fig. 136.5, � Fig. 136.6).

The inferior  petrosal sinus and  the sigm oid  sinus join  to form
the  in ternal jugular  vein  in  the  posterior  compartm ent  of the
jugular  foram en. At  its origin, the in ternal jugular  vein  is som e-
w hat  dilated, and  th is dilatation  is called  the superior bulb. The
lower cranial nerves are  situated  m edial to the superior  jugular
bulb  and  posterior  to  the  entry  of the  inferior  petrosal  sinus.
The jugular canal then  courses in  an  anterior, inferior, and later-
al  direction  to  exit  the  skull.  The  in ternal  jugular  vein  runs
dow n  the  side  of the  neck in  a ver tical direct ion, m ain taining a
lateral position  first  to  the  in ternal carotid  artery  and  then  to
the  com m on  carotid. At  the  root  of the  neck, the  jugular  vein

unites w ith  the subclavian  vein  to form  the brachiocephalic vein
(innom inate vein); just  before its term inat ion  is a second dilata-
tion , the inferior bulb.

Many im portant  structures lie  in  close proxim ity to the jugu-
lar  foram en  at  the base of the skull, including the in ternal audi-
tory  canal, the  m iddle  ear, the  m edial  external auditory  canal
(superiorly), the facial nerve  (posterolaterally), and  the  in ternal
carotid  artery  (anteriorly)  w ithin  the  carotid  canal  (see
� Fig. 136.1  and  � Fig. 136.2). At  the  exiting end  of the  jugular
foram en, the  in ternal carotid  artery, in ternal jugular  vein , and
CNs  VII,  X,  XI,  and  XII  are  all  w ithin  a  2-cm  area  (see
� Fig. 136.3 and � Fig. 136.4).

Both  the  glossopharyngeal  nerve  and  the  vagus  nerve  have
parasym pathetic branches arising from  ganglia w ithin  the jugu-
lar  foram en.  The  tym panic  branch  of  the  glossopharyngeal

Fig. 136.2  Cranial base  anatomy: superior view
including  selected  vascular and  nerve  structures.
CN, cranial nerve.

Fig. 136.3  Cranial base  anatomy: inferior view.
Source:
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Fig. 136.4  Cranial base  anatomy: inferior view
including  selected  vascular and  nerve  structures.
CN, cranial nerve.

Fig. 136.5  Schematic diagram  of the  left  jugular
foramen and  its contents. CN, cranial nerve.
Source:

Fig. 136.6  Computed  tomographic scan  of the
jugular foramen. CC, carotid  canal; FL, foramen
lacerum; JS, jugular spine; PN, pars nervosa; PV,
pars vascularis.
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nerve  and  the  auricular  branch  of the  vagus nerve  are  the larg-
est  of these, and  they form  a complex plexus w ithin  the jugular
foram en  and  the adjoining tym panic cavity. Glom us tum ors are
thought to originate in  these autonom ic ganglia.

Because  a  great  deal  of anatom ical  variation  occurs  in  th is
area, careful study w ith  computed  tom ography (CT) and  m ag-
netic  resonance  (MR)  im aging  is  essential  for  calculating  the
precise locations of these structures in  the skull base of an  indi-
vidual patien t. For  example, the  jugular  bulb  in  som e  patients
m ay be very high-riding, alm ost  as h igh  as the in ternal auditory
m eatus itself. In  such  a case, the jugular bulb can be accidentally
entered  w hile  the  in ternal auditory m eatus is being drilled, re-
sulting in  troublesom e bleeding. Thin-cut  CT studies of the tem -
poral bone w ith  axial, coronal, and  sagittal reconstruct ions w ill
delineate the anatomy of th is region  in  detail. It  is also essential
for  students  to  perform  cadaver  dissect ions  of  the  temporal
bone  under  the  m icroscope  to  understand  the  three-dim en-
sional anatomy of these structures.

136.1.3  The Disease Process: Et iology
and Pathogenesis
Glom us  jugulare  tum ors  are  examples  of  chem odectom as, or
nonchrom a n  paragangliom as. They  originate  from  chrom af-
fin-negative  glom us  cells  derived  from  the  em bryonic  neural
crest, funct ioning  as  part  of the  sym pathetic  nervous  system .
Accordingly, they are  categorized  as  originating  from  a  neural
cell line  in  the  World  Health  Organization  classification  of neu-
roendocrine  tum ors. Chem odectom as  also  occur  at  other  sites
in  the body, such  as the carotid  sheath , w here they are  referred
to as carotid body tum ors.

Glom us  jugulare  tum ors  are  thought  to  originate  from  che-
m oreceptor  cells  located  w ithin  the  advent it ia  of  the  jugular
bulb. They can  be associated w ith  either the tym panic branch  of
the  glossopharyngeal  nerve  (Jacobson  nerve)  or  the  auricular
branch  of the  vagus nerve  (Arnold  nerve), both  of w hich  are  in
close  proxim ity  to  the  jugular  bulb. Many of these  tum ors  se-
crete  neuropeptides  and  catecholam ines, occasionally  in  clini-
cally sym ptom atic am ounts  that  cause  hypertension, excessive
perspiring, tachycardia, and headaches.

The  tum ors are  often  well encapsulated  and  appear  purplish
to the naked  eye. They tend  to grow  slow ly, expanding in to and
destroying the surrounding bone of the jugular  foram en. With-
in  the  temporal  bone,  they  expand  through  the  pathways  of
least  resistance, such  as air cells, vascular lum ina, skull base for-
am ina, and  the eustachian  tube. They invade and  erode bone in
a  lobular  fashion , often  sparing  the  ossicular  chain . As  the  tu-
m or grow s, it  can  compress the surrounding nerves in  the jugu-
lar foram en and occlude the jugular bulb itself.

Glom us jugulare  tum ors are  hypervascular, w ith  a  great  ten-
dency to  recruit  num erous blood  vessels from  the  surrounding
areas, and  are  often  supplied  by branches of the  external caro-
tid  artery, especially the ascending pharyngeal and  occipital ar-
teries. Vascular  grow th  factors  m ay  play  an  important  role  in
this  excessive  vascularity.  Large  tum ors  m ay  also  invade  the
carotid  ar tery wall and  directly derive  their  blood  supply from
this  vessel, or  they m ay grow  w ithin  the  lum en  of the  jugular
bulb.

Histologically, glom us tum ors are m ade up of round to polyg-
onal  cells  that  congregate  in  sm all  nests, know n  as  zellballen .

These  cells  are  dispersed  betw een  vascular  channels.  The
principal cell, also  know n  as  the  chief cell, is  positive  for  chro-
m ogranin  and  neuron-specific  enolase.  The  surrounding
cellular  m atrix of the  zellballen , m ade  up  of sustentacular  cells,
stains positive  for  S-100  protein  and  som etim es also  for  gliofi-
brillary acidic protein  (GFAP).

Metastases from  glom us tum ors occur in  approxim ately 4% of
cases. A reduction  in  the  proportion  of ch ief cells  and  a  poorer
staining of susten tacular  cells  for  S-100  and  GFAP are  reported
to  be  correlated  w ith  a  h igher  tum or  grade. Metastatic lesions
are  distinguished  from  m ulticentr ic  lesions  on  the  basis  of
location  and  have  been  found  in  the  lungs, lymph  nodes, liver,
vertebrae, ribs, and spleen. Malignancy of the tum or is likely re-
lated  to TP53 and  p16INK4A m utations but  is also characterized
by the im m unohistologic presence of MIB-1, Bcl-2, and CD3.

136.1.4  Medical Evaluat ion
Present ing Com plaints
Sym ptom s due to glom us tum ors often  have  an  insidious onset
and  as  a  result  go  unnoticed, often  w ith  a  delay  in  diagnosis.
The  signs  and  sym ptoms  can  be  classified  as  those  related  to
the  ear, to  the  cranial nerves, or  to  other  structures, and  they
can  often  be  correlated  w ith  the  anatom ical  compressive/ero-
sive characteristics of the lesion.

The  m ost  com m on  sym ptom s are  hearing loss  and  pulsatile
tinn itus. The hearing loss is usually conductive in  nature, result-
ing from  a  secondary e usion  or  m ass e ect  in  the  m iddle  ear.
Often, a  characteristically  pulsatile, reddish  blue  tum or  can  be
seen  behind  the  tym panic  m em brane  on  otoscopic  exam ina-
tion. Other  aural signs include  dizziness, vertigo, a  sensation  of
fullness in  the ear, ear pain , and discharge from  the ear.

Sym ptom s of cran ial nerve  compression  can  include  hearing
loss due  to involvem ent  of cranial nerve  VIII and/or  hoarseness
of voice  or  di culty swallow ing due  to  involvem ent  of CNs IX
and  X.  The  presence  of  jugular  foram en  (Vernet)  syndrom e,
characterized  by  the  sim ultaneous  paresis  of cranial nerves  IX
through  XI (referred  to as Collet-Sicard  syndrom e w hen  CN XII
is  concom itan tly  involved),  is  pathognom onic  for  th is  tum or.
The  onset  of the  syndrom e  is  usually delayed  by alm ost  a  year
after  the in itial sym ptom s of hearing loss and  pulsatile t innitus.
The  a ected  patient  m ay  exhibit  dysphonia/hoarseness,  soft
palate  dropping, deviation  of the uvula toward  the norm al side,
dysphagia, loss of sensory funct ion  in  the posterior  one-third  of
the  tongue, decreased  parotid  gland  secretion, loss  of the  gag
reflex, and  sternocleidom astoid  and  trapezius  m uscles  paresis.
In  larger  tum ors, the facial nerve m ay be involved, and  patien ts
can  present  w ith  a  peripheral  facial  palsy. Very  large  tum ors
and  recurren t  tum ors  w ith  a  large  in tracranial  extension  can
compress the  brainstem , resulting in  contralateral hem iparesis,
ataxia, hydrocephalus, and  increased  in t racranial pressure. Du-
ral sinus  involvem ent  can  lead  to  presentat ions sim ilar  to  that
of  sinus  throm bosis.  Petrous  carotid  extension  m ay  herald
Horner syndrom e.

A few  glom us  tum ors  are  horm onally  act ive  (2  to  4%)  to
the  exten t  of causing sym ptom s and  resu lt ing in  system ic hy-
per tension  and  tachycardia  (pheochrom ocytom a-like).  Other
related  sym ptom s m ay include  headache, perspirat ion , pallor,
and  nausea.

136.1  Jugular Foramen Lesions
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Test ing
Glom us jugulare  tum ors are  diagnosed  through  clin ical exam i-
nation  and  im aging  rather  than  biopsy.  Diagnost ic  biopsy  is
generally contraindicated  because  of the  vascular  nature  of the
tum ors  and  poor  accessibility.  Ident ificat ion  and  operative

planning can  be aided by th in- cut CTof the temporal bone w ith
bone  and  soft-t issue  w indow s, w ith  and  w ithout  contrast . MR
im aging w ith  and  w ithout  contrast  is also  useful, especially for
larger  tum ors w ith  in tracranial extension  (� Fig. 136.7). Cranial
nerve and  audiom etric exam inat ions are im portant  for baseline
investigation , along  w ith  urinary  assay  for  catecholam ines  or
their breakdow n products.

Im aging  studies  are  particularly  helpful  in  identifying  pa-
tients in  w hom  the  bone betw een  the  jugular  foram en  and  the
carotid  canal is  dest royed  (� Fig. 136.8). This  finding indicates
that  the  tum or  is  encroaching  upon  the  carotid  artery  and  is
im portan t  to recognize before surgery.

Alm ost  all  patients  w ith  glom us  jugulare  tum or  should
undergo vascular  studies before surgery. Although  CT angiogra-
phy, MR angiography, and  MR venography are  useful, the  gold
standard  rem ains cerebral angiography. Both  the  in ternal caro-
tid  and external carotid circulation  and the vertebral circulation
should  be  studied, w ith  the  venous  phases  included  to  show
the  sigm oid  sinus  and  jugular  vein  on  both  sides. The  classic
finding on  cerebral angiography is  a  tum or  w ith  a  blush  in  the
region  of the jugular  foram en, w ith  arterial supply from  the  as-
cending  pharyngeal  and  occipital  arteries  (� Fig.  136.9).  The
jugular bulb m ay be completely occluded  by the tum or. In  these
cases, the  venous drainage  m ay be  en tirely contralateral. Cere-
bral angiography w ill also reveal the exten t  of collateral venous
drainage, especially from  the inferior petrosal sinus. Som etim es,
the  tum or  m ay  be  seen  as  a  filling  defect  w ith in  the  jugular
bulb.

Although  form al  cerebral  angiography  is  not  necessary,  its
advantage is that  it  allow s the external carotid  branches supply-
ing the tum or  to be em bolized. Such  em bolization  is extrem ely
usefu l  in  lim iting  blood  loss  during  surgical  rem oval  of  th is

Fig. 136.7  MR images demonstrating  a  large,
lobulated, intensely enhancing  heterogeneous
destructive  tumor centered at  the  left  jugular
foramen and  extending  intracranially to the
cerebellopontine  angle  and  inferiorly below the
base  to the  C2 level.

Fig. 136.8  Computed  tomographic scans of the
temporal bone  and  soft  tissue  demonstrating  an
invasive  destructive  tumor, consistent  with  glo-
mus jugulare, at  the  left  skull base. The  tumor is
destroying  the  left  jugular foramen and  left
hypoglossal canal and  is invading  the  medial left
temporal bone, as well as the  left  occipital
condyle.

Fig. 136.9  Internal carotid  arteriogram, lateral view, demonstrating
the vascular blush of a glomus tumor (short arrows). The main feeding
artery is the  ascending  pharyngeal artery (long arrows).
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tum or and is usually perform ed  as a  preoperative  m aneuver  1
or  2  days  before  surgery. Cross-com pression  or  t r ial  balloon
occlusion  allow s circle  of Willis  com pleteness  to  be  evaluated
in  cases  in  w hich  the  carotid  m ay  be  heavily  involved  in  the
tum or.

Classificat ion of Glom us Jugulare  Tum ors
Many classification  system s exist  for these tum ors. For example,
they can  be classified  as functional or  nonfunctional depending
on  w hether  they produce  clin ically sym ptom atic levels of cate-
cholam ines. They also can  be  classified  on  the  basis of their  lo-
cation;  tum ors located  prim arily in  the  m iddle  ear  are  referred
to as glom us tym panicum  tum ors, and  those  w hose  m ain  bulk
is in  the jugular foram en or m iddle ear are referred to as jugulo-
tym panic  tum ors. Most  com m only, the  Glasscock-Jackson  and
Fisch-Mattox m ethods are  used, w hich  relate  to  m orbidity and
m ortality. These  classifications  are  based  on  extension  of  the
tum or  to surrounding anatom ical structures (� Table 136.1 and
� Table 136.2).

136.1.5  Treatm ent
Medical Treatm ent
Because  these  tum ors  com m only present  in  the  sixth  and  sev-
enth  decades of life, m any are  followed  w ith  im aging only and
m ay not  require surgical in tervention. Patients w ho have sym p-
tom atic catecholam ine-secreting tum ors m ay be  treated  m edi-
cally  w ith  α -blockers  and  β-blockers. These  therapies  are  also
instituted  before  any  in terventional  procedures  to  prevent
lethal hypertensive  crises  and  arrhythm ias. Octreotide  has  re-
portedly been  used w ith  success to control the grow th  of som a-
tostatin  receptor–positive tum ors.

Gross  total  resection  of som e  extensive  tum ors  m ay  be  ex-
trem ely di cult  and  carry unwarranted  risk. In  such  cases, ra-
diation  therapy is often  used for tum or control. It  is certain ly an
option  for  patients  w ith  sm all  tum ors, residual tum ors, or  re-
current  tum ors,  as  well  as  for  patients  w ho  refuse  surgical
treatm ent . Because  of its  long-term  e ects  on  bone  and  brain ,
radiation  that  is not  stereotactically targeted is outdated.

Occasionally,  glom us  jugulare  tum ors  are  associated  w ith
m etastatic disease. Radiation  therapy is  an  option  in  these  cir-
cum stances, and  the  successful treatm ent  of pulm onary m eta-
stases w ith  etoposide and cisplatin  has been  described.

Surgical Treatm ent
Com plete surgical resection  is the t reatm ent  m odality of choice
w henever  possible  but  depends  on  the  localization  and  extent
of the  tum or. In traoperative  m onitoring  w ith  elect roencepha-
lography  and  som atosensory  evoked  potent ials  is  routinely
used.  Type  A and  type  B glom us  tum ors  are  best  rem oved
through  standard  m iddle  ear  or  m astoid  approaches.  Type  C
and  type  D tum ors require  skull base  techniques, and  m anage-
m ent  is  usually shared  by a  neurotologist  and  a  neurosurgeon.
These  tum ors are  typically approached  infratem porally. During
surgery, the  sigm oid  sinus, jugular  bulb, and  presigm oid  dura
are  completely  exposed. The  jugular  vein , in ternal  carotid  ar-
tery, and  lower  cranial nerves  are  all  isolated  in  the  neck  and
traced up to the jugular foram en. The sigm oid sinus is occluded,
and  the jugular  vein  is t ied  o in  the  neck. The  isolated  jugular
bulb  is  then  excised  w ith  the  tum or.  Tum or  m ay  be  present
w ithin  the  lum en  of  the  jugular  bulb  itself.  Many  of  the
branches of the inferior  petrosal sinus entering the jugular bulb
w ill  have  to  be  coagulated  and  divided. The  exact  location  of
the in ternal carotid  artery in  large tum ors can  be detected  w ith
in traoperative  ultrasound. The  tum or  can  usually  be  rem oved

Table 136.1  Glasscock-Jackson classification of glomus tumors

Tumor t ype  Descript ion

I  Small tumor involving  jugular bulb, middle  ear, and  mastoid

II  Tumor extending  under internal auditory canal; may have  intracranial extension

III  Tumor extending  into petrous apex; may have  intracranial extension

IV  Tumor extending  beyond petrous apex into  clivus or infratemporal fossa; may have  intracranial extension

Table 136.2  Fisch classification of glomus tumors

Tumor t ype  Descript ion

A  Tumor limited  to  middle  ear

B  Tumor limited  to  middle  ear or mastoid  without  involvement  of infralabyrinthine  space  of temporal bone

C  Tumor involving  infralabyrinthine  and  apical spaces of temporal bone, with  extension into  apex

C1  Tumor with  limited  involvement  of vertical portion of carotid  canal

C2  Tumor invading  vertical portion  of carotid  canal

C3  Tumor invading  horizontal portion of carotid  canal

D1  Tumor with  intracranial extension <2 cm  in  diameter

D2  Tumor with  intracranial extension >2 cm  in  diameter
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from  the  advent itia  of  the  in ternal  carotid  artery  w ithout
dam aging it .

The  in tegrity  of the  lower  cranial  nerves  can  be  preserved,
but  they  have  to  be  m anipulated  during  surgery,  w hich  can
cause  tem porary lower cranial nerve  palsies. Postoperative  cra-
nial nerve  deficits m ust  be  carefully diagnosed, and  w hen  they
are  present, early  rehabilitation  m ust  be  instituted. The  facial
nerve  m ay require  rerouting, especially in  pat ients  w ith  larger
tum ors. Such  rerout ing is avoided  if possible because  it  invaria-
bly causes at  least  a temporary facial palsy.

The  surgical  procedure  is  long  and  tedious, and  a  thorough
know ledge  of the  regional anatom y gained  by cadaver  d issec-
t ions is  required . Com plicat ions  include  cran ial nerve  palsies,
hearing  loss, cerebrospinal  flu id  leakage, and  blood  loss. For
pat ien ts  w ho  have  very  large  tum ors  w ith  sign ifican t  in t ra-
dural extension , it  is  often  necessary  to  use  a  staged  surgical
approach .

136.1.6  Outcom e and Prognosis
Glom us  jugulare  tum ors  are  relatively  slow -grow ing  tum ors
that  produce  cranial  nerve  palsies, and  m any  of these  palsies
are  benign  and  cosm etically  acceptable.  However,  long-term
quality of life  is reduced  in  patien ts w ith  glom us tum ors. Mor-
tality  ranges from  6.2% in  those  treated  w ith  radiation  to  2.5%
am ong  those  t reated  surgically. The  overall  m or tality  rate  is
8.7%. Surgical t reatm ent  o ers  the  best  prognosis, w ith  a  94%
survival  rate  at  20  years  and  a  77% rate  of  sym ptom -free
progression .

136.2  Other Vascular Tum ors of
the  Skull Base
Although  outside  the  scope  of  th is  chapter, it  is  necessary  to
m ention  som e  other  im portant  vascular  tum ors  of  the  skull
base. These  tum ors on  the  w hole  are  relatively rare, and  surgi-
cal resection  rem ains  the  m ainstay of t reatm ent. Like  all skull
base  lesions, they  com m only  present  w ith  sym ptom s  of com -
pression  of im portant  skull base structures.

Juvenile  angiofibrom as  are  found  exclusively  in  adolescent
boys  and  originate  in  the  m ucosa  around  the  sphenopalatine
foram en. The tum or  consists of a  dense fibrous m ass in terlaced
w ith  variable  am ounts of th inly walled, endothelium -lined  vas-
cular  spaces. These  tum ors of the  an terior  skull base  enlarge to
present  as nasopharyngeal m asses w ith  extension  in to the  par-
anasal sinuses, orbit, pterygom axillary space, and  cavernous si-
nus. Epistaxis is a com mon presentation, along w ith  other sino-
nasal sym ptom s. As for m ost  skull base lesions, the treatm ent  is

prim arily  surgical  resection, although  anti-androgenic horm o-
nal t reatm ent and radiation  therapy have been  described for se-
lected pat ients.

Hem angiom as are true neoplasm s; they can  be capillary, cav-
ernous,  or  m ixed,  depending  on  the  type  of  blood  vessels
present  in  the  lesion. Skull  hem angiom as  vary  from  sm all  to
very large and m ay be solitary or m ultiple. They proliferate rap-
idly  after  bir th ,  then  gradually  shrink  during  childhood.  In-
volvem ent  of  bone  is  uncom m on. Hem angiom as  of  the  skull
base m ost com m only involve the orbital apex, w here they a ect
vision  by  compressing  the  optic  nerve  or  structures  that  pass
through  the superior fissure.

The term  angiobla st ic meningioma was used in  the early liter-
ature  for  a  broad  group  of h ighly  vascularized  tum ors  of  the
m eninges comprising both  angiom atous m eningiom as and  he-
m angiopericytom as. These  extrem ely  rare  vascular  tum ors  of
the skull base  arise  from  the  m eningeal lin ing of the skull base.
There is a h igh  rate of recurrence after surgical resection.

136.3  Pet rous Apex Lesions
The petrous apex form s par t  of the m iddle cranial fossa and  lies
at  the  anterior–superior  border  of  the  temporal  bone  (see
� Fig. 136.1). Petrous  apex  lesions  are  diagnosed  prim arily  as
complications  of  chronic  otit is  m edia.  Im proved  im aging  has
m ade  it  possible  to  diagnose  these  lesions  accurately and  plan
surgery  in  an  area  w ith  complex  anatomy. Lesions  of the  pet-
rous apex are  classified  as infect ious, in flam m atory, neoplastic,
or  vascular  abnorm alities  (� Table  136.3), w ith  neoplastic  and
inflam m atory  lesions  the  m ost  com m on  pathologic  processes.
Generally, the  presentat ion  results  from  compression  or  other
e ects of these lesions on  surrounding structures.

136.3.1  Incidence
Lesions of the  petrous apex rem ain  relatively rare. Once, infec-
tious  lesions  resulting  from  m iddle  ear  complications  were
com m on,  but  their  incidence  is  decreasing  because  of  im -
proved  an t ibiot ic therapy, im proved  techn iques in  surgery for
chron ic ear  d isease, and  the  earlier  and  m ore  frequen t  p lace-
m ent  of  t ym panostom y  tubes.  How ever,  inciden tal  lesions
are  becom ing  m ore  com m on  because  of  the  rout in e  use  of
im aging m odalit ies.

136.3.2  Applied Anatomy
The temporal bone  is  m ade  up  of four  portions:  petrous, squa-
m ous, tym panic, and  m astoid. The petrous portion  is a pyram id
w ith  its  apex  directed  anterom edially  and  its  base  directed

Table 136.3  Common lesions of the petrous apex

Type  Lesions

Inflammatory or congenital  Cholesterol granuloma, cholesteatoma, mucocele, epidermoid  cysts

Infectious  Petrous apicitis, skull base  osteomyelitis

Neoplastic  Meningioma; schwannoma (trigeminal, acoustic, jugular foramen); chordoma; chondroma; chondrosarcoma; glomus
tumors; metastatic tumors

Vascular  Intrapetrous carotid  artery aneurysm, dural arteriovenous fistula, hemangioma, hemangiopericytoma
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posterolaterally  (see  � Fig. 136.1). The  base  of the  pyram id  is
the  inner  ear,  the  in ternal  carotid  artery, and  the  eustachian
tube.  The  m edial,  pointed  end  of  the  petrous  apex  connects
w ith  the  clivus. The  anterosuperior  or  cerebral portion  of the
petrous  apex  form s  the  floor  of the  m iddle  cranial  fossa. The
posterosuperior surface or cerebellar aspect of the petrous bone
is  vert ical and  m arks the  an terior  lim it  of the  posterior  cranial
fossa.  The  junct ion  of  the  an terior  and  posterior  surfaces  is
know n  as the  petrous ridge. The  inferior  surface  faces outward
as the floor of the lateral skull base.

A num ber of neural and vascular structures are in t im ately re-
lated  to  the  petrous  apex. The  t rigem inal  nerve  and  ganglion
occupy the  Meckel cave  on  the  sloping  an terosuperior  surface
of the  petrous  apex. CN VI t raverses  the  Dorello  canal  in  the
petroclinoid  ligam ent  before  en tering the  cavernous sinus. CNs
VII and  VIII enter  the  petrous  bone  through  the  in ternal audi-
tory  canal.  The  jugular  foram en  at  the  posterior  and  inferior
surfaces  is  traversed  by the  jugular  bulb  and  the  lower  cranial
nerves. The  in ternal carotid  artery courses  through  the  carotid
canal in  the anterolateral part  of the petrous apex. The superior
petrosal sinus is located  along the petrous ridge. The tentorium
is  also  attached  in  th is  location . The  petrous  apex  is  variably
pneum atized.

136.3.3  Present ing Com plaints
It  is  clear  that  lesions  of the  petrous  apex can  cause  signs  and
sym ptom s referable  to  any of the  structures  m ent ioned  in  the
preceding  anatom ical descript ion. Hearing  loss  m ay  be  secon-
dary to an  e usion  result ing from  eustachian  tube  dysfunct ion
or ossicular erosion  resulting from  chronic otit is m edia; sensor-
ineural  hearing  loss  m ay  be  secondary  to  invasion  of the  otic
capsule or the cochleovestibular nerve. Tinnitus and vertigo can
occur along w ith  or independently of hearing loss. Facial paraly-
sis  occurs  as  a  result  of pressure  on  the  facial nerve  anyw here
throughout  its course  in  the temporal bone, especially near  the
geniculate  ganglion .  Headaches  result  from  distort ion  of  the
dura  near  the  lesion  and  are  prim arily  retro-orbital or  located
at  the vertex. Syncope, stroke, or am aurosis fugax can  occur as a
consequence of carotid  artery occlusion . Other cranial neuropa-
thies  are  associated  w ith  posterior  lesions  that  a ect  CNs  VIII
through  XII or  w ith  anterior  lesions  that  a ect  CNs  II through
VI.

136.3.4  Inflam m atory Lesions of the
Pet rous Apex
Cholesterol granulom a is the m ost com m on cystic lesion  involv-
ing the  petrous apex. The  exact  m echanism  responsible  for  the
form ation  of cholesterol granulom as in  the  petrous apex is  not
know n. One  theory  is  that  they  result  from  poor  vent ilation
w ith  a  relative  vacuum , resorption  of air, m ucosal hem orrhage,
and  hem oglobin  breakdow n  leading  to  cholesterol  form ation .
Hem orrhage  seem s to  be  a  very important  predisposing factor
for  the  form ation  of cholesterol granulom as. Cholesterol crys-
tals  are  produced  during  the  anaerobic  m etabolism  of  free
hem oglobin , and  th is  process  incites  a  giant  cell  foreign  body
react ion. The  cycle  of events  is  repeated  and  ultim ately results
in  the  form ation  of an  expanding  cholesterol  granulom a. The

lesions  contain  a  dark  brow n  fluid  w ith  shining  cholesterol
crystals. The  cysts occur  either  w ith  or  w ithout  an  accom pany-
ing ear  in fect ion. Most  of the  cysts  are  unilateral and  occur  in
adults. Sym ptom s include headache, diplopia  from  CN VI palsy,
ear  pain , dizziness, hearing loss, ver tigo, and  headaches. Som e-
tim es, the  cysts  are  an  incidental  finding  on  routine  im aging
studies. CT of the  temporal bone  (� Fig. 136.10) and  MR im ag-
ing  reveal  the  presence  of  an  expansile  petrous  apex  m ass
w ith  th inned-out  bony walls. On  T1-weighted  MR im aging, the
lesion  appears  hom ogeneously  hyperin tense,  w hereas  on
T2-weighted  MR im aging,  a  m arkedly  hyperintense  m ass  is
revealed w ith  a peripheral ring of low  signal due to hem osider-
in-laden  m acrophages (� Fig. 136.11). These  MR im aging char-
acteristics perm it  the di eren tiation  of a cholesterol granulom a
from  an  epiderm oid cyst or arachnoid cyst. Sm all asym ptom at ic
or  incidental cholesterol granulom as can  be  m anaged  w ith  ob-
servation  and  periodic im aging studies alone. Large  cholesterol
granulom as can  be  drained  through  a  transm astoid  infralabyr-
in th ine  approach, and  once  the  cystic  cavity  is  vent ilated, the
lesion is un likely to recur.

Infect ion  of the  petrous apex is also know n  as petrous apici-
t is. The t riad  of diplopia  due to cranial nerve  VI palsy, retro-or-
bital pain  due  to involvem ent  of CN V, and  otorrhea  due  to ear
infect ion  is  know n  as  Gradenigo  syndrom e.  The  infect ion  is
usually bacterial and is caused by pyogenic organism s.

Petrous apex infections can  also be due to skull base osteomye-
litis. Malignant  otitis externa  is a type  of skull base  osteomyelitis
usually  seen  in  diabetic  or  otherw ise  immunocompromised
patients.  The  most  common  organism  is  Pseudomonas.  In  this

Fig. 136.10  Computed  tomographic scan of the  temporal bone
demonstrating an expansile  right  petrous apex mass with thinned-out
bony walls.
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setting, a  relentless  type  of progressive  osteomyelitis  of the  pet-
rous  bone  occurs. The  symptoms  include  chronic  ear  infection,
drainage, ear pain, and cranial neuropathies as the disease advan-
ces. Treatment  consists of prolonged  and  appropriate intravenous
antibiotics accompanied by surgical drainage as indicated.

136.3.5  Neoplasm s of the Pet rous Apex
Benign tum ors in  the region  of the petrous apex include m enin-
giom as  and  schwannom as,  usually  of  the  tr igem inal  nerve.
They often  present  as  a  cranial neuropathy, and  the  sym ptom s
include dysfunct ion  of CNs V, VI, VII, and  VIII in  th is region. The
tum ors  can  also  present  w ith  generalized  headaches. Trigem i-
nal  schwannom as  typically  present  w ith  num bness  in  one  or
m ore distributions of the t rigem inal nerve. The m anagem ent  of
these tum ors is surgical through  a  skull base  approach. Petrous
apex m eningiom as, also know n  as petroclival m eningiom as, re-
quire  a  lateral  temporal  approach  w ith  exposure  both  above
and  below  the  tentorium . The  superior  petrosal sinus  and  the
ten torium  are  then  divided  to  provide  a  w ide  access  to  the
m eningiom a. These  procedures are  carried  out  w ith  a  team  in-
cluding both  a neurotologist  and a neurosurgeon.

Chordom as  occur  rarely and  arise  from  notochord  cells, pri-
m arily  in  the  sphenoid  and  clivus. Tum ors  originating  w ith in
the apex are rare, and  spread is usually from  the clivus. Surgery
w ith  postoperat ive  radiation  is  the  t reatm ent  plan  of choice.
Chordom as are  di cult  to excise completely and  are  only m od-
erately  radiosensit ive. Average  survival  w ith  aggressive  treat-
m ent  is only 4  years. Chondrosarcom as account  for  0.15% of all
in tracranial neoplasm s. Hearing loss, pulsatile  t innitus, ver tigo/
unsteadiness,  CN VI palsy,  and  headaches  are  the  presenting
sym ptom s.

Breast  and  prostate  carcinom as  m etastasize  to  the  temporal
bone, especially  to  the  petrous  apex  and  clivus. Kidney, lung,
gastr ic,  and  thyroid  carcinom as  m etastasize  to  the  apex  less
com m only. When  these  lesions are  discovered  in  the  tem poral
bone, studies  suggest  that  the  lesion  has  already m etastasized
elsew here. CT and  MR im aging findings are  specific to  the  pri-
m ary  tum or  and  depend  on  w hether  the  tum or  causes  an  os-
teogenic or osteoblastic react ion. The prognosis in  pat ien ts w ith
distant  m etastases rem ains poor.

An  extensive  three-dim ensional understanding of the  anato-
my of the temporal bone is absolutely necessary to address dis-
orders of the  petrous  apex surgically. This  region  is  filled  w ith
crit ical structures that are unforgiving of subtle m istakes in  sur-
gical technique and  of surgeons not  in tim ately acquainted  w ith
the anatomy.

136.4  Roundsm anship
●  A variety of vascular tum ors can  a ect  the skull base. These

lesions include hem angiom as, hem angiopericytom as,
lymphangiom as, juvenile nasopharyngeal angiofibrom as,
angiom atous m eningiom as, and paragangliom as (glom us
tum ors).

●  Although glom us jugulare tum ors are rare, they rem ain  the
m ost com m on tum or of the m iddle ear and the second m ost
com m on tum or of the temporal bone.

●  Tum ors of the skull base com m only a ect  m ultiple cranial
nerves, part icularly CNs VII through  XII, w hich accounts for
the significant  m orbidity associated w ith  these lesions.

●  Close proxim ity to vital cranial structures, including the caro-
tid  artery and jugular  vein , m akes the m anagem ent of these
tum ors surgically challenging, and m ultidisciplinary team s
are required.
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Fig. 136.11  T1-weighted  (left) and  T2-weighted
(middle) magnetic resonance  images and  T1-
weighted FIESTA (fast  imaging employing steady-
state  acquisition) image  (right) demonstrating  a
cholesteatoma of the  right  petrous apex.
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137  Stereotact ic Radiat ion Treatm ent  for Benign Tum ors of
the Posterior Cranial Fossa
Seilesh C. Babu and Sean R. Wise

137.1  Int roduct ion
Over  the  past  decade, stereotactic radiation  has  becom e  an  in-
creasingly  used  t reatm ent  option  for  patients  w ith  acoust ic
neurom as, as  well as  those  w ith  other  benign  in t racranial and
skull base neoplasm s. Advancem ents in  im aging techniques, ra-
diation  delivery system s, and dose-planning software have con-
tr ibuted to improved pat ient outcom es.

The  term  stereotact ic  radia t ion  therapy  is  used  to  define
treatm ent  m odalit ies  that  deliver  h igh-dose  radiation  in  a
highly  conform al  m anner  to  a  three-dim ensional  in tracranial
target  through  the  use  of m ultiple, precisely collim ated  beam s
of ionizing radiation. The goal of stereotactic radiation  is tum or
control w ith  m inim al toxicity  to  adjacent  norm al t issues. Such
techniques  have  found  part icular  application  in  the  treatm ent
of  tum ors  w ith in  the  posterior  cranial  fossa,  w here  crit ical
neurovascular  structures,  such  as  the  brainstem ,  cerebellum ,
cochlea, vestibule, and  m ultiple  cranial nerves, lie  in  close  ana-
tom ical proxim ity.

Stereotact ic radiation  techniques involve one of several types
of  ion izing  radiation,  and  t reatm ent  m ay  be  delivered  in  a
single  dose  (m ost  com m only  referred  to  as  stereotact ic  radio-
surgery) or  in  m ultip le  fractions  (generally referred  to  as  frac-
tionated stereotactic radiotherapy).

Advantages  of radiation  t reatm ent  include  its  ability  to  pro-
vide  high  rates of tum or  control w ith  m inim al side  e ects. Ad-
ditionally, such  therapy is  noninvasive  and  can  be  delivered  as
an  outpat ien t  procedure. The prim ary disadvantage of radiation
therapy for such  lesions is that  the tum or generally persists fol-
low ing t reatm ent. As a consequence, the potent ial for  future tu-
m or  grow th  rem ains.  The  long-term  outcom es  and  potential
complications  of  various  stereotact ic  radiation  techniques  re-
m ain  a subject  of continued investigation.

137.2  Types of Radiat ion
The m ost  com m only used  ionizing radiation  sources for  stereo-
tact ic  radiosurgery  or  stereotact ic  radiotherapy  are  gam m a
photons  and  X-ray  photons.  Gam m a  photons  are  em itted
through  the  decay of radioact ive  nuclei, typically cobalt  60. X-
ray  photons  are  generated  from  a  linear  accelerator  (LINAC)
through  the  collision  of accelerated  elect rons and  a target  m et-
al. Beam s of heavier charged particles (e.g., protons) are also oc-
casionally used  consequent  to their  unique physical properties.
The  availability  of  particle  beam  therapy  is  generally  lim ited,
however, and  it  is found  in  only a  few  specialized  facilit ies. The
biological  e ect iveness  of  each  of  these  sources  is  roughly
equivalent.

137.3  Radiat ion Biology
Radiation  delivered  in  the  therapeut ic range  results in  the  pro-
duct ion  of  free  radicals  w ithin  target  cells  through  Com pton

scattering. The  prim ary e ect  of radiosurgery is vascular  fibro-
sis  resulting  in  a  dim inished  blood  supply  to  the  tum or. Evi-
dence  of  m ore  direct  cellular  injury  has  been  dem onstrated
centrally w here the radiation  dose is greatest.

137.4  Stereotact ic Radiat ion
Delivery System s
137.4.1  Gam m a Knife
The gam m a kn ife  unit , developed  by Leksell in  1968, contains a
hem ispheric array of 201  in tersecting beam s of cobalt  60  gam -
m a  radiation.  Variously  sized  helm et  collim ators  are  used  to
fur ther  focus  the  individual  sources  of  radiation  to  the  unit’s
isocenter. The  isocenter  is  the  point  in  space  w here  the  radia-
tion  beam s in tersect , and  essentially w here  the  targeted  tissue
is positioned.

Before  treatm ent , a  stereotactic t itanium  fram e w ith  fiducial
m arkers  is  rigidly  fixed  to  the  patient’s  skull.  Magnetic  reso-
nance  (MR) im aging or  computed  tom ography (CT) is  then  ac-
quired, w ith  or  w ithout  additional  im age  m erging. The  fram e
ensures  precise  im m obilization  and  provides  the  reference  for
defining  the  target  in  space  relative  to  a  Cartesian  coordinate
system . The  treatm ent  team  then  stereotactically  localizes  the
tum or, and  dosing software  is em ployed  to assist  in  developing
a  plan  for  t reating the  tum or  e ect ively  w ith  high-dose  radia-
tion  w hile  sparing  surrounding  structures  from  the  e ects  of
radiation.

Treatm ent  planning  consists  of placing one  or  m ore  isocen-
ters, or  “shots,” to fill the target of in terest. Conform ity to tum or
is further  refined  through  adjustm ents m ade in  the  collim ators
to vary the size and relative weight of each isocenter.

The  am ount  of radiation  delivered  is  the  prescribed  isodose,
m easured  in  units  called  grays (Gy). A steep  fallo of radiation
occurs  at  the  periphery  of the  targeted  volum e. During  treat-
m ent  planning, th is  gradien t  is  represented  by  isodose  lines,
w hich  are the boundaries at  w hich  the radiation  dose has fallen
to a percentage of the prescribed  dose. Gam m a knife  t reatm ent
plans com m only prescribe the 50% isodose line to the m argin  of
the tum or (� Fig. 137.1).

When  treatm ent  planning  is  complete, the  patien t  is  posi-
tioned  w ith  the  head  fram e  fixed  to  the  treatm ent  couch  and
prescribed  collim ator  helm et, and  then  advanced  in to  the  unit
in  a  m anner  ensuring  that  the  target  volum e  resides  at  the
unit’s isocenter (� Fig. 137.2).

137.4.2  Linear Accelerator (LINAC)
An  alternative  radiosurgery technique  involves the  use  of a  LI-
NAC. These  system s em ploy accelerated  photons  and  rely on  a
particle  accelerator  m ounted  on  a  gantry  that  rotates  around
the  pat ient’s head. Mult iple  beam  positions or  arcs are  used  to
create  a  conform al radiation  dose  to  the  target. Tum or  m argin

137.4  Stereotact ic Radiat ion Delivery Systems
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doses are sim ilar to those em ployed w ith  gam m a knife, and tra-
ditional single-fraction  stereotactic treatm ent  still requires the
use of a fixed head fram e for patient  im m obilization.

Som e LINAC system s have been  m odified  so that  stereotact ic
fram es can  be m ore readily rem oved and  replaced. The prim ary
advantage  of such  devices is that  fract ionated  radiotherapy can
be  delivered  w hile  the  targeting  accuracy  that  is  enabled
through  im m obilization  is preserved. Fractionated  therapy ena-
bles e cient  tum or control by m aking it  possible  to adm inister
a  h igher  total dose  to the  tum or  w hile  the  surrounding norm al
tissues are  spared  from  long-term  radiation-induced  injury be-
cause  the  total  radiation  dose  is  delivered  over  m ultiple  ses-
sions.  This  becom es  part icularly  relevant  in  the  treatm ent  of
larger  tum ors and  those  im m ediately adjacent  to  crit ical struc-
tures such  as the brainstem , cranial nerves, and  cochlea. A rela-
tive  disadvantage of these system s is the  potential for  sm all tu-
m or  volum e  fram eshifts  betw een  radiation  fract ions  as  the
stereotact ic fram e is repeatedly rem oved and replaced.

137.4.3  Cyberknife
Cyberknife  is  an  innovative, fram eless, LINAC-based, stereotac-
tic radiotherapy system  in  w hich  a  lightweight  linear  accelera-
tor  is  m ounted  on  a  m obile  robot ic  arm . It  di ers  from  other

system s  in  that  im age  guidance  technology  is  used  that  de-
pends on  real-tim e acquisit ion  of the patien t’s bony anatomy to
m aintain  orien tation.  The  arm  rotates  the  LINAC through  a
series  of predeterm ined  locations. This  system  also  em ploys  a
non-isocentric treatm ent  planning technique that  im proves the
conform ality and  hom ogeneity of the delivered  radiation . Addi-
tional  advantages  include  greater  patient  com fort  relative  to
rigid  fixation  system s, as  well as  the  ability  to  provide  stereo-
tact ic fractionated t reatm ents (� Table 137.1).

137.5  Outcom es and Indicat ions
Stereotact ic radiation  therapy is com m only used  for a variety of
in tracranial neoplasm s, both  benign  and  m alignant . Of prim ary
interest  to the  otolaryngologist  is the application  of these tech-
niques to several com m only encountered  benign  neoplasm s in-
volving the posterior cranial fossa, including acoust ic neurom as,
m eningiom as, and  glom us tum ors. The indications for  and  out-
com es of the treatm ent of such tum ors are briefly reviewed.

137.5.1  Acoust ic Neurom a
Acoust ic neurom as  are  benign, slow -grow ing neoplasm s origi-
nating from  Schwann  cells of the  eighth  cran ial nerve. They ac-
count  for  approxim ately  15% of  newly  diagnosed  in tracranial
neoplasm s. Historically, the  m anagem ent  of these  tum ors  pri-
m arily involved  observation  or  m icrosurgical resection . Stereo-
tact ic  radiosurgery  was  reserved  for  patien ts  deem ed  to  be
poor  m icrosurgical  candidates,  and  for  those  requiring  adju-
vant  therapy  for  recurrent  or  residual  disease  follow ing  sur-
gery.  Over  the  last  20  years,  the  safety  and  e cacy  of  th is
treatm ent  m odality have  been  firm ly established, and  acoustic
neurom a  rem ains  one  of the  m ost  frequent  targets  for  stereo-
tact ic radiosurgery.

Before  1992,  treatm ent  protocols  for  stereotact ic  radiosur-
gery involved relatively high  doses of radiation, w ith  prescribed
isodoses  typically  of  16 Gy  or  m ore. Excellent  rates  of  tum or
control were  achieved, but  such  protocols  also  resulted  in  sig-
nificant  m orbidity in  the  form  of facial weakness (21%) and  fa-
cial num bness (27%). Since  that  t im e, reduct ions in  doses to 12
to  13 Gy, as  well  as  advancem ents  in  im aging  technology  and
dose-planning software, have significantly improved  t reatm ent
outcom es.

Fig. 137.1  Treatment  plan for a left-sided acoustic neuroma depicting
the tumor volume as well as the 50% and 20% isodose lines. Also note
the  contour lines of the  cochlea and labyrinth; the  dose  distribution is
tailored  to  minimize  irradiation to these  critical structures.

Fig. 137.2  Cross-sectional schematic of gamma knife  unit.
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Recent  studies evaluating gam m a knife stereotact ic radiosur-
gery have reported  tum or control rates ranging from  91 to 98%.
Tum or cont rol is generally defined  as tum or  stability or  regres-
sion. Hearing preservation  rates in  these series vary w idely (50
to 78%), and  som e  data  suggest  that  rates of preserved  hearing
m ay continue to decline w ith  longer-term  follow -up. When  the
curren t  m arginal doses of less than  13 Gy are used, the new  on-
set of facial paralysis follow ing treatm ent  is rare. However, tem -
porary  facial  paralysis  is  seen  in  approxim ately  1%. Sim ilarly,
the  new  onset  of facial num bness  or  pain  is  uncom m on  but  is
occasionally encountered in  1 to 4% of cases. Less com m on com -
plications  after  t reatm ent  that  are  rarely  encountered  include
hydrocephalus (w ith  the possible  need  for  ventriculoperitoneal
shunt  placem ent), seizure, and  rarely radiation-induced  m alig-
nant  transform ation. The risks for  such  complications appear  to
be increased w hen larger tum ors (> 2.5 cm ) are treated.

In  attem pts to preserve hearing and  decrease  the  rate  of cra-
nial neuropathies, a  broad  range of fract ionated  stereotact ic ra-
diotherapy protocols  have  been  developed  in  the  t reatm ent  of
acoustic neurom a, ranging from  hypofractionated  regim ens in-
volving only three  to  six sessions to  convent ional regim ens in-
volving up to 30 fract ions. Despite the theoretical advantages of
stereotact ic  radiotherapy,  rates  for  tum or  control,  hearing
preservation ,  and  cranial  neuropathy  appear  sim ilar  w hether
patien ts are treated w ith  conventionally fractionated, hypofrac-
tionated, or nonfract ionated stereotact ic techniques.

Despite  in it ial data support ing the safety and  e cacy of ster-
eotactic radiation  therapies, follow -up  tim es in  m ost  studies to
date  have  been  relatively short . Late  tum or  grow th, continued
hearing  decline, and  delayed-onset  cranial  neuropathies  have
been  encountered m any years follow ing in itial treatm ent . Long-
term  follow -up  w ill rem ain  crit ical as  we  continue  to  evaluate
outcom es.

The  optim al strategy for  the  m anagem ent  of grow ing, sm all
to  m edium -size  acoust ic  neurom as  rem ains  controversial. For
tum ors  3 cm  or  sm aller, sim ilar  outcom es  are  reported  w hen
m icrosurgery  is  compared  w ith  radiation. The  ideal t reatm ent
plan  for  such  patients  depends  on  surgeon  experience  and
institut ional  resources, as  well  individual  m edical  factors  and
patien t  preferences. Stereotact ic radiation  is  not  generally  rec-
om m ended  as  prim ary  treatm ent  for  tum ors  that  are  larger
than  3.0 cm  or  that  compress  the  brainstem  because  of the  in-
creased  risks for  associated  brainstem  injury. Radiation  rem ains
a  safe  and  e ect ive  treatm en t  opt ion  for  the  elderly, for  pa-
t ien ts  m edically unable  or  unw illing  to  undergo  surgery, and

for  those  w ith  recurren t  or  residual d isease  follow ing m icro-
surgical resect ion .

137.5.2  Meningiom a
Meningiom as account  for  approxim ately 25% of all in tracranial
tum ors, and approxim ately 7 to 12% of them  occur in  the poste-
rior  cran ial fossa. Meningiom as are  usually benign, slow -grow -
ing  neoplasm s  that  arise  from  arachnoid  cap  cells.  They  can
often  reach  substan t ial  size  before  becom ing  sym ptom atic.
Com plete  m icrosurgical  resect ion  rem ains  the  t reatm ent  of
choice.  How ever,  w hen  m en ingiom as  occur  w ith in  the  re-
gions  of  the  posterior  cran ial  fossa,  total  excision  has  been
notor iously  lim ited  because  of  their  in t im ate  relat ionsh ips
w ith  crit ical neural and  vascular  structures. Repor ted  rates of
gross  total  resect ion  vary  w idely  in  d i eren t  series  (40  to
96%),  and  resect ion  is  frequen t ly  associated  w ith  sign ifican t
m orbidit y  (13  to  40%), m ortalit y  (0  to  13%), and  recurrence
(9  to 40%).

Over  the last  decade, stereotactic radiosurgery and  stereotac-
tic  radiotherapy  have  becom e  increasingly  im portant  in  the
treatm ent  of m eningiom as of the posterior  fossa and  skull base,
not just  as adjunct ive therapy follow ing incomplete resection  or
recurrent  disease, but  also  as  a  viable  treatm ent  alternative  to
open  surgery. In  review s of published  studies, reported  tum or
control  rates  range  from  82  to  100%. Adverse  neurologic  out-
com es after  treatm ent  are  generally encountered  in  fewer  than
10% of cases. The  overall results  compare  favorably w ith  those
after  complete  m icrosurgical resection. However, the  follow -up
in tervals  in  m ost  studies  to  date  have  been  relatively  short .
Given  the  indolent  nature  of benign  m eningiom as, prolonged
follow -up  of  these  pat ien ts  w ill  be  necessary  to  fully  assess
long-term  outcom es.

When  treatm ent  for  m eningiom as w ith in  the  posterior  fossa
becom es  necessary, surgery  is  preferred  if the  tum or  appears
completely  resectable  w ith  m inim al  risk, or  if  neurologic  de-
compression  is  required  because  of  progressive  neurologic
sym ptom s or  significant  m ass  e ect. Radiation  plays  a  lim ited
role  in  the  t reatm ent  of  tum ors  larger  than  3.0 cm , although
staged radiosurgical treatm ent  follow ing in itial surgical debulk-
ing  m ay  be  considered  for  such  patien ts.  Radiation  is  m ost
frequently indicated for patients w ith  posterior fossa m eningio-
m as w ho are  of advanced  age  or  have h igh  operat ive  risks, and
for  patients  w ho  refuse  surgery  or  have  residual  or  recurren t
tum ors.

Table 137.1  Comparison of stereotactic radiation delivery systems

Gamma knife  LINAC  Cyberknife

Type  of radiat ion  Gamma  photons  X-ray photons  X-ray photons

Radiation source  Cobalt  60  Linear accelerator  Linear accelerator on  mobile  robotic
arm

Radiation delivery  Hemispheric array of 201 intersect-
ing  radiation  beams

Multiple  converging  radiation arcs
from  rotating  gantry

Fixed  beam  delivered  through mul-
tiple  points to  converge  on  target

Means to  ensure  localization
accuracy

Fixed  stereotactic head  frame  Fixed  frame  or removable  frame  Frameless, image-based  guidance
system

Treatment  Single  session  Single  or multiple  sessions  Single  or multiple  sessions

Abbreviation: LINAC, linear accelerator.

137.5  Outcomes and Indicat ions
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137.5.3  Glom us Jugulare Tum or
Paragangliom as (glom us tum ors) are  slow -grow ing, usually be-
nign, hypervascular  tum ors  of neuroendocrine  origin . Glom us
jugulare  tum ors arise  from  rests of paraganglionic t issue  in  the
advent it ia of the jugular bulb. As such, they are in t im ately asso-
ciated  w ith  cranial nerves IX, X, and  XI. Spreading along path-
ways of least  resistance, glom us tum ors w ill com m only extend
through  the hypotym panic air  cell tracts surrounding the jugu-
lar  bulb  and  carotid  artery  to  involve  the  jugular  foram en  and
posterior  cranial fossa. The standard  t reatm ent  is m icrosurgical
resection  or  radiation  therapy. Because  of the  challenging loca-
tion  of glom us tum ors at  the skull base, their hypervascular  na-
ture, and their tendency to present at  advanced stages, the opti-
m al  m anagem ent  is  controversial.  Microsurgical  resection  for
these neoplasm s is h ighly e ect ive, w ith  rates of tum or control
of approxim ately 90%. However, surgery in  th is region  risks sig-
nificant  m orbidity and m ortality.

Conventional  fractionated  radiation  therapy  has  h istorically
provided  successful  tum or  control  in  those  pat ien ts  deem ed
unsuitable  for  surgery. When  typical  doses  of 45  to  55 Gy are
given  in  20  to  25  fract ions,  tum or  con trol  rates  of  approxi-
m ately 86  to 100% are  repor ted. How ever, such  results do  not
com e  w ithout  a  risk  for  sign ifican t  m orbidity,  including  os-
teoradionecrosis, cran ial  neuropathy, and  brain  parenchym al
necrosis.

In  recent  years,  stereotact ic  radiosurgery  techniques  based
on  the gam m a knife, m odified  LINAC, and  cyberknife have been
used  in  the t reatm ent  of glom us jugulare tum ors in  attem pts to
achieve  satisfactory  tum or  control  w hile  m inim izing  treat-
m ent-related  toxicity. In  pooled  analyses  of published  studies,
gam m a  knife  stereotact ic  radiosurgery  w ith  a  m ean  m arginal
dose  of 15.3 Gy yielded  a  tum or  control rate  of approxim ately
91% w ith  m inim al m orbidity. The  m ean  duration  of follow -up
in  these  various  series  was  approxim ately  40  m onths. Recent
short-term  data  have  revealed  excellen t  results  w hen  a  com -
bined,  staged  approach  to  radiosurgery  was  used  follow ing
planned  subtotal resection. With  all  of these  approaches, lon-
ger-term  follow -up  w ill be  required  to  better  delineate  overall
risks and benefits.

The  optim al  m anagem ent  for  glom us  jugulare  tum ors  re-
m ains  a  m atter  of controversy. However, in  patients  at  an  ad-
vanced age or w ith  poor m edical status, and in  those w ith  bilat-
eral disease, radiosurgery o ers  a  viable  alternative  to  surgery
as  prim ary  or  adjunct ive  therapy.  Microsurgical  resection  is
generally  indicated  for  pat ients  w ho  present  w ith  progressive
neurologic  deterioration ,  including  those  w ith  hydrocephalus
or  increased  in tracranial  pressure  consequent  to  m ass  e ect .
Uncertainty regarding the  radiologic diagnosis, a  tum or diam e-
ter  larger  than  3 cm , and  tum or  extension  below  the  skull base
are  additional relative  contraindications to radiosurgery as pri-
m ary therapy.

137.6  Roundsm anship
●  The term  stereotactic radiosurgery is applied w hen stereotac-

tic radiation  is delivered as a single dose, w hereas the term
stereotact ic radiotherapy is used w hen m ultiple fract ions are
adm inistered.

●  The risk for complications follow ing stereotact ic radiosurgery
for acoust ic neurom as is significantly dim inished by using a
m arginal dose of 12 to 13 Gy.

●  Current evidence supports stereotactic radiation  treatm ent
for both  prim ary and recurrent  sm all to m edium -size acoustic
neurom as.

●  Radiation  t reatm ent for posterior fossa tum ors is lim ited to
lesions sm aller than  3 cm  but m ay be used in  com bination
w ith  m icrosurgery.

●  The long-term  e ects of stereotact ic radiation  therapy w ith
respect  to tum or control, hearing preservation, risks for crani-
al nerve dysfunction, m alignant degeneration, and other po-
tential complications warrant  cont inued investigation  in  large
studies.
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138  Lesions of the Pet rous Apex
Christopher J. Linstrom

138.1  Int roduct ion
Lesions  of the  petrous  apex  are  uncom m on  in  general otolar-
yngologic  practice  but  w ill  m ost  likely  be  encountered  in  a
practice  lim ited  to  otology and  neurotology. Certain ly a  lesion
of the  petrous  apex  m ust  be  considered  as  par t  of the  d i er-
en tial  d iagnosis  in  a  pat ien t  presen t ing  w ith  hearing  loss,
t in n itus,  ver t igo,  d isequilibrium ,  otalgia,  or  headache.  The
com bination  of any  un ilateral otologic com plain t  w ith  weak-
ness  or  paralysis  of the  sixth  cran ial nerve  poin ts  to  a  lesion
of  the  pet rous  apex.  Th is  chapter  w ill  focus  on  the  clin ical
presen tat ion , invest igat ion , and  treatm ent  of the  com m on  le-
sions of the  petrous apex.

138.2  Anatomy
The petrous (from  the Greek πετρα , “stone”) apex has the shape
of a  pyram id, w ith  the  point  about  45  degrees  m edial and  the
base  lateral, along  the  axis  of the  temporal  bone. The  m edial
surface of the pyram id  corresponds to the m edial surface of the
temporal bone, w ith  the other surfaces nam ed in  turn . The term
apex is used  to refer  to that  port ion  of the temporal bone m edi-
al to  the  otic  labyrinth , the  carotid  artery, and  the  eustachian
tube. These  structures  form  the  base  of the  petrous  apex. The
petrous apex abuts the in ternal auditory canal (IAC) and  the ca-
nal  for  the  petrous  port ion  of  the  in ternal  carotid  artery.  A
sm all notch  in  the  m ost  superior  and  m edial edge  of the  pet-
rous pyram id  identifies the  Dorello  canal. A sm all dural reflec-
tion  creates the canal itself, through  w hich  passes cranial nerve
VI. A sm all depression  of the  an terosuperior  surface  of the  pet-
rous apex identifies the position  of the Meckel cave and  the tr i-
gem inal  ganglion;  the  arcuate  em inence, seen  m ore  laterally,
gives an  approxim ation, but  not  a  precise  location, of the  supe-
rior  sem icircular  canal. The  petrous apex is  norm ally pneum a-
tized  by air  cells  that  invaginate  the  apex from  the  m iddle  ear
along nam ed  tracts  that  m ay pass  above  or  below  the  cochlea,
although  the  degree  and  extent  of pneum atization  from  left  to
right  in  an  individual m ay vary considerably. The  apex is dense
in  nonpneum atized  bone.  Variable  am ounts  of  fatty  m arrow
m ay be present  w ith in  the cancellous bone of the petrous apex.

138.3  Pathophysiology
The  pathophysiology  of a  lesion  in  the  petrous  apex  is  deter-
m ined  by  the  lesion  itself:  arising  from  within  the  apex  (e.g.,
cholesterol granulom a  or  epiderm oid) or  a  vascular  abnorm al-
ity  w ith in  the  apex  (e.g., aneurysm );  com ing  from  above (e.g.,
cerebrospinal [CSF] fluid  cyst  or  cephalocele);  grow ing in to the
area of the petrous apex from  a nearby structure (e.g., m eningi-
om a arising from  the dural lin ing adjacent  to the petrous apex);
or  from  meta sta t ic spread  of cancer  to  the  petrous  apex  (e.g.,
m etastatic  breast,  renal  cell,  lung, or  prostate  carcinom a  and
m alignant  m elanom a). Several of these  lesions  w ill  be  consid-
ered  in  greater detail in  the sect ion  on  the di erential diagnosis
of lesions of the petrous apex.

138.4  Clinical Presentat ion and
Physical Exam inat ion
The  clin ical h istory of lesions found  w ithin  the  petrous apex is
often  disproport ionately  m ild  compared  w ith  the  actual  find-
ings on  radiologic investigation. It  is rem arkable that  until a  le-
sion  w ithin  the petrous apex reaches a size large enough  to im -
pinge  upon  the  otic capsule, the  IAC, or  the  euastachian  tube,
the patient  m ay have only vague otologic complaints, such  aural
fullness w ithout  defin ite  hearing loss or  t innitus, often  accom -
panied  by facial pressure  or  pain , a  lack of sensation  in  an  area
of the face, or headache.

It  is  vital that  the  exam ining physician  attend  to  the  nature,
duration,  and  location  of  the  complaints.  Know ledge  of  the
anatomy of the petrous apex and its surrounding structures w ill
point  to  the  petrous  apex  if the  history  suggests  pathology  in
th is location. The h istory is probably the m ost  important  step in
the  investigative  process, often  outweighing the  physical find-
ings, w hich m ay be absent or m ild.

Attention  should  be paid  to those complain ts that  could  stem
from  a  lesion  in  the  petrous  apex:  hearing loss, aural fullness,
t inn itus, dizziness, facial hypesthesia  or  pain , weakness  of the
facial  nerve, or  headache. A complete  otologic  and  head  and
neck  exam inat ion  should  be  done,  w ith  a  focus  on  cranial
nerves  II through  XII. A m icroscopic  exam inat ion  of the  tym -
panic m em brane  is  usually included, w ith  care  taken  to  exam -
ine  each  and  every part  of the  drum . Crust ing on  the  drum , es-
pecially near  the  pars flaccida, m ay h ide  disease. If at  all possi-
ble, th is should be softened and rem oved.

A m inim al clinical exam ination  of hearing includes  a  tun ing
fork  exam inat ion  at  512 Hz  and  possibly  m ore  frequencies, as
necessary.  The  tuning  fork  exam inat ion  m ust  agree  w ith  the
audiom etric findings. If the  pat ient  describes pulsatile  t innitus,
it  is helpful to listen  to the neck, ear, retrom astoid  area, and  or-
bit  in  a quiet  room , preferably in  an  audiom etric booth. Clinical
tests of balance should be perform ed if indicated. These m ay in-
clude  tests  of postural control, such  as  the  Rom berg, Quix, and
Fukuda tests, as well as tests of the otololith  system , such  as the
Dix-Hallpike  m aneuver. The  test  for  head  shake–induced  nys-
tagm us m ay help  to point  to the side and/or site of the putative
problem .

138.5  Test ing
138.5.1  Audiom etry
All  patien ts  w ho  have  otologic  complaints,  regardless  of  the
suspected  lesion, should  have  an  audiogram  w ith  a  m inim um
battery of tests of pure tones, bone conduction  (m asked  appro-
priately), word  discrim ination , and  im m ittance  w ith  reflex de-
cay, if obtainable. Each  ear should be tested separately.

In  rare  cases, an  auditory brainstem  response  test  m ay dem -
onstrate  either  a  lack of wave  I or, m ore  com m only, increased  I
through  III in terwave  latency  on  the  side  w ith  hearing  loss  or
know n  pathology. The  abnorm ality on  the  auditory  brainstem
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response  test  m ay  revert  toward  norm al  after  the  lesion  has
been  treated.

138.5.2  Radiology
Patients  w ho  have  unilateral otologic complain ts such  as hear-
ing loss, t innitus, and  fullness/pressure  should  be  evaluated  for
a retrocochlear lesion  w ith  an  appropriate study.

Although  not  every single  dizzy pat ien t  w ill need  a  retroco-
chlear  radiologic evaluation , m any treating physicians feel that
the patien t  is better served by testing m ore rather than  less fre-
quently. The decision  pathway is relatively easy if the hearing is
asym m etric. For m ost  pat ients, the study of choice w ill be m ag-
netic  resonance  (MR)  im aging  w ithout  and  w ith  gadolin ium
enhancem ent. MR im aging  is  h ighly  sensitive  and  specific  for
the  detect ion  of soft-t issue  lesions in  the  skull base, cerebello-
pontine  angle, IAC, and  brain .  It  is  the  test  of choice  for  the
detect ion  of retrocochlear  pathology, and  m any  lesions  of the
petrous  apex  w ill  be  incidentally  discovered  by  screening  MR
im aging.

A word  of caut ion  is  indicated  at  th is  point.  The  degree  of
pneum atization  of each  petrous apex in  an  individual m ay nor-
m ally vary from  left  to  righ t . The  petrous apex is  pneum atized
in  approxim ately 30% of temporal bones. Signal from  bone m ar-
row  in  a nonpneum atized  bone w ill be distinctly di erent  from
signal from  a  pneum atized  petrous apex. If there  are  no  corre-
sponding clin ical complaints (e.g., facial pain , hypesthesia, hear-
ing  loss, t innitus, dizziness)  and  no  object ive  signs  of disease
(e.g., unilateral sensorineural hearing loss, cran ial nerve  VI in-
volvem ent), it  is  a  safe  bet  that  the  increased  signal on  the  T1-
weighted  im age is from  bone m arrow. A quick look at  the other
petrous  apex or  a  review  of other  m arrow-containing  areas  of
the  skull  m ay yield  the  answer. A T1-weighted  im age  w ith  fat
suppression  m ay already be  part  of the  study and  w ill dem on-
strate that  the suspected lesion is m arrow  fat.

Once  a  lesion  in  or  near  the  petrous  apex  has  been  discov-
ered, additional im aging studies w ill m ost  likely be  planned. In
an  excellent  review  of  radiographic  im aging  of  the  petrous
apex, Curt in  and  Som  postulated  five  quest ions that  should  be
asked  and  answered  w ith  an  appropriate  study  to  properly
identify a lesion of the petrous apex:
1. Is the abnorm ality arising in  the petrous apex or from  contig-

uous areas? (Is the lesion  expansile from  w ithin  the petrous
apex itself, or infiltrative and destruct ive, either from  w ithin
or w ithout?)

2. Are the bony walls of the apex and the septa in  the air cells
sm oothly rem odeled? (Are the bony air cell walls of the pet-
rous apex expanded (e.g., cholesterol granulom a, cholestea-
tom a, m ucocele, aneurysm , m eningocele, h istiocytosis, giant
petrous air cell) or destroyed (m etastases to the petrous
apex)?

3. What are the MR im aging signal characteristics of the lesion?
4. Is there enhancem ent of the in ternal “m atrix” of the lesion?

(Does the central part  of the lesion  have a blood supply?)
5. What is the relationship of the lesion  to the carotid  artery?

(Is it  bowed to the side, is the canal e aced, is it  an  aneurysm
of the petrous carotid ar tery?)

These  questions  m ay  usually  be  answered  by  complem entary
studies  of the  petrous  apex. If the  patient  has  undergone  MR

im aging, computed  tom ography (CT) would  be  the  next  test  of
choice. CT w ith  a  bone  algorithm  yields  excellent  in form ation
about  bone  and  the  in terface  of soft  t issue, bone, and  air, but  it
is  far  less  sensitive  and  specific  than  MR im aging  in  detect ing
soft-t issue  neoplasia. In  pat ients w ho cannot  otherw ise  under-
go MR im aging w ith  enhancem ent, CT w ith  contrast  m ay allow
defin ition  of  the  great  vessels  w ith in  the  skull  and  neck  and
m ay  give  inform ation  about  infect ious  or  inflam m atory  proc-
esses  and  neoplasia. MR im aging, as  previously  discussed, w ill
yield  the m ost  precise inform ation  about soft-tissue structures.

If additional sequences, such  as  MR angiography (MRA) and
MR venography (MRV) are desired, it  is im portant for the order-
ing  physician  to  speak  to  the  radiologist  before  planning  the
study. These sequences cannot  be im ported  or added  to MR da-
ta after  they have been  obtained and  m ust  be set  up in  advance.
MRA and  MRV yield  inform ation  about  first-  and  second-order
nam ed  vessels. If one  is concerned  about  a vascular  lesion  (e.g.,
aneurysm , arteriovenous  m alform ation)  or  about  the  in terface
betw een  a solid  or cystic structure w ithin  the petrous apex and
a  nam ed  vessel, such  as  the  petrous carotid  artery, it  m ay save
the patien t  additional testing to obtain  MRA and/or  MRV at  the
sam e tim e as MR im aging. If the lesion  is know n  to be  vascular
in  nature  (e.g., paragangliom a) and  w ill need  to  be  em bolized,
MRA and  MRV yield  lit t le  in form ation  that  four-vessel angiog-
raphy  w ill  not  and  for  these  lesions  should  not  be  ordered.
Above  all, it  is  vital that  the  otologist/neurotologist  establish  a
com fortable  working  relationship  w ith  an  experienced  neuro-
radiologist  and/or  in tervent ionalist  w ho w ill take  the  t im e and
e ort  to  listen  to the  patient’s  h istory and  attend  to  the  radio-
logic requirem ents of the proposed im aging study.

138.6  Di erent ial Diagnosis
The di eren tial diagnosis of lesions of the petrous apex is large.
They m ay be  classified  as  benign  or  m alignant, as  expansile  or
erosive, or  as  arising  from  within, from  above, from  a  nearby
structure, or from  meta sta t ic spread.

Although  a  w ide  di erential  diagnosis  should  be  kept  in
m ind, the  lesions  m ost  com m only encountered  in  an  otologic/
neurotologic practice  w ill be  cholesterol granulom a, cholestea-
tom a,  and  m ucocele,  w ith  encephalocele/m enigocele  and
aneurysm  less  com m only seen . It  is  important  always  to  keep
the  patient’s  h istory  in  m ind  w hen  developing the  di erential
diagnosis.

Many sources di er  in  the classification  and  nom enclature  of
lesions  of the  petrous  apex. A distillation  of lesions  described
by m any authors w ill be presented, as well as a brief description
of the m ore com m on lesions.

138.6.1  Inflam m atory/Infect ious/Cyst ic
Lesions
Cholesterol Granulom a
Manasse  reported  a  case  of  “granulation  tum or  w ith  foreign
body cells” of the  petrous  apex  in  1894. The  term  “cholesterin
or cholesterol granulom a” has been  used since th is report .

The  m ost  com m on  clin ical en tity an  otologist  w ill encounter
w ithin  the  petrous  apex  is  cholesterol  granulom a.  There  are
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several  proposed  m echanism s  of form ation. The  second  m ost
com m on  lesion  w ill be  cholesteatom a. The  pathophysiology of
these two lesions w ill be considered here.

Cholesterol granulom as have  been  produced  in  anim al stud-
ies by two m echanism s: by in troducing irr itants in to the m iddle
ear  cleft  and  by isolating a  bony air-filled  cavity  that  norm ally
com m unicates w ith  the atm osphere.

Beaum ont  produced  cholesterol granulom a in  a  chick hum e-
rus  by obstruct ing  the  foram en  pneum aticum  (the  connect ion
w ith  the  respiratory system ) w ith  a  m uscle  pedicle. Histologic
exam ination  revealed  no  associated  loss  of blood  or  infect ion .
Surgical traum a  as  a  causative  factor  was  excluded  because  an
identical  procedure  perform ed  on  the  contralateral  hum erus
w ithout  complete  occlusion  of the  foram en  pneum aticum  did
not  result  in  cholesterol granulom a  form ation. These  findings
support  the  “obstruct ion–vacuum ”  hypothesis  of  cholesterol
granulom a form ation.

Friedm an  was  able  to  develop  cholesterol granulom a  by  in-
ject ing sterile  suspensions of cholesterol in to the  m iddle  ear  of
a  guinea  pig. He  proposed  that  the  blood  breakdow n  product
cholesterol incited  a foreign  body react ion, thus leading to cho-
lesterol granulom a  form ation . Sadé  and  Teitz  disputed  the  ne-
cessity  for  hem orrhage  as  a  predisposing factor  for  cholesterol
granulom a form ation.

A second  m ajor  theory  of  the  pathogenesis  of  cholesterol
granulom a is that  of “exposed  m arrow.” The m arrow-filled  cav-
ities  of the  petrous  apex  are  eroded  as  air  cells  develop. This
erosion  m ay  cause  hem orrhage  in to  the  air  cells;  subsequent
degradat ion  in to  blood  products  such  as  cholester in  results
in  an  in flam m atory  react ion  and  cyst  developm en t.  The  ex-
pansion  of  the  cyst  results  from  con tinued  bleeding  w ith in
the  m arrow  cavit ies.  These  authors  repor ted  a  sm all  retro-
spect ive  series  of  four  pat ien ts  w ith  aggressive  cholesterol
granulom as  in  the  m astoid . In  all  cases, there  w as  a  nearby
blood  source.  The  authors  noted  that  an  “obstruct ion–vac-
uum ” postulate  alone  would  not  have  explained  the  source  of
the  hem orrhage, and  that  a  blood  source  m ust  have  supplied
these  aggressive  lesions.

A cholesterol granulom a m ay appear  as granulation  tissue  or
as  a  brow n, green , or  glistening  yellow  cystic m ass;  it  is  not  a
precursor of cholesteatom a.

It  would appear that  m ajor factors predisposing to the form a-
tion  of cholesterol granulom a are the follow ing: (1) obstruct ion
of the vent ilation of an  air-filled bony cavity that norm ally equi-
librates  w ith  the  atm osphere;  (2)  obstruct ion  of drainage;  (3)
react ion  to a foreign  body, such  as cholesterol;  (4) the  presence
of bone  m arrow  products, including  blood, w hich  lead  to  the
developm ent  of  cholesterol  cysts;  and  (5)  hem orrhage,
although  there is not  unanim ous agreem ent that  th is is a causa-
tive factor.

Epiderm oid/Cholesteatom a
Cholesteatom a  (m ore  properly,  keratom a)  is  not  a  t rue
neoplasm  but  rather  the accum ulation  of a living m atrix of ker-
atin izing squam ous epithelium  and  its  cellular  debris in  an  en-
closed  space. It  m ay be  classified  as congenital (arising de  novo
w ithin  the  anatom ical  location)  or  acquired. Acquired  choles-
teatom as m ay be  prim ary (arising from  a  retract ion  of a  squa-
m ous  epithelium –lined  surface  in to  the  target)  or  secondary

(arising  from  a  break  in  the  in tegrity  of  the  target  location,
caused  by  either  perforation  or  seeding  from  traum a). In  pa-
tients  w ith  cholesteatom a  of the  petrous apex, the  clin ical and
radiologic exam inat ion  m ust  look for  a  source  outside  the  pet-
rous apex, such  as the pars flaccida (e.g., an  att ic retract ion  cho-
lesteatom a). This  is  uncom m only  found. If a  “source” lesion  is
found, it  is  usually disproportionately sm all relat ive  to  the  dis-
ease  w ithin  the  petrous  apex. Cholesteatom as  of the  petrous
apex are m ost com m only congenital.

Congenital  cholesteatom as  of  the  petrous  apex  m ay  arise
from  epithelial cells  trapped  during em bryogenesis by overclo-
sure  of the  neural tube. Epithelial m igration  in  the  absence  of
other  clin ically  obvious  foci  of  cholesteatom a  is  another,
although  unlikely, possibility. Congenital cholesteatom as of the
petrous apex m ay be clinically silent . If they expand to a volum e
su cient  to  im pinge  upon  structures w ithin  or  adjacent  to the
petrous  apex, the  clin ical  m anifestat ion  w ill  depend  upon  the
size and  location  of the  m ass and  m ay include hearing loss, au-
ral fullness, facial pain  or  hypesthesia, headache, or  blurred  vi-
sion/diplopia. The  clin ical exam ination  per  se  does  not  yield  a
pathologic diagnosis but  rather poin ts to the likely site of the le-
sion  (e.g.,  in  pathologies  involving  the  fifth  or  sixth  cranial
nerve).

E usion
E usion  of  the  m iddle  ear  and  m astoid  m ay  cause  a  blocked
feeling  in  the  ear  and  a  conduct ive  hearing  loss. This  process
m ay extend  to  the  petrous  apex. In  som e  cases, the  e usion  is
due  to  chronic m astoiditis  in  w hich  the  respiratory  m ucosa  of
the  m iddle  ear  and  m astoid  has becom e hypertroph ic. In  these
cases, the  m ucosa  of the  m iddle  ear  and  m astoid  w ill often  re-
m ain  hypertroph ic and not  revert  to norm al, thus becom ing the
source  of an  e usion  rather  than  the  result  of an  active  infec-
tion. CT w ill  usually  reveal  a  nearly  complete  m iddle  ear  and
m astoid  but  w ithout  erosion  of  bony  septa  or  expansion  of
the  apex. T1-weigh ted  MR im ages  w ill  often  be  hypoin tense
and  T2 w eigh ted  im ages hyperin tense. In  rare  cases, all of the
hyper troph ic  m ucosa  m ust  be  rem oved  during  a  m astoidec-
tomy and/or  a  m iddle  ear  explorat ion  to  allow  a  new  m ucosa
to  develop  for  these  spaces.  Because  the  air  cell  system  is
con t iguous, the  m astoidectom y w ill usually  provide  drainage
for  the  petrous apex.

Mucocele
Simple obstruct ion  of the regular draining pathways of the pet-
rous  apex  m ay  rarely  cause  a  m ucocele. The  apex  expands  as
m ucus  cont inues  to  collect  w ithin  it . The  CT and  MR im aging
characterist ics  of a  m ucocele  are  sim ilar  to  those  of a  choles-
teatom a:  a  sm ooth , expansile  appearance  on  CT that  is  isoin -
tense  to  CSF. On  MR im aging, m ucoceles  are  hypoin tense  on
T1-  and  hyperin tense  on  T2-weigh ted  im ages. However, the
signal  can  vary  depending  upon  the  protein  con ten t  of  the
fluid . Fluid  w ith  a  low  protein  con ten t  is dark on  T1-weigh ted
im ages  and  brigh t  on  T2-weigh ted  im ages. As  the  m ucocele
becom es  chron ic, the  w ater  fract ion  decreases  and  the  pro-
tein  con ten t  increases. Th is  m ay  alter  the  enhancing  charac-
terist ics  so  that  both  T1-  and  T2-weigh ted  im ages  becom e
brigh t .

138.6  Di erent ial Diagnosis
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Cerebrospinal Fluid Cysts and Cephaloceles
CSF cephaloceles  are  m eningeal  diverticula  that  m ay  include
only CSF (m eningocele) or  both  CSF and  brain  (encephaloceles).
If they arise  from  the  dura  of the  Meckel cave, they are  called
petrous apex cephaloceles and  typically contain  only CSF. Ence-
phaloceles  typically arise  from  the  m iddle  fossa  near  the  m as-
toid  and  tegm en  tym pani, and  they  are  often  associated  w ith
chronic ear disease or surgical traum a. CSF cephaloceles m ay be
an  incidental finding or  m ay present  w ith  a variety of findings,
including CSF otorhinorrhea, vert igo, hearing loss, diplopia, fa-
cial num bness, and m eningitis.

Pet rous Apicit is/Abscess
Gradenigo  in  1904  described  an  infect ion  of the  ear  w ith  con-
com itant  paralysis  of  the  abducens  nerve  (cranial  nerve  VI).
Profant  first  used the term  petrosit is to describe infect ion  of the
petrous  apex  com bined  w ith  m astoiditis. Inflam m ation  of the
leptom eninges  around  the  Dorello  canal produces  palsy of the
sixth  cran ial  nerve.  Involvem ent  of  the  adjacen t  t r igem inal
ganglion  (cran ial  nerve  V)  m ay  lead  to  periorbital  and  facial
pain .  The  com binat ion  of otorrhea,  lateral  rectus  palsy,  and
pain  in  the  t r igem inal d ist r ibut ion  represen ts classic Graden i-
go syndrom e.

Cases of petrous apicitis are  alm ost  always found  in  a  setting
of acute  or  subacute  otit is  m edia. On  both  CT and  MR im aging,
the  air  cells  are  opacified, w ith  enhancem ent  of the  dura  over
the  petrous  apex.  Com plicat ions  m ay  arise  in  neighboring
structures, such  as  in tracran ial abscess  and  venous  th rom bo-
sis. The  cavernous  sinus, sigm oid  sinus, and  jugular  vein  are
at  risk because  of their  proxim ity to the  apex. A variety of or-
gan ism s m ay cause  petrous apicit is, including Mycobacter ium
tuberculosis.

Skull Base Osteom yelit is/Necrot izing (Malig-
nant ) Ot it is Externa
Malignant  otit is  externa, m ore  properly called  osteomyelit is  of
the skull base or necrotizing otit is externa, is a skull base osteo-
myelitis.  Pseudomona s  species  are  generally  the  predom inant
organism s. Toulm ouche  described  a  case  of progressive  osteo-
myelitis  of the  temporal bone  in  1838  that  was m ost  likely the
first  reported  case  of necrotizing otit is  externa. Risk factors for
th is  disease  include  old  age, diabetes, and  im m unosuppression
for  any  reason .  The  typical  complaint  is  deep -seated,  boring
pain  in  the  ear  that  radiates  toward  the  m iddle  of  the  head.
Granulations  in  the  inferior  m argin  of the  external canal near
the  tym panic bone  m ay be  seen, but  aural discharge  is  rare. A
conductive  hearing loss due to fluid  or  granulations w ithin  the
m iddle  ear  m ay be  diagnosed. Involvem ent  of the  facial nerve
indicates  m ore  advanced  disease.  The  treatm ent  is  m edical,
w ith  dual an tibiotic therapy and  control of underlying m edical
conditions, such  as  diabetes. In  extrem ely  rare  cases, surgical
decompression  of a  phlegm on  or  abscess of the  skull base  m ay
be necessary, as well. For fur ther discussion, see Chapter 116 .

Pet rous Carot id Aneurysm
A sm ooth-bordered  m ass seen  w ith in  the  petrous apex m ay in
fact  be  an  aneurysm al  dilatation  of  the  petrous  carotid  and

m ust  always be  included  in  the  di eren tial diagnosis. Violation
of an  aneurysm  in  th is  location  would  lead  to  catastrophic se-
quelae. An  easy way to distinguish  the lesion  from  the  artery is
to include MRA sequences along w ith  the  MR im aging to detail
the  soft  t issues of the  m ass. MRA delineates first-  and  second-
order  vessels, w ill  be  form atted  in  m any  di erent  planes, and
w ill clearly show  the m ass to be separate from  the lesion w ithin
the  petrous  apex. This  is  dem onstrated  in  Case  3. If doubt  re-
m ains  after  MRA, four-vessel  angiography, w ith  its  attendant
risks, can  be perform ed.

Paget  Disease  and Fibrous Dysplasia
Paget  disease  of bone  a ects  the  skull  base  in  sclerot ic, lytic,
and  m ixed  form s.  The  skull  base  is  rarely  involved  w ithout
sim ultaneous calvarial disease. In  the base  of the  skull and  pet-
rous  apex, the  lesions are  prim arily lytic and  m ay have  an  ap-
pearance  sim ilar  to  that  of  m etastatic  disease.  Paget  disease
m ay  cause  dem ineralization  or  erosion  of  the  otic  capsule. It
often  involves the petrous temporal bones sym m etrically.

Fibrous  dysplasia  has  a  typical appearance  on  CT of areas  of
bony th ickening  w ith  a  “ground  glass” appearance. In  the  m e-
dullary region  of the  lesion, areas  of dense  ossification  m ay be
m ixed  w ith  areas  of fibrous  tissue. Both  T1-  and  T2-weighted
MR im ages  are  of  low  signal  in tensity  unless  there  are  cystic
areas, w hich  are  bright  on  both  sequences. It  is  rare  to  find  fi-
brous dysplasia isolated to the petrous apex.

138.6.2  Prim ary Neoplasm s
Prim ary  neoplasm s  of the  petrous  apex  are  rare, but  a  variety
have  been  repor ted. These  include  giant  cell tum or, xanthom a,
endolymphatic sac tum or, hem angiom a, hem angiopericytom a,
chondrom a/chondrosarcom a, aneurysm al bone  cyst, plasm acy-
tom a, undi erentiated  carcinom a, various sarcom as, and  by ex-
tension  nasopharyngeal  carcinom a.  With  the  except ion  of
aneurysm al  bone  cyst,  these  tum ors  tend  to  be  cellular.  The
origin  of aneurysm al bone cyst  is controversial. Various pathol-
ogists believe  that  th is expansile lesion  is m ore  properly classi-
fied  as a  gian t  cell tum or  or  that  it  m ay develop  from  a  benign
bone  lesion. The  appearance  on  CT and  MR im aging is  charac-
teristic, w ith  expanded  bone  and  m ultiple  cysts, m ost  of w hich
have air–fluid levels.

The  endolymphatic sac tum or  is a  papillary adenom a arising
from  the  endolymphatic sac or  its  adnexa. It  tends to  be  m ore
aggressive  than  sim ilar  lesions arising elsew here  in  the  tempo-
ral bone.

Chondrom a/chondrosarcom a is thought  to arise from  em bry-
onic  rests  of car t ilage  in  the  region  of  the  foram en  lacerum .
Malignant  chondrosarcom a  is  m ore  com m on  than  its  benign
counterpar t ,  chondrom a.  Chondrosarcom as  appear  as  bulky,
enhancing, irregular, destruct ive lesions w ith  “popcorn” calcifi-
cations  that  arise  from  the  m idline. They are  hom ogeneous on
T1-weighted im aging and heterogeneous on T2-weighted im ag-
ing, w ith  in tense contrast enhancem ent.

Nager  described  sarcom as a ect ing the temporal bone under
general  categories  of  rhabdomyosarcom a, extraskeletal  Ew ing
sarcom a, myxom a  and  fibromyxom a, and  osteosarcom a. These
m alignancies have  in  com m on  at  least  one  prim ordial elem ent
from  m esenchym al  t issue.  Although  all  of  these  cancers  are
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uncom m only seen  solely in  the  petrous  apex, they m ay secon-
darily  spread  to  th is  site  as  a  consequence  of their  aggressive
behavior.

Rhabdomyosarcom a  is  a  h ighly  m alignant  tum or  of rhabdo-
myoblasts  in  varying stages of di erentiation, w ith  or  w ithout
intracellular  myofibrils  or  cross-striations. Three  subtypes  are
distinguished:  em bryonal (including the  botryoid  type), alveo-
lar, and  pleom orphic. The  first  two  are  m ore  com m on  in  chil-
dren; the th ird is an  adult  neoplasm .

Extraskeletal Ewing sarcom a is a  malignant  tumor  believed  to
arise from  prim itive m esenchym al tissue w ithout  obvious di er-
entiation. It  is  often  mistaken  clinically and  histologically for  ju-
venile  rhabdomyosarcoma. Approxim ately  70% of these  tum ors
have  been  reported  in  patients  younger  than  20  years  of age. It
is rare  in  the tem poral bone and  is included  for completeness.

Other sarcom atous lesions to be considered in  the di eren tial
include myxom a, fibromyxom a, and osteosarcom a.

Eosinophilic Granulom a: Langerhans Cell
Hist iocytosis X
Langerhans  cell  h istiocytosis  m ay  involve  the  skull  base. Any
bone  can  be  involved, but  the  temporal bone  is a  com mon  site.
The clin ical h istory often  is that  of an  ear  infect ion  that  w ill not
heal despite  appropriate aural toilet  and  an tibiotic therapy. The
temporal bone m ay be expanded or destroyed. The bone–lesion
interface  m ay be sharp  on  CT. The in ternal density of the lesion
and the im aging characteristics on  MR im aging m ay be variable.
The patien t  tends to be  young, fur ther  raising the  index of sus-
picion . Other  en tit ies  to  be  considered  are  teratom a, neurom a,
and giant cell tum or.

Chordom a
Chordom as,  derived  from  prim it ive  notochord  rem nants,  are
m idline  m asses  arising  from  the  clivus  that  m ay  secondarily
spread  to  the  petrous  apex. It  is  possible  for  notochord  rem -
nants to extend laterally toward the petrous apex, causing a pri-
m ary  tum or. Chordom as  are  bulky, lobulated, m idline  lesions
on  CT that  enhance  w ith  contrast , are  destruct ive  of bone, and
contain  calcificat ions. They appear  sim ilar  to  chondrosarcom as
on  MR im aging, but  they tend  to arise  m ore  in  the  m idline  and
are less brightly enhancing w ith  gadolin ium .

Meningiom a
This  benign  tum or, arising  from  the  m eninges, comprises  ap-
proxim ately 14% of all in t racranial tum ors and  is the m ost  com -
m on  solid  tum or  involving  the  petrous  apex. It  appears  rarely
as a  prim ary tum or, m ore  com m only invading the  apex secon-
darily. Meningiom as com m only present  as broad-based  tum ors
along the  posterior  petrous wall. They m ay exhibit  calcification
w ithin  and  enhance  w ith  contrast, and  they often  have  a  char-
acteristic dural “tail.” Meningiom as tend  to follow  sites of dural
penetration  by cran ial nerves VII through  XII.

Paragangliom a
Paragangliom as  (glom us  tum ors)  usually  do  not  arise  from
w ithin  but  m ay grow  into the petrous apex. It  would  extrem ely

rare  to find  a  glom us tum or  prim arily w ithin  the  petrous apex
in  the absence of th is lesion  elsew here.

138.6.3  Metastat ic Neoplasm s
Extratemporal prim ary cancers m ay m etastasize via  hem atoge-
nous routes  to  the  tem poral bone, specifically to  the  rich  m ar-
row  spaces of the  petrous apex. These  include  breast, prostate,
lung, and  renal  cell  carcinom a  and  m alignant  m elanom a. The
appearance is variable, depending upon  the site  of the prim ary.
Metastat ic cancer to the temporal bone m ay erode and rem odel
bone or be less invasive in  appearance. A history of know n  can-
cer at  any of these sites or  the presence of additional m etastatic
disease anyw here raises the index of suspicion.

138.7  Treatm ent  Paradigm s
Few  lesions of the  petrous apex w ill be  solely observed  in  oth-
erw ise  healthy patients. Som e, such  as necrotizing otitis  exter-
na and petrous apicitis, w ill be t reated m edically, w ith  very rare
surgical  in tervent ion . However, the  m ajority  of  lesions  of the
petrous  apex  will eventually require  surgery for  either  drainage
or  resection. Many surgical approaches to the petrous apex exist,
each  tailored  to the lesion  and  the extent  of disease. The surgeon
must  carefully review  the  nature  and  extent  of the lesion  and  its
relationship  to the important  adjacent  structures, such  as the otic
capsule, the  petrous  carotid  artery,  the  jugular  bulb,  the  facial
nerve, and  the  eustachian  tube. The  surgeon  must  have  several
surgical  approaches  to  lesions  of the  petrous  apex  available  in
the  event  that  the  selected  approach  fails to reach  the  pathology
or  adequately address  the  surgical requirements  of treatment. If
the lesion  involves highly crit ical areas either adjacent  to or w ith-
in  the  petrous apex, such  as the  petrous carotid  artery, the  mid-
dle  fossa  dura, or  the  clivus, the  patient’s  care  is  facilitated  by a
combined neurotologic and neurosurgical team  approach.

Surgical approaches to the petrous apex m ay be classified  ac-
cording  to  the  neighboring  anatomy,  the  ability  to  preserve
hearing, or  the direct ion  of the approach . Because the temporal
bone  is  pneum atized  by nam ed  air  cell tracts  invaginating  the
m astoid  complex around  the vestibular  and  cochlear labyrinths
and  the facial nerve, an  easily understood  classification  schem e
is  based  upon  hearing  conservation/hearing  ablation  and  the
nam ed  pathways of pneum atization  around  the  otic capsule. It
is understood  that  all approaches attempt  to preserve  and  pro-
tect  the facial nerve.

Flood  and  Kem ink  listed  six  requirem ents  that  m ust  be  ful-
filled  in  approaching  tum ors  of the  petrous  apex:  (1)  provide
adequate exposure for complete excision  or allow  easy access to
an  exteriorized  cavity;  (2)  preserve  useful  residual  hearing  if
possible; (3) preserve facial nerve and  other cranial nerve func-
tion  w hen  possible; (4) preserve the in ternal carotid  artery; (5)
avoid  hazard  to  the  brainstem ;  and  (6) provide  wound  closure
w ithout CSF leak.

138.7.1  Hearing Conservat ion
Approaches
These surgical approaches aim  to reach  the  petrous apex w hile
preserving  the  otic capsule  in  an  attempt  to  preserve  hearing.

138.7  Treatment  Paradigms
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The  approaches  follow  established  air  cell  t racts  above, below,
or  anter ior  to the  otic capsule. Many were first  described  in  the
preant ibiot ic era  and  were  used  to  exteriorize  abscesses of the
petrous apex. None involves transposit ion  of the facial nerve or
of the  petrous carotid  artery. The jugular  bulb  is the  th ird  ana-
tom ical boundary.

Above the  Labyrinth
Middle  cranial  fossa  approach:  This  is  an  extension  of  the
standard  m iddle  cranial  fossa  approach  for  decom pression  of
the labyrinthine facial nerve and  resection  of lesions w ithin  the
IAC, as  described  by  William  House  in  1959  and  thereafter. It
m ay  be  a  preferred  approach  for  lesions, such  as  cholesteato-
m as,  in  w hich  surgical  rem oval  and  subsequent  exenteration
are  the  goals. It  is  di cult  to  drain  lesions to  other  dependent
areas  of the  tem poral bone, although  th is  has  been  described.
The  m ajor  landm arks  to  be  preserved  are  the  petrous  carotid
artery, the cochlea, and  the facial nerve. This approach  a ords a
“keyhole” w indow  from  above, through  w hich  a  lesion  m ay be
m ore thoroughly exenterated. The m iddle fossa approach  is fur-
ther discussed in  Chapter 135 .

Through  the  superior  sem icircular  canal,  along  the  path  of
the  subarcuate  ar tery:  In  patients  w ith  a  well-developed  peril-
abyrin thine  air  cell t ract  and  a  m ore  posterior  lesion , th is  ap-
proach  m ay  be  contem plated.  However,  the  diam eter  of  the
superior  sem icircular  canal is  no  m ore  than  a  few  m illim eters,
and  thus the vestibular  and  cochlear labyrinths are both  placed
at  risk  w ith  th is  approach, w hich  was  developed  to  drain  ab-
scesses of the petrous apex and  is m ent ioned  here for h istorical
in terest.

Through  the  att ic:  This  approach  is  rarely  indicated  for  le-
sions of the petrous apex w ith  extension  above and posterior  to
the vestibular labyrinth . It  m ay be of value for obtaining a biop-
sy  but  today  would  not  in  itself  be  considered  a  defin itive
approach. It  is  often  com bined  w ith  other  approaches  to  the
petrous apex, especially w hen  the goal is to provide drainage or
exteriorization  and not definitive resection.

Through  the  root  of the  zygom atic  arch :  This  is  m ent ioned
for h istorical completeness only and  today would m ost  likely be
replaced  by  or  com bined  w ith  another  technique,  such  as  a
m iddle cranial fossa approach.

Below  the Labyrinth
Infracochlear  (subcochlear)  approach:  This  approach  uses  the
tr iangular  space  bordered  by the  basal tu rn  of the  cochlea, the
ascending  petrous  carotid  artery, and  the  jugular  bulb. In  an
anatom ical study of 20  preserved  temporal bones, Haberkamp
found  the  average  w indow  created  via  th is  approach  to  be
9.41  x  7.33 m m ;  in  none  of h is  specim ens  was  th is  approach
im possible.  In  the  living,  well-defined  axial  and  coronal  CT
scans  w ith  a  bone  algorithm  are  needed  to  estim ate  the  space
between  the  basal turn  of the  cochlea  and  the  petrous carotid .
If  the  space  is  m ore  than  approxim ately  3  to  4 m m , surgical
drainage  of the  petrous  apex  w ill  likely  be  possible. This  ap -
proach  is lim ited  by a  short  distance  between  these  two struc-
tures  or  by a  h igh-riding  jugular  bulb. It  is  the  m ost  com m on
otologic  approach  in  curren t  use  and  has  been  described  by
m any authors.

Infralabyrinthine  (retrofacial)  approach:  This  approach  is
bordered  by  the  posterior  sem icircular  canal, the  vert ical (de-
scending) facial nerve, and  the  jugular  bulb. It  is  a  straightfor-
ward  approach, an  anterior  extension  of a complete  m astoidec-
tomy. Preoperative axial CT w ith  edge enhancem ent  w ill help in
the  surgical  planning. Haberkamp  found  the  average  w indow
created  via th is approach  to be 4.99 x 7.23 m m . The m ajor lim i-
tation  to  th is  approach  is  a  h igh-riding  jugular  bulb.  In  rare
cases, the  posterior  sem icircular  canal m ay be  blue-lined  to al-
low  a  few  extra  m illim eters  of the  operculum  of the  superior
sem icircular  canal to  be  dissected. As  in  other  approaches, the
petrous  apex  is  drained  to  a  well-ventilated  area, in  th is  case
the m astoid  and  subsequently to the eustachian  tube. In  the lit-
erature  reviewed  for  th is  chapter, it  is  the  second  m ost  com -
m only used approach.

Retrosigm oid  (suboccipital)  approach:  This  is  the  standard
approach  toward  the  posterior  cranial fossa  for  the  excision  of
lesions  of the  cerebellopontine  angle  and  IAC. It  is  rarely  used
alone  to  approach  the  petrous  apex, but  it  m ay  be  com bined
w ith  another  approach  w hen  in t racranial  extension  of a  pet-
rous apex tum or  produces signs of brainstem  compression. The
surgeon  works  at  a  great  distance  from  the  petrous  apex, and
the  m orbidity  associated  w ith  th is  technique  lim its  its  useful-
ness as a prim ary approach  to the petrous apex.

Infratem poral  approach:  The  infratem poral  approach  to  the
skull base, w ith  anterior  t ransposition  of the  facial nerve, as  is
typically  used  in  the  resection  of paragangliom as, allow s  the
com bined  infracochlear  and  infralabyrinthine  drainage  of  le-
sions  of the  petrous  apex  w ith  preservation  of hearing. Trans-
position  of the  facial  nerve  w ith  attendant  facial  weakness  is
the m ajor lim iting factor w ith  th is approach.

Anterior to the Labyrinth
These  approaches  use  the  tr iangle  form ed  by  the  cochlea, the
petrous  carotid  ar tery, and  the  m iddle  fossa  dura. They  were
developed  in  the  preantibiotic  era  and  are  rarely  if ever  indi-
cated today.

Transsphenoidal  approach:  The  history  of  th is  approach  to
the  pituitary is  a  veritable  h istory of m odern  advances  in  neu-
ro-otology and  neurosurgery. It  was first  popularized  in  North
Am erica  by Harvey Cushing, although  he  claim ed  no  credit  for
its discovery. It  fell in to disfavor because of poor anesthesia and
lim ited  visibility in  an  era  devoid  of the  operating m icroscope.
It  was revived  by Guiot  and  Jules Hardy after  the  advent  of in t-
raoperative radiofluoroscopy in  1958. Although th is approach is
aim ed  precisely at  lesions  of the  sella  turcica, it  m ay be  m odi-
fied  for  lesions  of the  petrous  apex. Gray et  al  have  described
the transnasal, transsphenoidal m arsupialization  of a cholester-
ol  granulom a  of  the  petrous  apex  and  sphenoid  sinus.  This
approach  m ay be  favored  in  patients w ho have lesions that  ex-
pand  the  far  anterior  aspect  of the  petrous  apex and  in  w hom
the  petrous carotid  artery has been  laterally displaced. Preope-
rative  planning m ay include  edge-enhanced  CT of the  temporal
bone  and  MR im aging  w ith  MRA to  detail  both  the  nature  of
the  lesion  and  the  exact  location  of the  horizontal  port ion  of
the  petrous  carotid  artery. An  intraoperative  navigational sys-
tem  or  in traoperative fluoroscopic system  is often  used  to con-
firm  anatom ical landm arks. The  sphenoid  sinus  is  approached
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in  a t ransnasal fash ion. The posterior  wall of the sphenoid sinus
is  th inned  w ith  a  d iam ond  bur, an d  th e  an ter ior  face  of th e
pet rous  apex  is  opened . Rem oval  of  the  in t rasphen oid  sep -
tum  m ay facilitate  exposure. A d rain  m ay be  left  in  p lace, or
a  poster iorly  based  flap  of sep tal m ucosa  m ay be  rotated  in -
to  the  n eo-osteum  of  th e  pet rous  apex,  as  described  by
Mon tgom ery.

138.7.2  Hearing Ablat ion Approaches
These  approaches  are  in tended  to  reach  the  petrous  apex  via
the  cochlear  and/or  the  vestibular  labyrinth ,  the  m ost  direct
pathway, at  the  expense  of the vestibular  or  cochlear labyrinth .
None  of these  approaches  in tentionally  involves  transposition
of the  facial nerve  or  of the  petrous  carotid  artery. The  jugular
bulb is the th ird m ajor boundary of these approaches.

Translabyrinthine Approach
In  lesions of the petrous apex in  w hich  useful hearing is no lon-
ger  present,  the  approach  is  through  the  labyrin th  but  not
through  the  IAC. Com bined  w ith  a  canal wall dow n  m astoidec-
tomy and  a  su cien t  m eatoplasty, it  yields a  cavity that  can  be
easily  visualized  and  cleaned. The  posterior  and  m iddle  fossa
dura m ay have been th inned by expansion of the lesion. It  is im -
portant  that  toilet  of  the  cavity  be  perform ed  under  m icro-
scopic  vision , in  an  extrem ely  gentle  fashion  and  w ithout  the
use  of sharp  instrum ents, in  order  to  avoid  a  CSF leak. This  is
described later in  Case 2.

Transcochlear Approach
This approach  has been  described by William  House and is indi-
cated  in  the  pat ient  w ith  a  lesion  of the  petrous apex in  w hom
usefu l hearing is no longer present. It  is importan t  to follow  the
usual landm arks of the  basal turn  of the  cochlea, the  tym panic
facial nerve, the eustachian  tube orifice, and  the petrous carotid
artery  carefully  in  order  to  prevent  injury  to  vital  structures.
This  approach , com bined  w ith  a  canal  wall  dow n  m astoidec-
tomy  and  a  su cient  m eatoplasty,  w ill  yield  a  cavity  that  is
open  and that can  be cleaned.

Subtotal Pet rosectom y
This  is  a  “workhorse” approach, fam iliar  to  all  skull  base  sur-
geons w ho have studied the work of Professor Ugo Fisch.

This  technique  leaves  the  otic  capsule, the  facial  nerve, the
carotid  ar tery, and  the  jugular  bulb  as the  only rem aining ana-
tom ical landm arks w ith in  the  temporal bone. The  surgical goal
is  to  exenterate  all  rem aining  disease  from  the  external  and
m iddle  ear  clefts  and  all air  cells  of the  m astoid. All squam ous
epithelium  from  the external auditory canal up to and including
the  tym panic  m em brane  is  rem oved,  and  the  canal  is  over-
closed. The  ossicular  chain , except  for  the  m obile  stapes  foot-
plate,  is  rem oved.  Depending  upon  the  pathology,  the  facial
nerve  m ay  be  decompressed, t ransposed, or  grafted. The  pet-
rous  carotid  m ay  be  decom pressed, according  to  need. There
are  m any variations of th is  approach, including leaving the  ca-
nal open  for surveillance.

138.8  Clinical and Radiographic
Follow-up
The lesion  itself and  the  ability to  preserve  the  function  of the
otic  capsule  in  large  m easure  determ ine  the  m ode  of surveil-
lance for pat ien ts w ith  lesions involving the petrous apex. If the
lesion  is  being observed, clin ical exam ination  and  serial audio-
gram s at  6-m onth  in tervals or  w henever  the patient  m ay expe-
rience  a  decrease  in  hearing  are  indicated. If  the  hearing  re-
m ains  unchanged, CT or  MR im aging in itially at  6  m onths  and
thereafter  at  longer  in tervals  is  com m only perform ed. The  pa-
tient  is  instructed  to  attend  to  his  or  her  sym ptom s. If  these
worsen  at any t im e, new  investigations w ill be ordered.

If the lesion  has been  medically trea ted (e.g., 6  to 12 weeks of
in travenous  an tibiotics  for  necrotizing  otit is  externa  involving
the  petrous  apex),  the  patient  should  be  exam ined  and  the
hearing  tested  at  shorter  and  then  longer  in tervals. Many  pa-
tients  w ill require  a  full course  of treatm ent  only once. A gal-
lium  scan  at  3 to 4 m onths after  treatm ent  should  show  signifi-
cant  im provem ent. However, it  m ay never  becom e  completely
clear  and  m ust  be  in terpreted  according to  the  clin ical state  of
the  pat ient. In  an  elderly pat ien t  or  a  patient  of any age  im m u-
nocomprom ised  for  any reason, the  index of suspicion  m ust  be
raised, especially if deep -seated otit ic pain  or pain  at  the base of
the  skull returns. In  th is  case, in  addition  to the  clin ical exam i-
nation  and  the  audiom etric and  radiographic studies, radionu-
clide studies m ay need to be repeated.

If the  patient  has  been  t reated  surgica lly, the  nature  of the
disease  and  the  surgical approach  w ill dictate  the  follow -up. If
the  disease  has  been  exteriorized  and  can  be  visualized  under
the  m icroscope, surveillance  radiography  m ay  rarely  be  indi-
cated. If, however, the  disease  has been  drained  to an  area that
is ordinarily not  clin ically accessible, such  as to the m astoid  in  a
canal wall up  technique  or  to  the  hypotym panum , serial CT at
the  6-  and  then  the  12-m onth  m ark is  indicated. Patients  w ho
have had  subtotal excision  of disease  processes w ith in  the  pet-
rous  apex  w ith  overclosure of the  ear  m ust  know  that  lifelong
surveillance  at  appropriate  in tervals  is  m andatory.  Because
there  w ill  always  be  a  chance  that  a  residuum  of disease  m ay
continue to grow, appropriate im aging (CT, MR im aging, or oth-
er)  at  appropriate  in tervals  m ust  be  organized  along  w ith  the
clin ical  exam inat ion . As  long  as  the  patient  rem ains  clin ically
and  radiologically stable, the  disease  m ay be  observed. Radio-
graphic progression  of disease, w ith  or  w ithout  progression  of
clin ical sym ptom s, m ust  be  carefully assessed  and  a  treatm ent
plan  outlined. The  overall clin ical state  of the  patient  w ith  any
com orbidities w ill help determ ine w hat is to be done.

138.9  Case Illust rat ions
138.9.1  Case 1
A 56-year-old  m an  w ith  a  4-m onth  h istory of t inn itus  and  de-
creased  hearing in  the  right  ear  was referred  for  evaluation. He
had no complaints of otit ic pain  or dizziness/vertigo and did not
have  facial pain . His  ear, nose, and  throat  exam ination, w hich
included  cranial  nerves  II through  XII, was  unrem arkable. His
clin ical  tests  of  balance  were  norm al.  With  a  512-Hz  tuning
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fork, the Rinne tests were both  positive, and the Weber test  was
m idline.

A  pretreatm ent  audiogram  dem onstrated  a  sign ifican t
asym m etry  of hearing  in  the  r igh t  ear  at  and  above  2,000 Hz
(� Fig. 138.1).

MR im aging of the  brain  dem onstrated  a  1.7  x  3.1  x  2.5-cm
expansile lesion w ithin  the right  petrous apex, h igh  in  signal on
both T1- and T2-weighted im ages, w ith  rem odeling of bone and
expansion  in to the cerebellopontine angle, consistent  w ith  cho-
lesterol granulom a (� Fig. 138.2).

CT of the petrous temporal bone further detailed  the bony ar-
ch itecture  of th is  lesion. The  scan  dem onst rated  th inning  and
displacem ent of the posterior horizontal portions of the petrous
carotid  artery, as  well  as  m edial  bow ing  and  th inning  of  the
petrous  apex.  Erosive  changes  were  noted  along  the  lateral
m argin  of the  porus  acust icus, the  clivus, and  the  basisphe-
noid . A carefu l review  of the  coronal im ages  did  not  favor  an
in fracoch lear  approach  to the  petrous apex but  d id  show  that
a  ret rofacial  (ret rolabyrin th ine)  approach  would  be  possible
(� Fig. 138.3).

The  patient  elected  to  have  the  lesion  surgically  t reated. He
underwent  a  right  retrofacial  (infralabyrinthine)  approach  to
the  petrous apex, in  which  the standard  landm arks of the poste-
rior  sem icircular  canal, the  descending facial nerve, and  the  jug-
ular bulb were used. The bone over  the cystic space was thinned,
and  a  25-guage  needle  was  used  to  aspirate  dark  brow n  fluid,
confirm ing the  cholesterol granulom a. The  posterior  face  of the

Fig. 138.1  Case  1. Preoperative  audiogram, demonstrating  asymmet-
ric sensorineural hearing  loss in  the  right  ear.

Fig. 138.2  Case  1. Preoperative  (a) T1-weighted
and  (b) T2-weighted  axial magnetic resonance
images, both showing  a  high-intensity lesion of
the  right  petrous apex.

Fig. 138.3  Case  1. Preoperative  (a) axial and  (b)
coronal computed tomographic scans, showing
the  ascending carotid artery abut t ing  the
cochlea.
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petrous apex was then  opened  with  graduated  diam ond  burs to
a  diam eter  of about  7 m m . This  allowed  gentle  curettage  with
ringed  forceps. Because  of the  known  e acem ent  and  displace-
ment of the petrous carotid  artery, no attempt  was m ade to strip
the  lining  of the  cystic  space. A No.  5  Jackson-Pratt  drain  was
placed  within  the  petrous  apex and  brought  out  to  the  m astoid
(� Fig. 138.4). An  audiogram  perform ed  1  m onth  after  surgery
revealed  a  slight  improvement  in  hearing  at  2,000, 3,000, and
4,000 Hz, with  100% speech  discrim ination  (� Fig. 138.5).

138.9.2  Case 2
A 19-year-old  wom an  presented  w ith  right  facial  weakness,
hearing loss and fullness in  the right ear, dizziness, and righ t  fa-
cial pressure/pain  of approxim ately 6 m onths’ duration. Exam i-
nation  revealed  a  right  III/VI facial  paresis  and  bulging  in  the
right  epitym panum . No  discrete  m ass  was  seen .  The  512-Hz
fork  lateralized  to  the  right  ear  w ith  bone  conduction  better

than  w ith  air  conduct ion  on  the  right  side. The  rem ainder  of
the exam ination was unrem arkable.

An  audiogram  revealed  a  conduct ive  hearing loss of 50 dB in
the  right  ear  w ith  good  word  discrim ination . The  nerve line  on
the  righ t  ear  was  well  preserved. Hearing  in  the  left  ear  was
norm al (� Fig. 138.6).

CT of the  tem poral bone  revealed  an  expansile  lesion  in  the
right  petrous apex w ith  extension  toward  the  IAC and  labyrin-
thine port ion of the seventh  cranial nerve, w ith  significant bony
erosion  (� Fig. 138.7). MR im aging showed  a lesion  of the  right
petrous apex less bright on T1-weighted im ages and brighter on
T2-weighted  sequences, supporting the  diagnosis of cholestea-
tom a of the petrous apex (� Fig. 138.8).

The patient  subsequently m oved to South  Am erica, and w hen
she returned  to New  York a year later, she complained  of worse
hearing  and  worse  facial  function.  On  exam ination,  she  had
complete  (VI/VI)  righ t  facial  paralysis.  A  repeat  audiogram
showed  a  conductive  hearing  loss  of 60 dB on  the  right  w ith

Fig. 138.4  Case  1. Postoperative  (a) axial and  (b)
coronal computed  tomographic scans, showing
the  Silastic (Dow Corning, Midland, MI) drain
passing  beneath  the  posterior semicircular canal
and  into the  petrous apex.

Fig. 138.5  Case  1. Postoperative  audiogram, demonstrating  modest
improvement  in  hearing.  Fig. 138.6  Case  2. Preoperative  audiogram, demonstrating  right

conductive  hearing  loss.
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92% speech  discrim ination.  Elect roneurography  showed  100%
right-sided  weakness  to  bitherm al  caloric  irr igation
(� Fig.  138.9).  Preoperative  electroneuronography  showed
100% degeneration  of the  right  facial nerve. The patien t  under-
went  a right  infratem poral fossa and  transm astoid  dissect ion  of
the m ass, as well as placem ent of gold  weight  in  the right  upper
lid. In  an  e or t  to  preserve  hearing, the  labyrin th  was kept  in-
tact . The cholesteatom a was unroofed  above the superior  sem i-
circular  canal  and  rem oved  w ith  suct ion  and  curettage.  The
postoperat ive  audiogram  showed  that  lit t le  useful  hearing  re-
m ained  on  the  right  (� Fig. 138.10). The  patient  was  followed
conservatively  w ith  serial  débridem ent,  and  the  facial  nerve

Fig. 138.7  Case  2. Preoperative  (a) axial and  (b)
coronal computed tomographic scans of the right
temporal bone, showing  an  expansile  lesion  of
the  right  petrous apex.

Fig. 138.8  Case  2. Preoperative  (a) T1-weighted
and  (b) T2-weighted  axial magnetic resonance
images, showing  a  lesion of the  petrous apex
brighter on T2 than on T1 sequences, consistent
with  cholesteatoma.

Fig. 138.9  Case  2. Preoperative  bithermal calorics, showing  absent
responses in  the  right  ear. SPV, slow-phase  velocity.

Fig. 138.10  Case  2. Postoperative  audiogram, with  no serviceable
hearing  in  the  right  ear.
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slow ly im proved  over  a  1-year  period, but  follow -up  MR im ag-
ing  revealed  lit t le  change  in  the  overall  size  of the  lesion. Be-
cause  the  hearing was no longer  useful, the  pat ien t  underwent
a  righ t  labyrinthectomy, dissection  of the  cholesteatom a, and
m eatoplasty.  Postoperatively,  the  patien t’s  righ t  facial  nerve
function  recovered to a House-Brackm ann grade III/VI.

138.9.3  Case 3
A 46-year-old  wom an  was  referred  for  evaluation  of a  “suspi-
cious finding” on  her CT scan  by a general otolaryngologist . This
patien t  had  a  lifelong  history  of  left  ear  infect ions  and  had
undergone two otologic procedures on  the left  ear  in  2005 and
2006, resulting in  a canal wall dow n  m astoidectomy defect . She
described  tinn itus in  the  left  ear  as well as infrequent  episodes
of dizziness, but  not  vert igo. There  were  no  other  sign ificant
otologic complain ts.

Microscopic  exam ination  revealed  m ild  retract ion  of  the
right  pars flaccida. There was a  canal wall dow n  m astoid  cavity

on  the  left  w ith  a  grafted, blunted  drum . No  ossicles  were  vi-
sualized  on  the  left , but  there  was  no  obvious residual choles-
teatom a either. Tuning fork testing at  512 Hz lateralized  toward
the  left , w ith  air  conduction  greater  than  bone  conduction  on
the righ t  side but  reversed  on  the left . The facial nerve was nor-
m al bilaterally, as were clin ical tests of balance.

An  audiogram  perform ed  on  June  5, 2008, revealed  a  m ixed
hearing loss  in  the  left  ear  w ith  good  bone  reserve  and  a  con-
duct ive  component  of  45 dB,  96% word  recognition  score
(WRS). The  hearing on  the  righ t  was norm al at  5 dB, 96% WRS
(� Fig. 138.11).

Noncontrast  CT of the  petrous  temporal bone  done  on  June
16, 2008  revealed  postoperat ive  changes  consistent  w ith  a  ca-
nal wall  dow n  tym panoplasty  and  m astoidectomy on  the  left ,
as  well  as  an  expansile  m ass  in  the  inferior  left  petrous  apex
w ith  osseous rem odeling that  m easured  13 m m  in  greatest  di-
m ension  (� Fig. 138.12), suggestive  of an  aneurysm  of the  pet-
rous carotid artery.

MR im aging and MRA w ithout and w ith  gadolin ium  enhance-
m ent  was  perform ed  and  in terpreted  w ith  the  findings  of the
previous CT scan . The lesion  in  the left  petrous apex was seen  to
be  distinct  from  the  petrous  carotid  artery  (� Fig.  138.13).  It

Fig. 138.11  Case 3. Postoperative audiogram  (following left  canal wall
down mastoidectomy).

Fig. 138.12  Case  3. (a) Axial and  (b) coronal
computed  tomographic scans of the  left  tempo-
ral bone, illustrating  an expansile  lesion in  the
petrous apex.

Fig. 138.13  Case 3. Magnetic resonance angiography of the brain. The
lesion in  the  left  petrous apex is distinct  from  the  internal carotid
artery.
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was  hyperin tense  on  T1-weighted  im ages  (� Fig. 138.14)  and
heterogeneous on  T2-weighted  im ages (� Fig. 138.15), suggest-
ing  a  cholesterol granulom a. Given  the  lack  of sym ptom s, the
patient  is being observed.

138.9.4  Case 4
A 14-year-old  girl was  evaluated  for  hearing loss  in  both  ears.
The child  had  a h istory of recurrent  otit is m edia and  prior  myr-
ingotomy  and  tube  placem ent  at  the  t im e  of a  tonsillectomy
and  adenoidectomy.  The  otoscopic  exam ination  revealed  re-
tracted  tym panic m em branes, w ith  a  w hit ish  m ass seen  in  the
posterior–superior  quadrants  bilaterally. Tuning  fork  testing at
512 Hz was  heard  m idline, w ith  bone  conduct ion  greater  than
air  conduction  bilaterally. An  audiogram  showed  bilateral con-
duct ive hearing loss, worse on  the left  side. The speech  recogni-
tion  threshold  (SRT) and  WRS were 30 dB, 92% on  the right  and
40 dB, 88% on  the  left  (� Fig. 138.16). The  ch ild’s  m other  was
advised that  investigation  of the problem  was urgently required

w ith  CT of the temporal bones and  m ost  likely otologic surgery.
Despite  frequent  phone  calls  and  a  telegram , the  pat ient  was
lost  to  follow -up  for  approxim ately 8  m onths. At  that  t im e, CT
of the petrous temporal bones was obtained  that  dem onstrated
significant  scalloping  of  the  petrous  apex  and  otic  capsule,
worse  on  the  left . Despite  thorough  discussion  w ith  the  child’s
parent  regarding the need for t reatm ent, the patient  did  not  re-
turn  for care for alm ost  2 years; at  that  t im e, repeat  CT revealed
worsening of the erosion  of both  petrous apices w ith  significant
scalloping of the otic capsule (� Fig. 138.17). The m other finally
consented  to  surgery, and  a  left  tym panoplasty  w ith  a  canal
wall dow n m astoidectomy approach  was perform ed. Cholestea-
tom a was found  underneath  osteit ic bone and  was exteriorized
as m uch  as possible, w ith  no attempt  m ade  to rem ove  the  m a-
tr ix.  Facial  nerve  m onitoring  dem onstrated  an  in tact  facial
nerve, and  facial nerve  funct ion  was norm al postoperatively. A
follow -up  audiogram  dem onstrated  an  in tact  left  bone  line
(� Fig. 138.18). Although  the  pat ient’s  m other  was  advised  of
the  need  for  right  ear  surgery, the  ch ild  has again  been  lost  to
follow -up.

Fig. 138.14  Case  3. T1-weighted  (a) coronal and  (b) axial magnetic
resonance  images, showing a hyperintense  mass in the  inferior aspect
of the  left  petrous apex.

Fig. 138.15  Case  3. T2-weighted  (a) coronal and  (b) axial magnetic
resonance  images, showing  a  heterogeneous mass in  the  left  petrous
apex.
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138.10  Sum m ary
Although  rare in  general otolaryngologic pract ice, lesions of the
petrous apex w ill likely be  encountered  by the otologist/neuro-
tologist . Most  cases  are  referred, the  patient  having been  seen
by  one  or  several  other  physicians  before  lesion  im aging.  Of
the  large  body  of possible  lesions  presented  in  the  preceding
text,  several  are  by  far  m ore  com m on  than  all  of  the  others

com bined,  especially  cholesterol  granulom a  and  cholesteato-
m a.  Other  lesions  include  m ucocele  and  discrete  m etastatic
disease from  several prim ary tum ors.

The  history, physical  exam ination, and  audiom etric  and  ra-
diologic  evaluation  of the  patient  presenting  w ith  a  lesion  of
the  petrous  apex  have  been  reviewed. Above  all, the  coopera-
tion  of a  skilled  neuroradiologist  is  essential to  help  clinch  the
diagnosis before surgery.

The  rare  m edical  and  m ore  com m only  perform ed  surgical
treatm ents of lesions of the  petrous apex have been  described.
The  surgical approach  to  lesions  of the  petrous  apex  is  deter-
m ined  by the  nature  of the  complain t, the  age  and  underlying
health  of the  patient, the  am ount  of residual hearing, and  the

Fig. 138.16  Case  4. Preoperative  audiogram, demonstrating  bilateral
conductive  hearing  loss.

Fig. 138.17  Case  4. Preoperative (a) axial and (b)
coronal computed  tomographic scans of the
right  temporal bone, and (c) axial and (d) coronal
computed  tomographic scans of the  left  tem-
poral bone, showing  erosion of both  petrous
apices and  scalloping  of both otic capsules.

Fig. 138.18  Case  4. Postoperative  audiogram, showing  intact  sensor-
ineural hearing  in  the  left  ear.
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anatom ical  exten t  of  the  lesion .  Cystic  lesions  should  be
drained  to a  nearby aerated  structure. Solid  lesions m ay be  ex-
cised  or  rarely  treated  w ith  stereotact ic  radiation.  The  com -
m on  surgical  approaches  to  lesions  of the  petrous  apex  have
been  reviewed.

Surveillance for  lesions of the  petrous apex m ust  be  planned
according to the age  of the  pat ient  and  the nature  of the lesion.
It  is  the  rare  pat ient  w ho w ill be  “cured” and  in  w hom  follow -
up  w ill eventually cease. For  the  m ajority  of patien ts, the  dis-
ease  process  w ill  be  rendered  less  potent ially  aggressive,
w hether  by m edical care, excision, or  drainage, so  that  clin ical
and  radiographic follow -up  at  regular  in tervals  w ill determ ine
the future course of t reatm ent.

138.11  Roundsm anship
●  Lesions of the petrous apex m ay be classified  as prim ary or

secondary.
●  Describe the anatom ical boundaries of the petrous apex.
●  Cholesterol granulom a is the m ost com m on prim ary lesion  of

the petrous apex.
●  Breast, prostate, lung, and renal cell carcinom a and m alignant

m elanom a are the m ost com m on m etastatic lesions of the
petrous apex.
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Index
A
abductor suture technique  673
abrasions, facial  329
acinic cell carcinom a  147, 164, 165,

251, 252, 547
acoustic adm ittance test ing  883
acoustic analysis  632
acoustic neurom a  1019, 1074
act in ic keilit is  159
act in ic keratosis  355
act inomycosis  238
adenocarcinom a  251, 252, 836
adenocarcinom a, basal cell  166, 166
adenocarcinom a, esophageal  745
adenocarcinom a, in testinal-type  150,

156
adenocarcinom a, non-in test inal-

type  156
adenocarcinom a, polym orphous low-

grade  166
adenoid  cystic carcinom a  147, 165,

165, 251, 251, 762, 836
adenoid  im pairm ent  557
adenoidectomy, indications for  549, 550
adenoiditis, acute  548
adenom atoid goiter  169
adenosquam ous carcinom a  160, 163
age-related hearing loss  957
airway disorders, pediatric  578
–  evaluation  579
airway foreign  body  8, 597, 599
airway stenosis, acquired, im aging  87,

88
airway tum or classification  760
alopecia  317, 453
Alport  syndrom e  956
am algam  tattoo  155, 161
am eloblastic fibrom a  158
am eloblastom a  155, 158, 203
am eloblastom a, m alignant  203
am eloblastom a, unicystic  203
Am erican  Heart  Association’s m odified

Jones criteria  206
Am erican  Joint  Com m ittee Cancer Stag-

ing  198, 219
am inoglycoside ototoxicity  957, 975
am inoglycosides  103
am photericin  B 104
amyloidosis (amyloid goiter)  167, 657,

658, 660, 758, 760, 763
amylotrophic lateral sclerosis

(ALS)  644, 682, 682, 683–684
analgesics  93
anaplastic carcinom a  168
anatom y
–  cranial base  1064–1066
–  ear  117, 497, 505, 511, 849, 914, 914
–  esophagus  205, 739
–  eye  457, 457, 458
–  facial  26, 27–29, 95, 316, 317–320,

327, 327, 328, 342, 343, 443, 465
–  head  21, 27
–  im aging  57
–  larynx  35, 36, 215, 217, 224, 578–

579, 601, 613, 613, 681
–  m iddle cranial fossa  1058
–  nasal cavity and paranasal si-

nuses  27, 419–420, 523, 526, 784,
784, 785–791

–  neck  21, 23, 27, 32, 35, 37, 37–38,
39, 39–41, 45, 106, 106, 107–108,
296, 306, 312, 601, 602–604, 628

–  oral cavity  31, 47, 196, 196, 628
–  orbit  41, 42
–  parathyroid  31, 282–283
–  parotid gland  30
–  pharynx  33, 34, 204, 624, 625, 628
–  salivary glands  30, 236, 237, 244,

245–246, 246
–  skin  377, 377, 469
–  skull base  842, 842, 1042
–  subm andibular gland  30
–  thyroid  30, 278–282
–  trachea  767
anesthesia, for facial plastic sur-

gery  325
anesthesia, general  89
–  airway m anagem ent  91
–  drugs for  93, 93, 94, 94
–  during laser surgery  92
–  em ergence from  92
–  induction  of  91
–  m aintenance of  92
–  m alignant hyper therm ia  95
–  patient  prep  90
–  preoperative evaluation  89
–  recovery from  92
anesthesiology, pediatric  485
anesthetic agents  325
aneurysm al bone cyst  174, 176
angiofibrom a, juven ile nasopharyng-

eal  288, 289, 541, 542
–  im aging  77, 78
angiofibrom a, nasopharyngeal  151,

157
angiolym phoid hyperplasia w ith  eosi-

nophilia  179
angiosarcom a  171, 174, 293, 293
angioselect ive lasers  701
Angle classification  337
anotia  501, 501
anterior skull base, surgical techniques

for  842
–  complications of  847
–  endoscopic endonasal approach  846
–  open  approach  845, 846–847
–  preoperative evaluation  843
–  radiology  844
anterior skull base, tum ors of  842
anti-influenza agents  104
antibacterial agen ts  100, 100
–  am inoglycosides  103
–  cephalosporins  101
–  chloramphenicol  102
–  clindam ycin  102
–  daptom ycin  103
–  fluoroquinolones  102
–  m acrolides  102
–  m etron idazole  103
–  m upirocin  103
–  oxazolidinones  103
–  penicillins  100, 100
–  rifam pin  103
–  streptogram ins  104
–  sulfonam ides  103
–  tetracyclines  102
–  vancomycin  103
antifungals  104
–  am photericin  B 104

–  candins  104
–  flucytosine  104
–  nystatin  104
–  tr iazoles  104
antiherpetics  104
antivirals  104
–  anti-influenza agen ts  104
–  antiherpetic agents  104
antrochoanal polyp, im aging  76, 78
aphthous stom atit is  544
arachidonic acid cascade  815
arrh inia  522, 522
arterial obstruct ion  14
arteries, see see anatomy
arytenoid  fixation  644
aspirat ion pneum onia, see see orophar-

yngeal dysphagia w ith  aspirat ion
aspirin  976
audiogram  1051
–  sensorineural hearing loss

(SNHL)  113
audiology, diagnostic  877
–  acoustic adm ittance testing  883
–  auditory brainstem  response test-

ing  892
–  auditory evoked poten tials  891
–  auditory steady-state response  894
–  behavioral audiologic test ing, pedia-

tr ic  896
–  caloric testing  901
–  computerized dynam ic platform  pos-

turography  903
–  Dix-Hallpike procedure  901
–  electrocochleography  891, 892
–  electronystagm ography  897
–  funct ional hearing loss testing  894
–  gaze test  900
–  hearing screenings  896
–  m asking  882, 884
–  optokinetic test  900
–  otoacoustic em issions  889
–  pure-tone audiogram  877, 878, 878,

881
–  sinusoidal harm onic accelera-

tion  903
–  sm ooth pursuit  (tracking) test  900
–  speech  audiom etry  880
–  static posit ional tests  901
–  tuning fork tests  877
–  vestibular evoked m yogenic poten-

tial test ing  904
–  vestibular testing  897
–  videonystagm ography  897
audiom etry  115, 1010
auditory brainstem  response test-

ing  892, 1011
auditory dyssynchrony  990
auditory evoked potentials  891
auditory function  and dysfunction  856
–  See a lso see specific dysfunct ions
auditory neuropathy/auditory neuro-

pathy spectrum  disorder  980
auditory steady-state response  894
auditory testing  864
aural atresia  500, 500
aural polyp  928
auricle, prom inent  498, 498, 499
auricular atresia, congenital  856
auricular avulsions  5

auricular deform ities, congenital, cor-
rection  of  409

–  complications  410
–  physical exam ination  412
–  surgical  413
auricular foreign  body  927
auricular hem atom a  14
auricular m icrotia, congenital  856
auricular reconstruct ion  414, 415–416,

417
auricular traum a  4
autoim m une inner ear disease  967
avulsions, auricular  5

B
Baha, see see bone-anchored hearing

aid
barium  sw allow  646, 648
Barrett  esophagus  742, 746
basal cell adenocarcinom a  166, 166
basal cell adenom as  165
basal cell carcinom a  179, 183, 356, 357
–  Mohs m icrographic surgery  363,

363
Beckw ith-Wiedem ann syndrom e  493,

493
behavioral audiologic test ing, pedia-

tr ic  896
Behçet  disease  126, 129, 544
Bell palsy  6, 400, 1058–1059, 1060–

1061, 1063
–  case example  1035
benign  paroxysm al positional vert igo

(BPPV)  872, 1017
BiPAP  122
birth  traum a  399
bites, facial  14, 329
blepharoplasty  457
–  complications  462
–  evaluation  459, 459, 460
–  postoperative care  462
–  postoperative em ergencies  14
–  technique  460, 460, 461, 466
Bogdasarian  and Olson  classification

system  703, 705
bone m ineral m etabolism  269
bone-anchored hearing aid (Baha prod-

uct)  1003
–  complications  1006
–  components  1004, 1004
–  history  1003
–  indications and test ing for  1004
–  surgery  1005, 1005, 1006
Bordetella pertussis (w hooping

cough)  207
botulinum  toxin  A 477, 479–480
–  as treatm ent for spasm odic dyspho-

nia  689
––  cricothyroid inject ion  690, 692
––  in terarytenoid  inject ion  690, 691
––  posterior crycoarytenoid injec-

t ion  690, 691
––  thyroarytenoid inject ion  690, 691
–  complications  479, 481
branchial cleft  cyst  309, 310, 500, 500,

925
–  im aging  83, 84
branchio-otorenal syndrom e  953
brucellosis  308
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bruising, facial  329
bullous external otitis  921
bullous myringit is  933
Burkit t  lymphom a  178, 182, 610, 610
burns, auricular  5

C
Caldwell-Luc procedure  827, 827
caloric testing  901
canalicular adenom a  165
candidiasis, oral  96
candins  104
canthoplasty  1034
CAPE-V scale  633
capillary hem angiom as  171, 174
carbon dioxide laser  701
carbon dioxide laser posterior trans-

verse cordotomy  672
carbunculosis  921
carcinom a, see see specific carcinom as
carcinom a ex pleom orphic adeno-

m a  166, 167, 251, 252
Carhart  notch  997
carotid body tum or  286, 286, 287, 287
cart ilaginous grafts
–  auricular cart ilage  373, 374
–  costal cart ilage  374
–  hom ografts  374
–  nasal cart ilage  373
cat-scratch  disease  238, 307, 546, 608
cat-scratch  lymphadenitis  174
caustic ingestion  2, 744
central nervous system  lym phom a,

im aging  69, 74
cephaloceles  1080
cephalosporins  101
cerebral spinal fluid rh inorrhea, iatro-

genic  15
cerum en im paction  927
cerum inom a  180, 184
Chagas disease  553
chloramphenicol  102
choanal atresia  518, 519–520
–  im aging  70, 74
cholesteatom a  112, 180, 400, 926, 934,

935, 1079
–  case example  1038
–  im aging  65, 66
cholesteatom a, congenital  502, 503
cholesterol granulom a  1078
chondrit is  921
chondroblastom a  172
chondroderm atitis helicis nodula-

ris  179
chondrom a  172, 762, 764
chondrosarcom a  175
chordom a  172, 1081
Churg-Strauss syndrom e  126, 132
clear cell carcinom a  166
cleft  lip  and palate  552, 562
–  classification of  564, 566
–  em bryology  561, 563
–  generally  561
–  in it ial evaluation  and care  565
–  prevalence  562
–  surgical m anagem ent  566
clindam ycin  102
coblator  701
cochlea  858, 859
cochlear im plantation  1008
–  candidate questions  1010
–  generally  1008

–  surgical treatm ent  1012
–  test ing  1010
Cogan  syndrom e  126, 130
cold knife excision  701
composite grafts  374
computed tom ography (CT)  50, 52–53,

54
–  temporal bone  908, 908, 909–910
concha bullosa  777
conduct ive hearing loss (CHL)  112,

858, 858, 880
–  treatm ent  115
condylom a acum inatum  159
congenital reten tion  cysts  546
Connecticut  Chem osensory Clin ical Re-

search  Test  798
connexin  hearing loss  953
contact  ulcers of the vocal fold  161
cordectom y, w ith  reconstruct ion  226
corset  platysm aplasty  448, 452
cosm etology  344
Cottle septoplasty  808, 808
Cotton-Myer classification system  703,

705
CPAP  121, 559
cranial base anatomy  1064–1066
craniofacial resection  840
craniopharyngiom a  152, 157
cricoid split , anterior  592, 592
cricopharyngeal achalasia  553
cricopharyngeal dysfunction  740, 749
cricothyrotom y  22, 23
cricothyrotom y, needle  23
cricotracheal resection  710, 711
croup  9, 595, 596, 596
cutaneous cysts  925
cyberknife  1074, 1075
cystic fibrosis  540, 540
cysts
–  AIDS-related parotid gland  162
–  aneurysm al bone  174, 176
–  branchial cleft  309, 310, 500, 500,

925
–  congenital retention  546
–  cutaneous  925
–  derm oid  151, 201, 309, 546
–  derm oid nasal  522, 524, 524
–  enteric duplication  201
–  fine needle aspirat ion of  149
–  gingival  158
–  laryngeal  162
–  lym phoepithelial  164
–  m ucus retention  164
–  nasoalveolar  201
–  nasolabial  158
–  nasopalatine duct  157
–  odontogenic  202
–  palatal  158
–  saccular  698
–  salivary gland  240
–  sebaceous  926
–  Thornwaldt  151
–  thym ic  608, 651
–  thyroglossal duct  166, 168, 309, 610,

611
–  tonsillar  156
–  vocal fold  695, 696

D
daptomycin  103
de Quervain  thyroidit is (subacute gran-

ulom atous thyroidit is)  146, 166

deep plane facelift  448, 451
deep space infect ion  1, 106, 552, 604
–  im aging  82, 83
dehiscent superior sem icircular canal

syndrom e  1019
delayed endolymphatic hydrops  1019
derm abrasion  345
derm al grafts  371–372
derm atitis, in fect ious eczem atoid  921
derm atofibrom a  179, 183
derm atofibrosarcoma protuberans  170
derm atomyosit is  126, 131
derm atoses  922
derm oid cysts  151, 201, 309, 546, 608
–  nasal  522, 524, 524
desmoid-type fibrom atosis  169
deviated septum  776
–  See a lso see nasal obstruct ion, be-

n ign
di use esophageal spasm  553
direct  brow lift  446
diverticula, esophageal  740, 740
Dix-Hallpike test ing  874, 901
dizziness, chron ic  1021
Dow n syndrom e (tr isomy 21)  489, 489
dysm orphogenic goiter  167
dysphagia  551
dysphagia follow ing head and neck

cancer therapy  753
dysphagia lusoria  740
dysphagia, diagnostic testing
–  barium  sw allow  646, 648
–  esophageal m anom etry  647, 648
–  flexible endoscopic evaluation  of

swallowing and sensory testing
(FEESST)  645, 648

–  generally  645
–  m anofluorography  647, 648
–  m odified barium  swallow  645, 648
–  pH and im pedence m onitoring  646,

648
–  scin tigraphy  647, 648
–  transnasal esophagoscopy  646, 648
–  ultrasonography  647, 648

E
Eagle syndrom e  118
ear anatomy  117, 409, 410–411, 497,

505, 511, 849, 914, 914
ear em bryology  849
ear evaluation  44
ear pain , see see otalgia
ear surgery  939
–  canal w all dow n m astoidectomy  943

–  complications  949
–  facial recess exposure  940
–  m astoidectomy, sim ple  939
–  tym panoplasty  944
ear traum a  112
ear, congenital m alform ations of
–  em bryology  497
–  generally  497
ear, external
–  acid burn  924
–  blunt  traum a  923
–  diseases of  914
––  See a lso see specific diseases
–  fractures  924
–  neoplasm s  926
–  sharp traum a  923
–  therm al traum a  923

ear, m iddle, traum a  937
ectopic pituitary adenom as  151, 156
e usion  1079
elect rocochleography  872, 891, 892
elect roglottography (EGG)  635
elect ronystagm ography  897
em ergency airway m anagem ent  21
encephaloceles  525, 526
endoscopic m edial arytenoidec-

tomy  672
endoscopy, nasal  776
endotracheal in tubation  22
endotracheal in tubation, pediatric  591
ENT em ergencies, pediatric, see see

specific em ergencies
enteric duplication  cysts  201
epiglottit is  9, 97, 97, 594, 595
epistaxis  15, 526, 777
epithelial-myoepithelial carcino-

m a  166
epitheliod hem angioendotheliom a  171
epithelioid sarcom a  171
Epstein-Barr  virus (EBV)  136, 207, 546
epulis, congenital  157
Epw orth  Sleepiness Scale  120
equilibrium  dysfunct ion  866
equilibrium  system  866
erythem a m ultiform e  544
esophageal carcinom a  213
esophageal disorders  739
–  See a lso see specific disorders
esophageal disorders, pediatric  544
esophageal foreign  body  2, 8, 597, 599,

743, 744
esophageal m anom etry  647, 648
esophageal m otility disorders  744
esophageal stenosis  745
esophagitis, candida  741, 741
esophagitis, eosinophilic  741, 742
esophagitis, pill-induced  741
esophagoscopy  770, 770
–  flexible  771, 771–772
–  rigid  771, 771, 772, 772
esophagus anatom y  205, 739
esophagus em ergencies  2
ethnic rh inoplasty, see see rh inoplasty,

in  patients of ethnic extraction
eustach ian  tube developm ent  504
exophytic papillom as  152
exostoses  929, 929
exostosis  171
external auditory canal foreign  body  3
eye anatom y  457, 457, 458
eyelid surgery  1032

F
facelift , postoperative em ergencies  14
facial abrasions  329
facial aging, surgical treatm ent of  443
facial analysis  316
facial anatom y  26, 27–29, 95, 316,

317–320, 327, 327, 328, 342, 343,
443, 465

facial bites  14, 329
facial bruising  329
facial evaluation  44
facial fractures  13
–  surgical treatm ent  338
facial hem atom a  14
facial im plan ts  464
–  generally  464, 464
facial lacerations  13, 329
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facial nerve decompression  1034
facial nerve paralysis  14
–  from  tem poral bone fracture  13
facial nerve paralysisidiopathic  6
facial neurom odulators, see see botuli-

num  toxin  A
facial palsy, acute  1026
facial paralysis
–  classification  of  399, 399
–  di erential diagnosis  1033
–  evaluation  401, 405–406
–  House-Brackm ann scale  44
–  m edical treatm ent  402
–  neoplast ic causes  401
–  other causes  400
–  signs and sym ptom s  401, 407
–  surgical treatm ent  403
–  traum atic causes  401
facial paralysistreatm ent of  399
facial plastic surgery
–  anesthesia for  325
–  em ergencies  13
facial recess exposure  940
facial reconstructive surgery em ergen-

cies  13
facial rejuvenation
–  chem ical peels  470–471, 471
–  derm abrasion  471
–  evaluation  470
–  generally  475
–  in tense pulsed ligh t  473
–  laser resurfacing  472–473
–  light-based therapies  472, 472–473
–  photodynamic therapy  473
–  side e ects  474
facial skin  lesions  350
–  See a lso see specific lesions
–  generally  350
facial soft-tissue defects, reconstruction

of  376
–  complications  379, 386
–  evaluation  379
–  generally  376, 377
–  m edical treatm ent  379
–  surgical treatm ent  379
––  advancem ent flap  380, 381
––  bilobed flap  384, 385
––  classic rhom bic flap  381, 383
––  Dufourm ental rhom bic  381, 384
––  island pedicle flap  385, 386
––  O-T closure  381, 383
––  param edian  forehead flap  386, 386
––  rotation  flap  381, 382
facial soft-tissue fillers
–  calcium  hydroylapatite  477
–  collagen  476
–  complications  478
–  generally  475–476
–  hyaluronic acid products  476, 478
–  inject ion techniques  477
–  poly-l-lactic acid  477
–  silicone oil  477
facial surgeries
–  complications  451, 454
–  coronal foreheadplasty  446
–  corset  platysm aplasty  448, 452
–  deep plane facelift  448, 451
–  direct  brow lift  446
–  endoscopic foreheadplasty  446
–  infect ions after  452
–  m idfacelift  447
–  m idforehead lift  446

–  rhytidectomy w ith  lateral SMASec-
tomy  448, 450

–  SMAS facelift  448, 449–450
–  subm ental liposuction  447
–  subm ental w -plasty  451, 453
–  temporal lift  446
facial traum a  13, 327
fam ilial hypocalciuric hypercalcem ia

(FHH)  272
fat grafts  371, 373
fibrom as
–  am eloblast ic  158
–  nuchal  169
–  oral cavity  201
–  ossifying  174
–  peripheral ossifying  157
fibrom atosis colli  610
–  im aging  87, 88
fibrom atosis, desm oid-type  169
fibrom atosis, juvenile hyaline  169
fibrosarcom as, adult  170
fibrous dysplasia  175, 1080
fine needle aspiration
–  cysts  149
–  generally  144
–  lym ph nodes  146, 147
–  salivary glands  146, 247
–  thyroid  144–145, 145
Fisch classification of glom us tu-

m ors  1069
fistula, tracheoesophageal  740
Fitzpatrick scale of skin  types  468
flexible endoscopic evaluation  of sw al-

low ing (FEES)  684
flexible endoscopic evaluation  of sw al-

low ing and sensory test ing
(FEESST)  645, 648

floor of m outh  carcinom a  198
flucytosine  104
fluoroquinolones  102
focal epithelial hyperplasia  159
follicular adenom as  167, 170
follicular carcinom a  167, 172
follicular lym phom a  148, 177
Fordyce granules  154, 157
foreheadplasty
–  coronal  446
–  endoscopic  446
fractures
–  facial  13
–  frontal sinus  13
–  nasal  13
–  orbital  13
–  temporal bone w ith  facial nerve pa-

ralysis  13
free flap reconstruction  388
–  com m on sites  388, 389, 390
––  anterolateral th igh  390, 393, 394
––  exam ination  of  390
––  fibula  390, 393, 394
––  latissim us dorsi  390
––  pectoralis m ajor  390–391, 392
––  radial forearm  390, 392, 392–393
––  scapula  390
–  complications  394, 394
–  flap  select ion  391
Frenzel glasses  1051
frict ional keratosis  159
Friedm an classification  of tongue posi-

tion  121, 121
frostbite  5
Fujita classification of airw ay obstruc-

tion  119

funct ional hearing loss testing  894
fungal infect ions of the neck  308
fungal infect ions, pediatric  549
furunculosis  921

G
gam m a knife  1073, 1075
Gardner-Rober tson  classification for

hearing preservation  1053
gastroesophageal reflux  551, 553, 742
–  See a lso see reflux
gaze test  900
genetic syndrom es, see see specific syn-

drom es
–  generally  489
geometric broken  line closure  345, 346
germ  cell tum or  157
giant cell (term poral) arterit is  126, 132
gingival cysts  158
Glasscock-Jackson  classification of glo-

m us tum ors  1069
glial heterotopia  148, 151
gliom a  524, 524, 525
Glogau w rinkle scale  468, 476
glom angiopericytom a (sinonasal-type

hem angiopericytom a)  152, 157
glom us jugulare tum ors  1067, 1076
glom us tum ors  936
glossitis, m edian  rhom boid  157
goiter  144
Goldenhar syndrom e  494, 494
gonorrhea  207
gouty tophi of the auricle  925
grafts  369
–  See a lso see specific graft  types
–  alar batten  809, 811
–  spreader  809, 810
granular cell tum or  154, 158, 201, 762
granular external ot itis  921
granulom as
–  laryngeal  697, 697
–  peripheral giant cell  157
granulom atous infect ion  238
Graves disease  167, 259, 260, 261
GRBAS scale  632
Guillain-Barré syndrom e  644
gunshot  wound, case example  1036

H
hairy leukoplakia  159
Hand-Schuller-Christ ian  disease  129,

610
Hashim oto thyroidit is  145, 166, 169
head anatomy  21, 27
hearing loss  951
–  See a lso see conductive hearing loss

(CHL), see sensorineural hearing loss
(SNHL)

–  classification  112
–  com m on causes  1009
–  evaluation of  114
–  noise-induced  961
–  treatm ent  115
hearing screenings  896
hem angiom as  352, 353, 546, 608, 762,

764
–  of the tongue  202
–  salivary gland  244
–  subglottic  587, 587

hem angiopericytom a, soft-t issue
type  171, 174, 291

hem atom as
–  auricular  5, 14
–  facial  14
–  in traorbital  14
–  neck  1
–  septal  14
hem ifacial m icrosom ia  400
herpes sim plex  922
herpes sim plex, oral  96
herpes zoster  922
–  case example  1035
histiocytosis  610
histopathology, see see fine needle as-

piration, see pathology
–  generally  144
HIV infect ion  546
hoarseness  649
–  evaluation  of  649
–  testing  650
–  treatm ent  650
Hodgkin  lymphom a  146, 147, 177, 181,

609, 609
House-Brackm ann scale of facial para-

lysis  44, 399, 399, 1028–1029
hum an herpesvirus (HHV)  207
hum an im m unodeficiency lymphade-

nitis  174
hyalin izing trabecular adenom as  167
hypercalcem ia, fam ilial hypocalciu-

ric  272
hypercalcem ia, other causes  272
hypercalcem ic disorders  270
hyperparathyroidism  282
–  prim ary  270, 283
–  secondary  283
–  tert iary  272, 283
hyperplasia, focal epithelial  159
hyperth erm ia, m alignant  95
hyperthyroidism  260
hypocalcemia w ith  h igh  parathyroid

horm one levels  273
hypocalcemia w ith  low  parathyroid

horm one levels  273
hypocalcemia, severe sym ptom atic  1
hypocalcemic disorders  273
hypopharyngeal carcinom as  212
hypopharynx, radiation therapy  192
hypothyroidism  260, 261

I
iatrogen ic cerebral spinal fluid rh inor-

rhea  15
IgG4-related disease  937
im m une system , adaptive  795, 796
im m une system , innate  793, 794
im plants  375
inflam m atory pseudotum or  177
insular carcinom a  168
internal auditory canal lesions, im ag-

ing  68–69, 73
internal nasal valve surgery  809
intest inal-type adenocarcinom a  156
intraderm al nevus  355, 355
intralesional steroid inject ions  344
intraorbital hem atom a  14
inverted papillom as  149, 152
invert ing papillom a, im aging  76, 78
irritation  fibrom a  153
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J
Jervell and Lange-Nielsen  syn-

drom e  955
Jones criteria  206, 548
jugular foram en lesions  1064
juvenile hyaline fibrom atosis  169
juvenile nasal angiofibrom a, im ag-

ing  77, 78

K
Kaposi sarcom a  179, 922
kaposiform  hem angioendothelio-

m a  171
Kartagener syndrom e  541
Kasabach-Merrit t  syndrom e  546
Kaw asaki disease  126, 133, 308, 609
keloids  179, 182
keratoacan thom a  159
keratogenic ondontogenic tum or

(odontogenic keratocyst)  159
keratosis obdurans  926
keratosis, frict ional  159
Kikuchi lym phadenitis  147
Kikuchi lym phadenopathy  177, 179
Killian  septectomy  789, 807
Killian-Jam es diverticulum  740
Kim ura disease  147
Kim ura lym phadenopathy  177, 178

L
labyrinthine ossificans, im aging  67, 70
labyrin thitis  860, 872, 1019
lacerations
–  auricular  4
–  facial  13, 329
Langerhans cell h ist iocytosis  126, 128,

1081
laryngeal amyloidosis  156, 162
laryngeal blun t  traum a  19
laryngeal carcinom a  137, 216, 224, 226
–  See a lso see squam ous cell carcino-

m a, laryngeal
–  di eren tial diagnosis  221
–  direct  laryngoscopy and biopsy  220
–  et iology  216
–  evaluation  220
–  generally  215
–  incidence of  215
–  m edical treatm ent  222
–  pathology  216
–  radiographic im aging  220
laryngeal carcinom a, surgical treat-

m ent of, see see laryngopharynx sur-
gery

laryngeal cyst  162
laryngeal dyscoordination  681
laryngeal elect romyography

(EMG)  640, 665, 684
–  equipm ent  640
–  signal in terpretation  642, 642
–  technique  640
––  cricothyroid m uscle  641
––  posterior cricoarytenoid

m uscle  640, 641
––  thyroarytenoid m uscle  640, 641
laryngeal m icrodebrider, powered  701
laryngeal papillom atosis  156, 162
laryngeal penetrating traum a  19
laryngeal traum a  714

laryngectomy
–  open supraglottic  227, 228
–  supracricoid  227, 229–230
–  total  229, 230
–  vert ical part ial  227, 227
laryngit is  652
–  etiology  652, 652
–  m edical treatm ent  655
–  sym ptom s  653
–  testing  654
laryngit is, infectious  98
laryngoceles  310, 310, 610, 698
laryngologic em ergencies  18
laryngology, lasers in  730
laryngom alacia  580, 582
laryngopharyngeal reflux, see see re-

flux
laryngopharynx surgery  224
–  endoscopic techniques  225, 226
–  open  surgical techniques  226
––  pharyngeal closure  231
laryngoplasty, type I  667
laryngoscopes  220, 221
laryngoscopy  48, 48, 684, 688, 699
laryngoscopy, direct  220, 221
laryngotracheal reconstruction  593,

593
laryngotracheal stenosis, adult  703
–  caused by endotracheal in tuba-

tion  703, 707
–  classification  703
–  di erential diagnosis  708
–  et iology  703, 707
–  evaluation  707
–  m edical treatm ent  708
–  surgical treatm ent  708, 708
–  sym ptom s  707
laryngovideostroboscopy  636, 688,

700
–  equipm ent  637, 637
larynx
–  anatom y  35, 36, 215, 217, 224, 578–

579, 601, 613, 613, 681
–  benign lesions of  694
––  See a lso see specific lesions
––  di erential diagnosis  700
––  m edical treatm ent  700
––  surgical treatm ent  701
–––  angioselect ive lasers  701
–––  carbon dioxide laser  701
–––  coblator  701
–––  cold knife excision  701
–––  pow ered laryngeal m icrode-

brider  701
––  sym ptom s  699
––  testing  699
–  infect ious diseases of  97
–  neurologic disorders of  681
––  See a lso see specific disorders
––  classification  681
––  di erential diagnosis  684, 685
––  test ing  684
–  radiation therapy  193
–  system ic diseases of  656
––  See a lso see specific diseases
laser scar resurfacing  345
laser treatm ent of telangiectasia  346
lasers, generally  730, 730, 731, 731–732
Le Fort  fractu res  334
Lee Silverm an Voice Treatm ent  684
leiomyom as  171, 762, 764
leiomyosarcom as  171
Lem ierre syndrom e  1

len tigines  354, 354
len tigo m aligna  358, 359
Letterer-Siwe disease  129, 610
leukoedem a  159
leukoplakia  197
leukoplakia, hairy  159
lichen planus  160
lid loading  1034
linear accelerator (LINAC)  1073, 1075
lingual osteom a (choristom a)  154, 157
lingual thyroid  612
lipoblastom as  170
lipom as  158, 170
liposarcom as
–  dedi erentiated  170
–  myxoid  170
–  pleom orphic  170
–  well-di erentiated  170
loop diuretics  976
lop ear  498, 498, 499
loss of sm ell, see see olfaction  disorders
lupus erythem atosus  122, 125, 657
Lym e disease  400
lym ph nodes
–  fine needle aspiration  of  147
–  im aging  81, 83
lym phadenitis
–  acute granulom atous  146, 147
–  cat-scratch  174
–  hum an im m unodeficiency  174
–  Kikuchi  147
–  m ononucleosis  174
–  mycobacterial  174, 176
–  toxoplasm a  174
lym phadenopathy
–  bacterial  307
–  cervical  602
–  HIV-associated  cervical  308
–  Kikuchi  177, 179
–  Kim ura  177, 178
–  sarcoidosis  177, 177
–  viral  307
lymphatic drainage  296, 298
lymphoepithelial carcinom a  156
lymphoepithelial cyst  164
lymphom a  294, 549, 763–764
–  anaplast ic large cell  148
–  Burkitt  178
–  central nervous system , im aging  69,

74
–  di use large B-cell  147, 148, 178
–  follicular  148, 177
–  MALT 148
–  m antle cell  147, 148, 177
–  peripheral T-cell  148
–  sm all lymphocytic  148, 177
–  T-cell  178

M
m acrolides  102, 976
m agnetic resonance (MR) im aging  53,

57, 58, 58
–  temporal bone  911–912, 912
Mallam pati classification system  21,

89, 90
Mallory-Weiss tear  743
MALT lymphom a  148
m anofluorography  647, 648
m antle cell lym phom a  147, 148, 177
m astoidectomy  510, 511–515
m astoidectomy, canal w all down  943
m astoidectomy, sim ple  939

m astoiditis  400, 933
–  acute  3
–  acute coalescent  509
–  im aging  64, 66
m aternally inherited diabetes and deaf-

ness (MIDD)  957
m axillectomy  838
–  m edial  838
–  m edial endoscopic  840
m axillofacial t raum a  332
McCa rey classification system  703,

706, 706
m edian  rhom boid glossit is  157
m ediastin it is  1
m edullary carcinom a  145
m edullary thyroid carcinom a  168, 173
m elanom a
–  m alignant  179, 183, 294
–  Mohs m icrographic surgery  365, 367
–  m ucosal  161, 200
–  m ucosal m alignant  156
m elanotic m acule, oral  161
Melkersson-Rosenthal syndrom e  399
Mendelian  inheritance  951, 951, 952
Meniere disease  860, 870, 967, 1017
m eningiom a  1075, 1081
m eningitis  860
Merkel cell carcinom a  179, 183
m etast ic carcinom a  763–764, 1081
–  salivary glands  253
m etronidazole  103
m icrotia  501, 501
m icrovascular reconstruct ion, postop -

erative em ergencies  14
m iddle cranial fossa  1058
–  anatomy  1058
m iddle ear im plants  995
m iddle fossa encephalocele  1058–

1059, 1060–1061, 1063
m idfacelift  447
m idforehead lift  446
m igraine-equivalent  vertigo  875
m itochondrial inheritance  952
m itochondrial myopathy, encephalop-

athy, lact ic acidosis, stroke-like epi-
sodes (MELAS)  957

Mobius syndrom e  399
m odified barium  swallow  645, 648,

684
Mohs m icrographic surgery  361
–  generally  361
–  indications
––  basal cell carcinom a  363, 363
––  m elanom a  365, 367
––  nonm elanom a skin  cancer  362
––  squam ous cell carcinom a  364, 364,

365–366
–  technique  361, 361, 362
m onom orphic adenom a  244
m ononucleosis lymphadenit is  174
m ucoceles  546, 1079
–  salivary gland  241
m ucoceles of the lips  201
m ucoepiderm oid carcinom a  147, 165,

165, 251, 251, 547, 836
m ucosal m elanocytic nevus  161
m ucosal m elanom a  161, 200
m ucus retention  cyst  164
m ultinodular goiter  167
m ultiple myelom a  148
m ultiple sclerosis  682, 682, 684, 1020
m upirocin  103
m usculature, see see anatomy
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Mustarde sutures  413, 413–414
myasthenia gravis  644, 682, 682, 683,

685
mycobacterial in fect ions  308, 609
mycobacterial lymphadenitis  176
myeloid sarcom a  178
myelom a, m ultiple  148
Myer-Cotton  grading scale for subglot-

tic stenosis  590
myoclonic epilepsy w ith  ragged red fi-

bers (MERRF)  957
myoepitheliom as  164
myringitis, bullous  933
myringtomy  506, 508

N
nasal cavity and paranasal sinuses
–  anatom y  27, 419–420, 523, 526, 803,

803, 804
–  anatom y and physiology  784, 784,

785–791
–  histology  793, 793
–  tum ors of  836
––  See a lso see specific carcinom as
––  grading  838
––  surgical treatm ent  838
nasal developm ent  517, 517
nasal disorders, pediatric  517
nasal foreign  bodies  528
nasal im m unity  793
nasal obstruction  530
nasal obstruction , benign  803
–  di erential diagnosis  806
–  et iology  803
–  evaluation  805
–  m edical treatm ent  807
–  surgical treatm ent  807
–  sym ptom s  805
–  testing  806
nasal traum a in  ch ildren  529
nasoalveolar cyst  201
nasolabial cysts  158
nasopalatine duct cyst  157
nasopharyngeal angiofibrom a  151, 157
nasopharyngeal carcinom a  135, 136,

149, 155, 208
–  World Health  Organization  classifi-

cation  208
nasopharynx, radiation therapy  192
neck, evaluation  44
neck anatomy  21, 27, 32, 35, 37, 37–38,

39, 39–41, 45, 106, 106, 107–108,
296, 306, 312, 601, 602–604, 628

neck disorders, pediatr ic  601
–  See a lso see specific disorders
neck dissection  296
–  generally  296
–  incisions  301, 303
–  technique  304
–  types  300, 303
neck em ergencies  1
–  penetrating traum a  1
neck hem atom a  1
neck injuries
–  blunt  315
–  penetrating  312
neck m ass, solitary  306
–  di erential diagnosis  307
–  generally  306
–  sym ptom s  306
–  testing  307
neck m asses  608

neck wound, penetrat ing  14
neoplasm s
–  ear  113
–  oral  545
neoplastic disorders of the neck  311
nerve blocks  326
nerve sheath  tum ors  292
nerves, see see anatomy
neural presbycusis  990
neuroblastom a, olfactory  290
neurofibrom as  158, 170, 201, 292, 292
neurofibrom atosis  954
neurogenic dysphagia  752
neurom a
–  m ucosal  158
–  palisaded encapsulated  158
–  traum atic  158, 170
neuronit is, viral  1019
nevus
–  m ucosal m elanocytic  161
–  w hite sponge  159
Nissan fundoplication  679
nodular fasciitis  179, 184
noise-induced hearing loss  961
non-steroidal anti-inflam m atory drugs

(NSAIDs)  976
nonm elanom a skin  cancer, Mohs m i-

crographic surgery  362
nuchal fibrom as  169
nystatin  104

O
obstruct ive sleep apnea (OSA)  119, 557
–  CPAP  121
–  evaluation  119, 121, 121
–  incidence of  119
–  nonsurgical treatm ent  121
–  pathophysiology  119, 119
–  surgical treatm ent  122, 122
–  uvulopalatopharyngoplasty

(UPPP)  122
obstruct ive sleep apnea (OSA), pedia-

tr ic  550, 555, 557, 559
occupational hearing conservation  pro-

gram  962
ocular-auricular-vertebral spec-

trum  494, 494
odontogenic cysts  202
odontogenic infect ions  96
olfaction  disorders  797
–  etiology  798, 800
–  sym ptom s  798
–  test ing  798
–  treatm ent  798
olfactory epithelium  797
olfactory neuroblastom a  150, 156, 290
oncocytic adenom a  165
oncocytic papillom as (cylindrical cell

papillom as)  152
oncocytom a  244
optokinetic test  900
oral cavity
–  anatomy  31, 47, 196, 196, 628
–  carcinom as  134
––  See a lso see specific cancers, see

squam ous cell carcinom as, oral cav-
ity

––  exam ination  199
––  generally  197
––  sym ptom s  198
––  testing  199
––  treatm ents  199

–  em ergencies  1
–  evaluation  46
–  infect ions  1
–  infect ious diseases of  96
–  radiation  therapy  190
oral focal m ucinosis  153
oral neoplasm s  545
oral osteom a  153
oral surgery, see see transoral robotic

surgery
orbit anatomy  41, 42
oropharyngeal
–  bleeding  10
–  carcinom a  209
–  dysphagia w ith  aspirat ion  747
–  injuries  11
oropharynx
–  em ergencies  1
–  in fect ions  1
–  radiation  therapy  191
osseointegrated tem poral bone im -

plants, see see bone-anchored hear-
ing aid (BAHA)

osseous dysplasia, temporal bone  991
osseous grafts  375
–  nonvascularized  375
ossicular am plification  857
ossicular chain  anom alies  502
ossicular discontinuity, im aging  64, 65
ossifying fibrom a  174
osteochondrom a  172
osteogenesis im perfecta  937
osteoid osteom a  171
osteom a  171, 928, 929
–  lingual (choristom a)  154, 157
–  oral  153
–  osteoid  171
osteomyelitis, skull base  918, 919–920,

1080
osteoporosis  274
osteosarcom a  172, 175
otalgia  116
–  di eren tial diagnosis  116
–  evaluation  116
–  sources  117
–  treatm ent  118
otic capsule m alform ations, congeni-

tal  862, 968
otitis externa  112, 915, 916, 917, 917
–  m alignant  3
–  radiat ion-induced  921
otitis m edia  112, 180, 400, 508
–  acute  3, 504, 933
–  w ith  e usion  504, 932
otoacoustic em issions  889, 1011
otolaryngologic exam ination  44
otolaryngology, pediatric  482
–  exam ination  483
otologic em ergencies  3
otology, pediatr ic  504
otomycosis  921
otoplasty  413, 413, 414–415, 417
otosclerosis  113, 860, 936, 955, 997
–  im aging  70
otoscopy, pneum atic  505
otospongiosis, im aging  70
ototoxicity  975
oxazolidinones  103

P
Paget disease  937, 1080
palatal cysts  158

palpebral spring  1034
papillary carcinom a  145, 167, 171, 221
papillom as
–  exophytic  152
––  inverting, im aging  76, 78
–  inverted  149, 152
–  laryngeal  697, 698
–  oncocytic (cylindrical cell papillo-

m as)  152
–  Schneiderian  152
–  squam ous  159
papillom atosis
–  laryngeal  162
–  recurrent  respiratory  98, 98, 585,

758, 761, 763
paragangliom as  286, 1081
–  im aging  86, 86
–  jugular  286–287
–  treatm ent  288
–  tym panic  286–287
–  vagal  286–287
paranasal sinuses, see see nasal cavity

and paranasal sinuses
parapharyngeal space tum or exci-

sion  250
parathyroid
–  adenom a  168, 173
–  anatomy  282–283
–  carcinom a  168
parathyroid glands, anatomy  31
parathyroid horm one  268
–  generally  268, 269
–  physiology  268
parathyroid surgery
–  em bryology  281, 282–283
–  history of  281
–  indications for  283
–  localization  studies  283
–  surgical considerations  284
Parkinson  disease  682, 682, 683–684
parotid  duct  injury  14
parotid gland, anatomy  30
parotidectomy  248
part ial ossicular reconstruct ion pros-

thesis (PORP)  995, 995
pathology  149
pem phigoid, m ucous m em brane  161
pem phigus vulgaris  160, 544
Pendred syndrom e  955
penetrating traum a, neck  1
penicillins  100, 100
perichondritis  921
–  bacterial  925
perilymphatic fistula  967, 1019
perineuriom as  170
peripheral giant cell granulom as  157
peripheral nerve sheath  tum ors, m alig-

nan t  27
peripheral ossifying fibrom a  157
peritonsillar abscess  1, 549, 605, 605
petrous apex lesions  1058–1059, 1060,

1062, 1070, 1077
–  case exam ples  1083
petrous apicitis  4, 1080
petrous carotic aneurysm  1080
pH and im pedence m onitoring  646,

648
pharyngeal
–  anatom y  624
–  carcinom as  134
––  See a lso see squam ous cell carcino-

m as, pharyngeal
pharyngeal disorders, pediatric  544
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pharyngitis  205, 548
–  bacterial  96
pharynx
–  anatomy  33, 34, 204, 625, 628
–  carcinom a, im aging  78–79, 79
–  infect ious diseases of  96
phonom icrosurgery  721
–  complications  726
–  indications for  721
–  instrum entation  722, 723–724
–  in traoperative room  arrange-

m ent  722
–  m icroflap  surgical procedure  725
–  postoperative care  726
piriform  aperture stenosis  520, 521
pituitary adenom as, ectopic  151, 156
plasm acytom a  178, 182
plasm ocytom a  148
pleom orphic adenom a  145, 146, 163,

164, 243, 547
pleom orphic m alignant fibrous h istio-

cytom a  170, 173
Plum m er-Vinson syndrom e  745
pneum atic otoscopy  505
polychondrit is, relapsing  126, 128,

657, 659, 705, 923
polycystic (dysgenetic) disease  163
polym orphous low-grade adenocarci-

nom a  166
polymyositis  126, 131, 742
polyposis  538, 538
polyps, nasal  776
polysom nography  558
positron  em ission tom ography–com-

puted tom ography (PET-CT)  55, 59,
59

post-polio syndrom e  644
post-tonsillectomy hem orrhage  1, 10
posterior skull base, diseases of  1050
–  complications  1056
–  test ing  1051
–  treatm ent  1053
––  retrosigm oid approach  1055
––  translabyrin thine approach  1054
posterior skull base, surgical techni-

ques  1050
postoperative em ergencies, see see spe-

cific surgeries
posturography  875, 875
posturography, com puterized dynam ic

platform  903
potts pu y tum or  536
preauricular pits  499, 500, 925
prim ary chief cell hyperplasia  168
proboscis lateralis  521, 521
protozoal infect ions of the neck  308
pseudohypercalcem ia  270
pseudohypocalcem ia  273
pseudotum or, inflam m atory  177
ptyalism  (sialorrhea)  240
Punnett  square, see see Mendelian  in -

heritance
pure-tone audiogram  877, 878, 878, 881
pyogenic granulom as  201, 201

Q
quinine derivatives  976

R
rabies  329
radiation  therapy  187

–  altered fract ionated radiation  188
–  brachytherapy  188
–  chem otherapy com bined w ith  al-

tered fract ionated radiat ion  190
–  complications  194, 194
–  concurrent  radiation  and chem o-

therapy  189
–  external beam  radiat ion  187, 189
–  generally  187
–  induction  chem otherapy  190
–  in tensity-m odulated radiat ion ther-

apy  188
–  particle therapy  188
–  radiobiology  187
–  side e ects  194
–  specific sites
––  hypopharynx  192
––  larynx  193
––  nasopharynx  192
––  oral cavity  190
––  oropharynx  191
–  stereotact ic radiotherapy  188
radiography  50, 50, 51
radiology
–  head and neck  50
–  temporal bone  908
Ram say Hunt syndrom e  400
ranulas  608
reconstruct ive surgery, see see facial

soft-t issue defects, reconstruct ion of
reflux  675, 697
–  diagnosis  677, 678
–  m edical treatm ent  678
–  pathophysiology  676
–  prevalence  675
–  risk factors  676
–  surgical treatm ent  679
–  sym ptom s  677, 677
–  treatm ent  678, 679
Reinke edem a (polypoid corditis)  696,

696
relaxed skin  tension  lines  376, 378
retinal anlage tum or  161
retrocochlear hearing disorders  990
retropharyngeal abscess  11
rhabdomyom as, adult  171
rhabdomyosarcom as  171, 293, 545,

609
rheum atic fever  206, 548
rheum atoid arthritis  126, 130, 656,

657, 658
rh init is
–  allergic  531, 812, 813, 814
––  treatm ent  817
–  di erential diagnosis  817
–  infect ious  530
–  nonallergic  813, 815
––  treatm ent  817
–  pathology  147, 149
–  sym ptom s  816
–  treatm ent  817
rhinologic em ergencies  15
rhinophym a  348
–  act in ic form  349
–  fibroangiom atous form  349
–  fibrous form  349
–  glandular form  348
rhinoplasty
–  for cleft  palate  439, 439
–  in  patients of ethn ic extraction  439,

440–441, 441
–  postoperative em ergencies  14
–  prim ary  418

––  complications  429, 430–431
––  pathogenesis  420, 421
––  surgical treatm ent  424, 425–426
–––  alar base m odifications  428, 429–

430
–––  nasal dorsum  427, 427, 428–429
–––  nasal t ip  424, 426–427
–  revision  432, 433–435
––  m edical treatm ent  435
––  surgical treatm ent  436, 436, 438
rh inorrhea  530
–  iatrogenic cerebral spinal fluid  15
rh inosclerom a  149
rh inosinusitis
–  acute  821
–  allergic fungal  823
–  chronic  821
–  chronic w ith  nasal polyposis  822
–  chron ic w ithout  nasal polyposis  822
–  classificaiton of  820, 820
–  clin ical categories  775
–  complications  825, 826
–  CT scan  779
–  et iology  821
–  evaluation  776, 823, 824
–  generally  820
–  MR im aging  779
–  sym ptom s  774, 823
–  treatm ent  824, 825
rhinosporidiosis  148, 151
rhytidectomy w ith  lateral SMASec-

tomy  448, 450
Riedel thyroiditis  167
rifam pin  103
Rinne tun ing fork test  877
rosacea  347
–  classification  347
––  erythem ato-telangiectatic type  347
––  ocular type  348
––  papulopustular type  347, 348
––  phym atous type  348
–  pathogenesis  347
Rosai-Dorfm an disease  147, 149, 151,

177, 180, 308

S
saccular cysts  698
salivary disorders, pediatric  545
salivary gland
–  anatom y  30, 236, 237, 244, 245–246,

246
–  carcinom a  138, 139–140
–  cysts  240
–  diseases, nonneoplastic  236
––  See a lso see specific diseases
–  fine needle aspirat ion of  146
–  fine-needle aspiration  247
–  hem angiom a  244
–  heterotopia  163
–  m asses, im aging  80, 82
–  m ucoceles  241
–  neoplasm s  546
––  m alignant  251
–––  See a lso see specific neoplasm s
–––  adjuvant  therapy  255
–––  etiology  253
–––  exam ination  254
–––  im aging  254
–––  incidence  251, 251
–––  staging  253
–––  surgical treatm ent  255
–––  sym ptom s  253–254

–––  testing  254
–  neoplasm s, benign  243
––  See a lso see specific neoplasm s
––  di erential diagnosis  248
––  etiology  246
––  evaluation  247
––  im aging  248, 249
––  incidence  243, 243
––  surgical treatm ent  248
––  sym ptom s  247
––  testing  247
–––  fine-needle aspiration  247
–  traum a  241
salivary stones, see see sialoliths
sarcoidosis  113, 124, 126, 239, 308,

657, 658, 659, 705, 758, 761, 763
–  pathology  147, 149
sarcoidosis lym phadenopathy  177, 177
sarcom a  293
–  alveolar soft-part  171
–  Kaposi  179
–  m yeloid  178
–  synovial  171
scar revision  342
scarlet fever  206, 206
Schneiderian  papillom as  152
schwannom as  170, 174, 201, 292
scintigraphy  647, 648
scleroderm a  126, 131
sebaceous adenom a  165
sebaceous carcinom a  166
sebaceous cysts  926
sebaceous hyperplasia  351, 352
sebaceous lymphadenocarcinom a  166
seborrheic keratosis  350, 351, 922
sensorineural hearing loss (SNHL)  113,

113, 860, 880
–  sudden  idiopathic  5, 965
–  treatm ent  115
septal hem atom a  14
septal perforation  repair  809
sialadenitis
–  acute bacterial  236, 545
–  acute viral  237
–  chronic  146
–  chronic bacterial  545
–  chronic sclerosing  161, 163
–  im aging  79, 81
–  radiation  239
–  viral  546
sialadenosis (sialosis)  240
sialolith iasis  238
–  im aging  79, 81
sialoliths  546
sialom etaplasia, necrotizing  164
sialorrhea (ptyalism )  240, 547
sialosis (sialadenosis)  240
sicke cell disease  956
silicone gel sheeting  344
sinonasal tum ors  777
sinonasal undi erentiated  carcino-

m a  150
sinus developm ent  517, 518, 518, 788
sinus surgery, pediatric  538, 539
sinusit is, see see rh inosinusit is
–  acute, complications of  16
–  acute pediatric  534, 534, 535, 535–

536, 537
––  orbital com plications  536
–  chronic pediatr ic  537
–  fungal  777
–  im aging  71–74, 74, 75
–  pathology  147, 149
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–  surgical treatm ent of  827
––  complications  832
––  in tranasal techniques  828
––  open  surgical techniques
–––  frontal sinus  827, 828–829
–––  m axillary sinus  827, 827
sinusoidal harm onic acceleration  903
Sistrunk procedure  610
Sjögren syndrom e  122, 127, 163, 239
skin , anatomy  377, 377, 469
skin  aging, m anagem ent of  468
skin  closures
–  advancem ent flap  380, 381
–  bilobed flap  384, 385
–  classic rhom bic flap  381, 383
–  Dufourm ental rhom bic  381, 384
–  island pedicle flap  385, 386
–  O-T closure  381
–  param edian  forehead flap  386
–  rotation  flap  381, 382
skin  grafts  369, 376, 378
–  full-th ickness  369, 371–372, 372
–  split-th ickness  369, 370, 370, 371
skin  tags  499, 500, 924
skin  types  468, 468
skull base, see see anterior skull base,

see posterior skull base
–  anatom y  842, 842, 1042
skull base resection, endoscopic  840
sleep-disordered breath ing, pedia-

tr ic  550, 556
sm all cell carcinom a  836
sm all lymphocytic lym phom a  177
sm all-cell neuroendocrine carcino-

m a  156
SMAS facelift  448, 449–450
sm ooth  pursuit (tracking) test  900
Sni n’ Sticks  798, 798
soft  palate lacerations  11
solitary fibrous tum or  157
sound spectrography  634
spasm odic dysphonia  687, 692
–  classification  687
––  abdductor spasmodic dyspho-

nia  687
––  addductor spasm odic dyspho-

nia  687
––  adductor breathing dyston ia  687
––  singer’s dystonia  687
––  trem or  687
–  etiology  687
–  evaluation  688
–  surgical treatm ent  692
–  sym ptom s  688
–  testing  688
–  treatm ent  689
speech  audiom etry  880
speech  delay in  children  512
speech  m ilestones  515
spindle cell carcinom a  163
squam ous cell carcinom a  179
–  acan tholytic  163
–  basaloid  159
–  esophageal  745
–  facial  356, 358, 359
–  floor of m outh  199
–  laryngeal  137, 137, 138, 216–218,

218–219, 222–223
–  larynx  157, 162
–  Mohs m icrographic surgery  364,

364, 365–366
–  nasal cavity and paranasal si-

nuses  155, 836, 841

–  of the hard palate  198
–  oral cavity  134, 134, 135
–  papillary  163, 221
–  pediatric  549
–  pharyngeal  134, 135
–  salivary gland  251, 252
–  tongue  199
–  tracheal  762
–  upper aerodigestive tract  160
squam ous dysplasia  155
stapedectomy  997
stapedotomy  998, 999–1001
–  complications  1000
stapes gusher  956
Starling resistor m odel of the upper air-

way  556
stat ic posit ional tests  901
stenosis
–  esophageal  745
–  subglottic  588, 589, 590, 590, 591
–  subglottic idiopathic  705
stereotact ic radiation  treatm ent  1073
sternocleidom astoid  tum ors of in-

fancy  311
steroids  5, 968
Stevens-Johnson syndrom e  544
straw berry tongue  206, 548, 609
streptogram ins  104
str idor  580, 581
–  w ith  respiratory distress  10
stroke  682, 682, 684
subacute granulom atous thyroidit is (de

Quervain  thyroidit is)  146, 166
subm andibular gland
–  anatom y  30
–  excision  250
subm ental liposuction  447
subm ental w -plasty  451, 453
subperiosteal abscess  3
sulcus vocalis  698, 699
sulfonam ides  103
superior sem icircular canal dehis-

cence  1058–1059, 1060–1062
–  im aging  68, 70
supernum erary nostrils  522
swallowing, physiology of  628
synkinesis  405
syphilis  207, 968

T
tarsorrhaphy  1032
taste disorders
–  etiology  800
–  sym ptom s  801
–  test ing  802
–  treatm ent  802
technetium  sestam ibi  283
telangectasia, laser treatm ent of  346
temporal bone
–  chondrosarcom a  68, 70
–  computed tom ography (CT)  908,

908, 909–910
–  m agnetic resonance (MR) im ag-

ing  911–912, 912
–  radiology  908
–  traum a  6
––  case example  1036
temporal lift  446
teratom as, neck  310, 608
tetanus  329
tetracyclines  102
Thornwaldt cyst  151

thryoid, anatomy  30
thym ic cysts  608, 651
thyroglossal duct  cyst  166, 168, 309,

610, 611
–  im aging  84, 85
thyroid
–  anatomy  278–282
–  fine needle aspiration  of  144–145,

145
–  physiology  256, 256
thyroid  cancer  139, 140, 141–142
thyroid  carcinom a  262
–  m anagem ent of  266
–  postsurgical treatm ent  266
–  prevalence  265
–  staging  265
thyroid horm one act ion  256, 258
thyroid horm one product ion  256, 257
thyroid nodules  262, 263
–  im aging  85, 85
thyroid storm  1, 261
thyroid surgery
–  generally  276
–  history of  276
–  indications for  276
–  procedure  277, 278–282
thyrotoxicosis  257
tinnitus  986
tissue expanders  397
tissue expansion  396
–  postoperative em ergencies  14
tongue cancer  55
tonsil and adenoid hypertrophy  549
tonsillar cyst  156
tonsillectomy, indications for  549, 550
tonsillit is
–  bacterial  548
–  viral  548
torus palat inus  202, 202
total ossicular reconstruction prosthe-

sis (TORP)  995, 996
toxic shock syndrom e  14
Toxoplasm a lym phadenitis  174
toxoplasm osis  238
trachea anatom y  767
trachea em ergencies  2
tracheal carcinom a, pediatric  762
tracheal foreign  body  2
tracheal m asses  758
tracheal tum ors
–  m alignant  762, 764
–  nonm alignan t  761
tracheitis, bacterial  757
tracheo-esophageal puncture
–  complications  736
–  generally  735
–  technique  735, 735, 736–737
tracheobronchial infect ions  757
–  See a lso see specific infect ions
–  di erential diagnosis  760, 761
–  treatm ent  763
tracheobronchitis, fungal  758
tracheobronchopathia osteochondro-

plast ica  758, 761
tracheobronchoscopy  766
–  flexible  766, 769, 769
–  rigid  766, 767–768, 768, 769
tracheoesophageal fistula  740
tracheotomy  21, 23, 23, 24
–  pediatric  596, 597
transitional cell carcinom a  836
transnasal esophagoscopy  646, 648
transoral robotic surgery  233

traum a
–  ear  112
–  facial  13, 327
–  laryngeal  714
–  laryngeal, blunt  19
–  laryngeal, penetrat ing  19
–  m axillofacial  332
–  nasal, in  children  529
–  salivary glands  241
–  temporal bone  6
Treacher Collins syndrom e  492, 492,

954
trem or  682, 682, 683, 685
triazoles  104
trich ilem m om a  352, 353
trichoepitheliom a  351, 352
tuberculosis  113, 238, 545, 757–758,

933
–  pathology  149
tularem ia  308
turbinate hypert rophy  809
tym panogram , see see acoustic adm it-

tance test ing
tym panoplasty  944
tym panostomy, tube select ion  506,

506, 507

U
ultrasonography  51, 54–55, 56, 56,

647, 648
University of Pennsylvania Sm ell Iden-

tification Test (UPSIT)  798, 798
upper airway obstruction, acute  18
Usher syndrom e  955
uvulopalatopharyngoplasty

(UPPP)  122

V
vancomycin  103, 976
vascular anom alies of the ear  502, 502
vascular m alform ations  608
–  salivary gland  244
vascular tum ors of the oral cavity  201,

202
veins, see see anatomy
velocardiofacial syndrom e  490, 491,

563
venous obstruction  14
verruca plana  159
verrucous carcinom a  158
vertebrobasilar  vascular insu -

ciency  1019
vertigo  1015
vestibular
–  m igraine  1019
–  pathology  1015
–  schwannom as  990, 1050, 1050,

1058–1059, 1059–1060, 1062
––  grading  1053
–  system  866
–  testing  897
vestibular evoked m yogenic poten tials

(VEMPs)  868, 869, 904
videonystagm ography  897
vincent angina  97
viral neuronit is  1019
vitam in D
–  generally  268, 269
–  physiology  268
vocal fold cysts  695, 696
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vocal fold im m obility, bilateral  669
–  etiology  669
–  evaluation  671
–  m edical treatm ent  672
–  pathogenesis  670
–  surgical treatm ent  672
vocal fold  im m obility, unilateral  662
–  di erential diagnosis  663
–  et iology  662
–  inject ion  augm entation  techni-

ques  666–667, 667
–  m edical treatm ent  665
–  physical exam ination  664, 664, 665
–  RLN-ansa cervicalis reinnervation

procedure (ANSA-RLN)  667
–  surgical treatm ent  665

–  sym ptom s  664
–  test ing  665
vocal fold irregularity  636
vocal fold nodules  694, 695
vocal fold paralysis  582, 583, 584, 643
vocal fold paresis  643
vocal fold polyps  155, 161, 695, 695
vocal physiology  587, 619
voice em ergencies  20
voice evaluation  632
voice handicap index-10  632
voice therapy  727
–  facilitators  728
–  indications for  727
–  special considerations  729

W
w -plasty  345, 345
w -stom aplasty  230, 231
Waardenburg syndrom e  953
Warth in  tum or  146, 146, 164, 165, 244
Weber tuning fork test  877
Wegener granulom atosis  113, 124,

126, 149, 151–152, 657, 659, 705,
758, 760, 763, 937

w hite sponge nevus  159
w hooping cough  (Bordetella pertus-

sis)  207
Winker nodule  925

World Health  Organization  classifica-
t ion  of nasopharyngeal carcino-
m as  208

wound healing  322, 324

X
x-rays, see see radiography
xerostom ia  240

Z
z-plasty  345, 345, 345
Zenker diverticulum  740, 740, 751,

751, 752


