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Foreword

Sataloff’s Comprehensive Textbook of Otolaryngology: Head and Neck Surgery is a component of the most extensive 
compilation of information in otolaryngology—head and neck surgery to date. The six volumes of the comprehensive 
textbook are part of a 12-volume, encyclopedic compendium that also includes a six-volume set of detailed, extensively 
illustrated atlases of otolaryngologic surgical techniques. The vision for the Comprehensive Textbook was realized with 
the invaluable, expert collaboration of eight world-class volume editors. Chapter authors include many of the most 
prominent otolaryngologists in the world, and coverage of each subspecialty is extensive, detailed and scholarly.
 Anil K Lalwani, MD edited the volume on otology/neurotology/skull base surgery. Like all six of the volumes in 
the Comprehensive Textbook, the otology/neurotology/skull base surgery volume is designed not only as part of the 
multivolume book, but also to stand alone or in combination with the atlas of otological surgery. Dr Lalwani’s volume 
covers anatomy and physiology of hearing and balance, temporal bone radiology, medical and surgical treatment of 
common and rare disorders of the ear and related structures, occupational hearing loss, aural rehabilitation, cochlear 
and brainstem implantation, disorders of the facial nerve, and other topics. Each chapter is not only replete with the 
latest scientific information, but also accessible and practical for clinicians.
 The rhinology/allergy and immunology volume by Marvin P Fried and Abtin Tabaee is the most elegant and 
inclusive book on the topic to date. Drs Fried and Tabaee start with a history of rhinology beginning in ancient times. 
The chapters on evolution of the nose and sinuses, embryology, sinonasal anatomy and physiology, and rhinological 
assessment are exceptional. The volume includes discussions of virtually all sinonasal disorders and allergy, including 
not only traditional medical and surgical therapy but also complementary and integrative medicine. The information is 
state-of-the-art.
 Anthony P Sclafani’s volume on facial plastic and reconstructive surgery is unique in its thoroughness and 
practicality. The volume covers skin anatomy and physiology, principles of wound healing, physiology of grafts and 
flaps, lasers in facial plastic surgery, aesthetic analysis of the face and other basic topics. There are extensive discussions 
on essentially all problems and procedures in facial plastic and reconstructive surgery contributed by many of the most 
respected experts in the field. The volume includes not only cosmetic and reconstructive surgery, but also information 
on diagnosis and treatment of facial trauma.
 The volume on laryngology edited by Dr Michael S Benninger incorporates the most current information on 
virtually every aspect of laryngology. The authors constitute a who’s who of world experts in voice and swallowing. After 
extensive and practical discussions of science and genetics, the volume reviews diagnosis and treatment (traditional 
and complementary) of laryngological disorders. Chapters on laser physics and use, voice therapy, laryngeal dystonia, 
cough, vocal aging and many other topics provide invaluable “pearls” for clinicians. The volume also includes extensive 
discussion of surgery for airway disorders, office-based laryngeal surgery, laryngeal transplantation and other topics.
 For the volume on head and neck surgery, Drs Patrick J Gullane and David P Goldstein have recruited an extra-
ordinary group of contributors who have compiled the latest information on molecular biology of head and neck cancer, 
principles of radiation, immunobiology, medical oncology, common and rare head and neck malignancies, endocrine 
neoplasms, lymphoma, deep neck space infections and other maladies. The surgical discussions are thorough and richly 
illustrated, and they include definitive discussions of free flap surgery, facial transplantation and other subjects.
 Dr Christopher J Hartnick’s vision for the volume on pediatric otolaryngology was expansive, elegantly scholarly 
and invaluable clinically. The volume begins with information on embryology, anatomy, genetics, syndromes and other 
complex topics. Dr Hartnick’s contributors include basic discussions of otolaryngologic examination in a pediatric 
patient, imaging, hearing screening and aural rehabilitation, and diagnosis and treatment of diseases of the ear, nose, 
larynx, oral cavity, neck and airway. Congenital, syndromic and acquired disorders are covered in detail, as are special, 
particularly vexing problems such as chronic cough in pediatric patients, breathing and obstructive sleep apnea in 
children, pediatric voice disorders, and many other subjects. This volume will be invaluable to any otolaryngologist who 
treats children.
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Otology/Neurotology/Skull Base Surgeryx

 All of us who have been involved with the creation of the six-volume Sataloff’s Comprehensive Textbook of 
Otolaryngology: Head and Neck Surgery and its companion six-volume set of surgical atlases hope and believe that 
our colleagues will find this new offering to be not only the most extensive and convenient compilation of information 
in our field, but also the most clinically practical and up-to-date resource in otolaryngology. We are indebted to 
Mr Jitendar P Vij (Group Chairman) and Mr Ankit Vij (Group President) of M/s Jaypee Brothers Medical Publishers (P) 
Ltd., New Delhi, India, for their commitment to this project, and for their promise to keep this work available not only 
online but also in print. We are indebted also to the many otolaryngologists who have contributed to this work not only 
by editing volumes and writing chapters, but also by asking questions that inspired many of us to seek the answers found 
on these pages. We also thank especially the great academic otolaryngologists who trained us and inspired us to spend 
our nights, weekends and vacations writing chapters and books. We hope that our colleagues and their patients find 
this book useful.

Robert T Sataloff MD DMA FACS

Professor and Chairman
Department of Otolaryngology—Head and Neck Surgery
Senior Associate Dean for Clinical Academic Specialties

Drexel University College of Medicine
Philadelphia, Pennsylvania, USA

Prelims.indd   10 25-06-2015   12:31:59



Preface

Though a subspecialty within otolaryngology—head and neck surgery, otology/neurotology/skull base surgery is as 
diverse as the field of medicine itself. And like medicine, it enthralls those who pursue it—whether as a generalist or a 
specialist. This textbook endeavors to capture the dynamic nature of otology/neurotology/skull base surgery in its pages 
while providing a broad foundation in its basic and clinical sciences. Written by experts, the chapters encompass the 
basics such as anatomy and physiology of hearing loss, vestibular dysfunction, facial nerve disorders, and skull base 
tumors. Radiology has its own chapter, and disease-specific imaging is reviewed in all relevant chapters. Building upon 
the basics, cutting-edge topics such as cochlear implantation, auditory brainstem implants, and implantable hearing 
aids are thoroughly covered in their own chapters. Ultimately, this textbook is distinguished by the expertise of its 
contributors—all leaders in otology/neurotology/skull base surgery. It is the reader who will benefit from absorbing 
their experience as articulated in this wonderful textbook.

Anil K Lalwani MD
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Otology/Neurotology/Skull Base Surgery1

 There are two intrinsic and three extrinsic ligaments. 
There are six intrinsic and six extrinsic muscles. The major 
intrinsic ligaments attach from the crus helicis to the 
tragus and from the antihelix to the cauda helicis. The 
extrinsic ligaments are named anterior (from the tragus to 
the crus of helicis to the zygoma), superior (from the spine 
of the helix to the superior EAC), posterior medial (from 
the concha to the mastoid prominence). The muscles are 
divided into intrinsic (helix major, helix minor, tragus, 
antitragus, transverse, oblique) and extrinsic (auricularis 
posterior, auricularis superior, auricularis anterior).
 The pinna and mastoid scalp area are supplied by 
branches of the external carotid artery (Fig. 1.2). Veins 
also accompany the named arteries. The postauricular 
artery3 supplies the posterior surface of the pinna, except 
the lobule and the mastoid scalp. It has auricular, mastoid, 
transverse nuchal artery4 branches. The occipital artery5 
supplies part of the mastoid scalp (via a lateral branch) and 
has a medial and a lateral branch. The superficial temporal 
artery6 supplies the anterior pinna, the temporal scalp, and 
the superficial temporalis fascia. Its branches are7 anterior 
(or superior), the temporal artery (via the main trunk or 
parietal branch), parietal, temporal, and middle temporal 
(Fig. 1.3). 
 The pinna is formed from the sixth gestational week 
from the six hillocks of His that originate from the first and 
second branchial arches (Fig. 1.1). It is completely formed 
by week 16. It reaches adult size by age five. Hillocks 
one to three are supplied by the auriculotemporal nerve 
and hillocks four to six are supplied by a branch from 
facial nerve, greater auricular and lesser occipital nerves  
(Figs. 1.4A and B).8,9

PINNA (AURICLE)
The pinna is composed of fibroelastic cartilage covered by 
skin. This cartilage is continuous with that of the external audi
tory canal (EAC). Anteriorly the cartilage is adherent to the 
skin, but posteriorly there is a loose areolar layer in between. 
The dimensions of characteristics of the pinna include 
(Fig. 1.1)1,2 a height of 5–6 cm, width 55% of height, forms 
an angle that is 20° from the vertical plane, has an auricle 
that diverges from the occipital scalp at 21°–30°, forms an 
angle of < 90° at the conchal bowl to the mastoid and has 
a distance of 1–2 cm from the helical rim to the mastoid.

Clinical comment
 • An end aural incision is placed between a fibrous 

band between the tragus and the crus helices where 
the cartilage is absent.
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Fig. 1.1: The anatomical landmarks of the pinna.
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 The external ear is important for sound localization.10 
The folds and crevices that create the shape of the pinna 
facilitate sound localization in vertical space. This design 
provides a 10 kHz dip with elevation of sound. In contrast, 
sound localization in horizontal space is provided by 
three mechanisms. The resonance gain of the near ear 
provides the gain of the ear closest to the sound. The head 
shadow effect attenuates frequencies <2 kHz so that there 
is a 5–15 dB interaural difference. There is an interaural 
time difference of 0.6 ms between sounds that is detected 
within the ascending brainstem nuclei. 

EXTERNAL AUDITORY CANAL

The EAC is composed of cartilage in its lateral third (8 mm) 
and bone in its medial two thirds (16 mm). The cartilagi
nous EAC is deficient superiorly but there is a ligament 
between the helix and tragus. The EAC runs inferiorly and 
anteriorly in adults but more horizontally in neonates. The 
anterior wall of the EAC is longer than the posterior wall 
by 4 mm. It contains two sutures: the tympanosquamous 
(anteriorly) and the tympanomastoid (posteriorly) with 
the skin in the intervening area forming the “vascular 
strip”. The EAC contains two constrictions, at the bony 
cartilaginous junction and at the isthmus. The isthmus is 
5 mm lateral to the tympanic membrane (TM) produced 
from the anterior canal overhang. The tympanic ring is 
deficient superiorly at the tympanic incisura.11 

A B

Fig. 1.2: The arterial supply of the pinna and mastoid region.
Source: Adapted from Imanishi and Nakajima3 and Alvernia et al.5

Fig. 1.3: The innervation of the pinna.

Figs. 1.4A and B: The embryology of the pinna. The six hillocks 
of His form as follows: one (tragus), two (helix crus), three (helix), 
four (antihelix), five (antitragus), and six (lobule, inferior helix).
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anterior tympanic artery, stylomastoid artery (a branch 
from the postauricular artery) and also by branches of the 
middle meningeal artery.16 The lateral surface of the TM 
is supplied by the auriculotemporal nerve from cranial 
nerve (CN) V, auricular branch of CN X (Arnold’s nerve), 
and branches from CN VII, IX, X. The medial surface is 
supplied by CN VII and CN IX branches from the tympanic 
plexus. 
 The TM is formed by ectoderm (epithelial layer) and 
endoderm (mucosal layer) with intervening mesoderm 
between these two layers (connective tissue layer) of the 
first branchial pouch.

Clinical comment
 • A myringotomy should be placed away from the 

posteriorsuperior quadrant so as to avoid damage 
to the chorda tympani and incudostapedial joint. It 
should also be placed with awareness of a potential 
high riding jugular bulb in the posterior inferior 
quadrant or a dehiscent internal carotid artery in the 
anterior inferior quadrant.

 • TM perforations can lead to a conductive hearing 
loss up to 30 dB. Small holes lead to more loss in 
the low frequencies, whereas large holes lead to a 
wider frequency hearing loss. The resulting hearing 
loss may be inversely proportional to the size of the 
mastoid.17 The maximum conductive hearing loss is 
approximately 55 dB. Therefore, a patient presenting 
with a perforation and conductive hearing loss of >30 
dB should alert the clinician to pathology beyond that 
of the perforation.

Clinical comment
 • The TM is visualized by pulling the pinna superiorly 

and posteriorly in adults or just posteriorly in children.

 The EAC is largely supplied by the deep auricular 
artery, a branch from the internal maxillary artery that 
passes through the parotid, running posterior to temporo
mandibular joint (TMJ). The “vascular strip” is supplied by 
the anterior/superior auricular artery, a branch from the 
superficial temporal artery. The skin of the EAC is much 
thinner in the bony canal and lacks appendages (ceru
men, sweat glands, and hair follicles). The cartilaginous 
EAC skin contains these appendages with cerumen glands 
being most prominent in the superior and inferior walls. 
The EAC is drained by the superficial temporal vein and 
postauricular vein.11 The lymph drains mainly to parotid 
nodes and mastoid nodes.
 The EAC is formed by ectoderm of the first pouch as 
it contacts the endoderm of first pouch with intervening 
mesoderm that forms the TM. The bony EAC is formed 
by four centers of ossification of the tympanic ring in the 
ninth week.

Clinical comment
 • There are two routes of infection from the EAC in  

malignant otitis externa.12 Fissures of Santorini run 
from anterior inferior in the cartilaginous canal to the 
parotid. The Foramen of Huschke is formed by ante
rior and posterior ossification centers that normally 
obliterate in adolescence. In 5% of people, this fora
men persists in the anteroinferior canal and forms a 
connection to the TMJ.

TYMPANIC MEMBRANE
The TM is a trilaminar structure composed of an outer 
epidermal layer, middle connective tissue layer, and an 
inner mucosal layer. It forms an angle with the superior 
EAC of 140° and the inferior EAC of 55°. Its dimensions are  
8 mm (horizontal) by 10 mm (vertical). It is composed of a 
pars tensa and a pars flaccida that has a thicker connective 
tissue layer. The epithelium of the TM migrates radially 
from the umbo at 1–2 mm per day.13 Upon perforation, 
keratinocytes form from progenitor cells at the umbo and 
migrate across to close the perforation.14,15 The middle 
connective tissue layer contains collagen fibers arranged 
in three patterns: radial, circular, and oblique (Fig. 1.5).
 The lateral surface of the TM is supplied by the deep 
auricular artery. The medial surface is supplied by the 

Fig. 1.5: The surface anatomy of the left tympanic membrane.
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MIDDLE EAR
The middle ear is divided into areas above the level of 
the superior TM annulus (epitympanum), between the 
superior and inferior TM annulus (mesotympanum) and 
below the inferior TM annulus (hypotympanum). The 
protympanum refers to the area anterior to a vertical line 
level with the anterior margin of the annulus. The posterior 
tympanum is the area posterior to a vertical line at the 
posterior margin of the annulus. It includes the facial 
recess and sinus tympani. The middle ear contains three 
mucocilliary tracts that all drain toward the Eustachian 
tube. These are the hypotympanic (the largest tract), the 
epitympanic, and the promontorial tracts.
 The walls of the middle ear contain some important 
landmarks. Its lateral wall is composed of the tympanic 
bone and TM. It has three holes. The posterior canaliculus 
for chorda18 lies between the junction of posterior 
and lateral wall at the level of the malleus handle. The 
Petrotympanic (Glaserian) fissure19 transmits the anterior 
malleolar ligament, the anterior tympanic artery, and the 
chorda tympani nerve (via the canal of Huguier). The roof of 
the middle ear is composed of the Petrous and Squamous 
bones. It has one hole, the petrosquamous suture19 that 
transmits veins to the inferior petrosal sinus. The anterior 
wall has three holes. These communicate the superior and 
inferior caroticotympanic nerves (sympathetic branches 
from the carotid to the tympanic plexus) and the tympanic 
branches of the internal carotid artery. There are also 
two tunnels, the canal for the tensor tympani muscle 
and the Eustachian tube. On the medial wall is the oval 
window (fenestra vestibulae) and round window (fenestra 
cochleae). The oval window dimensions are 3.25 mm by  
1.75 mm and contain the stapes footplate that has 
dimensions of 3 mm by 1.4 mm. The round window is 
closed by the secondary TM that communicates to the floor 
of the scala tympani of the cochlea. The round window 
membrane20,21 has dimensions of 2.3 mm by 1.87 mm. It is 
composed of three layers: mucosal, fibrous, and an inner 
mesothelium. It is directed inferior and posterior. It sits 
within a niche22 that is triangular in shape with anterior 
(1.5 mm), posterior superior (1.3 mm), and posterior 
inferior (1.6 mm) walls. Also on the middle wall is the 
facial nerve. The facial nerve runs in the middle ear from 
the first turn at the geniculate ganglion to the tympanic 
segment to the second genu and then to the mastoid 
(vertical) segment. The facial nerve may be dehiscent 
(defined as a nonpathological gap ≥ 0.4 mm) in the middle 

ear with an incidence 55% There is an incidence of more 
than one dehiscence in 22%. Dehiscences occur 90% at the 
tympanic segment (with 80% just above oval window and 
25% also involving facial nerve prolapse) It may also occur 
next to tensor tendon, in the facial recess or in the anterior 
epitympanic recess. The remainder of the dehiscences 
(10%) occurs in the mastoid segment (Fig. 1.6).23–27

Clinical comment
 • The surgeon should be wary of a soft tissue mass over 

the oval window, which may be a prolapsed facial nerve. 
A soft tissue mass on the promontory may be an 
ana tomical variation of the facial nerve and must 
not be biopsied until this variation is ruled out. The 
facial nerve may be bifurcate or trifurcate. It may run 
anterior, posterior or through the stapes arch and then 
any variation of this before the stylomastoid foramen. 
It may also run anterior to the round window.

 The posterior wall28 of the middle ear contains the fossa 
incudis that itself contains the short process of the incus 
and a ligament connecting to the incus. The facial recess 
lies between the pyramidal process, facial nerve, and 
the TM. The sinus tympani29 is bounded medially by the 
posterior semicircular canal and laterally by the pyramidal 
eminence and the facial nerve. It is bounded superiorly 
by the ponticulus (a ridge running from the pyramidal 
eminence to the oval window) and the lateral semicircular 
canal and inferiorly by the subiculum, styloid eminence, 
and the jugular wall (Fig. 1.7).

Fig. 1.6: The lateral wall of the middle ear and the path of the 
tym panic facial nerve. (RW, round window; HSCC, horizontal sem-
icircular canal; PSCC, posterior semicircular canal; GSPN, greater 
superficial petrosal nerve). From C Gralapp and R Jackler, Stanford 
University, CA, USA.
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Fig. 1.7: The relations of the facial recess and sinus tympani.

Clinical comment
 • The round window niche is a landmark for the singular 

nerve, which runs 1 mm deep (medial) and in line 
with parallel to the posterior attachment of the round 
window membrane.

 The posterior wall of the mesotympanum also contains 
three eminences and three ridges (Fig. 1.8).
 The epitympanum contains the head of the malleus, 
body of the incus, the malleolar and incudal ligaments and 
folds. The epitympanum communicates with the mastoid 
air cells via the mastoid antrum. The mastoid antrum 
is fully developed at birth with a volume of 1 mL. The 
supratubal recess (or anterior tympanic recess) is bounded 
by30,31: anteriorly, the petrosal tegmen, posteriorly by the 

cog (a ridge of bone extending down from the tegmen), 
superiorly by the middle cranial fossa tegmen, and laterally 
by the tympanic bone and chorda tympani nerve. 
 The malleus32 consists of a head, neck, lateral and ante
rior process and manubrium. The lateral process attaches 
to the TM and the anterior process provides attachment 
for the anterior malleolar ligament to the petrotympanic 
fissure. The manubrium provides attachment of the mal
leus to the TM from the lateral process to the umbo. It has 
three ligaments. The anterior malleolar attaches the head 
to the anterior wall of epitympanum, the lateral malleolar 
attaches the neck to the notch of Rivinus, and the supe
rior malleolar attaches the head to the roof of the epitym
panum. The malleus also has three associated folds; an 
anterior malleolar fold attaching the lateral process to 
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Fig. 1.8: A diagrammatic representation of the posterior wall of the 
mesotympanum.

Figs. 1.9A to D: The left ossicular chain.

A B

C D

the annulus, a posterior malleolar fold attaching the lat
eral process to the annulus, and a lateral malleolar fold 
attaching to the annulus (Figs. 1.9A to D).
 The tensor tympani has an origin with its muscle fibers 
within the canal for the tensor tympani, turning to tendon 
that loops 90° around the cochleariform process33 to insert 
onto the neck of malleus. It is innervated by the nerve to 
tensor tympani (a branch from CN V).
 The incus34 is composed of a body, short process, 
long process, and a lenticular process that articulates 
with stapes. The ligaments of the incus are the posterior 
incudal that attaches the short process to the incudal 
recess (in the area of the “incus buttress”) posteriorly, a 
medial and lateral that attaches the body to the head of 
the malleus, and a superior incudal ligament which is 
variably present.
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 The stapes35 parts are the head (capitulum) for arti
culation with the lenticular process of the incus and an 
anterior and posterior crus. The anterior crus is straighter, 
shorter, and thinner. The stapes footplate has dimensions 
of 1.75 mm by 3.25 mm. Its relations to the structures 
within the vestibule are important to consider and differ 
depending on the area of the footplate. The utricle is at 
0.58 mm (posterior), 1.04 mm (middle) and 1.51 mm 
(anterior), compared to the saccule which is at 1.33 mm 
(middle) and 1.31 mm (anterior) (Fig. 1.10).36

 The stapedius muscle33 originates from the pyramidal 
process and inserts into the posterior crus of stapes just 
below its head. It is innervated by the nerve to stapedius 

Fig. 1.10: The relationships of the stapes footplate to the utricle 
and the saccule.
Source: Adapted from Backous et al.36

Figs. 1.11: The right ipsilateral stapedial (acoustic) reflex pathway.

(from CN VII). It has a number of hypothesized func
tions.37,38 The stapedius protects from loud sounds by 
contracting at sounds louder than 80 dBHL with a late ncy 
of >10 ms. It is most efficient at 2 kHz. It provides rigi
dity and blood supply to the ossicular chain and 
reduces physiological noise from chewing and talking. 
The stapedial reflex39 is the contraction of the stapedial 
muscle that occurs bilaterally to sound presented to one 
ear. The stapedial reflex is a measure of the integrity of the 
inner hair cells (IHCs). Contraction of the stapedial muscle 
occurs at approximately 70–100 (mean 85) dBHL above 
threshold. The ipsilateral reflex occurs at approximately 
2–14 dB less than the contralateral ear. Stimulating both 
ears lowers the threshold by 3 dB. If a patient has hearing 
loss combined with the reflex threshold greater than the 
limits of the audiometer (approximately 120 dB), the reflex 
will be absent. It is also absent in 5–20% of normal people 
(Fig. 1.11).
 The tympanic diaphragm is a series of mucosal folds 
that separate the epitympanum from the mesotympanum 
and the mastoid. Its components are the malleus head, 
body of incus, lateral incudal fold, medial incudal fold, 
anterior malleolar fold, lateral malleolar fold, and tensor 
tympani fold.40 There are two narrow passages that breach 
the diaphragm, the anterior and posterior tympanic isth
muses. The anterior tympanic isthmus is medial to the 
body of the incus, passing between the stapes, long pro
cess incus, and the tensor tympani tendon. The posterior 
tympanic isthmus is between the pyramidal process, short 
process of incus and posterior incudal ligament, medial 
incudal fold, stapes and stapedial tendon (Fig. 1.12).
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Fig. 1.12: The tympanic diaphragm and connections between the 
epitympanun and the mesotympanum. Areas of communication 
are highlighted.
Source: Adapted from Proctor.40 

Clinical comment

 • The tympanic diaphragm provides some resistance to 
the spread of cholesteatoma between the mesotym
panum and epitympanum. The patency of the tym
panic isthmus and aditus ad antrum are important for 
aeration of the mastoid. 

 In surgery for chronic otitis media, sometimes the 
head of the malleus and the body of the incus are removed 
with the attaching folds and ligaments to increase aeration 
between the middle ear and mastoid.
 Beneath the floor of the attic and in the upper meso
tympanum there are three compartments.40 The inferior 
incudal space is from the inferior surface of the incus later
ally to the posterior malleolar fold limited medially by the 
medial incudal fold and anteriorly by the interossicular 
fold. The posterior pouch of von Troeltsch is between the 
TM and the posterior malleolar fold. Its inferior edge often 
contains the chorda tympani. It opens inferiorly toward the 
posterior mesotympanum. The anterior pouch of von Troe
ltsch is between the TM and the anterior malleolar fold. 
 The chorda tympani18,26 runs in the mesotympanum 
and supplies taste to the anterior twothirds of the tongue 
and is secretomotor to the submandibular and sublingual 
glands. The taste cell bodies lie in the geniculate ganglion. 
It leaves the facial nerve, on average, 5 mm (a range of 1 
to 11 mm) above the stylomastoid foramen and runs in 
the canaliculus of chorda tympani. It enters the middle 
ear via the ita chordae posterius (in the posterior lateral 
wall of the middle ear) with the posterior tympanic artery. 

It lies between the pyramidal eminence and the tympanic 
annulus. It runs through the middle ear lateral to the long 
process of the incus and the tendon of tensor tympani but 
medial to the neck of the malleus and posterior malleolar 
ligament. It exits the middle ear at the iter chordae anterius 
to run in the canal of Huguier. The chorda tympani may 
have a number of variations. In the middle ear it may pass 
lateral to the TM or may pass lateral to the malleus. In the 
mastoid it may arise distal to the stylomastoid foramen or 
may arise as high as the lateral semicircular canal. 
 The tympanic plexus42 lies on the cochlea promontory. 
The incoming fibers include parasympathetics that come 
from Jacobson’s nerve (CN IX) and Arnold’s nerve (CN X) 
and sympathetic branches from the internal carotid artery 
 Its outgoing fibers include the lesser superficial petrosal 
nerve that carry parasympathetic branches of CN IX. It 
leaves in a small canal beneath the tensor tympani. It is 
joined by parasympathetic branches of CN VII and 
eme rges lateral to the greater superficial petrosal nerve in 
the middle fossa before leaving by the foramen ovale. The 
plexus also has a branch to the greater superficial petrosal 
nerve and TM mucosal branches.

Clinical comment
 • A tympanic neurectomy is a potential treatment for 

Frey’s syndrome after parotidectomy by interrupting 
the misdirected parasympathetic supply via the lesser 
superficial petrosal nerve.43,44

 The hypotympanum lies beneath the floor of the 
bony EAC and contains hypotympanic air cells with the 
jugular bulb posterior inferiorly and the internal carotid 
artery anterior inferiorly. Either may be dehiscent in the 
hypotympanum. 
 The blood supply of the middle ear45 is by branches of 
the external carotid, internal carotid, and basilar arteries. 
The branches of the external carotid artery branches 
include the anterior tympanic artery that runs from the 
inter nal maxillary artery through the petrotympanic fis
sure. It has a superior branch that supplies the anterior 
lateral epitympanum, a posterior branch that supplies the 
TM, incudostapedial joint and lateral tegmen, and an ossi
cular branch. The ossicular branch further divides into a 
mallear and incudal branch. The external carotid also gives 
the deep auricular artery via the maxillary internal maxil
lary artery through the inferior bony EAC. It has an ante
rior and posterior branch. The inferior tympanic artery 
runs from the ascending pharyngeal artery through the 
inferior tympanic canaliculus. The stylomastoid artery runs 



9Chapter 1: Anatomy and Physiology of the Auditory System

from the postauricular artery running up through the stylo
mastoid foramen. The stylomastoid artery also provides 
the posterior tympanic artery. There is a mastoid branch 
from the occipital artery. A tubal branch comes from the 
accessory meningeal artery. The superficial petrosal artery 
branches from the middle meningeal artery and runs with 
the greater superficial petrosal nerve. A superior tympanic 
artery branches from the middle meningeal artery through 
the superior tympanic canaliculus with the lesser super
ficial petrosal nerve. The internal carotid artery supplies 
blood to the middle ear via its caroticotympanic branches2 
that come direct from the internal carotid artery. The basi
lar artery supplies the middle ear via branches of the sub
arcuate artery, itself coming from the labyrinthine artery, 
or the anterior inferior cerebellar artery.

Clinical comment

 • A persistent stapedial artery is the persistence of the 
artery to the second brachial arch. It runs from the 
internal carotid artery over the promontory, through 
the stapes arch and enters the fallopian canal above 
the oval window. It then runs with the facial nerve up
ward to supply a region of dura. Its ligation may com
prise cerebral function and therefore is a potential 
hazard during stapedectomy.46 

 The inferior tympanic artery is the usual blood supply 
to a glomus tympanicum tumor.47

 The middle ear and Eustachian tube forms from the 
expansion of the first pouch. The epitympanum and 
antrum are developed by birth. The expansion of the first 
pouch leads to the development of four primary sacs.40 The 
saccus medius forms the epitympanum and divides into 
three smaller spaces, the medial (to later form Prussak’s 
space), the posterior, and the anterior. The saccus anti
cus forms the anterior pouch of von Troeltsch. The saccus 
superior forms the posterior pouch of von Troeltsch. The 
saccus posticus forms the posterior middle ear and hypo
tympanum (Fig. 1.13).

Clinical comment

 • Knowledge of the folds and spaces in the middle ear 
helps with the understanding of the routes of spread of 
cholesteatoma.48 The main routes of spread for choles
teatoma in decreasing order are via the poste rior 
epitympanum, posterior mesotympanum, and ante
rior tympanum. From the posterior epitympanum, 
it can penetrate the superior incudal space (running 

lateral to the body of the incus), then to the antrum 
and then the mastoid. It may also go through the 
floor of Prussak’s space to the posterior pouch of von 
Troeltsch (running between the TM and posterior 
malleolar fold) to the posterior mesotympanum then 
to the stapes, round window, sinus tympani, and 
facial recess. The posterior mesotympanum route 
forms as retraction forms a sac medial to the neck 
of the mal leus and incus then to the sinus tympani 
and facial recess. The anterior epitympanum route 
forms by retraction anterior to the malleus head, 
then to the anterior pouch of von Troeltsch (between 
the TM and the anterior malleolar fold), then to the 
supratubal recess. This route often causes early facial 
nerve palsy.

 • Acquired cholesteatoma is seen as squamous epithe
lium extending into Prussak’s space. The boundaries 
of Prussak’s space are the pars flaccida (laterally), the 
neck of the malleus (medially), the lateral process of 
the malleus (inferiorly), and the lateral malleolar fold 
(superiorly).49

 • Meningitis may result from the spread of infection 
between the middle ear and the cerebrospinal fluid 
(CSF) via a number of anatomical and pathological 
routes. These potential connections are from the mid
dle ear to the inner ear, from the middle ear directly 
to the CSF and from the inner ear to the CSF. The oval 
window connects the middle ear to the inner ear and 
is the most common route of spread. The middle ear 
may connect to the CSF via Hyrtl’s fissure, a congenital 
cleft between the hypotympanum and the posterior 

Fig. 1.13: A coronal view of the boundaries of Prussak’s space.
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fossa, or the petrosquamous sinus (of Lushka) which 
is an occasional embryological remnant often open 
in infancy. It usually connects the middle ear and the 
transverse or sigmoid sinus (although it is highly vari
able). Retrograde spread from the middle ear can also 
occur via the internal auditory vein or the mastoid 
emissary vein. Infection can spread from the inner ear 
to the cerebrospinal fluid directly through the internal 
auditory canal (IAC) fundus, via modiolar end defects 
or via the cochlear aqueduct.

 The resonant frequencies of the external and middle 
ears are determined by their design.50 This results in a 
combined external ear gain of 15–20 dB over 2–7 kHz 
and 5 dB at 3 kHz in the middle ear. The resonance of the 
middle ear is includes the air space contained within the 
mastoid antrum. This effect is lost by blocking the antrum, 
as is sometimes performed in chronic ear surgery. The 
combined resonance of the external and middle ear is 
thought to produce the typical notch in the audiogram 
seen in sensory hearing loss associated with noise induced 
hearing loss. The gain provided via the various parts of the 
ear include51 the concha with a 10 dB gain at 5 kHz and 
the EAC with a 10 dB gain at 2–5 kHz. In infants the EAC 
provides a 15 dB gain at 3 kHz (at approximately 8 kHz in 
infants) and reaches adult value after age two and a half. 
The middle ear52 has a gain of 5 dB at 3 kHz and the TM has 
a gain at 800–1600 Hz. 
 Sound is transferred from the TM to the cochlear 
with a gain according to the transformer ratio theory.53,54 
It accounts for a total gain of approximately 25–30 dB. 
In normal subjects up to 25 dB variations in middle ear 
mechanics can occur. At 1 kHz, the ratio of gain from the 
TM to the cochlear is 82.5. This is a combination of three 
levers: the hydraulic, ossicular, and catenary. The hydraulic 
lever provides a gain of 17–20 times relates to the ratio of 
the area of the oval window to the TM. The ossicular lever 
has a gain of 1.3 represents the ratio of the long axis of the 
malleus to the long process of the incus. The catenary lever 
provides a gain of 2 due to the outward convexity of TM 
with its radial arrangement of collagen fibers.
 The levers have greatest efficiency at 1 kHz. Frequen
cies > 1 kHz lead to a reduction in the efficiency of the 
levers. Above 1 kHz, the hydraulic lever changes as vibra
tions are broken up into smaller vibratory patterns, while 
the ossicular lever provides more slippage in the axis of 
rotation of the ossicles. The TM has its greatest movement 
at its inferior edge at 2 kHz. Above 6 kHz vibrations are 
broken up into small zones. The annular ligament provides 

approximately 90% of the stiffness. No movement occurs at 
the malleoincudal joint at physiological sound pressures. 

Clinical comment 
 • Sound is localized to the worsehearing ear in a con

ductive hearing loss with the Weber test. One expla
nation of this in ossicular fixation is that increased 
ossicular chain stiffness leads to less shunting of pres
sure out of the cochlea, which increases bone vibra
tion detection.55

INNER EAR
The cochlea is 5 mm in height. The cochlea duct is 34 mm 
and has two and three quarter turns around the helicot
rema. The modiolus points laterally, anteriorly, and inferi
orly. It has a similar orientation as the EAC.56 The cochlea 
aqueduct transmits the periotic duct (perilymphatic duct) 
between the basal turn of the scala tympani to the media 
of the jugular fossa (Table 1.1 and Fig. 1.14).21

Clinical comment
 • The cochlea aqueduct is a potential route of spread of 

meningitis. Its dissection during a translabyrinthine 
procedure releases cerebral spinal fluid pressure. 
During this procedure, it marks the inferior limit of 
dissection as further inferior dissection puts CN IX–XI 
at risk. 57

 Hair cells62,63 do not possess true stereocilia, which 
require a nine plus two arrangement of microtubules and 
do not have kinocilia. They are like microvilli with an actin 
core. They increase in length along the cochlea duct. The 
firstorder neurons of the cochlea nerve lie in the spiral 
ligament, compared to within the IAC for the vestibular 
nerve. The IHCs are arranged to form a single row of hair 
cells and are flask shaped. They have only afferent synapses. 
Their stereocilia do not attach into the tectorial membrane, 
they are deflected by fluid in between tectorial membrane 
and reticular lamina. Cilia deflection causes mechanically 
gated ion channels to open allowing potassium and calcium 
to enter the cell. This then causes voltage gated calcium 
channels to open, causing depolarization. Outer hair cells 
(OHCs)64,65 are arranged in three rows and are cylinder 
shaped. They have both afferent and efferent synapses. 
They are unique to mammals. Their stereocilia attach into 
the bottom surface of the tectorial membrane. They are 
responsible for the sensitivity of hearing and provide the 
“cochlea amplifier”. They do this by sensing the incoming 
sound wave, and then generating force in synchrony with 
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(IHCs, inner hair cells; OHCs, outer hair cells).

Table 1.1 Functions of the parts within the cochlea
Part Composition Function

Stria vascularis Three epithelial layers (marginal, intermedi
ate, basal), blood vessels, pericytes, melano
cytes, endothelial cells 

Produces endolymph 
Source of endocochlear potential
Primary producer of energy for the cochlea

Spiral ligament Mainly type I collagen
Contains five types of aquaporins

Role in endocochlear potential
Fluid homeostasis

Spiral prominence cells Express pendrin and aquaporins Ion + fluid regulation

Spiral limbus + Huschke’s teeth 
cells

Ion + fluid regulation
Tectorial membrane maintenance 
(glycosaminoglycans, tectorins)
Potassium recycling from IHCs

Pillar cells Inner/outer Maintain spatial relationships between hair 
cells 

Dieter’s cells (between the OHCs) Mechanical support of organ of Corti

Hensen Potassium recycling

Bottchers (Not in apical turn) Secretory
HCO

3
 regulation

Claudius Potassium recycling

Spaces of Nuel Contain perilymph

Basilar membrane Inner/zona arcuata
(under tunnel of Corti), thin
Outer/zona pectinata
Thick, striated
Covered by vascular layer beneath
Permits nearly unimpeded passage to organ 
of Corti (therefore fluid resembles perilymph)

Frequency tuning

Reissner’s membrane Possible area of fluid transport between scala

Tectorial membrane Coupling of vibrations to OHC stereocilia 

it to increase the vibration of the basilar membrane. This 
provides a gain of up to 60 dB. The plasma membrane of 
the OHC contains prestin, which is a motor protein that 
senses the voltage within the cell and generates force. This 
causes the length of the OHC to elongate and contract, a 
phenomenon called electromotility. By adding this addi
tional energy to the cochlear traveling wave, viscous dam
ping forces within the cochlea are overcome, leading to 
highfrequency hearing. 

Clinical comment
 • Otoacoustic emissions (OAEs) are a measure of OHC 

function. They are absent if hearing loss is > 50 dBHL. 
There are various types of OAEs that can be measured, 
including spontaneous, transient evoked, stimulus 
frequency evoked, and distortion product evoked.64,66 
OAEs are the most common type of test used to screen 
for hearing loss in newborn babies.

Clinical comment
 • OHCs are the most susceptible of the hair cells to 

ototoxicity. OHCs are also typically lost after loud 
noise exposure and with aging. Loss of OHCs leads to 
hearing loss and decreased word recognition ability. 
Recruitment is the perception of exaggerated sound 
and reduced dynamic range that also occurs when 
OHCs are lost.

 The basilar membrane has a tonotopic organization. 
This is primarily because its stiffness decreases from base 
to apex, although its width (and hence its mass) also 
increases along the length of the cochlea. The traveling 
wave of the basilar membrane vibrates with maximum 
amplitude at a place along the cochlea that is dependent on 
the frequency of the sound presented. The corresponding 
hair cells stimulate the adjacent nerve fibers, which are 
organized according to the frequency at which they are 



Otology/Neurotology/Skull Base Surgery12

most sensitive. The lower frequencies travel further (to the 
apex). The basilar membrane response allows complex 
sounds to be broken up into narrow bands of frequencies. 
 The cochlea fluids67,68 are predominantly composed 
of potassium (K+) and sodium (Na+). The difference in 
potassium concentrations between the compartments 
leads to an endocochlear potential of +80–100 mV. This is 
maintained by a Na+/K+ ATPase within the stria vascularis 
(Table 1.2).

Clinical comment
•• β2 transferrin can be used to identify a cerebrospinal 

fluid or perilymphatic fluid leak.

 The arterial supply45,69,70 (Fig. 1.15) of the inner ear 
is via branches of the labyrinthine artery (a branch of 
the anterior inferior cerebellar artery, but sometimes 
comes from the basilar or superior cerebellar artery). It 
runs in the IAC before becoming the anterior vestibular 
artery. This will supply the utricle, superior semicircular 
canal, and lateral semicircular canal (the embryological 
pars superior)). From this, the common cochlear artery 
branches. This branches again into two further arteries, 
the main cochlear artery and the vestibulocochlear 
artery. The main cochlear artery supplies the apical three 
quarters of the cochlea and the modiolus. It gives the 

external radiating arterioles, which gives four networks 
supplying the cochlea. The spiral ligament branches give 
branches to the scala vestibule and the scala tympani. 
The other networks are to the stria vascularis and the 
spiral prominence. The main cochlea artery also gives the 
internal radiating arterioles that provide the limbus vessels 
and marginal vessels. The vestibulocochlear artery gives 
the posterior vestibular artery that supplies the saccule 
and posterior semicircular canal (the embryological pars 
inferior). It also gives the cochlear ramus artery to supply 
the basal one quarter of the cochlea. 
 The venous drainage of the inner ear (Fig. 1.16) is simi
larly matched to the arterial supply. The anterior spiral 
vein, draining the spiral ligament and scala vestibule, and 
the posterior spiral vein, draining the scala media and 
scala tympani, both drain into the common modiolar vein. 
The anterior vestibular vein, draining the pars superior, 
the posterior vestibular vein, draining the pars inferior, 
and the vein of the round window all drain into the vesti
bulocochlear vein. The common modiolar vein joins the 
vestibulocochlear vein to form the inferior cochlear vein, 

(CSF, cerebrospinal fluid).

Table 1.2: The fluid composition in the cochlea

Fluid Like K+ Na+ Other

Endo
lymph

Intracel
lular

High 
(144 mM)

Low 
(5 mM)

Perilymph Extracel
lular, CSF

Low 
(10 mM)

High 
(140 mM)

Contains β2 
transferrin

Fig. 1.15: The tonotopical arrangement of the cochlea.

Fig. 1.14: A cross section of the cochlea.58–61
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which then drains to the inferior petrosal vein via the canal 
of Cotugno. The membranous semicircular canals drain 
into the vein of the vestibular aqueduct that then joins the 
sigmoid sinus. Sometimes there is also an internal audi
tory vein that flows into the inferior petrosal sinus via the 
IAC (Fig. 1.17). 
 Cochlear neurons can be divided into type I or type II.72 
Afferent nerve fibers are unmyelinated and run from the 
organ of Corti, through the habenula perforata, to the 
spiral ganglion. Spiral ganglion neurons are bipolar and 
acquire the myelin in the modiolus. This can be compared 
to the vestibular neurons that are myelinated and gain their 
myelin sheath as they cross the basement membrane 
dire ctly under the sensory epithelium. 95% of the affer
ent nerve fibers synapse with IHCs. These are called type I 
afferent neurons, and are the primary source of auditory 
input to the brain. Type II afferent neurons receive input 
from OHCs, and their purpose is unknown. Efferent 
fibers are the terminations of descending olivocochlear 
nerve fibers (Rasmussen’s bundle). They come from the 
brainstem and synapse onto the OHCs. Their function is 
unknown at this time, but they may be important to under
standing speech in noisy background environments. The 
sensory epithelium in the inner can be divided according 
to embryological origin into the pars superior (supplying 
the superior semicircular canal, lateral semicircular canal 
and utricle) and pars inferior (supplying the posterior semi
circular canal and saccule) (Table 1.3). 
 The endolymphatic fluid73 is produced predominantly 
by the stria vascularis but also by the planum semilunatum 
(around cristae), the dark vestibular cells and from the 
perilymph across the labyrinth membranes. Vasopressin 
plays a role in its formation. It moves by longitudinal flow 

Fig. 1.16: The arterial supply of the cochlea.72

and radial exchange. Longitudinal flow is slow at 0.004–
0.007 mm/min and flows from the stria vascularis to the 
scala media to the ductus reunions to the saccule and 
them to the endolymphatic sac. Radial exchange is rapid 
and occurs via an exchange and balance of chemicals.

INTERNAL AUDITORY CANAL
The IAC has a diameter of 4.5 mm with a <1 mm differ
ence between sides. If a CT scan demonstrates that there 
is a >2 mm difference in an individual between sides, it 
is suggestive of a pathological condition (such as a vesti
bular schwannoma). Its length along the posterior wall 
measures 8 mm with <2 mm between sides. It runs at an 
angle of 80°–90° (in 60%) or 90°–100° (in 40%) to the sagit
tal plane.74 Anatomical variations include an absence 
of the bony partition on its lateral end associated with a 
stapes gusher. It may be too narrow (<3 mm). If this occurs 
with normal facial nerve function it typically means there 
is coexisting cochlea nerve aplasia. It may have a vertical 
orientation, associated with hearing loss. The IAC may also 

Fig. 1.17: The venous drainage of the cochlea.72

(IHCs, inner hair cells; OHCs, outer hair cells).

Table 1.3: A comparison of cochlear neurons

Type I II

Incidence 95% 5%

Hair cell supply IHC OHC

Number of neurons per row 1 3–5

Ratio of neuron to hair cell 10:1 1:10

Size Large Small

Myelination Yes (acquire in the 
modiolus)

No
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be too wide (>10 mm) and associated with a stapes gusher. 
The IAC contains the facial nerve, cochlear nerve, supe
rior vestibular nerve, inferior vestibular nerve, internal 
auditory artery (labyrinthine artery), the singular nerve 
(branches from the inferior vestibular nerve at the fundus 
and passes through its own foramen to supply the poste
rior semicircular canal), the intracanalicular cistern and 
meninges.75 The relations of the contents of the IAC are 
important.76 At the brainstem the cochlear nerve is below 
all, with the facial nerve anterior and the vestibular nerve 
posterior. At the porus,77 the facial nerve is above all, the 
vestibular nerve is posterior inferior and the cochlear 
nerve is anterior superior. The relationship at the fundus 
is shown in Figure 1.18. The nerves rotate 90° within the 
canal and the cerebellopontine angle so that the facial 
nerve is superior to the vestibulocochlear nerves and is 
separated at the brainstem by the anterior inferior cere
bellar artery.76

Clinical comment
 • At the brainstem the vestibular nerve appears grey 

compared to the cochlear nerve, which is white. The 
vestibular nerve is closest to CN V. This helps with its 
identification during vestibular nerve section.

 There are at least two acousticofacial anastomoses 
within the IAC between the nervus intermedius and the 
superior vestibular nerve (Figs. 1.19 and 1.20).78

Fig. 1.18: The relationships of the nerves within the internal audi-
tory canal.
Source: Adapted from Rhoton and Tedeschi.77

 Embryologically, the vestibular system develops before 
the cochlea.79 The inner ear develops from the otic placode 
that forms on each side of the neural groove between 
the second and third branchial arches. The otic placode 
then forms the otic pit and then the otic vesicle. This then 
develops into two compartments. The medial compartment 
will form the endolymphatic sac. The lateral compart
ment will form the utriculosaccular chamber, which, after 
undergoing a series of complex folds, forms two cham
bers: the utricular and the saccular chamber. The utricu
lar chamber forms the utricle and semicircular canals. 
The superior forms first, then the posterior with the lateral 
canal forming last. As the lateral semicircular canal deve
lops the slowest, it is the most commonly maldeveloped 
canal. The saccular chamber forms the saccule and 

Fig. 1.19: The fundus of the right internal auditory canal.

Fig. 1.20: The angle of the internal auditory canal and petrous 
ridge.
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cochlear. This explains the connection between them 
called the ductus reunions. The cochlea develops by intra
chondral bone within endochondral bone and therefore 
heals by fibrous healing. At gestational week 20 the cochlea 
reaches adult length. At week 25 the organ of Corti is fully 
developed. The bony labyrinth develops as mesoderm 
and surrounds the membranous labyrinth. Ossification 
then occurs from 14 ossification centers from week 15. The 
vestibular aqueduct develops from a diverticulum in the 
otocyst in week 4 (Table 1.4 and Fig. 1.21).

Clinical comment
 • As the cochlea heals by fibrous healing following tem

poral bone fracture, cochlea implantation can involve 
a difficult insertion if left long after the injury. 

 Inner ear malformations81–83 can be classified as mem
branous/osseous or membranous. Membranous mal
formations account for 80% of congenital deafness. 
Membranous/osseous malformations can be further classi
fied as total aplasia (Michel’s) or partial. Cochlear deformi
ties can be complete aplasia, hypoplasia, common cavity 
(the most common), or Mondini’s malformations. Mondi
ni’s malformation is described as a cochlea with only one 
and a half turns, a large vestibule, normal labyrinth, and 
enlarged vestibular aqueduct (EVAS). It is the most com
mon malformation and is associated with other syndromes 
including Pendred’s, branchialotorenal, Waardenburg’s, 
Wildervancks (cervicooculoacoustic syndrome), Klippel 
Feil (fusion of cervical vertebrae), and Treacher Collins. 
Lateral semicircular canal dysplasia is the most common 
labyrinthine abnormality as it is the last canal to develop. 

Table 1.4: The embryological development of the inner ear83

Primordium Week complete

Otic placode 3

Otic pit 4

Otic vesicle (otocyst) 5

Ventral pouch of otocyst

 Cochlea duct 8

 Saccule 11

Dorsal pouch of otocyst

 Endolymphatic duct 11

 Utricle and semicircular ducts 11

Semicircular canals 19–22

Labyrinthine ossification 23

Total development 26

Fig. 1.21: The embryological development of the otocyst.

Table 1.5: Classification of inner ear malformations84,85

Arrested 
development Features

3rd week 
(early)

Michel’s deformity (complete labyrinthine 
aplasia, i.e. no inner ear)

3rd week (late) Cochlea aplasia (absent cochlea, deformed 
vestibule)

4th week Common cavity (same chamber)

5th week Cochlear agenesis (incomplete partition 
type I, labyrinth is cystic but separate) 
Normal vestibular aqueduct

6th week Cochlear hypoplasia (≤1 turn of cochlea, 
hypoplastic labyrinth)

7th week Incomplete partition (Mondini’s) 1½ turns
(cystic appearance of cochlea apex only)

8th week Normal

The most common radiological abnormality is EVAS. 
The cochlear aqueduct is thought to be abnormal when 
>1 mm. It is usually patent, but neither transmits pressure 
or allows free spinal fluid to flow. Membranous abnor
malities can either be incomplete or complete. Scheibe 
is an incomplete type, cochleosaccular dysplasia (of the 
pars inferior) with a malformed membranous canal. The 
organ of Corti is partially or totally missing with a normal 
bony canal. Alexander is also an incomplete type and is 
partial (localized to the basal turn) aplasia of cochlea duct 
occurring with highfrequency sensory hearing loss. Bing 
Siebemann malformations involve complete membranous 
dysplasia and are associated with Jervell and LangeNielsen 
syndrome and Usher’s syndrome (Table 1.5 and Fig. 1.22).
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AUDITORY CORTEX 
The auditory cortex is in the lateral (Sylvian) fissure.84 It 
is arranged with low frequencies superior and high fre
quencies inferior. The auditory cortex exhibits plasticity 
in that it has the ability to modify or reorganize. Although 
this plasticity occurs throughout life, it occurs to a greater 
extent at younger ages. Modification of the tonotopic 
orga nization of the auditory cortex occurs after hearing 
loss and with rehabilitation of hearing (Fig. 1.23).

Clinical comment
 • The auditory brainstem response is a test of the audi

tory pathway85,86 Electrodes are placed at the mastoid 
and record the response to broadband clicks (cen
tered on 3 kHz) or frequency specific tone bursts 
played by ear phones. It is absent when the pure tone 

Fig. 1.22: A classification of inner ear malformations.
Source: Redrawn from Jackler et al.84 

Fig. 1.23: The central auditory pathway.
Source: Redrawn from Nieuwenhuys.87

average is >65 dB or age greater than approximately 
65. Typically, five to seven peaks occur within 10 ms. 
The waves correspond to the following areas of the 
auditory pathway: Wave I—distal eighth nerve, cor
responds with the action potential in electrocochleo
graphy, Wave II—proximal VIII/cochlear nuclei (dorsal 
+ ventral), Wave III—superior olivary nucleus, Wave 
IV—lateral lemniscus, Wave V—contralateral inferior 
colliculus, Wave VI—Medial geniculate nucleus, Wave 
VII—Auditory cortex. 

Note: Most fibers cross midline at superior olivary nucleus, 
while some continue uncrossed to inferior colliculus.8890
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 Since then the field of audiology has developed and 
grown into a flourishing profession, serving the needs of 
individuals across the lifespan who experience hear-
ing and/or vestibular problems. Dr. James Jerger, one of 
Carhart’s first audiology students, was one of the pioneers 
of the profession; he developed many of the early test 
methods and procedures, including the Carhart-Jerger 
method for the measurement of pure-tone thresholds.2 

This procedure is followed to this day and is the founda-
tion of audiometric threshold testing that is the basis for 
all differential diagnosis in audiology. Dr. Jerger has also 
written a book entitled Audiology in the USA, which details 
the history and development of the profession.1 
 Audiology is the study of hearing and balance function 
and disorders; audiologists evaluate auditory and vesti-
bular function and provide rehabilitation for individuals 
across the lifespan identified with pathologies of these 
systems. It is also important to note that audiologists strive 
to inform and educate people about ways to prevent hear-
ing loss as well as cope with the challenges presented by 
their hearing loss. 
 The professional activities of audiologists are clearly 
defined by the two largest organizations representing 
them, the American-Speech-Language-Hearing Associa-
tion (ASHA), and the American Academy of Audiology 
(AAA). In addition, all 50 states license or certify audio-
logists and have established guidelines for practicing in 
those states. According to the ASHA Scope of Practice for 
audiologists, “The practice of audiology includes both the 
prevention of and assessment of auditory, vestibular, and 
related impairments as well as the habilitation/rehabilita-
tion and maintenance of persons with these impairments. 

This chapter is designed to provide an overview of the pro-
fession of audiology. It begins with a brief history of audio-
logy followed by a description of the scope of practice of 
audiologists and some facts and figures on the incidence 
of hearing loss. The remainder of the chapter describes 
the diagnostic test procedures conducted by audiologists. 
These include subjective measures such as pure tone air 
conduction and bone conduction thresholds, speech 
recog nition thresholds, and speech intelligibility tests as 
well as objective measures such as middle ear immittance, 
evoked otoacoustic emissions (OAEs), auditory brainstem 
tests, and vestibular tests. Each procedure is described 
briefly along with examples of typical test results and a 
discussion of the interpretation of results. The chapter 
concludes with some ideas about the future of audiologic 
assessment.

BRIEF HISTORY
The profession of audiology emerged in the late 1940s 
as many soldiers from World War II returned home 
suffering from prolonged exposure to the sounds of artil-
lery, grenades, sirens, aircraft, and the like. The term itself 
was coined by three different individuals at about the 
same time in the mid-1940s, an otolaryngologist, Norton 
Canfield, a speech pathologist, Raymond Carhart, and 
an auditory scientist, Hallowell Davis.1 Shortly thereafter, 
specialized institutions were developed to serve the needs 
of military personnel returning from active duty who were 
experiencing difficulty hearing and understanding speech 
and hearing essential sounds such as alarms, honking 
horns, and other important auditory information.
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The overall goal of the provision of audiology services 
should be to optimize and enhance the ability of an indi-
vidual to hear, as well as to communicate in his/her every-
day or natural environment”.3 Similarly, the AAA Scope of 
Practice states, “Audiologists identify, assess, diagnose, 
and treat individuals with impairment of either peripheral 
or central auditory and/or vestibular function, and strive 
to prevent such impairments”.4 Both of these documents 
also stipulate that practicing audiologists must, at all times, 
adhere to the Code of Ethics of the respective organization.

SCOPE OF PRACTICE 
The scope of practice for the profession has grown dra-
matically over the past 30–40 years. It was not until 1977 
that audiologists began dispensing hearing aids and other 
assistive devices. As technology has advanced, hearing 
aids have evolved from body worn analog devices to com-
pletely in-the-ear and small behind the ear digital devices. 
Along with the progress in hearing aid technology came 
the development of the cochlear implant and the bone 
anchored hearing aid in the 1960s. Cochlear implants have 
evolved from single channel devices that were first avail-
able commercially in 1972, to multiple channel systems 
that were introduced in 1984 and provide remarkably 
accurate auditory input to individuals with profound hear-
ing loss.5 All of these advances in remediation have resulted 
in the expansion of the profession of audiology and the 
need for skilled audiologists. 
 Although the middle latency response (MLR) and the 
late auditory evoked potentials (AEPs) were first discove-
red in the late 1950s, the introduction of clinical electro-
physiologic tests including auditory brainstem testing 
and evoked OAEs testing did not commence until the late 
1970s. Together, these diagnostic procedures have con-
tributed to the growth of the profession of audiology. More 
recently, audiologists have become involved in the evalua-
tion and treatment of vestibular pathologies and in intra-
operative monitoring of brainstem and cortical responses 
during surgical procedures. Clearly, audiology is a rapidly 
growing and developing profession. Currently, there are 
>12,000 audiologists in the United States.6 According to 
the US Bureau of Labor Statistics this number is expected 
to grow to about 17,000 by the year 2020.7 This is a rate of 
37%, which is much more rapid than most professions.
 Audiologists work as independent practitioners in a 
variety of settings including private practice, schools, hos-
pitals, community clinics, otolaryngology offices, indus-
try, university clinics, and the military. They may also be 
involved in the education of audiology students as well 

as medical residents and interns and other health profes-
sionals. Audiologists serve a diverse population across the 
lifespan including individuals of all races, genders, reli-
gions, national origins, and sexual orientations.

DEMOGRAPHICS OF HEARING LOSS
Along with the expanding breadth of the profession, 
there is an increased need for audiologists and audiologic 
services. This is, of course, due to the growing numbers of 
individuals with hearing loss. According to the National 
Institute on Deafness and Other Communicative Disorders 
(NIDCD) of the NIH, 17% (36 million) of American adults 
report some degree of hearing loss. More specifically, 
the NIDCD reports that “18 percent of American adults 
45–64 years old, 30 percent of adults 65–74 years old, and 
47 percent of adults 75 years old or older have a hearing 
loss”.8 World Health Organization statistics indicate that, 
worldwide, 360 million people (including 328 million 
adults and 32 million children) experience “disabling” 
hearing loss. They define disabling as “hearing loss >40 dB 
in the better hearing ear in adults and a hearing loss >30 
dB in the better hearing ear in children”.9

 In the newborn population, the incidence of hearing 
loss continues to be reported as two or three individuals per 
1000 births in the United States.8 As a result of the 1993 NIH 
Consensus Conference on Newborn Screenings, programs 
to evaluate every newborn have been established in all 
50 states. This has led to earlier identification of hearing 
loss and auditory pathologies, which, in turn, results in 
appropriate intervention at an earlier age. Despite earlier 
detection of hearing loss in newborns, according to Niskar 
et al.10, about 12.5% of children and adolescents in the 
United States aged 6–19 years (approximately 5.2 million) 
experience permanent hearing loss due to exposure to 
loud sounds. These numbers have likely increased in the 
past decade due to the use of personal listening systems 
and the popularity of clubbing and concert-going among 
teenagers and young adults. According to the NIDCD, 
approximately 15% of Americans age 20–69 have high-
frequency hearing loss due to exposure to loud sounds or 
noise in some aspect of their daily lives.8 Other important 
statistics regarding hearing loss and auditory pathologies 
can be obtained from the NIDCD, the Centers for Disease 
Control, the World Health Organization, and the Hearing 
Health Foundation to name just a few sources.
 In our work as audiologists, it is imperative that we 
collaborate with other professionals to ensure that we 
provide the best possible care for our patients. Clearly, it 
is necessary for us to refer to and consult frequently with 
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otolaryngologists. By working together closely and confer-
ring with each other, we can effectively monitor the auditory 
status of our patients. Individuals receiving implant-
able devices and those experiencing pathologies such as 
Meniere’s Disease, acoustic neuroma, or cholesteatoma 
represent just a few of the many individuals for whom 
collaborative care between audiologists and otolaryngo-
logists is so essential.
 Of course, there are many other health professionals 
with whom audiologists work on a regular basis. When 
diagnosing an infant with hearing loss it is imperative to 
consult with social workers, psychologists, and speech-
language pathologists as well as physicians. For children 
with hearing loss, audiologists confer with teachers and 
other support personnel in the schools. Adults with gra-
dual or sudden onset hearing loss may need not only hear-
ing aids or other assistive devices, but also help obtaining 
accommodations in the workplace. In such instances, 
audiologists are likely to interact with vocational coun-with vocational coun-
selors and possibly other individuals in state and local 
agencies to assist their patients. For geriatric patients, 
audiologists consult with home healthcare workers, per-
sonnel at senior centers and assisted living facilities, and 
others to achieve optimal auditory input in the environ-
ment where these individuals spend their time. Clearly, 
the overall goal is to work cooperatively to meet the needs 
of our patients. 

CLINICAL AUDIOLOGIC PROCEDURES
A complete audiologic evaluation typically includes asses-
sment, using insert or circumaural earphones, of pure-tone 
air and bone conduction thresholds as well as spondee 
thresholds and word recognition testing. In addition to 
these tests, an immittance battery and OAEs should always 
be included. The results of these procedures should pro-
vide comprehensive evidence for differential diagnosis. 
These findings also provide direction for habilitation/ 
rehabilitation of the patient. 
 As with most clinical protocols, changes and adjust-
ments in technique may be required to address any special 
needs or concerns of the patients. However, these adapta-
tions should not sacrifice the fundamentals on which the 
following tests are designed and implemented.

Air and Bone Conduction
Audiometric assessment is an integral component in 
otologic evaluation of a patient who is suspected of having 
an auditory and/or vestibular pathology. Testing should be 
completed by a state licensed audiologist in a quiet room 

with minimal ambient noise. Test results may be recorded 
on a table or displayed on an audiogram such as the one 
shown in Figure 2.1.
 Prior to audiometric testing, a case history and oto-
scopy should be performed. Any obstruction in the outer 
ear could potentially affect pure tone responses. The 
tympanic membrane should be visible bilaterally during 
otoscopy. Obtaining a case history can provide informa-
tion to assist the audiologist in determining the order in 
which the tests are conducted.
 Optimally, air conduction, as well as bone conduction 
testing, is completed in a double-walled sound-treated 
booth with the patient wearing insert or circumaural ear-
phones. All equipment utilized for testing should be cali-
brated annually. Air conduction stimuli pass through the 
outer, middle and ultimately, the inner ear on the way to 
the auditory cortex. Bone conduction stimuli are delivered 
directly to the cochlea through a bone oscillator placed 
on the mastoid bone. Pure tone signals are used to estab-
lish thresholds at specific frequencies. For air conduction, 
the octave frequencies from 250 to 8000 Hz are tested. In 
addition, if there is a 20 dB or greater difference between 
the thresholds at these adjacent frequencies, the interoc-
taves, 1500, 3000, and/or 6000 Hz, should be tested. Bone 
conduction thresholds are obtained in response to signals 
at the octave frequencies from 250 to 4000 Hz. Threshold 
testing should follow a standardized method such as those 
outlined by the American National Standards Institute,11 
the American Speech-Language-Hearing Association,12 or 
the Carhart-Jerger procedure.2 

Fig. 2.1: Typical audiogram form used to record audiometric air 
and bone conduction thresholds.
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 Once air conduction and bone conduction thresholds 
are obtained, it is standard clinical practice to calculate the 
pure tone average (PTA) for each ear. In most cases, this 
is the average of the pure tone air conduction thresholds 
at 500, 1000, and 2000 Hz. However, if the air conduction 
threshold at one of these three frequencies differs from the 
others by >20 dB, then a two frequency PTA is calculated 
using the two best thresholds at these three frequencies. 
It has been found that that this approach results in better 
agreement with the spondee recognition threshold (SRT) 
described below.
 In certain situations, the signal presented to the test 
ear is sufficiently intense to stimulate the cochlea of the 
nontest ear, causing inaccurate responses. This is known 
as crossover; the nontest ear actually responds when 
the tone is presented to the test ear. This occurs when 
the intensity of the test ear stimulus is at least 40 dB or 
greater (circumaural earphone) or 55 dB or greater (insert 
earphone) than the bone conduction threshold in the 
nontest ear. The term interaural attenuation is used to 
describe the amount of sound absorbed by the head before 
the sound presented to the test ear is intense enough to 
stimulate the opposite cochlea. The specific value varies as 
a function of frequency as well as the transducer used for 
testing. The values cited above are conservative estimates 
used clinically to ensure that crossover is not occurring 
during testing. To be certain the nontest ear is not being 
stimulated resulting in inaccurate responses, masking 
procedures must be employed. Thus, if the presentation 
level of the pure-tone in the test ear exceeds the bone 
conduction threshold in the nontest ear by these values 
(40 and 55 dB for circumaural and insert earphones, 
respectively), masking is presented to the nontest ear via 
air conduction using an insert or circumaural earphone.
  For bone conduction testing, the interaural attenuation 
is 10 dB. This means that if the bone conduction stimulus 
level and the air conduction threshold differ by >10 dB 
in the ear being tested or in the nontest ear, masking is 
necessary at that frequency. The reason for this value is 
because when a stimulus is presented via bone conduction, 
all of the bones in the skull are stimulated, not just the ones 
in the cochlea closest to the bone oscillator. The interaural 
attenuation is thus minimal resulting in the use of the 
10 dB value for determining the need for masking. Use 
of appropriate masking techniques is essential to obtain 
accurate threshold measurements.
 Example audiograms are provided in Figures 2.2 to 2.5 
to illustrate typical results obtained for bilateral and/or 
unilateral losses as well as conductive (Fig. 2.4), senso-
rineural (Fig. 2.2), mixed type hearing loss (Fig. 2.5), and 

a functional hearing loss (also referred to as malingering, 
Fig. 2.3). Each case includes results for pure tone air and 
bone conduction tests as well as many of the other tests 
described below such as OAEs, tympanometry, word 
recognition, etc.

Speech Testing
The SRT is used as a reliability check for the pure tone 
findings. The PTA described above should be within +6 dB 
of the spondee threshold.13 The SRT is measured by pre-
senting two syllable words, called spondee words, with 
equal stress on each syllable. The words can be presented 
using either recorded speech or monitored live voice. 
Standardized testing procedures must be employed. The 
outcome of this measure is a threshold for speech and 
should be in good agreement with the average of the 
pure-tone thresholds at 500, 1000, and 2000 Hz (PTA). 
There may be times when traditional SRT testing cannot 
be employed. Examples of this might be with non-native 
speakers of English, infants, or difficult to test patients. In 
cases such as these, a speech detection threshold (SDT) or 
a speech awareness threshold (SAT) would be obtained. 
The preferred term according to ASHA14 is SDT because 
it is an accurate description of the task of exhibiting a 
behavioral change to spondee words or cold running 
speech. The SDT is often lower than the expected SRT 
because it requires the patient only to detect rather than 
recognize and correctly repeat speech stimuli.
 The other speech test typically administered is used to 
obtain the word recognition score (WRS), using monosyl-
labic words. This suprathreshold test should be adminis-
tered 30–40 dB above the SRT.15 The goal of word recog-
nition testing is to determine the best score a patient can 
attain. In some cases, this test may need to be administered 
at more than one intensity to find the level of maximum 
performance. This level is known as PB max (phonetically 
balanced) and is the highest speech recognition score that 
is determined using a PI function (performance intensity).
 According to Gelfand,16 speech recognition measures 
are used in every phase of audiology such as (1) to des-
cribe how hearing loss affects speech understanding, (2) in 
the differential diagnosis of auditory disorders, and (3) for 
determining the need for amplification and other forms 
of audiologic rehabilitation. Word recognition measures 
can also be used as part of a monitoring protocol, when 
needed. In patients with a sensorineural hearing loss, it 
is expected that the WRS will decrease as the severity of 
the loss increases. When dealing with a conductive loss, 
however, WRSs often approach the “excellent” range due 
to the normal bone conduction scores, when the words 
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are presented at 30–40 dB above the SRT. In contrast, 
indi viduals with cochlear pathology usually have WRSs 
between 60% and 90% when measured at the same relative 
level. Scores for this group vary widely depending upon 
the degree and configuration of hearing loss. For patients 
with retrocochlear pathologies, an often observed result 
is WRS much poorer than expected based on the degree 
of hearing loss. For example, a patient with a PTA of 30 
dBHL may obtain a WRS of 54% when tested at 30 or 40 dB 
above the PTA.
 In addition to the traditional word lists used to obtain 
speech scores, there are other tests that can accomplish the 

same goal. When testing a child or a patient who is unable 
to verbally respond, tests such as the Word Intelligibility by 
Picture Identification—WIPI,17 Northwestern University 
Children’s Perception of Speech—NU-CHIPS,18 or Pedia-
tric Speech Intelligibility Test—PSI may be utilized.19 These 
tests require the patient to point to a picture in a closed 
set that cor responds to the word they heard the audiologist 
speak. Tests also exist to assess how well a patient can 
hear in noise. In these tests, a target stimulus (word or 
sentence) is presented in the presence of background 
noise. Examples of these tests are the BKB-SIN, the Quick-
SIN and the Revised Speech Perception in Noise Test.20 

Fig. 2.2: Results for a 75-year-old patient. The pure tone results indicate a bilateral, symmetrical sensorineural hearing loss. Hearing 
thresholds are normal through 500 Hz, sloping to a mild sensorineural loss at 1000 and 2000 Hz, with a moderately severe loss at 
8000 Hz. Good agreement between the PTA and SRT is noted. Immittance results indicate normal middle ear function. The patient has 
good word recognition scores bilaterally. TEOAE results indicate refer bilaterally. Audiologic recommendations for this patient would 
include hearing aids and perhaps other assistive devices. (PTA, pure-tone average; SRT, spondee recognition threshold; TEOAE. tran-
sient evoked otoacoustic emissions).
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Fig. 2.3: These are results for a 15-year-old male who reported a sudden hearing loss in his left ear following an automobile accident. 
Test results were inconsistent. Right ear thresholds indicate normal hearing from 250 to 2000 Hz with a mild high frequency loss. Left ear 
results indicate a moderate hearing loss from 250 to 1000 Hz, sloping to moderately-severe from 2000 to 8000 Hz. Left ear thresholds 
reveal a shadow curve because interaural attenuation has been exceeded; therefore, crossover cannot be ruled out. The poor PTA–SRT 
agreement, normal tympanogram and acoustic reflexes, as well as “pass” OAE results for the left ear suggest that this patient is malin-
gering. Recommendations for this patient would include a complete audiologic re-evaluation in 3–6 months. (PTA, pure-tone average; 
SRT, spondee recognition threshold; OAE, otoacoustic emission).

Immittance 
An integral part of a complete audiologic evaluation is 
the inclusion of the immittance test battery. Immittance 
protocols are used to evaluate middle ear status and the 
function of the ipsilateral and contralateral reflex patterns.
 Otoscopy should be performed prior to immittance to 
rule out any complications or pre-existing conditions that 
may contraindicate the use of this battery. Some examples 
of conditions that may preclude the use of tympanometry 

include a draining ear or cerumen that occludes the ear 
canal. The series of tests administered includes tympano-
metry, determination of the ipsilateral and contralateral 
reflex thresholds, and observation of reflex decay (if any).
 In order for the tests to be performed, a pneumatic 
seal between the probe assembly and the patient’s outer 
ear must be obtained. Failure to obtain a seal prevents 
completion of the test.
 Tympanometry is the first portion of the immittance 
battery. Once the seal is obtained, a probe tone is presented 
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Fig. 2.4: Audiometric results for a 6-years-old with a history of chronic, recurrent otitis media. Pure tone thresholds in the right ear are 
within normal limits by air and bone conduction. Left ear thresholds indicate a mild flat conductive loss from 250 to 4000 Hz, gently 
rising to normal hearing at 8000 Hz. Note the excellent word recognition scores in the left ear, which are expected with a purely conduc-
tive loss. The air-bone gaps present from 250 to 4000 Hz in the left ear are also indicative of a conductive component. Tympanometry 
reveals negative pressure and reduced compliance in that ear. This patient “referred” on OAE results left ear, and “passed” right ear. 
Recommendations for this patient would include referral to an otolaryngologist. (OAE, otoacoustic emission).

to the patient’s outer ear and the pressure in the canal is 
varied to determine the point of maximum compliance of 
the middle ear system. The probe tone used for individuals 
over 6 months of age is 226 Hz, while a 1000 Hz probe tone 
is used for patients who are newborn to 6 months old. 
More information regarding the use of tympanometry in 
the pediatric population can be found in several pediatric 
audiology textbooks.21

 Tympanograms are interpreted on several parameters: 
(1) ear canal volume, (2) equivalent peak pressure, and (3) 
static admittance. In more recent years, tympanometric 

width has been added to the parameters that are used in the 
assessment of middle ear function. Table 2.1 summarizes 
the normative data for these tympanometric para meters 
described by ASHA.22 
 Interpretation of tympanometric width (or gradient) 
was introduced in 1968 by Brooks. It is a measure of the 
sharpness of the peak of the tympanogram. The gradient 
can be measured by bisecting the distance from the peak 
to the positive end of the tympanogram. Tympanometric 
width is reported in dekapascals (daPa). According to 
ASHA,22 the normal range is 60–150 daPa for children 

Ch-2.indd   25 30-05-2015   15:21:03



Otology/Neurotology/Skull Base Surgery26

Fig. 2.5: These results are for a 55-year-old patient with a history of a mild sensorineural hearing loss. He came to the clinic complaining 
of stuffiness and pressure in the right ear. Left ear thresholds reveal a mild sensorineural loss from 250 to 2000 Hz, rising to normal hear-
ing at 4000 Hz. Right ear thresholds reveal a moderate mixed loss at 250 and 500 Hz, sloping to a moderate loss at and above 1000 Hz. 
The air-bone gaps present from 250 to 4000 Hz, and the bone conduction thresholds >25 dBHL indicate a conductive component in 
that ear. Tympanometry reveals a flat configuration in the right ear, and a normal result in the left ear. TEOAE responses were “refer”, 
bilaterally. Recommendations for this patient should include referral to an otolaryngologist, and annual audiologic evaluations.

and 50–100 daPa for adults. Abnormal tympanometric 
width should be considered an indication of middle ear 
dysfunction.23 
 In 1970, Jerger introduced a classification system for 
tympanograms using a 226 Hz probe tone that is still in use 
today. Based on this system, tympanograms are character-
ized as either type A, A

d
, A

s
, C, or B.24 

 During tympanometry, the external ear canal pressure 
is changed from atmospheric pressure (0 daPa) to 200 daPa 
above the ambient pressure and down to 200–600 daPa 
below the ambient pressure. As would be expected, 
maximum compliance will be obtained when the pressure 

on each side of the tympanic membrane is the same. 
So, in order to evaluate middle ear status in a clinical 
population, the pressure in the outer ear is adjusted to find 
the point of maximum compliance. In some cases, there is 
no point of maximum compliance (Jerger type B). This 
is commonly seen in patients whose ears have middle ear 
effusion or have patent ventilating tubes in the tympanic 
membrane.
 In cases where the pressure in the external canal has to 
be a negative value to achieve maximum compliance, the 
tympanic membrane has been shown to be retracted into 
the middle ear space (Jerger type C).
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 For patients who have normal middle ear pressure (i.e. 
the point of maximum compliance is at ambient pressure) 
(Jerger type A), there can be changes in mobility of the 
middle ear system. The mobility may be reduced (Jerger 
type A

s
) or greater than normal (Jerger type A

d
). These 

tympanogram types may be seen in patients with stapes 
fixation or ossicular discontinuity, respectively.
 It should be noted that these Jerger classifications that 
were established in the 1970s are still in use but are not 
adequate to completely describe middle ear function. 
Further, the use of these classifications is limited to find-
ings obtained with a 226 Hz probe tone in adults. Because 
the typical middle ear system is stiffness dominated, the 
use of this probe frequency does not allow an analysis of 
the effects of changes in mass on the middle ear system. 
 In order to further assess the effects of changes in 
middle ear stiffness and the possible effects of changes 
in mass components on the middle ear, multifrequency, 
multicomponent tympanometric protocols have been 
developed. The details of this type of tympanometry are 
beyond the scope of this chapter but interested readers 
should consult Wiley and Fowler.25

 An area of middle ear assessment that is beginning to 
be used clinically is wideband reflectance. This is a proce-
dure that does not require a pneumatic seal or adjustment 
of pressure in the outer ear canal to evaluate the middle 
ear system. In the future, wideband reflectance may prove 
to be a more flexible tool than tympanometry. This tech-
nique relies on measurement of amount of energy that is 
transferred through the middle ear system and so gives 
information about the input impedance of the middle ear. 
Using this technique, we get an estimate of the magnitude 

of reflectance as a function of frequency. The reflectance 
is a ratio of the reflected sound to the input sound. A low 
reflectance value indicates that most of the sound power 
in the incident wave is delivered to the middle ear system. 
In contrast, a high reflectance value indicates that most 
of the sound power is reflected back into the ear canal. 
For more information regarding this tool, see Keefe and 
Feeney.26

 Figures 2.6 to 2.10 provide examples of the most com-
monly observed tympanograms elicited in response to a 
226 Hz probe tone. 

Acoustic Reflexes
Measurements of acoustic reflexes are useful in the evalu-
ation of middle ear function, auditory nerve function, 
brainstem function, and facial nerve function. It is impor-
tant to note that the acoustic reflex threshold is an indi-
rect measure of the integrity of the reflex pathway. In order 
to measure an acoustic reflex, the stapedius muscle must 
contract. Contraction of the muscle creates a change in 
middle ear compliance that can be observed. The acous-
tic reflex is a bilateral event. Observation of a compliance 
change in the same ear as the reflex activating stimulus 
(RAS) is referred to as an ipsilateral reflex. In contrast, an 
observation of a change in compliance in the ear opposite 
the RAS is referred to as a contralateral reflex. The lowest 
stimulus level that produces a change in acoustic admit-
tance is the acoustic reflex threshold. Studies document 
normal thresholds of 70–100 dB SPL for tonal stimuli rang-
ing from 500 to 2000 Hz. Reflex thresholds that are >100 dB 
SPL are considered elevated. Elevated or absent acoustic 

*Values in this table are taken from ASHA.22

† It should be noted that there is no clear cutoff in terms of peak pressure which definitely indicates the presence of middle ear 
effusion. The norms listed above should be considered in conjunction with case history, otoscopy, and audiometric findings.

Table 2.1: Normative data for use in interpretation of tympanograms*

Type Ear canal volume (ECV) in cc Tympanometric peak pressure (daPa)† Admittance (mmho)

A 0.6–1.5 (adults)
0.4–1.0 (children)

+100 to -100 daPa 0.3–1.4 mmho (adults)
0.2–0.9 mmho (children)

A
d

0.6–1.5 (adults)
0.4–1.0 (children)

+100 to -100 daPa >1.4 mmho

A
s

0.6–1.5 (adults)
0.4–1.0 (children)

+100 to -100 daPa <0.3 mmho (adults)
<0.2 mmho (children)

C 0.6–1.5 (adults)
0.4–1.0 (children)

>-100 daPa 0.3–1.4 mmho (adults)
0.2–0.9 mmho (children)

B Varies based on pathology:
PE tubes, perforations, etc. = larger ECV

No peak recorded Essentially flat
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Fig. 2.6: Example of a normal, type A tympanogram. This is typi-
cally seen in individuals with normal hearing or sensorineural 
hearing loss. Note the peak at 0 daPa.

Fig. 2.7: Example of a hypermobile tympanic membrane, a type Ad 
tympanogram. This is typically seen in individuals with an ossicu-
lar discontinuity or a flaccid tympanic membrane. Note the peak 
at 0 daPa.

Fig. 2.8: Example of a hypomobile tympanic membrane, a type As 
tympanogram. This is typically seen in individuals with an otoscle-
rosis. Note the peak at 0 daPa.

Fig. 2.9: Example of a middle ear with negative peak pressure, a 
type C tympanogram. This is typically seen in individuals with a 
retracted tympanic membrane. Note the peak at –300 daPa.
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Fig. 2.10: Example of a tympanic membrane with little or no mobility, 
a type B tympanogram. This is typically seen in individuals with a 
fluid filled middle ear or impacted cerumen. Note the absence of a 
peak in the tympanogram.

reflex thresholds in an individual with normal hearing or 
a sensorineural hearing loss may be indicative of a retro-
cochlear lesion and require further investigation. Acoustic 
reflex thresholds <70 dB SPL are consistent with coch lear 
hearing loss. If a patient exhibits a type B tympanogram, 
and/or has significant other middle ear pathology, acoustic 

reflexes will most likely be absent. Figures 2.11A and B 
provide examples of acoustic reflex thresholds measured 
at 500 and 1000 Hz.
 A decrease in the strength of the stapedius contrac-
tion during continuous stimulation is referred to as acous-
tic reflex decay.27 Acoustic reflex decay is usually tested 
contralaterally at 500 and 1000 Hz. Reflex decay testing 
involves the presentation of a tone at 10 dB above the con-
tralateral acoustic reflex threshold. The tone is presented 
for 10 seconds. If, during that time, the response decreases 
by 50% or more, decay is considered to be positive. Abnor-
mal, or positive, reflex decay is often a sign of possible 
retro cochlear pathology. This finding should be consid-
ered together with the rest of the test battery and analyzed 
in conjunction with other results. 

Otoacoustic Emissions 
Robust OAEs are indicative of healthy outer hair cell func-
tion. These emissions are typically observed in response to 
an evoking stimulus. Clinically, OAEs are used to measure 
small changes in hearing status that may not be detect-
able by traditional audiometry. This is an excellent tool for 
monitoring cochlear status in patients with noise-induced 
hearing loss or exposed to any ototoxic medications or 
radiation. OAE testing is objective and does not require a 
behavioral response from a patient. Thus, it is also used to 
rule out functional hearing loss. The test is noninvasive, 
easy to administer, and provides rapid results; therefore, 
OAEs are often used as part of a newborn hearing screen-
ing process. 

Figs. 2.11A and B: Contralateral acoustic reflex thresholds measured at 500 and 1000 Hz in the patient’s left ear. According to these 
results the reflex threshold at both 500 and 1000 Hz is at 100 dBHL.

A B
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 Testing is done by placing a probe assembly in the 
external auditory meatus to both present a stimulus and 
record a response. The indirect evaluation of the cochlea 
obtained by using OAE protocols helps to separate the 
effects of changes in cochlear and neural function. Common 
clinical practice utilizes distortion product otoacoustic 
emission (DPOAE) and/or transient evoked otoacoustic 
emission (TEOAE) protocols. The presence of these emis-
sions indicates that hearing sensitivity is no poorer than 
30 dBHL. Interpreting OAE results is an important por-
tion of an audiometric evaluation, especially for ruling out 
auditory neuropathy and functional hearing loss. Audi-
tory neuropathy is a result of the lack of synchrony in the 
auditory nerve. It should be noted that there will be times 
when an emission may be present, but cannot be recorded 
as a result of middle or outer ear pathology.
 TEOAEs are recorded in the range of 250–4000 Hz 
for children28 and from 500 to 6000 Hz for adults29 at a 
stimulus level of approximately 80 dB SPL. TEOAE re-
sults may be confounded by the presence of background 
noise and are not utilized as often as DPOAEs due to this 
pheno menon. These emissions are recorded between 
stimulus presentations; therefore, TEOAEs evaluate the 

outer hair cell status in a resting state. Figures 2.12 and 
2.13 provide examples of TEOAE measures. Test results 
shown in Figure 2.12 reveal a robust response indicating 
normal outer hair cell functioning. In contrast, results 
shown in Figure 2.13 suggest abnormal outer hair cell 
function.
 DPOAEs are elicited by presenting two primary simul-
taneous pure tones that are fairly close in frequency; 
the emission is usually observed at one of the distortion 
products that is created. The most prominent distortion 
product is the cubic distortion product that occurs at 
2F

1
 – F

2
. Examples of DPOAEs are shown in Figures 2.14 

and 2.15. In a clinical setting, the primary tones used to 
elicit the OAEs are typically in a frequency ratio of 1.1 to 
1.3; and the levels may be equal or may be separated by 
10 dB. For example, the first row of frequencies and levels 
shown in Figure 2.14 below are F

1
 = 4922 Hz and F

2
 = 6000 

Hz (F
1
:F

2
 ratio = 1.2) and the levels are separated by 9.9 dB 

(L
1
 = 63.8 dB and L

2
 = 54.9 dB). The cubic distortion 

product should be observed at 3884 Hz. This test measures 
responses from narrow regions of the cochlea when the 
outer hair cells are active. DPOAEs are most reliable when 
recorded in the frequency range from 750 to 16,000 Hz.

Fig. 2.12: Transient emissions recorded from 1000 to 4000 Hz. 
Note that the reproducibility percentage is higher than 70% at all 
frequencies and the TE-NF (transient emission-noise floor) ratio 
is of sufficient amount (10 dB for adults, 15–20 dB for children, at 
all frequencies.30 This TEOAE test would be considered a “pass” 
overall.

Fig. 2.13: Transient emissions tested from 1000 to 4000 Hz. Note 
the reproducibility percentage is between 0% and 2% at all fre-
quencies and that the TE-NF ratio is poor at all frequencies. This 
TEOAE test would be considered an overall “refer”.
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 A determination of a “pass” versus “refer” depends 
on the protocol employed by each clinical setting and/or 
recording instrument. For TEOAEs many audiologists will 
accept a reproducibility rate of anywhere from 50% to 70% 
for an emission to be considered present, in addition to the 
ratio of emission over noise floor. The program employed 
for recording TEOAEs generates a wave reproducibility 
value that is expressed as a percentage. The closer this 
reproducibility value is to the preset determining value, 
the stronger the emission. For DPOAEs, they must be 
measured at least 6 dB above the noise floor and the DP 
itself must not be <-6 dB. 

Auditory Brainstem Responses
Physiologic testing of the auditory portion of the brainstem 
is referred to by many different acronyms. These include 
BSER (brainstem evoked response), AEP (auditory evoked 
potential), BAER (brainstem auditory evoked response), 
ABAER (automated brainstem auditory evoked response), 
or the most commonly used acronym, ABR (auditory brain-
stem response). Although there is considerable variability 

among individuals, it is generally expected that the ABR 
will be seen in the first eight milliseconds following the 
auditory stimulus.
 An ABR records the electrical response to an audi-
tory stimulus in the brainstem using electrodes. This is 
accom plished using equipment to present the stimuli and 
ampli fiers and signal averaging equipment to amplify and 
record the response. A normal ABR response is character-
ized by five distinct peaks in the waveform. These peaks 
are marked using Roman numerals and are thought to 
be generated from the lower portion of the brainstem. 
Traditionally, waves I, III, and V offer the most clinical  
utility. Evoked potential protocols that are used to record 
responses from higher up the brainstem and cortex are also 
available, and are referred to as middle latency response 
(MLR) and late auditory evoked potentials (cortical ERPs); 
these are not typically used in the clinical setting.
 Evoked potential testing may be used as part of a neuro- 
otologic evaluation or in threshold estimation for difficult 
to test patients. Often times, newborn hearing screen-
ing programs use an automated ABR protocol called 
ABAER. Typically, click stimuli are used for evaluation of 

Fig. 2.14: Distortion product emissions recorded from 2000 to 
6000 Hz. Note the L1 and L2 values are 65 and 55 dB, respec-
tively. The output shown above also reports the geometric mean 
(GM) of F1 and F2, which is a value in between the F1 and F2. 
Note the DP-NF ratio is well above 6 dB at all frequencies and 
the DP itself is above –6 dB. This patient would be considered to 
have “passed” the test.

Fig. 2.15: Distortion product emissions tested from 750 to 8000 Hz. 
Note the L1 and L2 values are 65 and 55 dBHL, respectively. Note 
the DP-NF ratio is below 6 dB at all except for one frequency and 
that the DP itself is not above 6 dB at all frequencies. This patient 
would be considered a “refer” response.
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neurologic integrity as shown in Figure 2.16. In contrast, 
toneburst stimuli from 500 to 4000 Hz are used for thresh-
old evaluation. An example of toneburst responses is pro-
vided in Figure 2.17. If a conductive loss is suspected, bone 
conduction ABR threshold testing is available.
 The evaluation of individual ABR tracings includes 
assessment of the morphology of the waveform as well as 
the peak latencies, the interpeak latencies and interaural 
intervals. Otoneurologic evaluation using ABR is done 
at suprathreshold levels and is designed to evaluate the 
integrity of the auditory nerve and/or cochlear status. For 
threshold evaluation, in difficult to test populations, the 
presence of wave V is used to estimate thresholds. The ABR 
response is influenced by the degree of hearing impair-
ment of the subject. For example, if a patient has a moder-
ate sensorineural hearing loss, their wave V will disappear 
at a higher intensity tone burst level when compared to 
a subject with normal hearing or a mild hearing loss. In 
order for hearing impairment to be estimated, the ABR 
recordings done in nHL need to be converted to an eHL 
(equivalent). The eHL value varies with the type of ABR 
system and the normative data obtained by each clinical 
site. In addition, depending on which equipment is being 
used, the evoked response may be affected by degree of 
patient arousal.

Electrocochleography
Electrocochleography (ECochG) is a physiologic exami-
nation of the relationship between the summating poten-
tial (SP) and the action potential (AP) of the eighth nerve. 
Clinically, it is useful for diagnosis and monitoring of 
patients with suspected Meniere’s disease. The ECochG is 
most likely to be clinically significant when the patient 
is exhibiting active symptoms of Meniere’s disease. A com-
mon ECochG analysis approach is calculation of SP and 
AP amplitude (in microvolts) from a common baseline, 
and then computation of an SP/AP amplitude ratio.31 Nor-
mative data indicate a mean SP/AP amplitude ratio to be 
0.26 µV using a tympanic membrane electrode site,32 
0.24 µV using an ear canal electrode site33 and 0.16 µV 
using a transtympanic electrode site.34 The SP/AP ratio can 
be recorded using a transtympanic electrode or a far-field 
array. The far-field recording technique is used more com-
monly as it is less invasive; however, it should be noted that 
due to the distance between the electrode and the genera-
tion site of interest, responses may be difficult to interpret. 
Far-field recordings typically place an electrode against 
the skin of the ear canal or the surface of the tympanic 
membrane. 

Fig. 2.16: Neurologic ABR for a 26-year-old male known to have nor-
mal audiometric thresholds. Testing completed using click stimuli 
with two channel electrode array with low forehead as ground. 
The intensity level was 80 dB, which is suprathreshold to obtain 
accurate recording with a rate of 11.1 clicks per second. Note that 
waves I–V are marked for the right ear (80R) and the left ear (80L). 
This is a normal neurologic ABR based on the absolute latencies, 
interpeak latencies, and interaural latencies. 

Fig. 2.17: Results for a 23-year-old female known to have normal 
audiometric thresholds bilaterally. ABR obtained using tone burst 
stimuli (top 4 waves) and using CE-Chirp (Interacoustics EP25) 
stimuli (bottom 4 waves) with 1 channel electrode array using 
nontest ear as ground. Note that threshold search for both stimuli 
begins at 60 dBHL and continues in 10 dB decrements to 30 dBHL 
to determine threshold. Presence of wave V is marked, indicat-
ing hearing is present at that frequency and intensity. Note that 
as recording intensity decreases and approaches the threshold of 
the patient, the latency of wave V increases and the amplitude of 
wave V decreases.
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Video Nystagmography 
Video nystagmography (VNG) is used by audiologists 
to assess the peripheral and central vestibular systems. 
As with all assessments, a case history is a crucial part of 
assessing a dizzy patient. Testing is conducted using infra-
red goggles connected to a computer system to record 
eye movement and to deliver visual stimuli. In addition, a 
caloric irrigator is necessary for the peripheral system to be 
evaluated. There are three main components of a VNG test 
battery: ocular motor, positional/positioning, and caloric 
testing. Results are analyzed based on presence and degree 
of nystagmus, if any, and subjective dizziness experie nced 
by the patient. The VNG is an integral test to evaluate dizzi-
ness because it relies on objectively recording eye move-
ments. The test results can provide information about inner 
ear function that may be missed by imaging and electro-
physiologic testing. During all portions of the VNG, hori-
zontal and vertical eye movements are measured. 
 The ocular motor portion of the test battery includes 
assessing saccadic, pursuit, and optokinetic movements 
of the eye as well as the ability to gaze-hold in different 
directions. The presence of nystagmus may indicate a 
possible ocular disorder, peripheral vestibular disorder 
or a central vestibular issue that may be contributing to 
the patient’s complaint of dizziness. Positional testing 
allows the audio logist to evaluate the posterior, anterior 
and horizontal semicircular canals by having the patient 
manipulate their head and body into various positions. The 
positional portion of the evaluation is analyzed for the pre-
sence and degree of nystagmus within the different posi-
tions, with and without fixation. The presence of nystagmus, 
as well as any consistent pattern, can provide the audio-
logist with information about how the central or peripheral 
vestibular system is functioning. 
 Caloric testing is the final portion of a complete VNG 
test battery. Prior to beginning testing, an otoscopic exami-
nation should be completed to be sure that the tympanic 
membrane is intact and there is no obstruction in the ear 
canal. An irrigator with air or water is used to present the 
stimulus to the ear canal. By changing the temperature 
of the stimulus in the external auditory canal, the endo-
lymph within the semicircular canals is affected. Once the 
endolymph begins to move, the vestibulo-ocular reflex is 
elicited producing nystagmus. Typical caloric procedures 
employ the bithermal and bilateral method. This requires 
that cool air (or cool water) and warm air (or warm water) 
be presented to each ear in separate trials. It is important 
to remember that test protocols may vary by clinic and 
audiologist. 

 Further information on vestibular anatomy and physi-
ology and assessment can be found in additional chapters 
of this text.

THE FUTURE OF AUDIOLOGY
Audiology at its heart is a problem-solving profession. As 
members of the hearing healthcare team we are faced with 
the need to properly assess the communication challenges 
that our patients face and to determine intervention strat-
egies that will maximize their ability to function in society. 
 There are many techniques that can be used to assess 
sensory functions related to hearing and balance and eva-
luate impairments of the ear and related functions. There 
are also intervention strategies (described elsewhere in 
this text) to facilitate the removal of barriers to participa-
tion. In particular, the use of products for communication 
(e.g. hearing aids and other assistive devices) may miti-
gate, at least in part, the effects of the changes in sensory 
function and auditory impairment that may limit partici-
pation in meaningful life activities.35 
 Audiology, like other disciplines, never seems to stand 
still. Assessments of hearing, balance and communication 
function are all essential elements of audiologic practice. 
The rapid increases in available technology have rendered 
many of the behavioral tests used prior to the 1980s (e.g. 
Short Increment Sensitivity Index and Alternate Binaural 
Loudness Balance) as antiquated and of little use. In their 
place, electrophysiologic tests of (1) the middle ear system 
(multi-frequency acoustic immittance test battery, wide-
band power reflectance), (2) the outer hair cells of the inner 
ear (OAE), (3) the inner ear and the lower brainstem (acous-
tic reflexes, OAE, masking level difference, and ABR), and 
(4) the rest of the auditory pathway [MLRs, event-related 
potentials (ERPs)]. MLRs and ERPs are a sophi sticated 
evaluation of the brain’s response to acoustic signals and 
multimodal signals (visual and auditory interactions) in 
ecologically valid conditions. To date, MLR and ERP assess-
ments of an individual’s brain response have been limited 
to research laboratories. Given the equipment required for 
these measurements this is unlikely to change in the near 
future. Nonetheless, there is a consistent pressure to assess 
our patients where they live. 
 Thus, we are challenged to examine each patient’s sen-
sory function, ear and vestibular impairment, and restric-
tions on communication in realistic environments and 
with tasks that are representative of the demands made on 
them. Adequate assessment and intervention requires the 
special expertise of audiologists, but must be done in a way 
in which the patient is at the center of the team; expertise 
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from a number of professionals (e.g. otolaryngologists, 
optometrists, social workers, and speech-language patho-
logists) is brought to bear in order to reduce the effects of 
the changes in sensory function and impairment on the 
individual’s communication and day-to-day activities.
 Exciting changes are in the future regarding assessment 
and intervention of auditory function. Through the use 
of simulations, patients can be tested in situations that 
are more representative of their everyday life than those 
situations found in the typical audiometric test booth 
(i.e. listening to pure tones and monosyllabic words in 
quiet). For example, virtual tests have been developed to 
evaluate localization ability and speech understanding in 
realistic environments containing both reverberation and 
background noise.36,37 
 There have also been a multitude of assessment tools 
in which the tasks are made more demanding by the intro-
duction of noise so that the perceptual system is taxed in 
a way that more closely approximates everyday listening 
experiences. These tools are making their way into the 
clinical arena and will improve the ability of audiologists 
to assess function and impairment. In order to provide 
more appropriate intervention we need to do more eco-
logically valid assessment of communication function. In 
the future, we will likely find ourselves assessing not only 
the sensitivity and function of the auditory and vestibu-
lar systems but also doing multimodal assessments and 
examining the brain’s response to experiences that are 
closely related to everyday experiences.
 Another area of growth that has significant effects on 
our patients is the impact of the ever-increasing know-
ledge of genetics that is being held by clinicians of all 
perspectives. For example, understanding the role of the 
inheritance of the POU4F3 gene in progressive hear-
ing loss in humans changes the way that intervention 
is planned. This knowledge also increases the need to 
address possible limitations in participation by all mem-
bers of the family—those affected and those unaffected by 
the mutation. Knowledge about the impact of mutations 
in the GJB2 gene can influence decisions made by a clini cian 
or a team of clinicians with regard to the use of a cochlear 
implant over conventional amplification. An understand-
ing of the role of mitochondrial 12S rRNA mutations in 
nonsyndromic hearing loss and aminoglycoside sensi-
tivity will allow prediction of individuals who are at risk for 
ototoxicity and will improve the outcomes of individuals 
who may undergo such therapy.

 As our profession changes with advances in techno-
logy to facilitate assessment and intervention, we will 
remain rooted in one of the most important clinical tasks—
listening to our patients as they describe their symp toms 
and the barriers that they face that limit their participa-
tion and activity in their everyday lives. There is an excit-
ing future ahead for audiologists, particularly with the 
move toward interprofessional care of our patients.
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INTRODUCTION
Ear surgeons acknowledge that it is very difficult to achieve 
consistently good hearing results from middle ear surgery. 
There are a host of factors at play, only some of which 
are due to the mechanical properties of any replacement 
prostheses or reconstructions, and many of which are 
difficult to control. Stability of the reconstruction is a key 
challenge, and scarring and ventilation in turn heavily 
affect this. Both of these factors also affect the ability 
of the eardrum to vibrate, and this is key to any hearing 
reconstruction. We will see below that a functioning 
eardrum is the “engine” of the transformer action that 
allows middle ear pressure gain, and that no impedance 
matching can happen without a vibrating eardrum. In the 
end, all the biological factors have an effect on hearing by 
their mechanical impact on vibrations of the middle ear 
structures. 
 Achieving a vibrating eardrum is the start of the pro
cess; the vibrations have to be transmitted to the inner 
ear without loss, and many factors affect this, including 
stability of the connector, compliances or losses in the 
connector or its interfaces with its connecting surfaces, or 
scarring of the connector. For most reconstructions, the 
final point for acoustic entry to the inner ear is the footplate, 
and this has to be mobile, as does the round window 
(RW) to allow the incompressible cochlear fluids to move. 
Biological processes such as scarring, biocompatibility, 
inflammation, and ventilation dominate many of these 
factors. 
 With all these factors at work, it is not surprising, then, 
that successful hearing reconstruction is a challenge with 
an enormous range of hearing outcomes.1

 In this chapter, we focus on temporal bone studies, in 
which the various factors affecting outcomes can be more 
easily separated and examined, which is not possible in 
clinical studies. Prosthesis in this context will refer to any 
connector between two vibrating structures in the middle 
ear, whether allograft or homograft. 
 A few acronyms that will be used in this chapter include 
TM for tympanic membrane, OW for oval window, RW for 
round window, and EAC for external ear canal.

Basic Concepts in Vibration
The middle ear can be regarded as a series of masses and 
springs arranged in a complex network. 
 Figure 3.1 shows a simple mass–spring system. Such 
a system vibrates because once displaced from its resting 
position by a force, the restoring force of the stretched 
spring, which has “stored” the energy, moves the mass 
toward the initial position, but the inertia of the mass also 
“stores” energy, and this carries it past the starting point 
toward the other side, until the cycle starts again. In each 

Fig. 3.1: A simple mass–spring system. The mass is set in motion 
and then exchanges kinetic energy in its inertia with the potential 
energy stored in the springs.
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cycle, energy is converted from kinetic energy associated 
with the motion of the mass to elastic energy associated 
with compression of the springs, and then back again. 
If displaced from its equilibrium position and allowed 
to vibrate freely, the mass will move in such a way that 
its location as a function of time will be sinusoidal. This 
sinusoidal motion has an amplitude determined by the 
size of the initial displacement, a frequency determined by 
the relative size of the mass and the spring constants, and 
a phase if measured relative to another sinusoid. We call 
the time to complete one full cycle the period, which is the 
inverse of the frequency. 
 The above description assumes pointlike masses and 
springs that can instantaneously deliver forces from one 
side to another. In real materials, both mass and stiffness 
are distributed in three dimensions and mechanical 
vibrations have finite propagation velocities. In such sys
tems vibrations of a particular frequency travel with a 
particular speed called the phase velocity. As a result 
of the finite phase velocity, the amplitude of a vibration 
changes in space as well as in time, and the length over 
which it goes through a full cycle is called the wavelength. 
The wavelength is equal to the phase velocity/frequency, 
so that lowfrequency vibrations have long wavelengths 
and highfrequency vibrations short wavelengths (at least 
in structures in which the vibration propagation phase 
velocity does not change with frequency).
 In vibration, we have to think not only about the resis
tance to movement from friction, but a more general con
cept called impedance that encapsulates other processes 
by which motions can give rise to forces opposing that 
motion. Both inertia of masses and the compression of 
springs give rise to impedances. In general, impedance will 
vary with frequency, often in a complex way. Any system 
containing springs and masses such as the one shown in 
Figure 3.1 will vibrate at different amplitudes at different 
frequencies when a sinusoidal equal amplitude driving 
force is applied to it. The impedance is defined as the ratio 
of the force applied to a system to the velocity at which it 
moves. Since we are usually interested in the response as a 
function of frequency, it is convenient to make impedance 
a complex number which, at each frequency has a real 
and imaginary part or, equivalently, a magnitude and a 
response velocity phase relative to the driving force phase. 
It turns out that the real part of the impedance describes 
dissipative processes that resist motion like friction, while 
the imaginary component describes reactive processes 
like springs and inertia that store energy in such a way as 
to create a counterforce opposing the motion.

 For a given combination of spring stiffness and masses, 
a system will exhibit its maximal response amplitude at 
a particular frequency called the resonance frequency. 
Figure 3.2 shows the displacement of a simple series
connected mass–spring system subjected to a frequency
independent driving force. The peak in the displacement 
response of the system is the resonance frequency. Simple 
systems consisting of single mass–spring combination will 
have a single resonance. More complex systems consisting 
of multiple masses and springs can exhibit many reso
nance peaks. When driven at the resonance frequency the 
amplitude of the displacement will grow until frictional 
losses or nonlinearities become sufficient to limit further 
increases. As a result, the stronger the frictional damping, 
the lower the peak displacement on resonance. 
 In general, the stiffer the springs and the lighter the 
mass, the higher the resonance frequency is. Conversely, 
the more compliant the springs, and the larger the mass, 
the lower the resonant frequency is. Since mass inertia is 
low at low frequencies and high at high frequencies, the 
system response is usually determined by the stiffnesses 
at low frequencies by the masses at the higher frequencies. 
This is shown in Figure 3.3. At resonance, neither mass nor 
stiffness dominates, and the impedances to motion of the 
stiffness and the mass cancel, leading to a large increase in 
the response. The resonance frequency of a simple mass–
spring system can be calculated from the equation in  
Figure 3.3. 

Fig. 3.2: Vibration amplitude by driving vibration frequency. In a 
simple mass–spring resonator such as Figure 3.1, there will be a 
simple resonance peak frequency as shown above. Damping from 
friction will lower this peak, broaden its response, and lower the 
peak response frequency. 
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 Another important concept in vibration is that of impe
dance phase that describes how the system response is 
delayed or advanced in time relative to the driving force. 
Phase is expressed in degrees, or fractions of a period. 
At low frequencies, the main impedance arises due to 
stiffness. Springs generate a force proportional to the 
amount of displacement they experience that opposes 
further changes in displacement. Since velocity is the time 
derivative of displacement it is advance by 90° in phase 
relative to the displacement (always assuming that all 
motions and forces are sinusoidal) and is larger than the 
displacement by a factor 2pf, where f is frequency. Since 
impedance phase is based on the velocity relative to the 
driving force, it follows that the impedance phase of a 
spring dominated system is –90° and that the impedance 
of a spring decreases linearly with frequency. This is why 
stiffnesses are most important at low frequencies. 
 The impedance of a mass is determined by its inertia. 
When a mass is accelerated it generates a force F = ma 
opposing the acceleration. Velocity lags acceleration by 
90°, so in a mass dominated system, force leads velocity 
and the phase of the impedance is +90°. Since the ratio 
of the acceleration to the velocity is 2pf, the impedance 
of a mass increases linearly with frequency which is why 
inertia is more important at high frequencies.
 For a mass–spring system at resonance, the size of 
the impedance of the spring and the mass are equal, but 
since they are 180° out of phase with each other they 
cancel out, leaving only the impedance due to friction and 
other dissipative losses (Fig. 3.3). This explains why the 
amplitude of the motion can grow so much on resonance. 

In experimental systems, measurements of phase can be 
very useful in determining whether a system is mass or 
stiffness dominated, or at one of multiple resonances. 
 Mechanical systems that are extended in space also 
exhibit “modes” of vibration. Simply put, this means that 
at low frequencies, the entire unit might move as a rigid 
body if it is stiff enough, i.e. all parts move in phase and of 
equal amplitude. Compliant structures such as drumskins 
or strings may move more at the center than at the edges, 
but all parts move in the same direction at low frequencies, 
i.e. all parts move in phase. At higher frequencies when 
the propagation delays involved in traversing the structure 
become comparable to the period of the wave, the different 
parts of the structure will start moving out of phase with 
each other, resulting in multimodal vibration patterns. 
This is shown for a vibrating string in Figure 3.4. 
 Structures tend to have multiple normal modes of 
vibration which are determined by the geometry of the 
structure and the speed of sound through it. One can think 
of each normal mode frequency as being set by the time it 
takes a wave to propagate along a path through the structure 
that reflects back to point of excitation. When this round 
trip time is a whole number of periods, the wave amplitude 
will add constructively on each pass through the structure 
and a resonance is formed. The amplitude of the wave will 
vary with location in the structure and is characterized by 
fixed minima and maxima called nodes and antinodes—
again, the waves on a string in Figure 3.4 are a good 
example of this. Since the mode number is determined by 
the number of periods contained in the roundtrip time 
through the structure, every additional period added adds 
an extra node. For the waves on a string the first mode 
has zero nodes, the second one node, the third two nodes 
etc. A string has a single, frequencyindependent speed 

Fig. 3.3: The solid line represents vibration velocity of a driven 
system with a simple resonance, and the dot-dash gray line the 
impedance, plotted by frequency. Also shown in the lower plot is 
the phase of the driving force to the velocity of the driven body.

Fig. 3.4: Modes of vibration of a vibration string. At increasingly 
higher frequencies, the string takes on different modal patterns of 
vibration, with nodes and antinodes of vibration. 
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Figs. 3.5A and B: On the left (A), a simple lever is shown with the fulcrum in the middle so that the lever arm is the same on both sides. 
The mass on the right exerts a force F, which cannot lift the larger mass on the left. The width of the arrow represents the force exerted, 
and the length of the arrow the distance D it would travel. In (B), on the right, the fulcrum is moved, so that distance travelled is further 
for the smaller mass, but the force is proportionally magnified at the other end of the fulcrum, allowing it to move the larger mass load, 
but through a smaller distance.

Fig. 3.6: This shows the pressure transformation from collecting 
pressure over a large surface area, and focusing it on a smaller 
surface area. This is similar to the hydraulic lever in the middle ear. 

A B

of sound and so the round trip condition is met when the 
string length is a whole number of half wavelengths. The 
resonant frequencies are, therefore, f = c/2L, f = c/L, f = 3c/L, 
etc., where L is the length of the string. The ear canal has 
normal modes that occur roughly at odd multiples of c/4L, 
where c is the speed of sound and L is the length of the 
ear canal. Normal modes also characterize the vibration of 
the eardrum, of sound pressure in the pinna and, at the 
highest audible frequencies, the internal vibration of the 
middle ear. 

Basic Concepts in Mechanics of Hearing
Hearing can only occur if the basilar membrane is forced 
to vibrate, and in the human ear for acoustic hearing, this 
means that a pressure difference has to be established 
between the oval window (OW) and the RW. Two windows 
are needed because the fluid in the cochlea is essentially 
incompressible, and so a “relief” valve is needed in the 
RW in order for the basilar membrane to move away 
from the scala vestibuli and toward the scala tympani. 
There are not known to be other significant compliances, 
or relief windows, in the normal human cochlea. Hence, 
the driving force on the basilar membrane is proportional 
to the pressure difference between the oval and RWs. 
It is important, then, that the RW be shielded from the 
pressure driving the OW, in any surgical restoration of the 
middle ear. The basic problem that the middle ear has to 
solve is that acoustic pressure in air cannot efficiently drive 
the cochlear fluids to vibrate. This is primarily achieved by 
creating a large ratio between the area of the tympanic 
membrane and that of the stapes footplate to increase 

pressure at the OW. Since pressure is force divided by 
the area, the force delivered to the ossicles increases in 
proportion to the area of the TM. This effect is depicted in 
the diagram in Figures 3.5A and B.
 The other means that pressure at the footplate is 
incr eased is through the pivoting action of the ossicles 
about the incudomalleolar joint. The middle ear can be 
thought of as a lever and just as a lever can use a small force 
to lift a large weight, if the fulcrum is placed appropriately  
(Fig. 3.6), the middle ear can use a large dis placement 
of the TM driving the malleus and incus to create a 
larger force (with a smaller displacement) at the stapes 
footplate.
 Both the effect of the TM to footplate area ratio and the 
middle ear lever act to generate a pressure “gain” at the 
footplate relative to the TM. It is important to understand 
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that the gain of the middle ear does not represent a gain in 
power, just a conversion of the power collected by the TM 
from a higharea, low pressure form to a highpressure low 
area form, which can more efficiently drive impedance 
load of the inner ear fluids and the basilar membrane. 
 There are several sources of loss of vibrations in the 
middle ear. Some of these are shown schematically for the 
normal middle ear (Fig. 3.7) and the diseased and recon
structed middle ear (Fig. 3.8), and these will be referred to 
later in the chapter. 
 In the following sections, we will review the basic 
concepts as they apply to normal hearing, and then as they 
apply to diseased and reconstructed ears. 

External Ear Canal
Any physical object in space will change the characteristics 
of sound propagating past it. There will be slight increase 
in pressure on the incident side (baffle), and a decrease 
in pressure on the opposite side (shadow), but the exact 
nature of the changes depend on the frequencies involved, 
and the size and shape of the object. Complex objects like 
the pinna and ear canal can create a variety of resonances 
that can cause a strong frequencydependence of the 
sound pressure at the eardrum, even for a sound source 
emitting the same pressure at all frequencies. Because 
this frequencydependence changes depending on the 
direction of the sound incident on the pinna, it can be used 
to help localize the sound source. The pinna is particularly 
important in localization of elevation. 

 The various effects of the head, concha, body, and EAC 
contribute to a sizeable increase in the sound pressure at 
the eardrum as compared to what it would be at the same 
point in space in the absence of the head. The head, pinna, 
ear canal, and TM resonances increase the pressure at the 
eardrum by up to 22 dB, and while peaking at about 2100 
Hz, continues to provide a gain of over 10 dB from 1500 to 
6000 Hz.2 In this frequency range, these external ear effects 
actually contribute more to the pressure gain than the 
middle ear. 
 Teranishi and Shaw2 performed many of the measure
ments that underpin our understanding of these effects. 
Their estimates for the pressure gain due to the baffle 
created by the head, the concha, the pinna flange, and the 
ear canal are summarized in Figure 3.9. 
 The gain of the ear canal can be largely understood 
as being due to its behavior as a quarter wave resonator 
with a typical resonance frequency at 2.5 kHz. Canal wall 
down mastoidectomy changes this resonance, but not 
drastically. Jang et al.4 and Evans5 studied the effects of 
canal wall down versus canal wall up mastoidectomies on 
external canal resonance (Fig. 3.10), and found it changed 
the normal resonance of around 2900 Hz (in the Evans 
study) by about 300–400 Hz. 

The Middle Ear
There are several concepts that are important to under
stand when examining the function of the normal middle 
ear, and of the reconstructed middle ear, and despite this 

Fig. 3.7: Vibration losses in the normal middle ear. The interfaces 
(i1 to i4) are labeled, i1 is the TM to manubrium interface, i2, the 
incudomalleolar joint, i3 the incudostapedial joint and i4 the sta-
pes to vestibule interface. Ligaments are shown in red, and the 
two windows, oval and round window, are shown. (TM, tympanic 
membrane).

Fig. 3.8: Vibration losses in the diseased or reconstructed ear, 
similar to Figure 3.7. The Line A represents a line perpendicular  
to the footplate. The angle α represents the angle between this 
perpendicular line and a prosthetic connecting the TM to the 
remaining ossicles. (TM, tympanic membrane). 
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artificial separation, they are all intimately related. Some of 
these concepts are outlined below, and used to structure a 
discussion of the normal and diseased middle ear. 

THE MIDDLE EAR IS A PRESSURE  
GAIN TRANSFORMER

Acoustic energy applied to a body can be transmitted, 
reflected, or dissipated into other kinds of energy. How 

much of each happens depends on how well the force is 
matched to the impedance load it is trying to drive. Since 
energy cannot be created or destroyed, in levers, power 
(energy/time) is conserved, but other quantities are traded 
off. In the classic simple lever (see Fig. 3.6), force is traded 
for distance travelled. The middle ear is essentially a lever 
for increasing the pressure at the stapes footplate, because 
the pressure in air is not sufficient to drive the inner ear fluid 
load directly. Without the middle ear, most of the incident 
acoustic power would reflect off the inner ear, and little 
would be transmitted. The middle ear does not have any 
energy source to amplify the acoustic power, so the power 
of the stapes driving the cochlear fluids is the same as the 
power of the TM driving the umbo less any losses incurred 
in the middle ear. The lever in the middle ear classically 
consists of three different levers working together. Figure 
3.11 shows some of the pressure transformations in the 
middle ear. 
 The first and most important lever in the middle ear is 
the hydraulic lever (see Fig. 3.5). This lever works as a result 
of the difference in surface area of the TM and the stapes 
footplate. The acoustic power at the eardrum is the volume 
velocity of the air at the eardrum (average linear velocity × 
the surface area) multiplied by the average pressure over 
the eardrum. If the stapes were directly connected to the 
TM, the displacement of the two would be the same, but 
the differences in area between them would cause the 
volume displaced by the TM and stapes to differ. As Figure 
3.11 shows, at the footplate, the volume velocity is lower 
because the surface area is lower, and since the power is 

Fig. 3.9: The pressure at the TM for a sound source at 45° in the 
horizontal azimuth source. (TM, tympanic membrane).
Source: Modified from Shaw.3

Fig. 3.10: The pressure gain at the eardrum for normal patients 
(blue line), open mastoid patients (green line), and obliterated or 
filled mastoid patients (dotted grey line).
Source: Modified from Jang et al.5

Fig. 3.11: The pressure transformations from the external ear to 
the vestibule, through the middle ear. The length of the lines for 
pressure (in red) and volume velocity (blue) are shown to scale in 
relative values. P1 is the pressure in the external ear canal (EAC), 
P2 is the pressure at the oval window (OW), P3 is the pressure 
at the round window (RW), SV is the scala tympani, and ST is the 
scala tympani. V V represents volume velocity. Also shown on the 
right are the pressures relative to each other on a scale. 
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conserved the pressure the footplate exerts on the OW is 
greater than the pressure exerted by the sound field on 
the TM. The ratio of the eardrum surface area to stapes 
footplate area is about 20. This difference creates a 26 dB 
increase in pressure from the TM to the stapes. 
 In addition to the hydraulic lever action, there is a 
contribution to middle ear gain from the ossicular lever, 
which results from the difference in lengths of the incus 
and malleus. The ratio of the lengths of the incus and 
malleus is about 1.3,6 which translates to a further 2 dB 
increase in sound pressure at the stapes footplate. 
 A third lever, the catenary lever, which results from the 
curved shape of the eardrum, may also exist. It is postula
ted that this mechanism translates large movements in 
the curved regions of the eardrum between the fixed 
annular rim and the manubrium to smaller displacement 
but higher force movements at the manubrium.7 This 
mechanism is dependent on the special curved geometry 
of the TM. It is consistent with measured movements at 
the center of the TM being larger than those on the umbo 
and manubrium.8,9 Whether this mechanism actually 
exists is somewhat controversial, but it may add up to 6 
dB if it does exist.10 Even ignoring the catenary lever effect, 
there should be a 28 dB pressure gain in the ideal middle 
ear if all these levers worked completely. Since these lever 
models do not include any masses or springs they can be 
taken to describe a system that is massless and rigid in the 
sense that none of the elements of the TM and middle ear 
have any compliance to them. In this case, there should 
also not be any frequency dependence to the middle ear 
gain.
 The actual measured pressure gain from the ear canal 
to the inner ear, as measured in the vestibule, is shown in 
Figure 3.12.11,12

 The pressure gain reaches a maximum gain of only 24 
dB at a frequency of around 1 KHz and the gain exhibits a 
strong frequency dependence. This demonstrates that the 
middle ear acts best as a lever between 1 and 3 kHz, with 
decreasing gain above and below this range. The reasons 
for the frequency dependence are manifold, but as we will 
discuss below, not all the energy is used to drive the inner 
ear, some is lost to elements in the middle ear, and some is 
dissipated. 
 Figure 3.11 shows the pressure transformations in 
the normal ear. The lengths of the arrows are to scale in 
sound pressure levels, i.e. in SPL not in HL sound pressure 
terms. The arrow in the ear canal represents an arbitrary 
EAC pressure. The pressure at the OW is then increased by 

20 dB or 10 times. The pressure at the RW is decreased by 
10 dB, i.e., about a third of the EAC pressure. In absolute 
terms, the drop in pressure at the RW from the ear canal 
pressure is relatively unimportant compared to the much 
larger pressure gain at the OW. For instance, if the EAC 
pressure was 1 unit, the OW pressure would be 10 units, 
and the RW pressure about 0.32 units. The driving pressure 
to the inner ear is the difference between the OW and 
RW pressures, and it can be seen that whether the RW is 
dropped to 0.32 units or stays completely at 1 unit has little 
effect on the total difference in the OW to RW pressure, 
which is dominated by the much larger gain at the OW. 
Indeed, in normal ears, we have shown that shielding 
the RW makes little difference to the stapes vibrations.13 
This kind of normal pressure coupling has been termed 
“ossicular coupling”.14 It can also be seen from Figure 3.11 
that whether the RW pressure is in phase with the OW 
(which it mostly is because of the long wavelengths of 
audiologically relevant sounds compared to the distance 
between the RW and OW), in which case the inner ear 
driving pressure is P2–P3, or whether it is out of phase, 
in which case the driving pressure is P2 + P3, makes little 

Fig. 3.12: Pressure measured in the vestibule using a hydro-
phone, compared to the pressure in the external ear canal (EAC), 
gain in dB (GME, gain middle ear). Also shown is the phase angle 
of the pressure transfer function.
Source: Modified from Aibara et al.11
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difference as the magnitude of P3 is small compared to 
that of P2. The difference between an inphase and out
phase RW pressure makes to the total pressure difference 
is about 0.5 dB. This small difference taken together with 
the fact that over the audiologicallyrelevant frequencies 
the driving pressure at the RW and OW will be nearly in 
phase in any realistic scenario means that concerns about 
the “phase cancellation” effects of perforations at different 
locations, i.e. over the RW, are entirely specious. The most 
important factor by far about a perforation’s effect on 
hearing is its size, not its location.15

 In the normal ear, the acoustic energy in the ear canal 
is not all directed toward moving the basilar membrane. 
Some is used to overcome the stiffness of the eardrum 
and ligaments in the middle ear such as the annular liga
ment, move the ossicular mass and inner ear fluid mas
ses, damping in the inner ear and stiffness of the RW 
membrane and basilar membrane. Some is also used to 
move the mass of air in the middle ear, and overcome its 
stiffness as well. 

APPLICATIONS TO HEARING  
RECONSTRUCTION

One of the key concepts that emerges from the actions of 
the middle ear as a lever is that without a functioning TM, 
little lever action occurs, and it is impossible to get normal 
levels of hearing. There are several other areas in which 
this impedance matching function is relevant. 

Piston Diameter
A confusing aspect of middle ear function for many stu
dents in this area is that it is often referred to only in terms 
of pressure gain. Using this metric alone, then a very 
small pinlike connection to the stapes footplate, or very 
small diameter stapedotomy piston ought to give the best 
pressure gain, and best hearing results. In actual fact, the 
hearing is more linked to the volume velocity generated 
in the inner ear. A very small prosthesis stem placed 
on the footplate might result in a high pressure, but the 
pressure is averaged over the whole stapes footplate. For 
stapedotomy pistons, a smaller piston diameter results in 
less volume displacement, despite the high pressure, so 
that total volume velocity is smaller with smaller pistons. 
Estimates of the ideal piston diameter suggest that the 
ideal area would in fact be an area similar to the normal 
stapes footplate.16

Ossicular versus Acoustic Coupling
This is a fundamental concept in hearing reconstruction, 
proposed by Peake et al.14 As described above, the middle 
ear produces a pressure differential between the oval 
and RWs, primarily by increasing the pressure at the OW 
by about 20 dB compared to the EAC, a much smaller 
effect is decreasing the pressure at the RW by about 10 dB  
(see Fig. 3.11). This normal situation has been termed 
ossicular coupling.14

APPLICATION OF ACOUSTIC AND  
OSSICULAR COUPLING TO  
HEARING RECONSTRUCTION

Figures 3.13A and B show two different ways in which 
hearing can be reconstructed. 
 In damaged ears without the normal pressure gain at 
the OW, there is still a small pressure difference between 
the OW and the RW, because there is some RW shielding 
in the normal ear. This pressure difference is about 1/100 
of the pressure in the EAC, or about 40 dB relative to EAC 
pressure. Hence, the inner ear driving pressure is now 
1/100 of the EAC pressure, whereas it normally is 10 × the 
EAC pressure. This difference between the normal driving 
pressure and the pressure with no middle ear function is 
1000 times or 60 dB. Hence, with loss of the middle ear, we 
might expect a hearing loss of 60 dB, provided the stapes 
footplate mobility doesn’t change. This form of hearing by 
the pressure difference between the OW and RW has been 
termed “acoustic coupling.”14

 Clearly, in the acoustic coupling scenario, it would be 
much better if we could get the entire EAC pressure to drive 
the inner ear, instead of just 100th of it, which is the normal 
pressure differential between the OW and RW. One way to 
do this is to shield the RW, so that the pressure here is as 
close to zero as possible. This is the classic Wullstein type IV  
tympanoplasty.17 Wullstein’s tympanoplasty classification is 
given in Table 3.1. The mechanics of this procedure have 
been investigated in detail by Rosowski and Merchant.18,19 
In this reconstruction (Fig. 3.13B), essentially the OW is 
left exposed as much as possible to EAC pressure by using 
a thin split thickness skin graft, and a thick cartilage shield 
shields the RW from the EAC pressure. It is important that 
the RW area is connected somehow to the Eustachian 
tube to ventilate this area, otherwise if fluid or scar tissue 
forms in this area, the RW membrane cannot move, and 
so neither can the stapes footplate as the inner ear fluid is 
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Table 3.1: Wullstein classification of tympanoplasty 

Type I Myringoplasty only

Type II Tympanic membrane (TM) to remaining incus

Type III TM to stapes head

Type IV TM to stapes footplate

Type Va Lateral canal fenestration

Type Vb TM to vestibule with removal of stapes footplate 
and fat graft

essentially incompressible. This shielded cavity containing 
the RW and connected to the ET forms a small cave, a 
“cavum minor.” Theoretically, if all the EAC pressure is 
applied to the OW, then the loss from normal hearing 
is only the 20 dB gain of the normal middle ear acoustic 
transformer, and so airbone closure to within 20 dB 
should be possible.18,19

 Just as in the normal ear, the hearing reconstruc
tion surgeries can be classified into the following types  
(Figs. 3.13A and B): 

Type I: Pressure gain at the OW (PGOW): This attempts to 
restore the hydraulic lever ratio from the eardrum to the 
footplate, by attaching the volume velocity of the eardrum 
to any remaining ossicles. This is analogous to ossicular 
coupling in the normal ear. The “engine” of this kind of 
reconstruction has to be a vibrating eardrum. This can 
be by connecting the eardrum directly to any remaining 

ossicles (such as a Wullstein type III tympanoplasty) or 
through allograft or autograft connectors, such as artificial 
prostheses or sculpted ossicles. 

Type II: RW protection with OW access (RoWPOWA): This 
is an attempt to optimize acoustic coupling. Basically, 
the entire EAC pressure is delivered to the OW (hence 
unimpeded OW access without scarring is important), 
and the RW is protected as much as possible, so that the 
pressure differential from OW to RW is the entire EAC 
pressure. As described above, this needs the formation 
of a cavum minor and ventilation around the RW. These 
kind of reconstructions are the Wullstein type IV (eardrum 
to stapes footplate) or type V (eardrum to vestibule with 
footplate removed and fat graft in OW) tympanoplasties. 
Important to note is that these type of tympanoplasties do 
not require a vibrating eardrum, as there is no attempt to 
recreate the hydraulic lever. Without this pressure gain, 
however, they are limited at the very best to about a 20–25 
dB air–bone closure,20,21 which is the maximum pressure 
differential that can be achieved between the OW and RW 
without the hydraulic lever action.
 In practice, achieving a good result from RoWPOWA 
reconstruction can be difficult. Scarring over the OW will 
severely attenuate the EAC pressure experienced by the 
footplate, so only very thin split thickness skin and not 
fascia (which scars to a thicker state) is used, the annular 
ligament has to be mobile, the round window has to be 
mobile, and the cavum minor has to be ventilated and well 

Figs. 3.13A and B: This shows two different ways that hearing can be reconstructed. In the first type, on the left, a pressure gain is 
attempted to the round window by reconstructing the hydraulic lever, by connecting the TM to the remaining ossicles. This is termed 
PGOW, pressure gain at the oval window. The right side shows a typical Wullstein type IV reconstruction. In this case, there is no attempt 
to reconstruct the hydraulic lever, but rather to allow unimpeded access to the OW (oval window) and to shield the RW (round window) 
as much as possible (RoWPOWA). (TM, tympanic membrane).

A B
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Table 3.2: Classification of middle ear hearing reconstruction techniques

A. Pressure gain at OW (PGOW) reconstruction

  In general, the lateral and medial and midprosthesis interface/stabilizers should be specified, e.g. medial ± footplate shoe, 
lateral ± cartilage overlay, midshaft ± cartilage or other stabilizer. The most commonly used are in bold face. 

(I) Direct connection tympanic membrane (TM) to residual ossicles 

 (a)  Direct connection incus onto TM (DIOT Wullstein type II)

 (b)  Direct connection stapes head onto TM (D-SHOT-Wullstein type III)

(II)  Connectors between TM and residual ossicles 

 Connecting Acronym Current terminology or examples

 Stapes head onto TM SHOT PORP 

 Stapes head onto malleus SHOM PORP

 Stapes head onto incus SHOI e.g. Cement, Applebaum

 Stapes head onto both SHOTM PORP

 TM and malleus 

 Stapes head to artificial or SHOAM PORP to relocated malleus

 Stapes FP onto TM FOT TORP

 Stapes FP onto malleus FOM TORP

 Stapes FP onto incus FOI e.g. stapes piston on mobile FP 

 Stapes footplate onto both FOTM TORP

 TM and malleus

 Stapes footplate onto FOAM TORP to relocated malleus 

 relocated or artificial malleus

 Vestibule to TM VOT TORP with stapedotomy

 Vestibule to malleus VOM Malleostapediopexy

 Vestibule to incus VOI Standard stapedotomy

 Vestibule to both VOB

 TM and malleus

 Vestibule to artificial

 or relocated malleus VOAM Rarely used

 Incus to TM IOM Rarely used

 Incus to malleus IOT e.g. cementing IM joint, rarely used

B. OW access with RW protection (RoWPOWA) hearing reconstruction

 RoWPOWAFP: Stapes footplate access (Wullstein type IV)

 RoWPOWAV: Inner ear access with removal of stapes footplate (Wullstein type Vb)

 RoWPOWAHC: Inner ear access with lateral canal fenestration (Wullstein type Va)

shielded from EAC pressure. All of these can be difficult 
to achieve, but perhaps not as difficult as achieving a thin, 
vibrating eardrum with middle ear ventilation connected 
without scar tissue to the remaining ossicles in a severely 
diseased ear, as required for a PGOW type reconstruction. 
Lateral canal fenestration is similar in concept to the 
RoWPOWA. 
 Table 3.2 shows a more comprehensive and inclu
sive classification scheme for middle ear reconstruction,  

developed by one of the authors (Bance) to aid in more 
precise descriptions of middle ear surgery. 

DIFFERENCE BETWEEN HIGH- AND 
LOW-FREQUENCY RESPONSE OF  
THE MIDDLE EAR

Like most mechanical structures with compliant com
ponents, the middle ear responds differently at high and 
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low frequencies. At higher frequencies above 2kHz, like 
the string in Figure 3.4, there are multimodal vibrations in 
the eardrum, and parts of the eardrum start moving out of 
phase exhibiting modal patterns.8,22 At lower frequencies, 
the ossicles and eardrum all move in phase (although 
at different amplitudes), much closer to the idealized 
hydraulic lever model. At higher frequencies, the coupling 
of the eardrum to the umbo is less efficient, because of 
these complex vibration modes. 
 At these higher frequencies, the ossicles can also 
start to flex and bend, as well as exhibiting slippage at 
the interossicular joints.23,24 The axis of rotation of the 
ossicles also moves at higher frequencies, from the axis 
at lower frequencies that passes through the posterior 
incudal ligamentanterior malleolar ligament axis,23,25,26 
and rotations become more complicated. In addition, the 
stapes footplate develops a more rocking motion rather 
than the more pistonlike motion at lower frequencies.27 
This is not as efficient at inner ear fluid displacement, as 
part of the footplate is displacing outward while another 
part is displacing inward, so that there is reduced net 
volume displacement. However, there is evidence that 
these modes can still cause some inner ear stimulation.27

 All these factors taken together mean that the middle 
ear is not nearly as efficient as an acoustic transformer at 
high frequencies as it is at lower frequencies. 
 This is illustrated by the findings of Kurokawa and 
Goode.28 In the idealized case, the ratio of the areas of the 

eardrum and footplate is about 20 × (29) or 26 dB, so if 
the middle ear acted as an ideal hydraulic lever, we might 
expect a gain of 26 dB in pressure at the footplate from 
the EAC. Kurokawa and Goode attempted to measure 
the pressure gain of the middle ear by measuring the 
stapes footplate vibrations with and without the middle 
ear present. The increase in pressure required to achieve 
equivalent stapes footplate motion without the middle 
ear is a measure of the pressure gain of the cochlea. The 
results are shown in Figure 3.14. The gain calculated for 
the middle ear is close to the “ideal” hydraulic lever gain of 
26 dB for frequencies below 1 kHz, but rapidly falls above 
this frequency, as the middle ear becomes less efficient as  
a pressure/volume velocity transformer.
 The difference between Figures 3.12 and 3.14 is that 
some part of the energy transduced by the middle ear does 
not actually drive the inner ear fluids, but rather is used 
to overcome the stiffness of the annular ligament, and the 
stapes itself. So, the pressure experienced by the inner ear 
is actually that of Figure 3.12.

CLINICAL RELEVANCE OF HIGH-  
AND LOW-FREQUENCY  
MIDDLE EAR FUNCTION

It is clear from the measured data that the gain of the middle 
ear at high frequencies is poor. This means that no middle 
ear reconstruction is likely to improve the high frequencies 
past 4 kHz, since the middle ear contributes little gain at 
these frequencies. However, the high frequencies can be 
preferentially attenuated more than the low frequen cies, 
for instance by an earplug or similar obstruction in the 
ear canal. Another point worth noting is that the vibration 
amplitudes are smaller for high frequencies. This means that 
small series compliances can “soak up” high frequencies 
better than higher low frequencies. This may arise, for 
instance, if there is subluxation of the incudomalleolar 
joint, or a tenuous connection of the incudostapedial 
joint. In general, however, most middle ear pathologies 
preferentially affect the lower frequencies. 
 While the eardrum has complicated modal patterns of 
motion at the higher frequencies and it may not be well 
coupled to the umbo at these higher frequencies, placing 
cartilage or covering dimeric segments of the TM seems to 
change the TM vibration patterns substantially in the areas 
where the cartilage is placed, but has little effect on overall 
modal patterns of vibration, umbo or stapes vibration 
amplitudes.8,29–31 What’s more important is to restore the 

Fig. 3.14: The sound pressure gain in the middle ear estimated 
by the SPL needed to achieve equivalent displacements of the 
stapes footplate with and without the middle ear intact. Results are 
from six temporal bones, and the gray line is the mean.
Source: Modified from Kurokawa and Goode.28
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baffle effect of the TM, i.e. to be able to create a pressure 
differential across it in the case of a perforation, and the 
material used may not matter too much.32

 However, the modal patterns of vibration do have 
an application in that if only a small part of the eardrum 
is sampled by a prosthesis (e.g. a very small diameter 
prosthesis head, or stapes classic type III reconstruction), 
this point may only sample an node in the TM, or have a 
complicated frequency response because the vibrations of 
the point of contact may vary dramatically with frequency. 
On the other hand, large prothesis head sizes are difficult to 
handle and place, and may increase the stiffness of the TM 
by tenting it up. Bance et al.33 compared stapes head to TM 
prosthesis head sizes of 4 × 4 mm, 4 × 3 m, and 3 × 2.3 mm in 
temporal bones, and found no differences in performance. 
Zahnert et al.34 looked at 1 mm, 3 mm, and 4 mm head 
diameter prostheses, and found the 1 mm prosthesis head 
size to be worse than the other two, possibly because of 
the effects of sampling of a small area of a TM. Indeed, the 
effect that Mehta et al.35,36 noted of improvement of type III  
tympanoplasty function improvement when a cartilage 
sheet is placed on the head of the stapes may be for the 
same reasons. 

STIFFNESS AND MASS EFFECTS  
IN THE MIDDLE EAR

There are many compliances and mass elements in the 
middle ear that affect its frequency response. Among the 
most important are the stiffness of the TM, the masses of 
the ossicles, and the stiffness of the various ligaments in 
the middle ear.
 As noted above, the TM is the main factor in the hydr
aulic lever action of the middle ear.37 As the first line of 
transformation of acoustic energy to vibrations in the 
middle ear, its frequency response shapes the frequency 
response of the whole middle ear. The frequency response 
of the umbo in response to EAC sound pressure is shown 
in Figure 3.15 from Ravicz et al.38

 In the lower frequency range (i.e. below 1 kHz), the 
eardrum and its associated ligaments dominate the fre
quency response, which is primarily stiffness dominated, 
as seen by the approximately 0.2 period phase lag in the 
phase plot. Since in a stiffnessdominated system pressure 
is proportional to displacement, a pressure–velo city plot 
of a stiffness dominated system should exhibit a 0.25 cycle 
phase shift. The fact that the measured phase is somewhat 
less indicates that there is also a frictional component to 
the response. Between 2 and 8 kHz, there is a combination 

of resistive (damping from the inner ear and middleear 
losses) and mass effects, with a phase angle between 
sound pressure and umbo response of between 0 and –0.2 
periods. At higher frequencies above 4 kHz, the increasing 
phase lag also points to some kind of delay, such as 
travelling waves on the TM. 

APPLICATIONS TO HEARING  
RECONSTRUCTION

From Figure 3.3, and the introduction, we can surmise 
that in general, changes in the stiffness of the eardrum 
and middle ear or annular ligaments will primarily affect 
the low frequencies (i.e. the stiffness dominated zone), 
whereas changes in the TM or ossicular mass are more 
likely to affect the higher frequency transmission through 
the middle ear.39

Changes in the TM Stiffness and Mass 
The TM is clinically reconstructed with a wide variety of 
materials, including fascia, perichondrium, and cartilage 
of varying thicknesses. These have very different stiff
nesses, and it might be expected that cartilage would have 

Fig. 3.15: Umbo velocity relative to sound pressure in the ear  
canal in 9 fresh temporal bones.
Source: Modified from Ravicz et al.38
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a worse lowfrequency responses than fascia, and thicker 
cartilage worse than thinned cartilage.40 However, clinical 
studies seem to show similar air–bone gap closures for 
both, with lower reperforation rates for cartilage.41,42 It is 
difficult to extrapolate from clinical studies the underlying 
mechanisms for this apparent contradiction, as there are 
so many confounding factors to consider. It is possible 
that there is better coupling of the cartilage to the ossicles 
or prosthesis,35 so that cartilage is more efficient at trans
mitting the pressure over its whole surface area to the 
ossicle or prosthesis connection. Other factors that may 
affect the air–bone gap are that fascia may more often 
have small breakdowns or perforations, more often form 
retraction pockets, and be better at creating a larger 
pressure difference across by having fewer thinned areas 
that act as acoustic shunts to the middle ear. Because it 
is stiffer, cartilage may also not break up into multimodal 
vibrations at frequencies above 2 kHz, hence resulting in a 
more efficient highfrequency hydraulic lever mechanism. 
However, when the whole TM is replaced, without any 
compliant hinge areas at the edges or within the cartilage 
shield itself, then it might be expected to result in worse 
lowfrequency hearing results.
 According to our simple mass and stiffness models, 
adding mass to the TM might be expected to reduce high
frequency responses above 2 kHz. In fact, experimental 
work does not seem to suggest this kind of response. For 
instance, Nishihara et al.43 reported only narrowband 
drops in umbo velocity, increasing with mass size when 
loading masses between 3 and 20 mg on the TM. Overall 
effects were small, and even less marked for the stapes 
than for the umbo. 

Changing the Prosthesis Tension 
Another factor that will change stiffness in the middle ear 
transmission path is the tension that a prosthesis is placed 
under. This can increase the stiffness both at the TM, and 
at the stapes annular ligament ends, and both of which 
contribute to middle ear stiffness in the lowfrequency 
stiffness dominated zone.44 In clinical practice, it can be 
hard to control this tension, as the tympanomeatal flap or 
TM reconstruction is simply laid over the prosthesis, but 
scarring and ventilation of the middle ear will affect the 
final tension. Sometimes, in reconstruction to a more fixed 
object such as the malleus, more careful control of tension 
can be achieved. Tension can, however, be controlled in 
cadaveric temporal bone models. For instance, Morris et al.45 
found that increased tension on a stapes head onto TM 

(SHOT) type reconstruction, achieved by varying the 
length, resulted in worsening of the lowfrequency res
ponses below 1 kHz especially. This has been confirmed by 
other authors.46,47 This study was repeated by the same 
group48 with reconstructions to the malleus, with similar 
findings, lower tension resulted in better lowfrequency 
responses. This is shown in Figure 3.16. Clinically, surgeons 
have to balance the need for stability of the prosthesis with 
the need for low tension in its placement. 
 Stiffness of the prosthesis itself is unlikely to be a 
major determinant of middle ear responses, provided it 
is stiff enough to not flex or bend significantly at audio 
frequencies and pressures, and almost all kinds of com
monly used prostheses are “rigid” enough. If they are 
relatively stiff, they will not contribute much to the overall 
middle ear input stiffness, as that will be more determined 
by the more compliant terminations at the TM and the 
footplate. Cartilage, unless thick in crosssectional area, 
may flex, at least in FEM models.49

Changes in Prosthesis or Ossicular Mass
While simple models of the ear suggest that adding mass 
might decrease higher frequency responses,39 more sophis
ticated circuit,16 finite element50 and physical51 models 

Fig. 3.16: Effect of tension in prosthetic reconstruction to the 
malleus and TM. Y-axis is stapes displacement with respect to 
intact ear with normal ossicles. The stapes displacement is shown 
for three diffe rent tensions of prosthesis from stapes head to mal-
leus, and from stapes head to TM. The legend are: long = tight, 
medium = medium, short = loose, from stapes head to malleus 
(MASH- now called SHOM in this chapter) or stapes head to 
tympanic membrane (now called SHOT in this chapter). Modified 
from Bance et al.48 of each of the reconstructions.(TM, tympanic 
membrane). 
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suggest that changes in ossicular mass would have only a 
minor effect on the middle ear responses. Experimental 
data from Nishihara and Goode43 on two temporal bones 
obtained by adding 3–5 mg to the head of the malleus 
or stapes, and the incus long process found little impact 
overall, apart from some an increase in the size of the 
minima and maxima in narrow frequency regions. Stapes 
displacement was even less impacted. Bance et al.52 
added masses to a SHOT prosthesis (Fig. 3.17). There was 
only a mild drop with adding masses up to 55 mg to the 
prosthesis, and only at higher frequencies past 3 kHz. 
 Clinically, lighter prostheses may be more stable to 
sudden head impulse accelerations such as head trauma, 
but can be difficult to place if too light, as they adhere 
easily to blood clots, are moved by suction and can easily 
fall over during placement unless given a low center of 
gravity.

Fluid and Middle Ear Ventilation
The larger the volume of air, the lower its stiffness, i.e. the 
lower the pressure needed to compress it. The normal 
middle ear has a highly variable degree of pneumatization, 
from 2 to 20 mL, with a mean of about 6 mL,24 with only  
1–2 mL of this in the actual middle ear cleft behind the TM. 
Even with only 2 mL of air, this volume of air is so com
pressible that it does not play a part in the input impe
dance of the middle ear, the other elements such as the 
eardrum are much stiffer and dominate this impedance. 

Even mastoid obliteration has little effect on this. The 
volume of air in the middle ear has to fall to <10% of normal 
values (i.e. 0.2 cc or less) to have a significant effect on the 
impedance of the middle ear,38 but this can easily happen 
in diseased ears. 
 Another aspect in which the compressibility of the 
middle ear can affect hearing is in the presence of a tym
panic membrane perforation. Many studies show that the 
size of the perforation primarily determines the ensuing 
hearing loss, regardless of location29,32,53 (because of the 
loss of the transTM eardrum pressure difference, and not 
because the hydraulic lever ratio changes significantly), 
but the volume of the middle ear determines the amount of 
drop of pressure across the TM. This means for equivalent 
size perforations, smaller middle ear spaces will have a 
larger hearing loss than larger spaces.54 
 Fluid has two effects in the middle ear. By displacing air,  
it reduces the middle ear air volume and hence increases 
its stiffness, which results in a lowfrequency hearing 
loss.38 Viscosity of the fluid had little effect. As it touches 
the TM, the fluid mass loads the TM and results in a higher 
frequency hearing loss as well.38 As the authors point out, 
clinically, there may be additional low frequency losses 
from the negative pressure that often accompanies middle 
ear fluid. 

INTERFACES BETWEEN  
VIBRATING STRUCTURES

At every interface between two mechanical structures, 
there is a potential for loss of power transmission. It can 
be lost in slippage at the interface, dissipated in friction, 
reflected, or converted to a directional vector that does not 
perform useful work for hearing, or reflected back. There 
are numerous interfaces in the middle ear. These include 
the air to TM interface, the TM to ossicular interface, the 
joints between the ossicles, and the footplate to inner ear 
interface. All of these have the potential to lose mechanical 
power. In addition, even “solid” structures such as the ossi
cles can flex and bend at higher frequencies, preventing 
efficient power transmission. At these same higher fre
quencies, the footplate may lose its efficient pistonlike 
motion in the OW, and take on a rocking motion.27

 To some extent, as mentioned earlier, the separation 
of the middle ear function into the distinct headings used 
in this chapter is somewhat artificial, in that the various 
factors are intimately related and interactive. For instance, 
coupling interfaces become more of a problem at high 
frequencies than at low frequencies, and so this is also 

Fig. 3.17: Effects of mass loading the stem of a SHOT prosthesis 
on stapes displacements. Mean ±SE are shown for eight temporal 
bones. Normal = intact ear. Weights were loaded on the stem, with 
the initial unloaded prosthesis mass of 25 mg, small = 27 mg, large 
= 37 mg, and extra large = 55 mg.
Source: Modified from Bance et al.52
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related to the differences in the function of the ear at low 
and high frequencies. The coupling interface or air with 
the TM is dominated by the mass and stiffness charac
teristics of the TM for instance, as it often is at the interface 
between two mediums with very different mechanical 
impedance to vibrations. In this section, we will focus 
more on transferring power from two structures with rela
tively similar impedances, e.g. between ossicles, or bet
ween prostheses and the TM or other ossicles, rather than 
from air to a solid structure. 
 The interfaces in the normal ear are labeled in Figure 3.7  
as i1: eardrum to malleus, i2: incudomalleolar joint, i3: 
incudostapedial joint, and i4: stapesvestibule incorpo
rating the annular ligament. For the eardrum to malleus 
interface, was mentioned earlier, the eardrum appears 
to take on complicated multimodal vibration patterns 
in the higher frequencies. This means that rather than 
being an idealized hydraulic lever, the coupling between 
the eardrum and the manubrium becomes increasingly 
inefficient at higher frequencies, and by about 6 kHz, the 
eardrum is quite decoupled from the manubrium.55 There  
is some controversy as to the role of the radial fibers in the 
eardrum, with some authors suggesting they contribute to 
this highfrequency coupling.56 From Figure 3.12, however, 
it can be seen that the gain of the middle ear is negligible 
at these higher frequencies. The incudomalleolar joint 
(i2) also shows increased slippage at higher frequencies,24 
particularly in the important rotational axis through the 
short process of the incus and head of the malleus. In fact, 
Willi et al.24 ascribe much of the steep loss in the transfer 
function of the middle ear between 1 and 3 kHz (12–15 dB/
octave loss) to loss at this interface. The role of this joint 
is unknown, but it may protect against static pressure 
changes.57 The incudostapedial joint also changes its 
behavior to become more complex at higher frequencies. 
It has been suggested that this joint may be converting the 
rotational movements of the incus tip to the largely piston
like movements of the stapes.58 There is a fairly large degree 
of flexibility at this joint, but fixing this joint does not seem 
to change the middle ear transmission very much.59 It is 
difficult to functionally immobilize the joints, but Offergeld 
et al.60 tried to fixate the incudomalleolar joint and the 
incudostapedial joint, and found a modest drop in the low 
frequencies, and a slight increase in the highfrequency 
response. Interestingly, the lowfrequency loss was much 
worse at negative middle ear pressures. The interface with 
the middle ear (i4) has already been commented on, in 
that a pistonlike movement is most efficient for generating 
inner ear pressure, but this may change to more rocking 
movements at higher frequencies.27

Application to Reconstruction
The interfaces in the reconstructed ear are shown in Figure 
3.8. These are i1, the interface between the umbo and the 
prosthesis, and i2, the interface from the prosthesis to 
the remaining ossicles, this could be to the head of the 
stapes, or to the footplate. The footplate interface to the 
inner ear is unchanged, although the annular ligament 
might well be stiffer than normal from processes such  
as tympanosclerosis, scarring, and otosclerosis. This will 
significantly increase the stiffness at this i3 interface, 
which might affect the low frequencies more than the high 
frequencies.
 Because of these interfaces, there can be problems 
with slippage, as there are in the normal ossicular chain. 
These interfaces in reconstruction are less constrained 
than the normal ossicular joints, as there are no capsules 
around the joints, and so rotation at these interfaces also 
becomes an issue. Ideally, it would be best to achieve 
inline piston like transmission from the eardrum to the stapes 
footplate, as that creates the most volume of displacement 
of inner ear fluids, but there is also a rotational moment 
around i1 and i2, which could result in rotation of the 
prosthesis instead if its translation. The force in line with 
the perpendicular axis of the footplate, Line A in Figure 3.8 
(i.e. that causing pistonlike movements) is Cos2α, where α 
is the angle of the prosthesis from this axis (α in Figure 3.8). 
So even at 45° tilt, only about half (–6 dB) of the force at the 
TM is directed along Line A. Because of this, a prosthesis 
directed toward the TM (such as a SHOT or FOT in Table 3.2)  
will have a better force vector than one directed to the 
malleus (SHOM or FOM). This is particularly true if the 
malleus is very anterior. Vlaming and Feenstra47 showed 
increasing tilting and less volume displacement by the 
stapes footplate as a SHOM type prosthesis was tilted more 
anteriorly. However, there may be other reasons to go to 
the malleus, such as increased stability, better averaging 
from the whole TM to the malleus instead of sampling 
just one part of the TM, and the possible catenary lever 
pressure gain at the malleus.7

 At the i2 interface, many modern prostheses of the 
SHOM or SHOT type have deep cups to encase the stapes 
head, which constrain rotational movement slippage (but 
still result in some tilting of the footplate if the prosthesis is 
angled). This is difficult to do with prosthesis that connects 
to the stapes footplate instead of to its head. 

The TM–Prostheis Interface (i1)
There are numerous variables at this interface that could 
be manipulated in hearing reconstruction. Examples of 
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some clinically relevant variables are whether the pros
thesis connects to the TM or to the malleus, the presence 
of cartilage covering the head of the prosthesis at this 
interface and the size of prothesis head. 

Prothesis to malleus (FOM or SHOM) versus to prosthesis 
to TM (FOT or SHOT) reconstruction: Clinically, whether 
one is better than the other is difficult to determine. 
There are some reports suggesting superior results in 
reconstructions to the malleus,2,61,62 but there are many 
confounding factors in clinical reconstruction that may 
affect results. While there may be an increase in pressure 
at the malleus if the catenary lever concept is correct, there 
is also an increase in angulation of the prosthesis as it is 
positioned more anteriorly to fit under the malleus. 
 There are few temporal bones studies to draw upon. An 
older study63 using less sensitive measuring apparatus in 
only one bone found better highfrequency responses in a 
SHOM compared to a SHOT reconstruction. Bance et al.48  
compared SHOM to SHOT reconstructions at differing 
levels of tension. Tension was a much larger effect than the 
TM termination point, but the SHOM seemed to perform 
better than the SHOT (Fig. 3.16). This could be, however, 
because greater tension can be achieved in the SHOT 
reconstruction. Also the SHOM reconstruction angulates 
the prosthesis more than a SHOT type reconstruction, 
and with a very anterior or medialized malleus, this may 
dominate the mechanics. 
 In an interesting study in which the prosthesis angu
lation was not changed, Shimizu and Goode64 performed 
a SHOM interposition, and then took out the malleus and 
replaced the prosthesis to the same position on the TM 
and found little difference in the results. It is possible that 
a prosthesis becomes a new “fixed point” for a catenary 
lever action, even if the malleus is not present, although 
this point is unproven. 
 Another point to consider is where on the malleus 
the prosthesis should be connected. The umbo vibrates 
about 10 dB more than the short process, but only below 1 
kHz,65 above that vibration amplitudes are similar. Goode 
and Nishihara66 also tried connecting rods from the stapes 
head to the short process, midmanubrium and umbo, 
but only in two bones. While the short process was worse 
than the other two sites below 1kHz, above this, the stapes 
vibrations were similar. On the other hand, Zahnert et al.34 
report worse results at the umbo for high frequencies, and 
similar results for short process, manubrium and umbo 
at low frequencies. It is difficult to connect to the umbo 
clinically as this requires significant angulation and is 
difficult to stabilize. 

Cartilage overlay over prosthesis: Clinically, cartilage is 
often used to cover prostheses to prevent extrusion. This 
will also have a mechanical effect on vibration trans
mission. 
 In a study by Morris et al.,67 looking at the effects of 
different size cartilages over the prosthesis, glass (a rigid 
material) or a softer spongy material in this interface,67 it was 
found that none of these changed vibration transmission 
very much, except for the spongy material causing some 
drop at the very highest frequencies. Large pieces of 
cartilage, however, dropped the lowfrequency vibrations 
measured on the stapes footplate, probably by increas
ing the tension at the TM by tenting it. In unpublished 
observations by Bance et al., we have also tested different 
thicknesses of cartilage covering the prosthesis, without 
noting any difference in stapes responses. Clinically, larger 
pieces of cartilage are often used to prevent retractions, 
and to stabilize the TM.
 The effect of prosthesis head size has been discussed in 
the section on high and lowfrequency responses. 

i2 Interface (Prosthesis to Remaining Ossicles)

Surgeons often have a choice to either reconstruct to the 
stapes head (SHOT or SHOM) or to the stapes footplate 
(FOM or FOT) if the supra structure is still present. 
 While the stapes head allows better stabilization, and 
constraint of rotation, sometimes it can be very angulated, 
and a better vector of reconstruction can be achieved on 
the footplate. Clinical data on this question are confused 
and contradictory. 
 In temporal bone studies, Alian et al.68 compared a 
SHOT to a FOT reconstruction, i.e. from TM to stapes 
head or to footplate. In this case, there is little change 
in the angulation of the prosthesis, as it terminated on 
the same point on the TM. Little difference was found in 
stapes vibrations in the two conditions. Murugusu et al.69 
performed a similar study comparing FOM to SHOM type 
prosthesis, i.e. footplate to malleus versus stapes head 
to malleus. These authors found an advantage of about 
6.2 dB in going to the footplate compared to the stapes 
head, but it must be remembered that the SHOM is much 
more angulated than the FOM reconstruction, and their 
prosthesis did not have a deep cup, so may have had 
significant rotational slippage on the head of the stapes. 
 If considering a FOM or FOT type reconstruction to 
the footplate, it is not clear where on the footplate is the 
best place to locate the prosthesis. Placing it offcenter 
may cause significant tilting movements. Vlaming and 
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Feenstra47 examined reconstructions to the footplate cen
ter to one in the anterior half of the footplate, and calcu
lated the displacement volume of the footplate, finding 
little difference. Others have found a frequencyspecific 
effect. Indeed, the normal footplate exhibits much more 
tilting and rocking motions in the higher frequencies.70 For 
instance Asai et al. formed cement rods insitu from various 
parts of the footplate to the malleus, and clearly found 
the center of the footplate to be the best site of contact at 
higher frequencies particularly. The anterior footplate was 
second best, and was better than the posterior footplate 
by 10–15 dB at the higher frequencies. Cottle and Khanna 
(1966) reported similar findings in the cat.71 
 Again, the geometry of the ear may determine the most 
stable prosthesis placement, and this may dominate the 
clinical decision. 

DAMPING
Damping refers to processes that tend to take energy out 
of the system. Damping can arise from frictional losses 
or through the transmission of energy to other systems. 
All physical systems have some damping; otherwise, if 
they ever began to oscillate they would continue to do so 
forever. The effects of damping are shown in Figure 3.2.  
In the middle ear, damping can be active (e.g. from the 
actions of the middle ear muscles, the stapedius and 
tensor tympani) or passive, from friction in the middle ear. 
The action of the middle ear muscles is primarily to damp 
the low frequencies.72 

CLINICAL RELEVANCE OF DAMPING
In the reconstructed or diseased ear, damping from scar 
tissue or prosthesis or ossicular restriction is very important 
cause of hearing loss, and failure of reconstruction. As 
shown in Figure 3.8, scar tissue commonly surrounds 
an allograft prosthesis. In the diseased ear, damping can 
occur because of tympanosclerotic fixation of the ossi cles, 
otosclerotic fixation of the stapes, or soft tissue scar
ring around the ossicles or around the eardrum itself. 
This scar tissue also adds a mass load, and causes loss of 
compliance. It is difficult to examine scarring in cadaveric 
temporal bones as the mechanical properties of scar tissue 
are hard to simulate. We73 have tried to simulate scarring 
in the temporal bone using cynoacrylates and slow setting 
cements around prostheses, and noted losses of 15–25 dB, 
larger than the effect size of almost any other modification 
of the prosthesis, aside from disconnecting it. Clearly 
scarring has the potential to have a huge effect on hearing 
reconstruction results. 

 The actions of the middle ear muscles have only a 
small impact during most sound stimulation,74,75 and cut
ting the stapedius tendon had little effect on the actions of 
a middle ear prosthesis to the stapes head in a temporal 
bone model.52

CONCLUSION
We have examined many of the factors that are relevant 
to normal middle ear function, and to diseased ears. 
The normal middle ear is primarily a volume velocity/
pressure transformer that increases pressure at the OW. 
The main factor in this pressure gain is the hydraulic lever, 
dependent on the area ratio difference between the TM 
and OW, of about 20 to 1. It is most effective between 1 and 
3 kHz, with rolloffs in the pressure gain above and below 
this. At high frequencies over 2 kHz, the middle ear exhibits 
more complex multimodal vibration patterns, and the TM 
becomes increasingly decoupled from the umbo. At high 
frequencies, the EAC may provide more of a pressure gain 
than the middle ear. 
 We have also considered factors most important to 
successful hearing reconstruction. While we have focused  
on the controllable factors in middle ear reconstruction, 
many of the factors dominating hearing results are not 
under the surgeon’s control, such as ventilation and 
scarring. These have deep biological underlying mecha
nisms that are poorly understood in the ear, or indeed in 
any other part of the body. 
 To summarize important lessons in reconstruction, 
the TM is the key to the hydraulic lever, and hence to 
pressure gain at the OW. The TM can only function if it 
is not thickened from scarring, or damped from fixation, 
and if there is middle ear ventilation. Having achieved 
this, connections without slippage or rotational losses 
are required to the stapes footplate. This again requires 
that these connectors are not damped by scar tissue or 
ankylosis to surrounding structures, and are securely 
stabilized to both the TM and to their medial connection. 
This has to allow for changes in the position of the TM with 
healing, as it can lateralize or medialize with healing. The 
footplate itself has to be mobile, which can be a limiting 
factor in itself. An alternative is to avoid the hydraulic 
lever reconstructions (PGOW) and aim for RW protection 
(RoWPOWA). This is also not easy, as it requires good 
access to the OW without scarring, a mobile footplate, and 
ventilation and shielding of the RW. 
 It is no surprise then, that hearing reconstruction sur
gery is unpredictable in its outcomes, and often delivers 
less than ideal results. 
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arises directly from its anatomical structure, and an in-depth 
understanding of its system behavior and characteristics 
requires first a detailed understanding of the gross and 
cellular anatomy of the vestibular labyrinth.

Bony and Membranous Labyrinth
The vestibular labyrinth (Fig. 4.1) consists of a series of 
fluid-filled bony canals and chambers located within the 
otic capsule, referred to as the bony labyrinth. Suspended 
within the bony labyrinth is a series of similarly shaped 
fluid-filled tubes and sacs termed the membranous laby-
rinth. The fluid filling the space between bony and mem-
branous labyrinth is termed perilymph, which resembles 

The vestibular system senses movement of the head and 
the orientation of the head with respect to gravity. The vesti-
bular system accomplishes these tasks through the five 
sensory end organs: the three semicircular canals (SCCs) 
that sense head rotations and the two otolith organs that 
sense linear translations and tilts of the head. The infor-
mation collected by the vestibular system is then transmit-
ted centrally and used by the brain to perform a number of 
tasks. Most of the best-characterized functions subserved 
by the vestibular system relate to balance and postural 
stability. However, emerging research is also demonstrat-
ing a role for vestibular information in regulating the auto-
nomic nervous system, spatial navigation and memory, 
and even cognitive function and affective states. Vesti-
bular information is used to drive homeostatic reflexes, 
e.g. the vestibulo-ocular reflex (VOR) that stabilizes gaze 
and the vestibulospinal reflex (VSR) that stabilizes posture. 
Vestibular inputs also feed into cortical and cerebellar 
networks that are involved in higher order functions such 
as motor planning and adaptation. This section on vesti-
bular anatomy and physiology will review gross and cellu-
lar anatomy of the peripheral vestibular sensory system, 
and basic principles of its physiology, including mechano-
electric transduction, vestibular afferent organization, and 
the physiology of the best-characterized vestibular reflex: 
the VOR. 

GROSS ANATOMY
The vestibular labyrinth is a complex three-dimensional 
structure located within the otic capsule in the petrous 
temporal bone and contiguous with the auditory regions 
of the inner ear. The physiology of the vestibular system 
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Fig. 4.1: The anatomic relationship between the endolymph-con-
taining membranous and perilymph-containing bony labyrinths, 
showing the three semicircular canals as well as the utricle and 
saccule located within the vestibule, contiguous with the cochlea.
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Semicircular Canals
Each vestibular labyrinth is composed of three SCCs 
arran ged approximately orthogonal to each other (Figs. 
4.2A and B). The horizontal (lateral) SCC lies approxi-
mately 30° from Earth horizontal when the head is upright, 
with the anterior limb tilted more superiorly compared to 
the posterior limb, while the superior and posterior SCCs 
are aligned 45° anterior and posterior, respectively, to the 
inte raural line and 90° to the plane of the horizontal SCC. 
When the SCCs in the contralateral vestibular labyrinth are 
taken into account, three planes are created by the orien-
tation of the SCCs. The horizontal canal plane lies parallel 
to the two horizontal SCCs and is pitched 30° from Earth 
horizontal. The right anterior left posterior (RALP) canal 
plane is formed by the right superior (anterior) and left 
posterior SCCs and is orthogonal to the horizontal canal 
plane while angled at 45° from the midsagittal plane. Simi-
larly, the left anterior right posterior (LARP) canal plane is 
formed by the left superior and right posterior SCCs, and 
lies 45° off the midsagittal plane in the opposite direction 
as LARP. The planes in which these three canals lie are 
therefore mutually orthogonal and approximate an XYZ 
Cartesian coordinate system.
 One end of each SCC is dilated at its connection to the 
vestibule. Termed the ampulla, it is the site of the sensory 

cerebral spinal fluid in composition with a high concen-
tration of sodium relative to potassium. The lumen of the 
membranous labyrinth is also filled by fluid, termed endo-
lymph, which contains a high concentration of potassium 
relative to sodium. The perilymphatic space of the vesti-
bular system is contiguous with the scala vestibuli of the 
cochlea via the vestibule, from where the basal turn of 
the cochlea arises. The endolymph in the vestibular laby-
rinth communicates with the endolymph-containing scala 
media (cochlear duct) of the cochlea via the ductus 
reuniens. These connections between the vestibular lab-
yrinth and the cochlea allow not only for equilibration 
of molecules but also the transmission of both physical 
(e.g. pressure waves in sound conduction) and chemical 
(e.g. diffusion of ototoxic drugs) perturbations of clinical 
relevance. The perilymph communicates with CSF via the 
perilymphatic duct (cochlear aqueduct), while the endo-
lymph circulates to the endolymphatic sac located in the 
posterior cranial fossa via the endolymphatic duct.
 The membranous labyrinth on each side includes three 
SCCs and two otolith organs, which together make up the 
five end organs of the vestibular system. These end organs, 
together with their identical but mirror image pairs on the 
other side, provide vestibular sensory input to the central 
nervous system (CNS) by detecting head motion and posi-
tion relative to gravitation. 

Figs. 4.2A and B: Orientation of the semicircular canals (SCCs) in head. The lateral SCCs (A) are pitched upward 30° from Earth 
horizontal and form the horizontal canal plane. The anterior and posterior SCCs (B) are oriented 45° from the midsagittal plane and 90° 
from each other. The right anterior and left posterior canals form the RALP plane and the left anterior and right posterior canals form the 
LARP plane. [LC: Lateral (horizontal) SCC; AC: Anterior (superior) SCC; PC: Posterior SCC].
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neuroepithelium and innervation for that SCC. Each 
ampulla consists of a saddle-shaped neuroepithelial mem-
brane termed the crista ampullaris that contains vestibular 
hair cells (HCs) (Fig. 4.3). Akin to HCs in the cochlea, vesti-
bular HCs also project stereocilia from their surface. In 
each crista, these stereocilia project into a gelatinous matrix 
comprised of mucopolysaccharides and keratin,1 termed 
the cupula, which extends across the cross-section of the 
ampulla. The cupula is deflected by the movement of 
endolymph in that SCC, which in turn causes deflec tion 
of the associated stereocilia, leading to mechanotrans-
duction in vestibular HCs. In the horizontal SCCs, flow of 
endolymph toward the ampulla (centripetal) activates 
vestibular HCs while in the superior and posterior SCCs, 
flow of endolymph away from the ampulla (centrifugal) 
activates vestibular HCs. As a consequence of the toroi-
dal shape of each SCC and the arrangement of the cupula 
across the cross-section of the ampulla, each SCC is maxi-
mally sensitive to rotational movement in the plane of that 
canal.
 If a rotational movement of the head is thought of as 
a three-dimensional angular acceleration vector with a 
direc tion and magnitude, the SCCs faithfully represent the 
direction of this vector via the geometric alignment of its 
canals and the magnitude via the differential modulation 
of the firing rate of vestibular HCs from each side. Since an 
SCC is only activated by rotational movement in the plane 
of that canal, any head rotation is resolved into its respec-
tive components in the horizontal, LARP, and RALP canal 
planes. The magnitude of angular acceleration is encoded 

by the firing rate of vestibular HCs. Unlike cochlear HCs, 
vestibular HCs have a nonzero baseline firing rate (~100 
pps in humans).2 Any head motion (e.g. turning head to 
left) results in activation or increased firing rate of one 
canal (e.g. left horizontal) and inhibition or decreased firing 
rate of the complementary canal (e.g. right horizontal) 
in that plane. Therefore, direction of the head rotation is 
encoded in the specific activation pattern of the SCCs, 
while the magnitude of acceleration is encoded by the 
firing rate in the affected canals.

Otolith Organs
The vestibule contains two otolith organs, utricle and 
saccule, which sense linear acceleration. Each organ’s neu-
roepithelium, termed macula, is a planar structure that also 
contains directionally polarized vestibular HCs (Figs. 4.4A 
and B). Stereocilia of macular HCs project into an over-
lying gelatinous matrix, which contains small crystals of 
calcium carbonate termed otoconia. The planar shape of 
each macula along with its overlying otoconial membrane 
renders it sensitive to shear forces as a result of linear 
acceleration. The maculae of the utricle and saccule are 
oriented orthogonal to each other. The utricular macula 
is approximately coplanar with Earth horizontal with the 
head upright, and the saccular macula is oriented verti-
cally, 90° to the utricular macula. Therefore, this anatomic 
arrangement also provides a basis for encoding of linear 
forces along three mutually orthogonal axes (interaural, 
nasal-occipital, and rostral-caudal).

Fig. 4.3: Schematic representation of crista ampullaris in a semi-
circular canal (SCC). The neuroepithelium is saddle shaped and 
located within the ampulla. The cupula extends from the crista to 
the roof of the ampulla, allowing it to detect inertia movement of 
endolymph contained in the SCC and ampulla. The crista is inner-
vated from below by ampullary nerve fibers and surrounded by a 
transitional epithelium (TE) and planum semilunatum (PS).

Figs. 4.4A and B: Schematic representation of utricular (A) and sac-
cular (B) maculae. The neuroepithelium is mostly flat with an overlying 
otoconial membrane. In contrast to the semicircular canals, the 
hair cells in the maculae are not all polarized in the same direction.
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 These linear forces include not only gravity but also 
others such as forward motion and bobbing head move-
ments during walking. The otolith organs detect forces 
both dynamic, such as translation, and static, such as tilt, 
to generate appropriate compensatory eye movements 
and/or musculoskeletal activation. The response charac-
teristics of the otolith organs are also more complex than 
in the SCCs, as HCs in each macula are not all polarized 
anisotropically, i.e. their stereocilia are not all tuned to 
the same direction. In fact, a static head tilt will lead to 
activation and inhibition of HCs from different sectors 
within each macula. How this information is encoded 
in the peripheral end organs and integrated in the CNS 
remains an area of active research.

Vestibular Neuroanatomy
Each vestibular neuroepithelium is innervated by a termi-
nal branch of the vestibular portion of cranial nerve VIII. 
Afferent neuronal bodies are located in Scarpa’s ganglion, 
which is hour-glass shaped and divided into superior and 
inferior halves, corresponding to superior and inferior 
divisions of the vestibular nerve. The superior and hori-
zontal SCC cristae, utricular macula, and a small portion 
of anterior saccular macula are innervated by the superior 
division, whereas the posterior SCC crista and posterior 
saccular macula are innervated by the inferior division. 
The terminal ampullary branch innervating the posterior 
SCC is also termed the singular nerve. Centrally, afferent 
projections enter the brainstem at the ventrolateral aspect 
of pontomedullary junction, then course between the 
inferior cerebellar peduncle and the descending tract of 
the trigeminal nerve to synapse in the ipsilateral vestibu-
lar nuclei, which is divided into medial, lateral, superior, 
and inferior divisions.3 Afferent fibers also project to the 
cerebellum and other brainstem nuclei. In contrast to the 
organizational pattern of sensory systems such as vision, 
hearing, and touch, the receptive fields of the peripheral 
vestibular end organs are not mapped topographically to 
the vestibular nuclei. Indeed, a single vestibular nucleus 
neuron may receive convergent afferent input from more 
than one ipsilateral neuroepithelium. Neurons in the vesti-
bular nuclei also receive downstream input from other 
sensory processes, such as optokinetic and neck proprio-
ceptive information. 
 From the vestibular nuclei, neurons send projections to 
the motor neurons in the abducens, trochlear, and oculo-
motor nuclei (Figs. 4.5A and B). Each individual vestibular 
nucleus neuron may project to multiple extraocular motor 
neuron pools, both ipsi- and contralateral, to generate 

conjugate eye movements.3 Ipsilateral projections tend to 
be inhibitory, using neurotransmitters glycine and GABA, 
whereas contralateral pathways tend to be excitatory, 
using glutamine.4 These pathways form the neuroanato-
mical basis for the angular vestibulo-ocular reflex (aVOR) 
that is first encoded in the SCCs. Many eye movements, 
including the aVOR, require conversion of angular head 
velocity signal encoded in the SCCs into head position 
signal to generate accurate extraocular muscle move-
ments. The neural integrator is a collection of neurons 
that performs this mathematical function. The nucleus 
prepositus hypoglossi (NPH), which lies just medial to the 
medial vestibular nucleus, and the interstitial nucleus 
of Cajal (INC), which lies adjacent to the oculomotor 
nucleus, are neural integrators for the horizontal and verti-
cal aVORs, respectively.5

 Central pathways also exist for the vestibulo-ocular 
and VSRs subserved by the otolith organs. Similar to 
aVOR, projections exist from the vestibular nucleus to the 
ipsi- and contralateral oculomotor nuclei for the linear 
VOR (lVOR) and ocular counter-roll (OCR). The pathways 
for vestibulocervical and VSRs lie in the lateral and medial 
vestibulospinal, and the lateral and medial reticulospinal 
tracts that originate in the vestibular nucleus to terminate 
on motor, and other neurons in the spinal cord.6 These 
pathways link the reflex control of the cervical and trunk 
musculature to the vestibular system.
 The peripheral vestibular end organs are also innerva-
ted by an efferent system originating adjacent to the abdu-
cens nucleus. These efferent fibers also travel along cranial 
nerve VIII to terminate along the base of type II vestibular 
HCs (see next section). The physiologic significance of the 
efferent system is not well understood, but likely serves to 
modulate HC sensitivity via hyper- or depolarization.7

Vestibular Vascular Anatomy
The primary blood supply is through the labyrinthine 
artery, which most commonly arises from the anterior 
inferior cerebellar (45%), superior cerebellar (24%), basi-
lar (16%), or posterior inferior cerebellar (5%) arteries.8 
It travels through the internal auditory canal and divides 
into the anterior vestibular and common cochlear arteries, 
the latter of which further divides into the spiral modiolar 
and vestibulocochlear arteries. The vestibular branch of 
the vestibulocochlear artery supplies the posterior SCC 
ampulla and most of the saccule, while the anterior vesti-
bular artery supplies the horizontal and superior SCC 
ampullae, utricle, and part of the saccule.



61Chapter 4: Anatomy and Physiology of the Vestibular System

VESTIBULAR END ORGANS

Hair Cells
Vestibular HCs are specialized sensory epithelial cells 
that transduce mechanical signals into electrochemical 
impulses, and share many cellular and morphological 
features with auditory HCs in the cochlea. Stereocilia are 
macrovilli of varying height that project from the apical 
surface of a vestibular HC into the endolymphatic space. 
There are 20–100 stereocilia per HC.9 Each stereocilium 
has a rigid actin core, and stereocilia bundles are arranged 
in a staircase configuration such that the shortest stereo-
cilium is at one end and the tallest, termed the kinoci-
lium, at the other. In contrast to stereocilia, the kinocilium 
has a microtubular support structure. Tip links10 are pro-
teins that span from the tip of one stereocilium to the 
side of the adjacent, taller stereocilium (Fig. 4.6). They are 

physically connected to the mechanoelectrical trans-
duction (MET) channels expressed at the tip of each ste-
reocilium and therefore couple the opening of an MET 
channel to physical deflection of its neighboring stereoci-
lium, which serves as the molecular basis for MET in vesti-
bular HCs11 (see next section). 
 For each HC, deflection of stereocilia toward or away 
from the kinocilium results in an increase (excitation) or 
decrease (inhibition) in afferent discharge, respectively. 
As a consequence of the anisotropic configuration of 
stereocilia by height toward the kinocilium, each vestibular 
HC has a polarization vector along which it is most sensi-
tive to stereocilia deflection and which forms a cosine 
relationship with the vector of rotational or translational 
force (Fig. 4.7). Therefore, force vectors that are parallel 
to the height gradient of the stereocilia and act toward 
the kinocilium of an HC cause maximum excitation while 

Figs. 4.5A and B: Connectivity diagram of vestibular nucleus projections to oculomotor (A) and vestibulocervical and -spinal (B) path-
ways in the central nervous system.
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Fig. 4.6: Schematic representation of the relationship between hair 
cell stereocilia and tip links (dark lines) leading to mechanoelectro-
transduction. Deflection of the stereocilia may stretch or compress 
the tip links, leading to excitation or inhibition, respectively. Fig. 4.7: Schematic representation of the directional sensitivity of 

a hair cell due to the orientation of the height gradient of its stereo-
ciliary bundle. Stereocilia deflection toward the kinocilium causes 
maximal excitation and form the hair cell (HC’s) polarization vec-
tor (PV), which forms a cosine relationship with its angle (θ) with 
respect to the stimulus vector.

Fig. 4.8: Hair cell (HC) ultrastructure showing the difference 
between type I (right) and II (left) HCs. The flask-shaped type I 
HC is innervated by a calyx ending from a single vestibular nerve 
afferent, whereas the type II HC is cylindrical and innervated by 
multiple bouton endings.

those that are perpendicular to the height gradient of the 
stereocilia cause minimal kinocilium deflection and are 
not sensed by the HC. 
 Vestibular HCs are innervated by afferent nerve termi-
nals on their basolateral surface (Fig. 4.8). On HC activa-
tion, glutamate is released from synaptic ribbons located 
along the basolateral aspect of each HC and leads to action 
potential generation in the afferent nerve. Vestibular HCs 
exist in two types characterized by differences in morpho-
logy and afferent innervation.12 Type I HCs are flask shaped 
with a rounded base and each is innervated by a calyx 
afferent nerve terminal in the shape of a chalice that 
almost completely surrounds the HC body. Type II HCs are 
cylindrically shaped and innervated by bouton nerve ter-
minals of both afferents and efferents.13 Although region-
al variations exist within a neuroepithelium, type II HCs 
synapse with multiple afferent boutons while each type I 
HC may synapse with only 1 calyx. 

Crista Ampullaris
All vestibular neuroepithelia share a common cellular 
architecture. A single layer of support cells lie directly above 
the basement membrane. They play important roles in 
maintaining the overlying cupula or otoconial membrane, 
and the homeostatic microenvironment around HCs and 
afferent nerve terminals, including removal of neurotrans-
mitters. Type I and II HC nuclei are located above those of 
the support cells and they form tight junctions along their 
apical, endolymphatic surface. Immediately surrounding 

the neuroepithelium is a region known as the transitional 
zone, which contains cells similar to support cells, but 
not HCs. Dark cells, which play an important role in ion 
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transport to maintain the potassium-rich endolymph, 
surround the transitional zone and melanocytes are found 
in the connective tissue stroma below.14

 The crista forms a saddle shape and can be divided into 
central, intermediate, and peripheral zones with anato-
mical and functional distinctions. The total HC surface 
density in human cristae has been found to be approxi-
mately 60–80/0.01 mm2.15 The central zone includes the 
apex of the crista and in humans, ratio of type I to II HCs 
is approximately 1.6–2.415 and consequently, most calycal 
afferent terminals are also found here. The peripheral 
zone includes the slopes of the crista and contains a more 
even ratio of type I to II HCs. As such, bouton terminals 
that innervate type II HCs are more prevalent here. The 
intermediate zone lies between the central and peripheral 
zones. The functional implications of the morphological 
variations in afferent nerve terminals will be covered in the 
next section. Stereocilia of HCs in the crista of an SCC are 
all polarized in the same direction (Fig. 4.9A). That is, the 
height gradient of stereociliary bundles are all oriented in 
the plane of that canal, toward the direction of maximum 
sensitivity. This anisotropic arrangement of stereocilia 
within the HC population of an SCC thereby allows detec-
tion of the component of rotational force coplanar with 
that SCC. 

Macula
The cellular architecture of the otolithic macula is similar 
to that of the crista, except that it is mostly flat and kidney 

shaped rather than saddle shaped. Instead of a central 
zone, a narrow ribbon-shaped band, termed the striola, 
runs across its length. The striola is characterized by 
decrea sed HC density and a predominance of type I HCs.16 
In contrast to the cristae, macular HCs are not all polar-
ized in the same direction. In the saccular macula, HCs 
on either side of the striola are polarized away from it 
and in the utricular macula, HCs are polarized toward the 
striola (Figs. 4.9B and C). Therefore, otolithic neuroepi-
thelia do not have a single direction of sensitivity and any 
force vector produces sector-specific excitation and inhi-
bition within each neuroepithelium.

MECHANOELECTRIC TRANSDUCTION
MET is the process by which endolymph displacement 
associated with head movement is sensed by the vestibu-
lar HCs and converted into a modulation of the firing rate 
of the primary vestibular afferents. MET involves six steps: 
(1) endolymph acceleration (rotation or translation), (2) 
hair bundle deflection, (3) opening of MET channels, (4) 
HC depolarization, (5) increase in basolateral transmitter 
release, and (6) increase in rate of action potentials in the 
primary vestibular afferent neuron (Figs. 4.10A and B). 
 When the head either rotates or translates, the mem-
branous labyrinth that is attached to the bony labyrinth 
moves with the head. However, inertial forces resist endo-
lymph movement and lead to a relative movement of 
endolymph in the opposite direction to the head move-
ment. The relative movement of the endolymph results 

Figs. 4.9A to C: Schematic representation of hair cell (HC) polarization in vestibular end organs. In the crista ampullaris (A), all HCs 
are polarized in the same direction. The saccular (B) and utricular (C) maculae contain a striolar region (dashed line) that runs along its 
length. Hair cells are polarized away from the striola in the saccule and toward the striola in the utricle.
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Figs. 4.10A and B: Hair cell (HC) mechanoelectric transduction. (A) HCs continuously release neurotransmitter from synaptic ribbons 
(SR) on their basolateral surface to depolarize afferent nerve terminals, leading to a baseline firing rate in the vestibular nerve. (B) This 
baseline firing rate is modulated by hair bundle deflection as a result of inertial forces in the endolymph generated by head movement. 
(BA, bouton afferent; BM, basement membrane; CA, calyx afferent; EN, efferent neuron; HCN, hair cell nucleus; I, type I hair cell; 
II, type II hair cell; K, kinocilia; S, stereocilia; SC, supporting cell).
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in deflection of the cupula (or otolithic membrane in the 
otoliths), and a shear force is applied to the underlying 
HCs bundles that insert into the cupula. Endolymph and 
cupular dynamics have been modelled using the torsion- 
pendulum model, whereby cupular deflection is a function 
of head acceleration and endolymph viscosity. Moreover, 
this model suggests that the cupula integrates this accel-
eration input into a velocity signal, which is then relayed 
centrally. Vestibular afferents, for instance, are known to 
fire action potentials as a function of head angular velo-
city. The dynamic properties of the otolithic membrane 
have not been as well-characterized as the cupula. Models 
variously predict that the otolithic membrane responds to 
linear acceleration or jerk, the derivative of acceleration. 
 As mentioned in the previous section, depending on 
whether the shear force is in the direction toward the kino-
cilium or away from the kinocilium, the tip links between 
HC projections mechanically increase or decrease the 
probability of MET channel opening respectively.11 In the 
SCCs, the HC stereocilia and kinocilia are all arrayed in the 
same direction such that all cells are similarly excited by 

the same direction of endolymph flow. In contrast, in the 
otoliths, the HCs are organized along multiple polarization 
vectors and respond differentially to various directions of 
head translation or tilt.17 Increased opening of the MET 
channels leads to a potassium ion influx into the HC from 
the endolymph and HC depolarization. Depolarization of 
the HC in turn results in opening of voltage-gated calcium 
channels on the basolateral end of the HC, and calcium 
influx into the HC. The calcium ions stimulate vesicle 
release into the synaptic cleft of the neurotransmitter glu-
tamate. Glutamate binds to receptors on the postsynaptic 
membrane, and stimulates an increase in afferent firing 
rate and generation of action potentials that convey the 
head movement information centrally.
 It is important to note that a background level of gluta-
mate release at the basolateral end of the HC occurs, 
leading to a resting level of afferent discharge. Thus if the 
HC is hyperpolarized rather than depolarized (through 
head movements that deflect the HC bundles away from 
the kinocilium), calcium conductance decreases and the 
background level of glutamate release decreases. The 
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ability of the afferent neuron to be modulated both in 
the excitatory and inhibitory direction give the vestibular 
afferent system the important property of bidirectional 
sensitivity, which explains why loss of unilateral labyrin-
thine function can be compensated for to a certain extent 
by an intact contralateral labyrinth.

VESTIBULAR AFFERENT 
ORGANIZATION

Primary vestibular nerve afferents can be classified based 
on morphological characteristics into calyceal, bouton and 
dimorphic.18,19 Calyceal afferents have a calyx nerve end-
ing that exclusively contacts and envelops the type I HC. 
Bouton afferents have small rounded terminals that exclu-
sively contact type II HCs. Dimorphic afferents have nerve 
endings that are both calyceal and bouton-like, and thus 
make connections with both type I and type II HCs (Figs. 
4.11A to D).20 Dimorphic afferents constitute the majority 
of afferents, followed by the bouton then calyceal affer-
ents. Given that type I HCs are located in the central region 
of the SCC cristae (or in the striolar region of the otolithic 
maculae), calyceal afferents terminate largely in the central 
region. Type II HCs are located at the periphery of the 
cristae; as such bouton afferents largely terminate in the 
peri phery. Dimorphic afferents terminate in both central 
and peripheral regions of the cristae, given that they con-
tain both calyceal and bouton-type nerve endings. 
 Calyceal afferent nerve fibers can also be distingui shed 
from bouton afferents based on their resting discharge 
rate. Calyceal fibers are irregularly discharging at baseline, 
whereas bouton fibers are regularly discharging. Again, 
dimorphic fibers span a spectrum from irregular to regular 
resting discharge rates (Figs. 4.12A and B).2 Differences 
in potassium ion channel conductance following afferent 
neuron hyperpolarization are thought to underlie differe-
nces in afferent discharge regularity (Fig. 4.13).21 The affe-
rent nerve generates an action potential through inward 
sodium currents, and following the action potential an 
outwardly directed potassium current hyperpolarizes the 
afferent. The hyperpolarized potential then decays to 
ready the neuron for the next action potential. In regu-
lar afferents, nerve potential increases in a deterministic 
fashion to threshold levels, and an action potential is trig-
gered at regular intervals. However, in irregular afferents, 
nerve potential is increased only to just below threshold, 
such that stochastic neurotransmitter release from the 
basola teral end of the HCs causes action potential firing at 
random intervals. 

 A large body of work suggests that the differences in 
afferent discharge regularity are associated with func-
tio nal differences between the afferent classes. Irregu-
lar affe rents are most responsive to changes in stimulus 
velo city. These changes occur at stimulus onset and off-
set; thus irregular afferents have also been termed “pha-
sic” afferents.22 Irregular afferents are typically activated 
by fast (high-frequency), transient head movements and 
are more sensitive to galvanic stimulation, which directly 
stimulates the vestibular afferents (bypassing the MET 
mechanism).23 Additionally, irregular afferents have been 
suggested to be involved in context-specific adaptation of 
vestibular responses, e.g. with vergence or with the use of 
magnifying or minifying spectacles.24,25 In contrast, regu-
lar afferents are thought to encode stimulus magnitude, 
and are thus also referred to as “tonic” afferents.22 Regular 
afferents are most responsive to slow (low frequency), 
sustained head movements, and are less sensitive to gal-
vanic stimulation.
 A population of 400–600 efferent neurons also inner-
vates the peripheral vestibular end organs. These fibers 
originate in the brainstem adjacent to the vestibular nuclei, 
and synapse onto the basolateral surface of type II HCs 
or on the calyceal endings of primary vestibular afferents 
synapsing with type I HCs. The efferent neurons are excita-
tory to the vestibular afferents, particularly the irregular 

Figs. 4.11A to D: Variations in morphology of afferent terminals, 
which can be classified into calyceal, bouton, or dimorphic. Calyceal 
terminals innervate type I HCs and are mostly found in the cen-
tral zone of the crista (A) whereas dimorphic (B) and bouton 
(C) terminals are mostly concentrated in the intermediate and 
peripheral zones. (D) Reconstruction of dimorphic units in chin-
chilla. 
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afferents. Their function is not fully understood: they have 
been postulated to increase the baseline firing rate of the 
primary vestibular afferents, or balance the firing rates of 
afferents on the right and left sides.26

VESTIBULO-OCULAR REFLEX

The VOR is an important reflex driven by vestibular sen-
sory signaling that maintains a stable visual image on the 
retina. Through a three neuron arc, information about head 
movement is transduced by the vestibular HC receptor 
into an electrical signal in the primary vestibular afferent 

neuron. The primary afferent synapses onto a neuron in 
the vestibular nucleus in the brainstem, which in turn 
synapses with a neuron in one of the oculomotor nuclei 
(III, IV, or VI). The oculomotor neuron then innervates an 
extraocular muscle, which drives an eye movement that 
compensates for the head movement in order to keep the 
eye’s position in space fixed. Several other visually driven 
reflexes also serve to minimize retinal slip and stabilize 
gaze (i.e. eye-in-space). These include the smooth pursuit 
system, which tracks a target moving across the field of 
view, and the optokinetic system, which follows the move-
ment of the visual field. However, these systems involve 

Figs. 4.12A and B: Action potentials recorded during rest from the vestibular nerve of a squirrel monkey showing two types of neurons. 
Unit 67-2 and Unit 69-3 demonstrate a regular and irregular resting discharge rate, respectively.
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Fig. 4.13: Mathematical modeling of differences in afferent discharge regularity. Time- but not voltage-dependent potassium conduct-
ance leads to afterhyperpolarization in afferent terminals. This stochastic model demonstrates that two factors, the post spike voltage 
trajectory (dotted line in B) and synaptic noise, are relevant in determining discharge regularity. Horizontal dashed lines are the resting 
potential (0) and critical firing level (VT).
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cortical processing, which imposes a latency of at least 
100 milliseconds.27 As such, these systems break down at 
retinal slip velocities greater than 50°/second and frequen-
cies greater than 1 Hz. Many natural head movements 
reach much higher velocities and frequencies (e.g. 90°/
second velocity during walking, and 15–20 Hz during run-
ning).28 The VOR, which has a latency on the order of 7 mil-
liseconds, can uniquely stabilize gaze in the high-velocity, 
high-frequency range.29

 Head movements along the plane of a SCC drive com-
pensatory eye movements that are equal and opposite 
along the plane of that SCC. In other words, eye move-
ments occur in a canal-fixed (or head-fixed) frame of refe-
rence rather than in an eye-fixed frame of reference. This 
principle is referred to as Ewald’s First Law, based on the 
German physiologist who stimulated the SCCs of pigeons 
and observed the resultant eye movements occurring in 
the canal plane.30 The SCCs are organized into three sets of 
coplanar pairs that are roughly orthogonal to each other: 
the right and left horizontal canals, the left anterior and 
right posterior canals (LARP pair), and the right anterior 
and left posterior canals (RALP pair) (Fig. 4.2).31 The extra-
ocular muscles are roughly aligned along similar planes 
as the SCCs. The medial and lateral recti align with the 
horizontal SCCs, the anterior SCCs are aligned with the 
ipsilateral superior and inferior recti and the contrala-
teral obliques, and the posterior SCCs are aligned with the 
ipsilateral obliques and the contralateral superior and 
inferior recti. The roughly parallel orientation of the SCCs 
and eye movements may be advantageous in that fewer 
neural computations are required to generate the VOR.32 
This may explain the extremely fast latency of this reflex. It 
should be noted that most natural head movements do not 
occur along a single canal plane. A series of experiments in 
cats by Cohen et al demonstrated that the perceived head 
rotation represents a vector sum of all the component 
rotations along individual canal planes.33

 An additional property of the VOR is that it functions as 
a “push-pull” system. Rotation of the head along the plane 
of a canal produces an excitatory stimulus to the canal 
ipsilateral to the direction of head rotation, and an inhi-
bitory stimulus to its coplanar paired canal. The excita-
tory stimulus leads to contraction of the eye muscles that 
generate a compensatory eye movement in the opposite 
direction as the head movement. Meanwhile, the inhibi-
tory stimulus leads to a relaxation of the eye muscles that 
generate an anticompensatory eye movement in the same 
direction as the head movement. For example, leftward 
horizontal rotation of the head leads to excitation of the 
left horizontal SCC and inhibition of the right horizontal 

canal. Excitation of the left horizontal canal then leads 
to contraction of the left medial and right lateral recti in 
order to drive the eyes rightward (Fig. 4.14). Additionally, 
leftward head rotation leads to inhibition of the right hori-
zontal SCC. This leads to relaxation of the left lateral and 
right medial recti (Fig. 4.15). 
 Although each labyrinth is capable of encoding both 
excitatory and inhibitory stimulation, labyrinthine respon-
ses to excitation are greater than to inhibition. Ewald made 
this observation when stimulating the SCCs of pigeons, and 
this excitation-inhibition asymmetry has been codified as 
Ewald’s Second Law. There are several reasons why the 
labyrinth responds asymmetrically to excitatory vs inhibi-
tory stimuli. First, vestibular HCs generate larger recep-
tor potentials for stereociliary deflection in the excitatory 
(toward the kinocilium) vs inhibitory (away from the 
kinocilium) direction. Additionally, as discussed previ-
ously, vestibular primary afferents have a nonzero base-
line firing rate (of 50–100 spikes/second), giving them 
bidirectional sensitivity.18 Thus, one canal in a coplanar 
pair can sense movements in either direction (i.e. in both 
the excitatory and inhibitory directions) along the canal 
plane. However, if the excitatory stimulus is large enough, 
vestibular afferents enter the inhibitory cutoff range, 
because baseline firing rate can only go as low as zero 
whereas it can increase to 300–400 spikes/second. In the 
inhibitory cutoff range, only the afferent response to exci-
tation is encoded. 
 This excitation-inhibition asymmetry is the basis for 
the clinical head impulse test, where the head is rotated 
along the plane of a SCC with high velocity (150–200°/
sec), high acceleration (3000–4000°/sec2), small amplitude 
(10–20°) and in an unpredictable direction.34,35 These head 
impulses exceed the inhibitory cutoff of the SCCs, such 
that the function of a single canal can be tested in isola-
tion without the contribution of its coplanar paired canal. 
For example, in a patient with right unilateral vestibular 
loss (e.g. post right labyrinthectomy), a slow head rotation 
to the right would not be sensed by the right horizontal 
canal but would be sensed by the left horizontal canal. 
The contralesional functional canal would experience an 
inhibitory stimulus, and would drive an eye movement 
response that mirrors the response that would have been 
given by the right horizontal canal. However, if a right head 
impulse is delivered to this patient, the left horizontal 
canal could only mount a small compensatory eye move-
ment response before it is driven into inhibitory cutoff, 
leading to an insufficient eye movement response that 
can be observed by the examiner as a refixation saccade 
(Figs. 4.16A to D).36
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Fig. 4.14: The vestibular ocular reflex (VOR) generates compen-
satory eye movements via a push-pull system. Seen from above, 
a leftward head turn produces relative endolymph movement that 
is clockwise in the left horizontal semicircular canal (HC). The 
resultant cupular deflection leads to increased firing in the left HC 
afferent (inset). These action potentials travel to the ipsila teral 
vestibular nucleus, which then sends excitatory signals to the 
ipsilateral oculomotor (III) and contralateral abducens (VI) nuclei, 
and inhibitory signals to ipsilateral abducens and contralateral 
oculomotor nuclei. The end result is contraction and relaxation of 
the lateral and medial recti, respectively, in the right eye, and vice 
versa in the left eye, to generate a compensatory eye movement 
to the right. Bar graphs indicate firing rate in the respective motor 
nuclei.

Fig. 4.15: A leftward head turn also leads to inhibition of the right 
horizontal canal (HC), and compensatory eye movements that 
are concordant with excitation of the contralateral canal. A left-
ward head turn produces relative endolymph movement that is 
clockwise in the right HC. The resultant cupular deflection leads 
to decreased firing in the right HC afferent (inset). These action 
potentials travel to the ipsilateral vestibular nucleus, which then 
sends inhibitory signals to the ipsilateral oculomotor (III) and con-
tralateral abducens (VI) nuclei, and excitatory signals to ipsilateral 
abducens and contralateral oculomotor nuclei. The end result is 
contraction and relaxation of the lateral and medial recti, respec-
tively, in the right eye, and vice versa in the left eye, to generate 
a compensatory eye movement to the right and which is identical 
as the eye movement generated by excitation of the left HC. Bar 
graphs indicate firing rate in the respective motor nuclei.

 At rest, in the absence of head movement, both vesti-
bular labyrinths fire at their baseline rate and provide fairly 
symmetric inputs to the brain. This leads to stability of the 
eyes-in-space. During a head movement, vestibular affe-
rents fire asymmetrically conveying the magnitude and 
direction of the head movement, and compensatory eye 
movements are triggered by the VOR. However, asym-
metries between vestibular afferent firing rates can arise 
for reasons other than a head movement. These reasons 
may be either physiologic or pathologic, and give rise to 
the symptom of vertigo and the sign of nystagmus (rapid 
to-and-fro movement of the eyes). The nystagmus pattern 

observed can be interpreted in the context of the physio-
logic principles of the VOR. For example, during caloric 
irrigation, the ear irrigated with warm water experiences 
an excitatory stimulation of the ipsilateral horizontal 
canal. The brain interprets this increase in firing (rela-
tive to the contralateral side) as an ipsilateral head rota-
tion, and the VOR drives a compensatory eye movement 
response in the contralateral direction. Under sustained 
caloric stimulation the eye can only be rotated so far in the 
orbit, and the brainstem generates a quick resetting eye 
movement to recenter the eye. The eye movement driven 
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Figs. 4.16A to D: Covert and overt saccades in normal subjects and patients with gentamicin vestibulotoxicity after head impulse test 
(HIT). Patients with gentamicin-induced vestibulotoxicity (C and D) show a greater number of both covert and overt saccades than 
normal subjects after HIT (A and B).

A B

C D

by the VOR is called the slow-phase of nystagmus, and the 
quick resetting eye movement is termed the fast-phase. 
Nystagmus is typically described with respect to its fast 
phase, which is more clinically apparent. Thus, for a warm 
caloric irrigation, there is a contralateral slow phase eye 
movement and an ipsilateral fast phase eye movement, 
hence the mnemonic “COWS” (cold opposite, warm same, 
which relates to the fast phase of the caloric nystagmus). 
 An example of a pathologic asymmetric eye move-
ment is posterior-canal benign paroxysmal positional 
vertigo (BPPV). Free-floating otoconia disperse from the 
utricular macula and typically settle in the posterior canal. 
When the head is moved into the provocative Dix-Hallpike 

position, the otoconial debris migrate to the most depen-
dent position in the canal and excite the posterior canal 
HCs and afferents. The brain perceives a head movement 
along the plane of that canal backwards, and a downward 
and torsional compensatory slow phase eye movement is 
generated by the VOR. Fast phase eye movements occur 
in the upbeating direction, which is the classic nystagmus 
pattern observed clinically with BPPV. Depending on the 
direction the eye is looking, a geotropic torsional nystag-
mus can also be seen. This occurs because the eye move-
ment is occurring within a canal-fixed frame of reference 
and the pupil is just a surface feature on the globe moving 
within this reference frame.
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 A further important property of the VOR relates to 
the boosting of performance in the low-frequency range 
(e.g. with constant velocity head rotation). As discussed 
previously, cupular deflection is a function of head acce-
leration. During a constant head rotation, the cupula 
deflects initially as head velocity changes from zero to its 
steady-state velocity (i.e. during the step of head accelera-
tion). A nystagmus eye movement is generated, with the 
slow phase beating contralateral to the direction of head 
rotation. However, as the head reaches its steady state 
velocity, head acceleration becomes zero and the cupula 
returns to its normal position with a time constant of about 
13 seconds.37 However, it has been observed clinically that 
the nystagmus in response to constant velocity rotation 
declines with a time constant of about 20 seconds. This 
enhanced maintenance of the vestibular eye movement 
response has been attributed to velocity storage, a neural 
mechanism involving the vestibular nuclei in the brain-
stem that “store” head velocity information. This allows 
for compensatory eye movement responses to persist for 
longer than would be expected based on cupular mecha-
nics alone. 
 The phenomenon of velocity storage can be obser ved 
clinically during rotational testing. During a step of constant 
velocity rotation in one direction, prerotatory nystagmus 

can be observed following the initial step of acceleration, 
and postrotatory nystagmus can be observed following 
the deceleration step at the end of the rotation (Fig. 4.17).38 
In both cases, the nystagmus lasts longer than would be 
predicted based on cupular mechanics. Additionally, 
in patients with labyrinthine dysfunction (unilateral or 
bila teral), time constants are reduced on the side(s) of 
labyrinthine dysfunction, given that peripheral vestibular 
input is required for maintenance of the velocity storage 
mechanism. Another clinical example involving velo city 
storage is the head-shake nystagmus test.39 In this test, 
the patient’s head is rotated in the horizontal plane from 
side-to-side for 10–20 seconds at 1–2 Hz. Any asymmetry 
in labyrinthine function is stored and amplified in the velo-
city storage system, such that at the end of the head-shaking 
maneuver, the brain perceives an ongoing head rotation 
to the intact side, and generates a slow phase toward the 
lesion side, with a fast phase toward the intact side.
 Another important phenomenon associated with the 
VOR is neural integration. As discussed previously, the first 
integration of the head acceleration signal occurs by the 
cupula and endolymph system, which relay head velo-
city information to the primary vestibular afferent. The 
second integration of the head movement signal occurs 
in the brainstem neural integrator, which performs a 

Fig. 4.17: Velocity storage in a monkey, which was rotated about an Earth-vertical axis in total darkness at 50° per second constant 
velocity. Shown in tracings top to bottom are horizontal eye position, eye velocity, and chair velocity, respectively, as a function of time. 
During the velocity step, the initial nystagmus decays slower than would be predicted based on the cupula’s time constant. After the 
rotation stops, an oppositely directed nystagmus appears that also decays slower than expected, which is evidence of velocity storage 
in the brainstem.
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velocity-to-position integration.40 The neural integrator 
sends the command to the extraocular muscles to main-
tain eye position at a given orientation in space (e.g. in 
eccentric gaze). In the absence of the neural integrator, 
the elastic forces of the globe and the antagonistic pairs 
of extraocular muscles would passively bring the eye back 
to neutral position. A clinical example that illustrates the 
function of the neural integrator is Alexander’s law, which 
relates to the nystagmus pattern observed with unilateral 
labyrinthine dysfunction (Figs. 4.18A to C).41 In the acute 
setting of unilateral labyrinthine dysfunction, the neu-
ral integrator is also impaired and becomes “leaky”. 
Alexander’s Law states that the nystagmus has the greatest 
magnitude when the eye is looking in the direction of the 
fast phase of the eye movement, because the slow phase 
eye movement and the drift of the eye back to center 
associ ated with a leaky neural integrator are additive and 
increase the amplitude of the slow phase velocity. As a cor-
ollary, nystagmus is attenuated when the eye is looking in 
the direction of the slow phase of the eye movement.

OTOLITH PHYSIOLOGY
Otolith physiology has not been as well characterized as 
SCC physiology. An otolith-mediated reflex that is gain-
ing widespread recognition is the sacculocollic reflex. This 
reflex forms the basis of the sound-evoked cervical vesti-
bular-evoked myogenic potential (cVEMP) clinical test.42 
The saccule was a hearing organ earlier in evolution and 
maintains some vestigial acoustic sensitivity. High ampli-
tude sounds delivered to the ear stimulate a vestibular affer-
ent response, which persists in the setting of sensorineural 
hearing loss and is abolished with vestibulopathy. Selec-
tive inner ear lesion studies have shown that the saccule 
is likely the organ of origin of the cVEMP. Abnormalities of 
the cVEMP can be observed with vestibular pathology.43 In 
Menière’s disease (also known pathologically as cochleo-
saccular hydrops), an initially elevated cVEMP can be 
observed followed by an attenuated or absent cVEMP. This 
may correspond with the irritative then impaired states 
characteristic of Menière’s disease. Given that the sac-ère’s disease. Given that the sac-re’s disease. Given that the sac-
cular afferents travel centrally via the inferior vestibular 
nerve, the cVEMP has also been used to localize lesions 
in the case of vestibular neuritis or vestibular schwan-
nomas. Vestibular neuritis typically involves the superior 
vestibular nerve; therefore, the cVEMP may be normal 
despite an abnormal caloric or head impulse test.44,45 Loss 
of the cVEMP response in the setting of an acoustic neuro-
ma may suggest an inferior vestibular nerve origin for the 
tumor. However, due to compressive effects of the tumor 
this may not always be the case.
 As mentioned previously, the utricle is a horizontally 
oriented otolith organ that responds to head tilts or linear 
translations. Utricular HCs are polarized with respect to 
the striola, the central inversion line running through the 
utricle. Although this reversal in polarization gives the 
utricle bidirectional sensitivity, the zone medial to the 
striola is larger than the lateral zone thus the utricle 
appears to be most sensitive to ipsilateral head tilts and 
contralateral linear head translations.46 A fundamental 
question that vestibular physiologists have grappled with 
over the years is how the brain resolves the ambiguity 
between tilt and translation signals coming from the 
utricle.47 Both an ipsilateral head tilt and contralateral head 
translation produce the same force on the otoconial mass 
and increase in afferent response. However, the eye move-
ment response would be different for a head tilt (torsional 
rotation of the eyes in the direction opposite the head tilt) 
compared to linear translation (horizontal movement of 

Figs. 4.18A to C: Illustration of Alexander’s law in a case of left 
acute vestibular hypofunction. The net slow phase velocity (SPV) 
is a vector sum of the SPVs due to the peripheral vestibular sys-
tem (vest.) and the leaky neurointegrator (Int.). In neutral gaze (A), 
only the vest SPV is manifest. In eccentric gaze away from the 
side of the lesion (aka toward the fast phase), vest SPV and leaky 
int SPV are summative, leading to a larger net SPV (B). In eccen-
tric gaze toward the lesioned side (C), the leaky int SPV is in the 
opposite direction as the vest SPV and the net SPV decreases, 
and sometimes becomes clinically nondetectable (i.e. nystagmus 
disappears).

A

B

C
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the eyes in the direction opposite the translation). Several 
theories have been advanced, including the difference in 
frequency content between tilt vs. translation. The brain 
may be able to distinguish low-frequency tilts from high-
frequency translations. Alternatively, the brain may use 
canal signals to distinguish tilt from translation. Head tilts 
activate the canals whereas linear translations do not. 
 The ocular tilt reaction is a classic triad of findings 
associated with acute unilateral loss of utricular function 
(Fig. 4.19).48 The brain perceives the unilateral loss of func-
tion as a head tilt directed to the intact side, and therefore 
makes adjustments to eye and head position to compen-
sate for the head tilt. The ocular tilt reaction includes (1) 
a head tilt to the lesioned side (to compensate for the 
perceived head tilt to the intact side), (2) a vertical skew 
deviation with the intact side eye up and the lesioned side 
eye down, and (3) a torsional rotation of the eyes with the 
superior poles rotated toward the lesioned side. The skew 
deviation can be observed clinically with the alternate 
cover test, where each eye is covered sequentially and 
vertical eye movements can be observed bringing the 
eye back to center gaze once it is uncovered. Torsion of 
the eyes can be viewed clinically using fundoscopy, and 

observing the orientation of the line between the macula 
and optic nerve that should be approximately horizontal. 
Additionally, the subjective visual vertical (SVV) or subjec-
tive visual horizontal (SVH) tests can be used, where the 
patient is asked to orient a line vertically or horizontally. 
Patients with unilateral utricular dysfunction will typically 
orient the line toward the lesion side due to the torsional 
rotation of their eyes.49,50 The brain compensates fairly well 
for unilateral utricular dysfunction therefore these symp-
toms may only be observable in the acute phase of the 
lesion. However, a persistent deviation of the SVV or SVH 
can persist for long term.
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acceptable history formats as well as several key questions 
that help elucidate the dizziness history as follows: 
 1. Can you describe your dizziness? Attempt to try to 

classify the dizziness as unsteadiness, vertigo, light
headedness, visual flow, or motor—which of note is not 
true dizziness but rarely such individuals get referred 
to an otolaryngologist because they appear signifi
cantly imbalanced/uncoordinated, warranting a neuro
logy consult.

 2. Is the dizziness constant or intermittent? If intermittent, 
please describe the frequency and length of attacks.

 3. How severe are your symptoms? To what extent do 
they interfere with your daytoday life, job or activities 
of daily living?

 4. What is the natural history of the dizziness from 
primary onset to present, including anything that may 
have caused the dizziness (head trauma, URI, etc.)? 

 5. What associated symptoms are there, including head
aches, hearing loss, nausea/vomiting, etc.?

 6. What exacerbating/alleviating factors are there, if any?
 7. Have you received any treatment to date?
 In addition to a complete head and neck physical 
exam, we add the following elements to the examination: 
 1. Examination of ocular smooth pursuit: The examiner 

has the individual follow his finger through the cardi
nal directions of gaze and examines how the eyes track 
the finger. The eyes should move smoothly. Jerking 
motions or corrective saccades are abnormal. It is 
important here that the examiner’s finger be at least 12 
inches from the eyes. 

INTRODUCTION

Balance disorders are among the most common etiologies 
for individuals seeking medical care. Some estimates have 
postulated that as many as 50% of individuals will suffer 
a balance disorder at some point during their lifetime. 
These disorders may be mild but in many cases can have a 
significant impact on quality of life. Moreover, if the balance 
disorder becomes more severe, individuals can suffer other 
health implications as a result of immobility or falls. In the 
past, evaluating balance function was a difficult task, but 
recent advances combined with a basic understanding 
of balance physiology have dramatically improved our 
diagnostic capability. Fundamental to treating balance 
patients is understanding the available methods for 
evaluating balance function. 

EVALUATION OF 
VESTIBULAR FUNCTION

Information regarding vestibular function is a valuable 
tool in evaluating the “dizzy” patient. Evaluating vestibular 
function can be used in making a diagnosis, providing 
prognostic information to patients, evaluating return to 
work status, and planning rehabilitation. 
 The evaluation of vestibular function begins with an 
accurate history. In fact, in many cases, history alone will 
allow the clinician to significantly narrow the differential 
diagnosis. In addition to a complete medical, surgical, 
family, medication, and social history, there are many 
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 2. Examination of nystagmus in all positions of the eye: 
The examiner has the patient look in all six cardinal 
direction of gaze and examines for the presence of 
nystagmus. It is important here that the examiner not 
take the patient to the extremes in each position as a 
certain amount of endpoint nystagmus can be normal.

 3. Head thrust examination: The examiner has the indi
vidual stare at an object in the midpoint (e.g. the 
examiner’s nose). The head is then moved quickly a 
short direction to either side. One corrective saccade 
is normal. Any more than one corrective saccade is 
defined as abnormal. This head thrust can be per
formed in the direction of any canal/pair of canals. 
It is important here that the examiner performs the 
head motion rather than the patient moving their own 
head as a certain amount of physiologic guarding can 
change the value of the test if selfmotion is allowed. 

 4. Romberg and Tandem Romberg: This test is done in 
a variety of different manners. We choose to have 
individuals stand with feet together, arms out palms 
up and the eyes closed (Romberg). We look for body 
sway. Tandem Romberg is done in the same manner 
except that the feet are positioned heal to toe. It is 
important that this test be done with both the right foot 
in front of the left and the left foot in front of the right 
as orthopedic abnormalities can create an abnormal 
tandem Romberg with one foot forward and not the 
other, whereas vestibular abnormalities usually are 
abnormal in both right and left foot forward conditions. 

 5. Fukuda step test: The individual is instructed to hug 
themselves and then march in place with eyes closed. 
There are a variety of different criteria for judging 
abnormalities, but generally a turn of more than 90° 
over 30 seconds is abnormal in our laboratory. 

 6. Gait, tandem gait, and museum gait (walking while 
turning hear side to side and up and down): We instruct 
the patient to walk down the hall normally, walk down 
the hall heal to toe, walk down the hall while turning 
the head slowly rightward and leftward, and walk down 
the hall while moving the head up and down. For the 
side to side and up and down motion (museum gait) 
it is important that the examiner call out the cadence 
and that head motion is full (e.g. all the way over the 
shoulders on side to side and all the way flexed and 
extended on up and down).

 7. Cerebellar tests: A variety of different tests can be 
utilized as preferred by the examiner. We like rapid 

alternating motion of finger to nose, in which the 
patient brings their own finger from their own nose 
to the examiner’s nose. This action is repeated several 
times and at increasing speed.

 8. Dix-Hallpike (and log roll maneuver, if indicated) is 
performed if positional vertigo is described: The Dix
Hallpike maneuver is performed by starting with the 
patient in a sitting (legs out) position and then lying 
them back while turning the head to one side. If nys
tagmus is present to either side, the test is abnormal. 
There are a variety of different positional vertigo tests 
to examine other canals and other types of benign 
positional vertigo. The description of these tests is 
covered elsewhere in this text. 

 After completion of the history and physical, the 
clinician must decide what vestibular function tests need 
to be ordered. The remainder of this chapter will focus 
on the types of vestibular function tests with an added 
emphasis of what information these tests provide. This 
is important because as with most tests in medicine, the 
clinician must only order tests that provide valuable and 
necessary information. Further, audiograms are also 
integral ancillary studies, which are typically obtained in 
all balance disorder patients; however, these are reviewed 
elsewhere in the text. In addition, we will not discuss 
some very specialized tests that are available in only a few 
laboratories around the country. A list of the common 
tests is included in Table 5.1. A corresponding list of the 
characteristics of the most common balance disorders is 
shown in Table 5.2. 
 For the purposes of this review, we will divide the tests 
into three basic categories: evaluation of vestibuloocular
reflexes (VORs) and isolated functionality of the inner ears, 
examination of posture and gait, and lastly, tests involving 
audiometric measures. 

VOR TESTS

Videonystagmography
Assessing the VOR is important in a patient with dizziness, 
and videonystagmography (VNG) is the test of choice to 
assess and determine if the vestibular organ is responsible 
for the abnormal eye movements seen on examination. 
Over the last 10–15 years, video eye recording has replaced 
electric eye recording, and electronystagmography (ENG) 
has been replaced with VNG due to ease of use, quick 
test results, and minimal patient preparation. Like its 
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Table 5.1: Common tests
Test Description Elements tested

Videonystagmography Four separate tests with video goggles Vestibuloocularreflex (VOR) and central

Rotational chair Seated in a chair in a darkened booth VOR over many frequencies and otolith

Head impulse test Short, fast, passive head motion VOR (can examine all canals)

Posturography Standing on platform Passive posture

Functional gait index Performing gait tasks Active gait

Vestibularevoked myogenic potential Sound initiated measurement of muscle 
reaction

Otoliths

Electrocochleography Auditory test Hydrops

(ECoG, electrocochleography; VNG, videonystagmography; VEMP, vestibularevoked myogenic potential; VOR, vestibuloocular
reflex). 

Table 5.2: Characteristics of the most common balance disorders
History Physical examination Tests

Benign positional 
vertigo (BPV, BPPV)

Positional vertigo that last seconds 
to minutes

DixHallpike or other 
positional test 

DixHallpike or other positional test with 
recording of eye movement

Meniere’s disease Episodic vertigo lasting minutes 
to hours associated with pressure 
and ringing in the involved ear(s) 
and hearing loss in the involved 
ear(s)

No unique characteristic 
finding. Can be normal 
between attacks 

Audiogram: Low frequency hearing loss
ECoG: Expanded SP/AP ratio
VNG: Reduced vestibular response
VEMP: Reduced amplitude
MRI: abnormal

Vestibular neuronitis Acute severe vertigo for day(s) 
followed by gradually improving 
unsteadiness

Abnormalities in any 
test of the vestibulo 
ocularreflex

VNG: Reduced or absent vestibular 
response
Rotational chair: VOR abnormalities
Audiogram: Mild or no hearing loss. 
If hearing loss is more severe think 
labyrinthitis or other abnormality

Vestibular migraines Episodic dizziness with headaches 
as a dominant component. 
Usually episodes vary in quality 
and length

No unique findings No unique findings 

Superior canal 
dehiscence

Dizziness with load noises, pres
sure into ear, or external pressure 
changes

Abnormal fistula test VEMP: Involved ear has the presence of 
a VEMP at a lower sound presentation 
level than normal 
Audigram: Low frequency conductive 
hearing loss

Posttraumatic 
dizziness

Can have a variety of complaints 
but most significant are unsteadi
ness (with or without true vertigo), 
headache, hearing complaints, 
cognitive disability/memory 
issues, and sleep disorders

No unique findings Rotational chair “footprint” in 
development 

predecessor, VNG is not a single test but is actually a four
part test. In a VNG, the following items are measured: 
 1. Ocular mobility/smooth pursuit: The ability of the eyes 

to follow objects that move smoothly or jump from 
place to place 

 2. Optokinetic nystagmus: The ability of the eyes to track a 
target in continuous motion (like a rotating drum) 

 3. Positional nystagmus: The ability of the eyes to remain 
still with various head and eye positions

 4. Caloric tests: The amount of eye motion initiated 
with warm and cold water/air placed in the external 
auditory canal. 

 Whereas the ocular mobility and optokinetic tests 
evaluate eye or central vestibular pathology, positional and 
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caloric tests evaluate peripheral vestibular pathologies. 
The most objective outcomes of VNG are calculated from 
the caloric tests. While there are a number of potential 
parameters, the two most commonly used are unilateral 
weakness (reduced vestibular response) and directional pre
ponderance. These parameters are calculated by Jong kees’ 
equation.1 
 For reduced vestibular response (unilateral weakness 
or RVR), the sum of the responses obtained from each ear 
(cold and warm) are subtracted and then divided by the 
total responses, then multiplied by 100%, e.g. {(a  b/a + b)× 
100%}, which gives a percent RVR. A significant positive 
or negative number indicates that one ear is stronger than 
the other. Often the absolute value is used and the weak 
side is simply stated (e.g. 30% rightsided weakness). 
The exact amount of difference that is significant varies 
from laboratory to laboratory but is normally approxima
tely 30%. 
 For directional preponderance (DP), the sum of the 
responses that drive nystagmus one direction (right 
beating (RW + LC) – left beating (LW + RC) are divided by 
the total response (RW + RC + LW + LC), then multiplied 
by 100% to arrive at a DP%. A significant positive or nega
tive number indicates a directional preponderance. Often, 
the absolute value is used and the side stated (e.g. 35% 
leftsided DP). The significant amount of DP generally 
lies within the 35% range and can differ from laboratory 
to laboratory. RVR indicates if one ear is weaker than the 
other and as such might point to peripheral pathology in 
the weaker ear. The significance of DP has been debated, 
but some believe this involves neurons higher upstream in 
the balance system.2 
 There are a number of variants on the caloric portion 
of the VNG, most adopted for efficiency. One common 
variant is to simultaneously irrigate the ears with the same 
temperature of air or water. While this will help distinguish 
which ear is stronger (if there is a big difference), this 
technique has been shown to be less accurate than doing 
each of the four irrigations separately.3 Another variation 
of the caloric test is to irrigate an ear with ice to see if the 
ear has any response. A total unilateral vestibular loss will 
result in no response. On the other hand, a normal ear 
might result in a vigorous and unpleasant (sometimes for 
both the patient and the technician) vestibular response. 

Rotational Chair Testing
Another aspect to testing VORs is the rotational chair 
test, which has become more advanced in its abilities 
since the first use in the early 1900s. Although becoming 

increasingly more common, rotational chair testing is still 
most often utilized in specialized vestibular laboratories. 
As such, many of the chair tests go beyond the scope of 
this chapter. Moreover, there is a great deal of variability in 
the capabilities of different chairs based on manufacturer, 
age of chair, and custom features designed by different 
laboratories. 
 Among the more common tests are sinusoidal chair 
motion and step velocity testing. In addition, most chairs 
have the ability to perform at least the first two compo
nents of a VNG (smooth pursuit and optokinetic). Both 
sinusoidal testing and step velocity testing are peripheral 
vestibular tests, but unlike caloric testing both of these 
tests function over a range of frequencies, providing more 
information about the balance system than caloric tests. 
In sinusoidal testing, individuals are rotated back and 
forth in both directions at a fixed velocity but over a variety 
of different frequencies. Since this involves changes in 
acceleration, nystagmus is seen as the ears are alternately 
stimulated. The slow phase of nystagmus is calculated by 
averaging several runs at each different frequency. Rele
vant parameters are gain (peak eye velocity divided by 
peak head velocity), phase (time of initiation of eye move
ment vs. head movement), and symmetry [comparison 
of clockwise (right ear) to counterclockwise (left ear)] 
chair motion. Each of these parameters can be tested for 
each direction and at each frequency. In an ideal situ
ation, eye movement is equal but opposite of the head 
movement and occurs at the same time and speed. That 
would produce a gain of 1.0 and no phase lag or lead. In 
reality, gain values above 0.7 or 0.8 are usually normal, 
and there is often a very short phase lag or lead. Some 
individuals believe that symmetry (the comparison of CW 
to CCW responses at the same frequency) can be used to 
determine the side of the lesion, but this is still unclear 
because there are other inputs on eye motion with head 
rotation.4,5 
 In step velocity testing, the patient is rotated in a 
constant direction and periodically accelerated in that 
direction. At the conclusion of acceleration the chair is 
maintained at a constant speed (or abruptly stopped). 
Either stimulus leads the patient to feel as if they are 
moving in the opposite direction, and there is a natural 
nystagmus that decays (disappears since the body is no 
longer accelerating and is at constant velocity whether it 
be moving or at rest). The time it takes for this nystagmus 
to decay to a certain percentage of its maximum is termed 
the time constant. Time constants can be a sensitive 
measure of peripheral vestibular function.6
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Head Impulse Test
In the head impulse test, the examiner moves the patient's 
head a short distance at a high rate of speed while request
ing that the patient remain focused on an object in the 
center of the field. The test was popularized for clinical use 
by Halmagyi and Curthoys in 1988 and is often referred 
to as the Halmagyi head thrust test.7 It is critical that the 
head thrust be passive (e.g. done by the examiner and not 
imitated by the patient) and given at random intervals. 
 In the clinical setting, we utilize this test as part of our 
physical examination and perform the test to both sides at 
a variety of different speeds. We consider the test abnormal 
if the patient requires more than one catchup saccade for 
any thrust. 
 More recently, there has been a considerable improve
ment in eye tracking and recording technology. As such, 
the tests can now be recorded and analyzed electronic
ally, allowing more parameters to be recorded. The video 
recording of the head thrust was initially reported several 
years ago, but is beginning to gain popularity as we write 
this chapter.8,9 Video recording of the head thrust test gives 
a better assessment of the VORs than simply by the exami
ner alone.

POSTURE AND GAIT TEST

Posturography
The most common posture test done in most vestibular 
laboratories is computerized dynamic posturography.10 
In this test both the surround and the force platform can 
be sway referenced, allowing the clinician to isolate diffe
rent parts of the balance system. Dynamic posturography 
devices perform a variety of tests, but the most common 
are the sensory organization test (SOT) and the motor 
control test (MCT). 
 In condition 1, neither the eyes nor the feet are sway 
referenced, and quiet posture is observed. In condi
tion 2, the eyes are closed or blindfolded, and posture is 
observed. This means the patient must rely on proprio
ception and balance alone. In condition 3, the surround 
is sway referenced, fooling the eyes into believing that the 
patient is perpendicular to the ground even if the patient 
moves forward. In this condition, proprioception and the 
vestibular organs must be able to maintain balance in 
order to overcome any erroneous eye symptoms. In condi
tion 4, the floor, but not the surround, is sway referenced, so 
the eyes and ears must work together to maintain balance. 
Conditions 5 and 6 are the most challenging balance 

conditions. In condition 5, the ground is sway referenced 
(moving with the patient) and the eyes are closed/blind
folded, so the patient only has inner ear function to rely 
on to maintain balance. In condition 6, both the surround 
and the ground are sway referenced, so the inner ears need 
to maintain balance and overcome erroneous eye and/or 
proprioceptive information. Up to three tries are allowed 
in each condition and a computer generated (SOT) score 
is obtained. The SOT score is important, but in order to 
determine the performance of the patient, each condition 
must be analyzed to decipher which part of the system is 
working and, if applicable, not working. 
 In the MCT, an unexpected forward and backward 
perturbation occurs and the ability of the intake system 
to compensate quickly is analyzed. While this test looks 
at the whole balance system, knowing the status of the 
eyes and proprioceptive system may allow inference to 
be made about the inner ears. Posturography has been 
validated over years of use and is an excellent way to 
evaluate postural balance function. 

Functional Gait Tests
Posturography measures passive upright balance. Active 
motion is a second component of upright balance. There 
are a number of emerging technologies to measure active 
balance quantitatively, but these are not yet in widespread 
use. Most often, active balance function is measured in 
the physical therapy laboratory. Therapists utilize two 
common active motion tests, the dynamic gait index and 
the functional gait index. In both cases, the therapist asks 
the patient to perform a series of gait tasks, grading each 
task on a 03 scale (with zero being could not perform and 
3 being performed well). Detailed discussion of these tests 
goes beyond the scope of this chapter, but these tests are 
reliable and internally consistent.11

AUDIOMETRIC-BASED TESTS

Vestibular-Evoked Myogenic Potentials
Vestibularevoked myogenic potentials (VEMPs) testing 
is a balance test traditionally conducted in the audiology 
laboratory. These tests are used to measure otolith func
tion via the medial vestibulospinal tract.12 In VEMP test
ing, traditionally a stimulus (tone burst, forehead tap, 
or auditory clicks) is presented to the patient and short 
latency responses are recorded at the sternocleidomas
toid (cVEMP) or the eyes (oVEMP). This test was initi
ally popular for screening/diagnosing for superior canal 
dehiscence, where the cVEMP response occurred at 
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lower intensities (60–70 dB) than normal (80–90 dB). Over 
time it has been realized that VEMP testing provides an 
excellent chance to assess otolithic function.13 It is gene
r ally assumed that oVEMPs measure primarily utricular 
responses and cVEMPs primarily saccular responses. As 
stimuli and recording sites have increased, investigators 
have begun to examine the utility of these tests for diag
nosing other vestibular disorders, particularly Meniere’s 

disease.14 It is likely that over time with the variety of 
stimu lus patterns and output parameters, more utility will 
be discovered for VEMPs. Figure 5.1 shows the pathway of 
the cervical VEMP and Figure 5.2 represents the pathway 
for the ocular VEMP. Figures 5.3 and 5.4 show normal and 
abnormal cervical and ocular VEMP tracing, respectively. 
In each case, the normal tracing for each side is on the top 
and the abnormal on the bottom. 

Fig. 5.1: Pathway for cervical vestibular-evoked myogenic potential (cVEMP).

Fig. 5.2: Pathway for ocular vestibular myogenic potential (oVEMP).

Figs. 5.3A and B: oVEMP with tracing identified at lower than normal intensity on the left. oVEMP, ocular vestibular myogenic potential.

A B
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Electrocochleography
Electrocochleography (ECoG) is an auditory test men
tioned here for completeness. It is covered in more 
detail elsewhere in this text. Two parameters of the ECoG 
are relevant in assessing the vestibular system. The sum
mating potential is a very early potential followed by 
the action potential. If there is an increase in the sum
mating potential to action potential ratio (usually over 
0.4 but laboratory dependent), this may be indicative of 
endolymphatic hydrops. The specificity and sensitivity 
of ECoG in the diagnosis of Meniere’s disease remains 
contro versial.15 Nonetheless, ECoG continues to have a 
prominent role in the workup of Meniere’s disease, as it 
remains one of the best available tests in helping to make 
this diagnosis. 
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 The bony portion is funnel shaped and lined with 
cuboidal respiratory epithelium and it is always patent 
under normal condition.5 The segment where the car-
tilaginous and bony portions connect has been termed 
the junctional portion. The lumen becomes its narrowest 
within the proximal cartilaginous portion, a few millime-
ters from the bony-cartilaginous junction.6

 The cartilaginous portion gradually flares out as it 
extends and opens into the nasopharynx and it is lined 
with pseudostratified columnar respiratory epithelium 
that is taller and more densely ciliated than in the bony 
portion. It is composed of a single segment of carti-
lage, approximately 20–24 mm in length in adults and is 
anchored superiorly to the basisphenoid bone and distally 
to medial pterygoid plate. It contains abundant secreting 
goblet cells, especially in the inferior aspect of the cross-
sectional area.2–3,7 The lumen of the cartilaginous portion, 
particularly the proximal portion, is closed at rest and 
opens through active muscular action against the curved 
cartilaginous skeleton that has a spring-like memory 
action to reclose the lumen after dilation. 

Peritubal Muscles and their Function
There are four peritubal muscles regulating Eustachian 
tube function: the tensor veli palatini (TVP), the levator 
veli palatini (LVP), the tensor tympani, and the salpingo-
pharyngeus. The most important muscle for the opening 
action of the Eustachian tube is the TVP, which is inner-
vated by the mandibular part of the trigeminal nerve.8 The 
TVP muscle originates from the basisphenoid bone and 
the anterior–lateral lip of cartilaginous auditory tube and 

INTRODUCTION
The conduit connecting the nasopharynx and middle ear 
was named after the anatomist, Bartholomeus Eustachius, 
who published a detailed anatomical and physiological 
description of it in 1562.1 The function of the Eustachian 
tube, with its secretory, ciliary and dilatory components, 
is critical for aeration and drainage of the middle ear, and 
for the optimal conduction of sound through the tympanic 
cavity. Treatments for Eustachian tube disorders have 
not met with satisfactorily long-term success in the past, 
but novel technologies and better understanding of the 
anatomy, physiology and pathophysiology have led to 
improved diagnostic capabilities as well as strategies and 
advances in surgical intervention that will be discussed in 
this chapter. 

Anatomy and Physiology
The Eustachian tube, also called the auditory tube or pha-
ryngotympanic tube, measures approximately 31–38 mm 
in length in adults but only 21 mm in an infant. It is a dynamic 
link between the nasopharynx and the middle ear.2–3 The 
Eustachian tube is comprised of two portions, a proximal 
osseous portion representing about one third of the total 
length that is contained within the petrosal portion of the 
temporal bone, and the remaining distal two-thirds is the 
cartilaginous portion. The proximal and distal parts of the 
Eustachian tube are defined according to the mucociliary 
clearance flow within the lumen. It flows from the proxi-
mal orifice in the middle ear cavity, to the distal end in the 
nasopharynx.4
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it is composed of two muscle fiber bundles. They course 
anteriorly and inferiorly, converging in a tendon that 
runs under, or sometimes inserts into, the hamulus of the 
medial pterygoid before inserting into palatine aponeu-
rosis in the soft palate. The dilator tubae portion of the TVP 
originates directly along the anterolateral membranous 
wall of the Eustachian tube and is important for actively 
distracting the wall from the lumen in the process of tubal 
dilation. The bulk of the relaxed TVP muscle contributes to 
the closure of the tube as well.7 
 The main action of the LVP is elevating and support-
ing the soft palate, as well as the torus tubarius (posterior 
cushion) throughout Eustachian tube dilation. The LVP 
originates from the petrous portion of the temporal bone. 
It runs along the floor of the Eustachian tube, and finally 
inserts into the soft palate. It is innervated by the vagus 
nerve.9 The tensor tympani muscle arises from the carti-
laginous portion of the Eustachian tube and attaches in 
the middle ear cavity to the neck of the malleus. It is inner-
vated by the mandibular branch of the trigeminal nerve.
 The salpingopharyngeus muscle depresses the floor 
of the Eustachian tube’s lumen in an action that appears 
to facilitate dilation, and prevents backward displacement 
of the LVP muscle. It originates from the medial and 
inferior borders of the cartilaginous Eustachian tube and 
inserts into the lateral pharynx wall. It is innervated by the 
pharyngeal plexus.

General Physiological Aspects
Intermittent tubal dilation through swallowing or yawning 
is the main mechanism for equilibration of middle ear 
pressure to the ambient atmosphere.10 Gases within the 
middle ear and mastoid air cells exchange continuously 
with the gases dissolved in the mucosa and its venous 
blood supply. As the partial pressure of gases in the mucosa 
and blood are lower than those in the incoming air, there 
is a continual net absorption of gases with a resulting 
progressively lowering pressure within the middle ear 
between ventilations of air from the Eustachian tube. If 
the Eustachian tube stays persistently closed, middle ear 
pressure can decrease by as much as 150 daPa in just a 
few hours.11

 At rest, there is a bulge of soft tissue from the antero-
lateral wall that approximates the posteromedial wall to 
close the tubal lumen. During dilation, muscular contrac-
tions of the TVP, LVP and salpingopharyngeus muscles 
initiate rotational movements of the cartilaginous frame-
work, thereby creating tension with effacement and even a 

concavity of the anterolateral wall leading to active dila-
tion of the lumen and a brief opening of the Eustachian 
tube. Surfactants are produced within the tubal mucosa 
and likely decrease the surface tension of the lumen thus 
reducing the work required to dilate the tube.12

 Fluid and secretions in the middle ear are cleared by 
mucociliary activity,13 combined with the muscular pump-
ing action.14 Reflux of nasopharyngeal secretions as well as 
breathing sounds and vocalizations into the middle ear are 
prevented by the airtight closed position of the cartilagi-
nous portion of the Eustachian tube and by the remaining 
gas volume in the middle ear and mastoid bone.1

Eustachian Tube Dilation and Closure
The cartilaginous portion of the pharyngotympanic tube is 
closed in the resting state. The closure occurs over a vari-
able length, about a 10–15 mm stretch, extending from 
within a few millimeters distal from the junction portion 
down to near the nasopharyngeal orifice. This dynamic 
portion of the cartilaginous Eustachian tube that inter-
mittently dilates actively and closes serves as a functional 
valve and is termed “the valve”. Tubal dilation occurs 
in two distinct phases (Figs. 6.1A and B). Tubal dilation 
is initiated through contraction of the LVP muscle that 
causes palatal elevation along with medial rotation of the 
torus tubarius and the posteromedial wall of the cartilagi-
nous Eustachian tube. The LVP contraction is maintained 
throughout the tubal dilation. It serves as a scaffold against 
which the TVP subsequently contracts. The second phase 
of tubal dilation involves the contraction of the TVP, which 
dilates the functional valve of the Eustachian tube, there-
by exerting a lateral traction force on the anterolateral 
membranous wall. Full contraction of the TVP results in 
maximal opening of the valve and creates a rounded 
Eustachian tube lumen. Due to the pyramidal shape of the 
cartilaginous Eustachian tube, dilation propagates from 
the nasopharyngeal orifice toward the proximal end of the 
Eustachian tube. 
 In a recent study, the dynamic opening of the Eusta-
chian tube was investigated with cine CT.15 Sequential 
“peristaltic-like” movement of an air bolus was observed 
passing through the Eustachian tube in normal subjects, 
but not in subjects with Eustachian tube dysfunction. 
These results are preliminary, but sequential opening of 
the Eustachian tube with progressive travel of air boluses 
may be an important newly recognized mechanism that 
contributes to middle ear ventilation, rather than a require-
ment for opening of the entire tube.
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 The closing of the Eustachian tube proceeds in the 
opposite direction, from the isthmus to the nasopharynx 
and the functional valve creates an air- and watertight 
seal. Under normal conditions, the Eustachian tube 
dilates approximately 1.4 times per minute throughout 
waking hours, with openings lasting approximately 400 
milliseconds when swallowing and possibly exceeding 
several seconds in yawing. Dilatory activity is substantially 
decreased during sleep.16–17

Middle Ear Gas Exchange
Nitrogen, which is the dominant component of air within 
the middle ear air, diffuses very slowly into the venous 
system. Other air gases, such as carbon dioxide and oxygen, 
diffuse much more rapidly into the mucosa and blood, 
and the partial pressure of water vapor being always 
satu rated remains stable. The slower diffusion rate of the 
residual nitrogen creates a greater percentage of nitrogen 
within the middle ear space compared to surrounding 
ambient air. If Eustachian tube dilation occurs insufficiently 
widely or frequently to adequately aerate the middle ear, 
the pressure within the middle ear will remain negative. 
As nitrogen slowly dissolves into the blood over hours 
and days, there will be a continual tendency for pro-
gressively negative pressure within the middle ear until 
such time as ventilation or filling of the space with fluid 
(middle ear effusion) occurs. The gradient of the par-
tial pressure of nitrogen relative to that of the blood is 
believed to play an important role in the regulation of pres-
sure within the middle ear. The Eustachian tube actively 

dilates by voluntary and involuntary actions such as yawn-
ing and swallowing, and by autonomic reflex stimula-
tion due to alterations in gas composition and pressure 
in the middle ear that are detected by baroreceptors and 
chemoreceptors.18–19

Clearance of the Middle Ear
The most active mucociliary clearance in the middle 
ear has been observed to be within the anterior half to 
two-thirds of the tympanic cavity, increasing toward the 
Eustachian tube lumen. The mucociliary mechanisms 
serve to move secretions, fluids, and debris toward the 
naso pharyngeal orifice. The process is aided by the pyra-
midal shape of the Eustachian tube, which closes progres-
sively from proximally to distally creating a “muscular 
pumping” effect with an expelling force from the relaxing 
cartilage and peritubal muscles.1,14 However, in the case of 
extremely viscous secretions, mucociliary clearance can 
be hindered. Surfactants have been found in the Eusta-
chian tube and may serve to help decrease surface tension 
within the lumen, effectively aiding mucociliary clearance, 
tubal dilation, and exchange of gases across the mucosal 
barrier.20–21

Protection of the Middle Ear
The air- and watertight functional valve of the Eustachian 
tube protects the middle ear against the reflux of sounds 
and material from the nasopharynx.1 During the periods of 
intermittent tubal patency, the existing air pressure within 

Figs. 6.1A and B: Normal left Eustachian tube depicting the torus tubarius (short arrow), lumen (long arrow), and anterolateral wall 
(asterisk). A 30° rigid endoscope in the ipsilateral nasal cavity was used to capture the images. (A) Closed resting position. (B) Open dilated 
position.

A B
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the middle ear and mastoid cavity provides a gas cushion 
that further inhibits the reflux of material from reaching 
the middle ear.16

PATHOGENESIS OF EUSTACHIAN 
TUBE DYSFUNCTION

Endoscopic evaluation of the Eustachian tube has revealed 
that most patients with Eustachian tube dysfunction have 
identifiable pathology within the cartilaginous portion.5,22 
Insufficient dilation of the Eustachian tube (dilatory 
dysfunction) is the most common type of tubal dysfunction 
and the patulous Eustachian tube; the failure of proper 
closure of the tubal valve is significantly less common.
 Dilatory dysfunction is commonly due to functional 
obstruction or insufficient dilation rather than true block-
age of the lumen. The most common finding in dilatory 
dysfunction is mucosal inflammation within the cartilagi-
nous portion of the Eustachian tube. The inflammation 
appears to involve the lymphoid tissues in the torus tubar-
ius and tubal orifice, seen as cobblestoning of the mucosa. 
There is also edema, erythema, and increased mucus 
secretion at the orifice and extending into the lumen with 
the inflammation being most pronounced in the gland 
containing mucosa of the torus tubarius and posterome-
dial wall. The mucosa deeper within the lumen, i.e. closer 
to the isthmus, is typically less affected. In a study of dila-
tory obstructive dysfunction, mucosal edema near the ori-
fice was found in 83% of the subjects and 74% had reduced 
anterolateral wall movement of the Eustachian tube, most 
likely due to the thickness of the inflamed mucosa.23 It is 
common that the adenoid is also inflamed and hypertro-
phied. In a study of adults, inflammation correlated signifi-
cantly with the presence of allergies and gastroesophageal 
reflux, raising suspicions that these factors may be impor-
tant contributors to dilatory dysfunction.22–23 Mucosal in-
flammation due to infection can result from diseases in 
the respiratory tract including those affecting the sinuses, 
nasal cavity, nasopharynx and the remainder of the upper 
and lower airway. Rare primary disorders of the mucosa 
or submucosa such as Wegener’s disease, Samter’s triad, 
and granulomatous diseases may also affect the nose and 
ears as well as the Eustachian tube. Most children are 
affected by frequent upper respiratory infections that are 
increased with day care, reflux disease in younger chil-
dren and exposure to tobacco smoke or wood-burning 
stoves.24 Smoke impairs both the mucociliary function 
and causes mucosal inflammation. Increased viscosity 
of secretions and primary ciliary disorders are other 

possible causes for compromised mucociliary clearance 
function. Hormone level changes, in particular progeste-
rone, that are increased during pregnancy or oral contra-
ceptive intake may induce mucosal hypertrophy. 
 Adenoid hypertrophy commonly causes a functional 
obstruction without physically blocking the tubal orifice 
by encroaching on the torus tubarius and compromising 
the dilatory process. The contraction of the pharyngeal 
constrictors during swallowing can press the enlarged 
adenoid into the torus tubarius thereby preventing its 
medial rotation or even causing an anterior thrusting of 
the torus that further blocks the tubal orifice instead of 
dilating it open (Figs. 6.2A and B).23,25 Anatomical obstruc-
tion of the Eustachian tube from benign or malignant 
neoplasms is much less common. Other possible benign 
processes include large Thornwaldt cysts, mucus retention 
cysts, teratomas and dermoids, and synechia after surger-
ies. Malignant tumors may include most typically naso-
pharyngeal carcinoma followed by lymphoma, mucosal 
melanoma, and chondrosarcoma.26 
 Dynamic causes of Eustachian tube dilatory dysfunc-
tion occur less frequently and may be due to hypoactive, 
hyperactive, or uncoordinated contraction of TVP or LVP 
muscles. Muscular dysfunction and weakness of the TVP 
muscle is the most common dynamic cause of impair-
ment in anterolateral wall dilatory movement. Decreased 
or disorganized TVP contractions may reduce the lateral 
excursion of the anterolateral wall in the second phase 
of dilation. Extreme contractions have been observed in 
both TVP and LVP muscles leading to a bulky mass effect, 
thereby paradoxically impairing the valve dilation at the 
moment it should be opening (Figs. 6.3A and B). Unco-
ordinated contractions may result in inadequate dilation 
should the LVP relax prematurely prior to the contraction 
of the TVP. This provides additional evidence that the LVP 
serves an important scaffold function against which the 
weak action of the TVP is dependent for adequate dilation 
function.
 The pediatric Eustachian tube shows critical anato-
mical differences compared to adults that may play a signi-
ficant role in the pathogenesis of otitis media. Compared 
to adults, the Eustachian tube of children is of consider-
ably shorter length, has a narrower lumen, is more com-
pliant, more horizontally oriented, and contains more 
luminal mucosal folds.7 These anatomical differences 
may expose children to a decreased mucociliary clear-
ance and increased reflux from the nasopharynx of patho-
gens, nasogastric contents, allergic or other inflammatory 
mediators.
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Figs. 6.2A and B: Right Eustachian tube and inflamed adenoid in the upper-right corner. The adenoid reaches and contacts the 
inflamed torus tubarius and prevents sufficient dilation. Additional, otitis media with effusion is seen. (A) Closed resting position. 
(B) Swallow with attempt to dilate the Eustachian tube. The swollen torus tubarius is compressed against the adenoid thus forcing the 
torus anteriorly and preventing opening of the lumen.

A B

Figs. 6.3A and B: Left Eustachian tube demonstrating dysfunction of the LVP muscle. The muscle contracts abnormal high during swal-
lows thus blocking the lumen during the dilatory effort. Otitis media with effusion is seen. (A) Resting closed position. (B) Swallow with 
high elevation of the soft palate; LVP muscle blocks the tubal lumen.

A B

CLINICAL FINDINGS: 
SYMPTOMS AND SIGNS

Typical clinical findings in Eustachian tube dysfunction 
include negative middle ear pressure and tympanic 
membrane atelectasis, adhesive otitis media, pressure 
equalization problems with elevators, mountain driving, 
diving or flying, chronic otitis media with effusion, and 
conductive hearing loss. It may play a role in recurrent 
otitis media and it leads to complications of otitis media 
such as retraction pocket formation, cholesteatoma, and 
persistent tympanic membrane perforation.

EVALUATION OF THE EUSTACHIAN 
TUBE: LABORATORY, OTOLOGIC, AND 
NEUROTOLOGIC TESTING

History and Physical Examination
A comprehensive history and physical examination are 
the most important means for evaluation of Eustachian 
tube dysfunction. In patients with dilatory Eustachian tube 
dys function, mucosal inflammation of the cartilaginous 
portion of the Eustachian tube is the most common patho-
logical finding. The Eustachian tube is an extension of the 
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nasal cavity and as such, it may be affected by any diseases 
that may impact the nose or sinuses. Patients should there-
fore be questioned about inflammatory disorders such as 
allergies, chronic rhinosinusitis, reflux disease, vasomotor 
rhinitis, and in refractory cases, other less common causes 
such as granulomatous disease or Samter’s triad should 
be considered. In children, it is important to additionally 
inquire about recurrent or persistent otitis media, respi-
ratory infections, smoke or wood stove exposure, daycare 
attendance, and immune deficiency.24 Mucociliary clear-
ance is known to be negatively affected by tobacco use 
or smoke exposure. Eustachian tube disorders may have 
a familial genesis. Refractory pediatric cases should be 
evaluated for ciliary motility disorders such as Kartageners 
syndrome. 
 Patients with dilatory dysfunction typically complain 
of aural fullness, and varying degrees of conductive hear-
ing loss, and there may be symptoms associated with otitis 
media such as otalgia, otorrhea, and fever. Patients with 
chronic aural fullness but without tympanic membrane 
retractions, effusion, or abnormalities and no difficulties 
with changes in altitude are unlikely to have Eustachian 
tube dilatory dysfunction, especially if tympanostomy 
tubes have not been of benefit. In these cases, other possi-
ble causes should be investigated including minor’s third 
window syndrome (including superior semicircular canal 
dehiscence), temporomandibular joint disease, patulous 
Eustachian tube, and endolymphatic hydrops.

Endoscopic Examination of 
the Eustachian Tube
A flexible or Hopkins rod endoscope is used to evaluate 
the Eustachian tube. A systematic examination assessing 
the nasal mucosa, nasopharynx, pharynx, larynx, hypo-
pharynx, and subglottic space for signs of inflammation or 
underlying allergy, granulomatous disease, laryngopha-
ryngeal reflux, or other pathology should be performed 
prior to evaluating the Eustachian tube in detail.27 

 When examining the Eustachian tube with a flexi-
ble endoscope, the best view into the depths of the tubal 
lumen may be obtained by either advancing the instru-
ment through the ipsilateral nostril or via the contralat-
eral nostril, passing it behind the vomer, and positioning 
it close to the nasopharyngeal orifice of the auditory tube. 
To optimally inspect the tubal valve during swallowing 
and yawning, the endoscope should be directed along the 
longitudinal axis of the lumen, which courses approxi-
mately 45° laterally and 45° superiorly from the floor of the 
nasal cavity. Fiberoptic endoscopy is a convenient and well 

tolerated means for viewing all of the upper respira tory 
tract as well as the Eustachian tubes. However, the best 
resolution can be achieved with a rigid endoscope, 3 or 
4 mm scopes with a 30° or 45° viewing angle are ideal. As the 
instrument is introduced into the nasal cavity, the scope is 
usually initially directed laterally to watch the turbinates. 
Then it can be rotated if needed to bring the Eustachian 
tube orifice into view when entering the nasopharynx.28 
When the healthy and intact lumen is closed, the tissues 
of the anterolateral wall create a convex bulge and create 
an S-shaped appearance from the opposed mucosal walls.
 The orifice can be readily identified just posterior 
to the inferior turbinate by the prominence of the torus 
tubarius, also known as the posterior cushion. This struc-
ture contains the mobile medial cartilaginous lamina. The 
lateral cartilaginous lamina is immobile, considerably 
smaller and anchored to the medial pterygoid plate by a 
broad attachment. The cross-section of the cartilaginous 
skeleton in its entirety resembles an inverted “J” hook. 
It is important to differentiate between the tubal orifice 
and the fossa of Rosenmüller, also called the pharyngeal 
recess, just posterior to the torus tubarius. At the apex of the 
fossa courses the internal carotid artery (ICA) and in some 
cases it may be located just under the mucosa.29 Within 
the midportion of the cartilaginous Eustachian tube, the 
mucosal surfaces of the anterolateral and posteromedial 
walls meet in apposition to close the lumen in resting 
position. This important, approximately 15-mm long sec-
tion is termed the “functional valve” and is comprised of 
the mucosa, submucosa, Ostmann’s fat pad, lateral car-
tilaginous lamina, and the relaxed bulk of TVP muscle. 
The distance between Eustachian tube and ICA is lowest 
at the osseous portion of the Eustachian tube and the dis-
tance between the Eustachian tube orifice and ICA is on 
average 23 mm, but it may be 10 mm or less if there is an 
aberrant ICA.29

 The most common findings in Eustachian tube dila-
tory dysfunction are mucosal inflammation in the torus 
tubarius with edema, hypertrophy, excessive mucus secre-
tion, hyperemia, and a cobblestone appearance from lym-
phoid hyperplasia (Fig. 6.4).30

 Assessment with slow-motion endoscopy aids to differ-
entiate between obstructive and dynamic causes of Eusta-
chian tube dilatory dysfunction. To evaluate the principal 
peritubal muscle function, the patient is initially asked to 
say the letter “K” repeatedly. This causes isolated contrac-
tion of the LVP muscle and medial rotation of the posterior 
cushion without tubal dilation. Normal tubal dilation is 
then evaluated during repeated swallows, and lastly, the 
patient is asked to forcefully yawn to produce a maximal 
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voluntary dilatory effort. Afterward video endoscopy can 
be reviewed in slow motion for a better view, allowing for a 
detailed assessment of the tubal dilatory phases, with the 
orifice seen changing from its resting S-shaped convexity 
into a rounded opening. 

EVALUATION: RADIOLOGIC IMAGING
Imaging may be important during the diagnostic evalua-
tion of dilatory dysfunction, particularly when there is a sus-
picion for nasal and sinus diseases or middle ear disease. 
Imaging, usually with contrast, is necessary to rule out 
nasopharyngeal neoplasms in adults with unilateral 
middle ear effusion. For patients being considered for 
surgical management of their Eustachian tube disorders, 
preoperative high resolution, noncontrasted CT imaging 
including the temporal bone and nasopharynx may be 
appropriate to assure that there is no dehiscence of the 
ICA within the skull base or any suggestion of aberrant 
course that may bring it into proximity with the cartilagi-
nous Eustachian tube.29 

TREATMENT OF EUSTACHIAN 
TUBE DYSFUNCTION

Medical Treatment for Eustachian 
Tube Dilatory Dysfunction
Mucosal disease is the most common cause of Eustachian 
tube dilatory dysfunction. Identifying the underlying etio-
logy of the disease and treating it as thoroughly as possible 

is advised. Allergies may be the most common cause of 
dilatory dysfunction, especially in the case of children who 
fail to outgrow otitis media by age six and an allergy evalu-
ation is often indicated.31 Allergen avoidance, oral antihis-
tamines, nasal topical steroid drops (available in Europe, 
but not in United States) or steroid sprays (less effective 
than drops), saline irrigations, nasal antihistamine, mast 
cell stabilizer sprays, leukotriene inhibitors, combina-
tion therapy, and immunotherapy may all be considered. 
A recent randomized, placebo-controlled, double blinded 
study in which nasal corticosteroid spray was given for 
Eustachian tube dilatory dysfunction without specified 
etiologies found that corticosteroid nasal spray provided 
no benefit in Eustachian tube dysfunction.30 A total of 91 
patients with otitis media with effusion, negative middle 
ear pressure, or both were treated with nasal corticoste-
roid spay or placebo for 6 weeks. There were no significant 
differences in tympanometry findings or symptoms scores 
between active treatment group and placebo group. 
 Recurrent nasal or sinus infections should be treated 
as indicated. Granulomatous diseases usually require 
immunosuppressant therapy and rheumatology should 
be consulted, but some topical treatments may be indi-
cated. Laryngopharyngeal reflux should be treated with 
behavioral and dietary modifications as well as thoroughly 
with antireflux medications as indicated. True anatomi-
cal obstruction requires contrast enhanced imaging and a 
biopsy to determine the etiology. 

Surgical Treatment for Eustachian 
Tube Dilatory Dysfunction
Persistence of dilatory dysfunction despite maximal 
efforts to control various underlying etiologies may imply 
that the tubal mucosa has become irreversibly injured or 
perhaps involved with bacterial biofilms. An anatomi-
cal compromise or defect of the Eustachian tube may be 
present in patients with familial predisposition for tubal 
dysfunction, cleft lip or palates, syndromic and other cra-
niofacial anomalies. 
 Inserting tympanostomy tubes into the tympanic 
membrane may temporarily alleviate the negative pressure 
within the middle ear and relieve tympanic membrane 
retraction, effusion, and atelectasis. Adenoid ectomy can 
provide significant relief to patients with otitis media 
and demonstrated chronic adenoid hypertrophy, espe-
cially if the hypertrophied adenoid tissue is in close con-
tact with the torus tubarius.32–33 Endoscopic-assisted 
adenoidectomy permits more complete removal of the 

Fig. 6.4: Left Eustachian tube with significantly inflamed torus 
tubarius and lymphoid hyperplasia. Clinically the patient shows 
otitis media with effusion.
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tissue encroaching on the torus and it also allows for some 
gentle monopolar debulking of the hyperplastic tissue of 
the torus if considered necessary.

Eustachian Tuboplasty
In last decade, Eustachian tuboplasty has received 
increased attention as a safe and possibly effective surgical 
option for patients with dilatory dysfunction. Eustachian 
tuboplasty can be accomplished by removing presum-
ably irreversibly inflamed soft tissue and, when necessary, 
cartilage bulges that may limit the lumen as they pro-
trude from the posteromedial wall. Laser and microde-
brider techniques have been used with reasonably good 
results (Figs. 6.5 and 6.6). More recently, balloon dilation 
of the cartilaginous Eustachian tube has been assessed 
for feasi bility, safety, and the early clinical results have 
been promising. The authors employ a sinuplasty bal-
loon system (Acclarent Corp, Palo Alto, CA, USA) that is 
not FDA approved for Eustachian tube dilation. It is most 

commonly being done under general anesthesia, although 
it can be done under local anesthesia with sedation, but it 
is not easy to obtain adequate local anesthesia in this area. 
A curved guiding catheter with a tip angle of 70° is inserted 
through the ipsilateral nostril, passing it along the floor of 
the nasal cavity avoiding any mucosal trauma. It is impor-
tant to recognize that the Eustachian tube initially curves 
slightly medially before coursing laterally toward the ear. 
The lumen should be opened gently by retracting medi-
ally on the torus tubarius with the guiding catheter allow-
ing for a view deep into the lumen before beginning the 
inser tion. Failure to rotate the torus medially before insert-
ing the catheter could result in mucosal laceration with 
bleeding or a false passage into the submucosal tissues. 
The balloon catheter is passed superiorly into the lumen 
atraumatically, advanced gently and slowly until meeting 
resistance as the catheter engages the bony-cartilaginous 
isthmus. The catheter should never be forcefully inserted. 
There is a yellow marker on the catheter that is 31 mm 

Figs. 6.5A to C: Laser-assisted tuboplasty on the right Eustachian 
tube; patient has refractory otitis media with effusion. (A) Intra-
operative view of right orifice prior the procedure. The mucosa of 
the torus tubarius is swollen and there is also a polyp in orifice. (B) 
With a KTP laser fiber mucosa and soft tissue is removed down 
to the level of the medial cartilaginous lamina, gently pushing of 
medial cushion by suction is used to have better view to surgical 
field. (C) The completed operative field with the exposed tubal car-
tilage showing the mucosal and submucosal defect.

A B

C
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from the distal tip and it should be positioned outside of 
the orifice, this assures the balloon catheter is inserted 
at the proper depth into the tubal lumen. The balloon is 
inflated to 12 atm and it often drifts down to 10 atm 
during the 2 minutes of inflation, after which the balloon 
is deflated and removed (Figs. 6.7A to D). The procedure 
may be done bilaterally. Adverse events, such as minor 
tears in the mucosal lumen have been observed. Neither 
osseous or significant cartilaginous fracture nor trauma to 
the internal carotid has been reported.34

PROGNOSIS
Preliminary result from balloon dilation Eustachian tubo-
plasty has been assessed for feasibility, safety, and clinical 

application. In a pilot study on 11 patients with chronic 
otitis media with effusion of over 5 years duration, post-
operatively 11/11 (100%) were able to perform a Valsalva 
maneuver, whereas they had previously been unable to do 
so, but this declined to 7/11 (64%) at the end of the follow-
up period from 6–14 months. Resolution of middle ear 
effusion occurred in all of the 5/11 (45.4%) who had an 
intact tympanic membranes (no perforation or tube);35 
Ockermann et al. have reported comparable results in 
which 12/12 cases were able to perform a Valsalva maneuver 
8 weeks postoperatively; and Schöder et al. have reported 
that 13/15 (87%) were able to perform a Valsalva maneu-
ver in 1 year follow-up visit.36–37 These authors employed 
a 10-point Eustachian tube score that included subjective 
measurement of Eustachian tube function in swallowing, 

Figs. 6.6A to D: Pre- and postoperative photos of left Eustachian tube orifice laser Eustachian tuboplasty. The patient has refractory 
otitis media with effusion and underlying severe allergic disease. (A) Preoperative, resting position, where the posterior cushion is 
bulbous and edematous. (B) Preoperative, dilated position. The lumen is revealed only minimally. (C) Postoperative, resting position. 
The torus shows a scaphoid defect on the luminal surface and the mucosal inflammation is markedly reduced. (D) Postoperative, dilated 
position. The lumen is now open widely.
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Figs. 6.7A to D: Balloon dilation of the left Eustachian tube. The patient shows chronic otitis media with effusion. (A) Preoperative rest-
ing position of the Eustachian tube with edema and inflammation of the torus tubarius. (B) A guide catheter is inserted into the tubal 
lumen. (C) The balloon catheter, 7 x 16 mm has been inserted fully and inflated to 12 atm for 2 minutes. (D) The balloon catheter has 
been removed. A widened lumen and minimal mucosal lacerations are appreciated.

A B

C D

Valsalva maneuver, and tubomanometry results. The scores 
improved from pre operative value 1.1 to postoperative value 
7.5.36 McCoul et al. has shown the improvement in tympa-
nometry results in 34/35 (97%) cases in 6 weeks follow-up 
and improvement from B or C to A in 25/28 (89%) cases.38

 The laser-assisted tuboplasty is mostly now reserved 
for the unusual circumstances in which there is a very 
limited amount of mucosal disease and circumferential 
dilation may risk a patulous tube or in the event of a 
prominent bulge of cartilage from the torus tubarius into 
the lumen that might interfere with the balloon dilation. 
The laser can be combined with the balloon techniques as 
well. Longer term experience with the laser has shown that 
positive Valsalva maneuver results have varied from 67% 
to 72%.39–41 Long-term follow-up results are still lacking for 
Eustachian tuboplasty, and also, more controlled studies 

are needed to evaluate the meaning of surgical treatment 
in different kind of pathological conditions of Eustachian 
tube dysfunction.

PATULOUS EUSTACHIAN 
TUBE DYSFUNCTION

Overview, Etiology, and Pathophysiology
Patulous Eustachian tube dysfunction refers to persistent 
patency of the tubal lumen with disturbing symptoms. 
Air and sound can pass unrestricted between the naso-
pharynx and the middle ear space. Patients with this dis-
order complain of a disturbing amplified perception of 
their own voice and nasal breathing sounds (autophony), 
with sensation of aural fullness, and in few cases otalgia. 
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Although benign, patulous dysfunction, and the result-
ing autophony cause a range of symptom severity from 
asymptomatic to severe psychological impairment. Symp-
toms are often intermittent and can last from seconds to 
hours, but in extreme cases they may persist continuously 
throughout the day. Symptoms may be worsened with 
decongestants or nasal steroids, and improved with upper 
respiratory tract infections. Etiologically, symptoms may 
occur after a dramatic and substantial weight loss such as 
during postpregnancy, cachectic diseases, dietary weight 
loss, or bariatric surgery. An average of one-third of cases 
of patulous Eustachian tube have a history of substantial 
weight loss, one-third have an associated systemic rheu-
matologic disorder such as arthritis or Raynauds disease, 
and the remaining third are idiopathic. Oral contracep-
tives may contribute to the disorder. It is commonly seen 
that exercise initiates or exacerbates symptoms. Symp-
toms tend to abate in the supine or head dependent 
positions. Loss of tubal tissue volume especially within the 
valve is the likely etiology for many patients. A longitudinal 
concavity in the anterolateral wall in the resting position 
of the auditory tube resulting in inadequate closing of the 
tubal lumen that can be recognized in endoscopic evalu-
ation (Fig. 6.8).42 The anterolateral wall normally contains 
a convex bulge into the lumen in the resting position that 
contributes to the valve function. This bulge is usually 
diminished or absent in these patients. A majority of 
cases have anatomically an underdeveloped lateral carti-
laginous lamina constituting a potential risk for patulous 
Eustachian tube. Patients with a thin build may have 
smaller Ostmann’s fat pad and if combined with a lack 
of cartilage in the bulge of the valve may lead to patulous 
Eustachian tube. CT scans may reveal smaller Ostmann’s 
fat pad and glandular tissues in patulous patients com-
pared to normal control subjects.43 

 The symptoms of patulous Eustachian tube can be 
similar with other conditions, making the differential 
diagnosis more difficult. Examination should be done 
while patients are experiencing active autophony symp-
toms. Otoscopy or micro-otoscopy in the sitting position 
will usually reveal the pathognomic sign of a patulous tube 
with medial and lateral movements of the tympanic mem-
brane during nasal breathing while the opposite nostril is 
held shut. A few minutes of vigorous physical activity prior 
to otoscopy can trigger symptoms if they are not initially 
present. 
 Impedance tympanometry is the most sensitive and 
objective test to aid in the diagnosis of patulous Eustachian 
tube dysfunction. Tympanometry shows ventilatory fluctua-
tions in the compliance of the tympanic membrane, while 

a 15-second run is performed with the instru ment set for 
reflex decay testing. Irregular moderately deep breathing 
(similar to breathing for auscultation of the lungs) through 
the ipsilateral nostril with the opposite nostril occluded 
should show sawtooth-like perturbations of the baseline 
tympanogram tracing. The breathing is performed irregu-
larly to not confuse the tracing with the regular sawtooth 
waveforms that may occur from intracranial pulsations.
 If clinical findings are lacking and the tympanogram 
is negative despite the patient having active autophony, 
other pathologies should be considered, such as Minor’s 
third labyrinthine window syndrome (semicircular canal 
dehiscence syndrome). Vestibular evoked myogenic pote-
ntial (VEMP) and electrocochleography testing can help 
in differentiating patulous dysfunction from Minor’s third 
window syndrome. Although less common, endolympha tic 
hydrops can sometimes cause recruitment with hypera-
cusis and autophony. Patients with Minor’s syndrome 
usually lack prominent autophony of their nasal breathing 
sounds, in contrast to the loud bone-conducted autophony 
of their voice. These patients show an abnormally low 
reflex threshold on VEMP. If the patient has tympanos-
tomy tubes still in place, ventilatory excursions can still 
be observed as a following method: a drop of clear topical 
otologic medication is placed on top of the tympanostomy 
tube and movements of the fluid meniscus forming on top 
of the tube can be observed.
 Sonotubometry research with recent improvements 
in detecting tubal patency status has demonstrated a cor-
relation between the severity of autophony and measured 
tubal patency.44 

Fig. 6.8: Left patulous Eustachian tube. It shows a marked scaph-
oid lateral wall. No visible lateral cartilaginous lamina or evidence 
of a significant Ostmann’s fat pad. 
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Medical Treatment for Patulous 
Eustachian Tube Dysfunction
The goals for patulous Eustachian tube treatment are the 
restoration of the healthy humidified mucosa and com-
petence of the tubal valve. Patients should be treated in a 
stepwise fashion. The first step is to reassure the patients 
that although the condition may be extremely disturb-
ing, it is entirely physiologically benign. The next steps are 
the discontinuation of possible exacerbating medications 
such as decongestants, topical nasal corticosteroid, and 
oral contraceptives. Patients are encouraged to increase 
their fluid intake, particularly during exercise and adding 
nasal saline drops or irrigations to improve hydration of 
the mucosa. 
 Although roughly one-third of patulous patients have 
a history of significant weight loss, weight gain is gener-
ally not advised unless medically indicated. The following 
medications have been used off-label and with variable 
results. The concept behind these medications is to stimu-
late a closure of the Eustachian tube. Among them, satu-
rated solution of potassium iodide, 8–10 drops diluted in 
orange juice, taken three times daily, enhances the visco-
sity of the mucus. Application of irritants such as boric and 
salicylic acid powder, silver nitrate, nitric acid, and phenol 
cause tissue inflammation and increased mucus produc-
tion. Hydrochloric acid based drops are available without 
prescription, but have had variable success in long-term 
control rates. The off-label use of Premarin (25 mg in 30 mL 
normal saline topical nasal drops, three drops three times 
daily for a 6 week trial) or depo-estradiol estrogens (same 
schedule using 5 mg in 30 mL normal saline) may provide 
some relief by causing localized mucosal hypertrophy and 
increased mucus secretion, thus temporarily closing the 
open Eustachian tube.
 Drops are most effectively applied in the supine posi-
tion with the nose pointed straight upward, then turning 
the head 45° to the ipsilateral side as the drops pass through 
the nasal cavity. A tickle or sensation of irritation should 
radiate toward the affected ear when the drops come in 
contact with the tubal orifice.

Surgical Treatment of Patulous 
Eustachian Tube Dysfunction 
When medical treatments lead to insufficient relief and 
symptoms are sufficiently disturbing, surgical options 
may be considered. Myringotomy with tympanostomy 
tube place ment is commonly tried as an initial procedure, 
but this procedure is most effective for aural fullness and 

tympanic membrane excursions.45 However, it is usu-
ally not very effective for treating autophony. To alleviate 
autophony, reconstruction of the valve of the Eustachian 
tube lumen may be considered and an attempt is made to 
res tore the competency of the tubal valve without compro-
mising dilatory function. 
 In an effort to treat the patulous symptoms while pre-
serving tubal function, a shim can be inserted into the 
lumen as the most commonly performed and initial pro-
cedure. A shim made from catheter can be introduced into 
the nasopharyngeal orifice, wedging it into position within 
the isthmus. Being long and thin, the shim can be posi-
tioned into the length of the longitudinal concave defect of 
the valve to effectively restore the competency of the valve, 
yet avoiding the development of middle ear effusions or 
a need for tympanostomy tubes in most cases. A shim is 
made from an intravenous catheter filled with bone wax 
can be employed in this off-label application. A 14 gauge 
(2.1 mm diameter) intravenous catheter will appropri-
ately fit most adult patients. A CT scan is necessary for all 
patients preoperatively to confirm that there is bony cove-
rage of the ICA. Dehiscence of the artery into the tubal 
lumen is a contraindication for catheter insertion. 
 The catheter insertion is performed under general 
anesthesia. Bone wax is heated until molten and then aspi-
rated through the intravenous catheter using a syringe and 
then the wax quickly cools and solidifies. Then the catheter 
is cut to 36–38 mm length for most females and 38–40 mm 
for most males. It is inserted under endoscopic guidance 
using a specific insertion tool that consists of a hollow 
tube that is passed through the oral cavity and an internal 
piston that pushes the catheter forward and outward 
toward the distal end. The insertion tool is also utilized to 
push the torus slightly medially. This maneuver reveals 
the curvature of the Eustachian tube. Directly viewing this 
anatomy through the endoscope is essential prior to intro-
ducing the catheter to avoid any unnecessary mucosal 
tears. The catheter should pass easily and atraumatically 
at all times and the insertion should be bloodless. The 
catheter will begin to meet some resistance at the isthmus 
region and is allowed to straighten itself out. It can then 
be enhanced with some firmer pressure to wedge it into 
position within the isthmus. Proper catheter placement 
is achieved when the catheter end is protruding from 
the nasopharyngeal orifice at a level just inside the ante-
rior cushion (Figs. 6.9A to D). A smaller 16 gauge catheter 
may be used if the 14 gauge is too large to pass smoothly. 
A bigger 12 gauge catheter is rarely used. In most cases, 
the catheters stay in place nicely and are not felt by the 
patients at all. 
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Figs. 6.9A to D: Left patulous Eustachian tube showing insertion of a catheter filled with bone wax. (A) Preoperative view of the left tubal 
orifice. (B) The catheter is housed in an introducer tool. It is being positioned into the tubal orifice. The torus is slightly rotated medially 
to open the lumen and view the direction of the lumen. The lumen curves slightly medially before subsequently coursing laterally toward 
the temporal bone. Failure to recognize this curve can result in mucosal lacerations and even false passages during catheter advance-
ment. (C) The catheter is firmly wedged into the isthmus. (D) The catheter is in the final position at the level of the orifice.

A B

DC

 In the event that the catheter extrudes, symptoms may 
not recur given that the mucosa has been protected from 
the frequent free flow of air and its desiccating effects for 
some time. If symptoms recur, however, a subtotal sleeve 
resection of mucosa extending from the tubal orifice to 
well into the valve followed by partial obliteration of the 
lumen with abdominal or connective tissue grafts can be 
done. A strip of mucosa is usually left along the inferior 
“floor” or the Eustachian tube lumen. After confirming 
proper placement of the graft, it may be secured in place 
with sutures. We prefer placing the sutures transorally 
using 4-0 vicryl sutures on an RB needle along with a 
curved endoscopic needle driver. The knot is cinched 
down into place by passing one end of the suture through 
a curved olive tipped antral suction. While the suction is 

engaged, the suture is passed into the lumen of the suction 
catheter and advanced the mouth to cinch down the 
throws of the knot. Patients will require a tympanostomy 
tube initially, but it may become unnecessary over time 
once the swelling subsides post-op. 
 Injection of materials superficially into the submucosal 
space within the orifice and valve of the Eustachian tube 
can be done while exercising caution, but the volume 
that can be reasonably held in the tissues is about 1.5 mL. 
Therefore, this technique often falls short of complete relief 
of symptoms and the results may not persist over time 
as the injected materials are resorbed. Initial aspiration 
should be done to avoid causing a hematoma. Deeper 
injections should be avoided as any material may migrate 
widely within the loose tissue planes in the anterolateral 
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wall. The off-label use of calcium hydroxyapatite paste has 
been reported to provide typically temporary symptom 
relief, lasting from weeks to months.42,46

 Most patients will not require myringotomy or a 
tympanostomy tube following patulous Eustachian tube 
repairs using a catheter placement unless they plan air 
travel within 3 weeks after surgery. If an effusion occurs, 
it will usually subside within 3 weeks. A tympanostomy 
tube could be placed for effusions lasting beyond that 
time. A tube should be placed for fat grafting to allow for 
ventilation during the healing period, but it may not be 
necessary once the tube extrudes. 
 When necessary, complete occlusion can be accom-
plished through the middle ear by placing one or more 
catheters into the osseous portion of the Eustachian tube 
lumen, filling them with bone wax if desired and even 
packing around the catheters with bone wax for a complete 
seal. Alternatively, circumferential removal of the mucosa 
of the lumen within the nasopharyngeal orifice and valve 
can be performed, obliterating the lumen with a fat or con-
nective tissue graft.47 These procedures usually lead to a 
complete relief of the patulous symptoms, although they 
eliminate the function of the Eustachian tube and depend 
on tympanostomy tube placement indefinitely. Occasion-
ally, thick mucus secretions can develop and cause repeat-
ed occlusion of the tympanostomy tube with discomfort, 
hearing loss and otitis media with drainage. Therefore, 
permanent occlusion options that do not reconstruct or 
preserve tubal function should only be considered as a 
last resort.

CONCLUSION
Proper function of the Eustachian tube is essential for 
ventilation, clearance, and protection of the middle ear 
space. Disorders of the Eustachian tube most commonly 
have pathology within the cartilaginous portion of the 
tube that is identifiable by an endoscope. In the majority of 
cases these can be treated conservatively. In selected cases, 
surgical intervention for Eustachian tube disorders is now 
available. However, more data from controlled clinical 
trials are needed to determine the long-term benefit of the 
procedures. Additionally, basic science investigations are 
required to better understand the pathological basics of 
Eustachian tube dysfunction as well as the impact of the 
surgical therapies.
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INTRODUCTION
Imaging is essential in the diagnostic evaluation, presurgi
cal planning, and posttreatment monitoring of temporal 
bone pathologies. In this chapter, the imaging techniques 
utilized in the evaluation of temporal bone pathologies 
and the indications and advantages/disadvantages of 
each imaging modality will be reviewed. Classic imaging 
findings of the more common pathologies of the temporal 
bone will also be described, with pathologies classified 
based on location and/or structure of involvement: the 
outer ear, middle ear, inner ear, petrous apex, and the facial 
nerve. Imaging of temporal bone trauma will be discussed 
at the end of the chapter.

IMAGING TECHNIQUES

Plain Radiography
Plain radiography of the temporal bone is a seldomutilized 
imaging technique in modern practice due to the complex 
anatomy of the region and widespread availability, high 
resolution and multiplanar capability of computed tomo
graphy (CT).1 However, standard radiographical views of 
the temporal bone remain in use in other parts of the world 
and include the Law, Schuller, Mayer, Owen, Chausse III, 
transorbital, Stenvers, submentovertical, and Towne pro
jections. 
 Conventional radiography still remains useful in the 
assessment of correct intracochlear electrode array posi
tioning status postcochlear implantation. Stenvers, or 
oblique posteroanterior view, obtained with the patient 
facing the film with the head slightly flexed and tilted 15° 

and rotated 35° away from the side being imaged with 12° 
cranial angulation of the incident Xray beam, allows the 
long axis of the petrous pyramid to become parallel to the 
plane of the film, and thus permits examination of the 
entire pyramid.2 On intra or postoperative evaluation of 
a cochlear implant, it is important to observe the smooth 
curve of the array within the basal turn of the cochlea, with 
the electrodes regularly spaced (Fig. 7.1). Counting the 
number of electrodes relative to the cochlear promontory 

Fig. 7.1: Radiograph of cochlear implant. Normal Stenvers radio
graph status post multichannel intracochlear electrode placement 
showing a normal curvature (arrow) of the electrode array within the 
cochlea and an intact wire leading from the array to the recei ver 
stimulator.
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may be utilized to assess depth of insertion. Full insertion 
is reported when all 22 active electrodes are determined to 
be intracochlear in location.3

Computed Tomography
In many cases, noncontrast highresolution CT is the initial 
imaging study of choice when evaluating the temporal 
bone. Compared with MR, CT is much more accessible, 
particularly in the acute setting, less expensive and has 
a significantly shorter acquisition time, making images 
less susceptible to motion artifact. Highresolution CT is 
also the imaging modality of choice for evaluating bony 
detail as well as aircontaining spaces and therefore 
best depicts the complex anatomy of the temporal bone. 
Bony fractures, osseous erosion, osseous masses, and 
calcifications are best demonstrated with CT. Similarly, 
abnormalities involving the dense bone of the otic capsule 
as in the case of otospongiosis are also best evaluated 
with CT. CT also best delineates replacement of the air
containing middle ear cavity and mastoid air cells with 
fluid, blood, inflammatory cells and tumor, and therefore 
is used in the evaluation of inflammatory and neoplastic 
processes involving the temporal bones. Because of its 
superior depiction of anatomic detail, CT is also essential 
for presurgical planning, particularly for localization of the 
facial nerve canal. 
 Most CT scans of the temporal bones are performed 
without intravenous contrast administration. Enhance
ment with iodinated contrast may be difficult to appreciate 
on CT due to high density of the adjacent bony structures. 
Intravenous contrast may be indicated in the setting of 
acute inflammatory processes such as mastoiditis in 
order to evaluate for extratemporal pathology such as a 
subperiosteal abscess. Intravenous contrast may also be 
administered in order to evaluate the extratemporal soft 
tissue extent of a neoplasm, though contrast may still not 
be necessary if a concurrent contrastenhanced MR is also 
acquired. Contrast may also be ordered in the setting of 
tinnitus and evaluation of vascular variant anatomy and 
pathology, though a dedicated CT angiogram (CTA) or CT 
venogram (CTV) may better depict arterial and venous 
abnormalities, respectively. A contrastenhanced CTA is 
timed for maximum opacification of the intracranial arte
rial system with minimal venous contamination using 
bolustriggering technique, while a delay of approximately 
three minutes following injection of intravenous contrast 
results in a CTV with a fully opacified venous system. It 
must be noted that intravenous contrast is contraindicated 

in patients with prior severe allergic reaction to contrast 
media (in the absence of steroid premedication), those 
with history of multiple myeloma, and patients with 
impaired renal function (creatinine value >1.5–2 mg/dL, 
depending on the institution) who are not on dialysis.
 Characterization of soft tissue and intracranial and 
cranial nerve pathology, however, is limited with CT 
compared to magnetic resonance imaging (MRI). Another 
disadvantage of CT is the radiation exposure to the patient, 
which is of particular concern in the pediatric population.
 Traditionally, a CT study of the temporal bone was 
acquired in axial and coronal planes. Modern high
resolution multidetector spiral CT systems are capable of 
producing nearly isotropic voxels for multiplanar recons
truction in any desired plane. Multiple thin sections (0.6–
1.5 mm) are acquired using a highresolution (512 × 512) 
matrix. Axial sections are acquired in a plane 30° superior 
to the anthropologic base line intersecting the inferior 
orbital rim and external auditory canal (EAC). Coronal 
images are obtained directly at an angle of 120° from the 
anthropologic baseline or reconstructed at 90° to the axial 
plane. Sagittal, oblique (particularly at 45° between the 
sagittal and coronal planes to approximate Stenvers view), 
Pöschl short axis [parallel to the superior semicircular 
canal (SSCC)], curved and threedimensional surface 
rendered projections may be reconstructed in postpro
cessing for problemsolving purposes. In particular, the 
Pöschl and Stenvers views best depict the arcuate emi ne
nce overlying the SSCC and should therefore be included 
in examinations where SSCC dehiscence is clinically sus
pected. 

Magnetic Resonance Imaging
MRI demonstrates excellent soft tissue contrast and reso
lution and has become the primary imaging modality 
for evaluation of nonosseous temporal bone structures, 
including fluid spaces (cerebrospinal fluid, membranous 
labyrinth), nerves, muscle, cartilage, and fat. Unlike on CT, 
enhance ment of masses involving the temporal bone is 
easily appreciated following gadolinium administration. 
Peri neural tumor spread and vascular and intracranial 
exten sion of a mass or infectious process are shown with 
a better advantage with MRI rather than CT. However, 
the architecture of the normal bone and air spaces is not 
well defined as compared with CT; cortical bone and air 
are seen as signal voids on MR and therefore localization 
of pathology, particularly in the middle ear cavity, can be 
difficult. While CT is superior to MR for the evaluation of 
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cortical bony erosion, MRI is superior for evaluating bone 
marrow invasion, particularly in the skull base and petrous 
apex. 
 MRI is often obtained as a complementary imaging 
modality to CT. MR can help differentiate pathologic 
lesions seen on CT based on the lesion’s enhancement or 
signal characteristics. For instance, in the evaluation of a 
tympanic cavity soft tissue mass seen on CT, MRI can help 
differentiate a glomus typanicum from a cholesteatoma 
based on its appearance on postcontrast and diffusion
weighted sequences. Similarly, in the evaluation of an 
expansile petrous apex mass seen on CT, MRI can help 
differentiate a cholesterol granuloma from an aneurysm 
or a Meckel’s cave meningocele based on the signal 
characteristics of the lesion. MRI is also often used as 
a complementary imaging tool to CT to evaluate the 
intracranial or soft tissue extent of an inflammatory or 
neoplastic process involving the temporal bones.
 MRI may be the initial imaging modality of choice 
in the setting of sensorineural hearing loss. Vestibular 
schwannomas in the internal auditory canal (IAC) or 
cerebellopontine angle (CPA) are best depicted on a 
contrastenhanced MR. MR is used to evaluate the cranial 
nerves and therefore is indicated to evaluate for cochlear 
nerve hypoplasia and aplasia as well as Bell’s palsy. MRI 
with a routine brain survey may also be performed to 
exclude potential central pathologies unrelated to the 
temporal bone.1 

 Intravenous contrast is typically administered in the 
MRI evaluation of the temporal bones, particularly in 
the setting of inflammatory and neoplastic processes. 
How ever, contrast is not required in the evaluation of 
recurrent cholesteatoma, for which diffusionweighted 
imaging (DWI) is the diagnostic sequence. Intravenous 
contrast is also not indicated in the evaluation of cochlear 
nerve aplasia/hypoplasia and congenital inner ear anoma
lies. Intravenous contrast is contraindicated in patients 
with renal insufficiency on dialysis or with GFR <30 mL/
min/1.73 m2 due to the risk of nephrogenic systemic 
fibrosis, or rarely, in those patients with severe allergy to 
gadolinium.
 Various MR sequences are used in the routine eva
luation of temporal bone pathology. Highresolution 
fluidweighted sequences, including highresolution T2 
weighted fast spin echo (FSE), threedimensional cons
tructive interference in steady state (3D CISS), or FIESTA 
(fast imaging employing steady state acquisition) sequen
ces, are obtained without contrast administration and 

allow evaluation of small fluidcontaining structures 
including the membranous labyrinth and the delineation 
of the cisternal portions of cranial nerves. This sequence 
is therefore essential in the evaluation of cochlear nerve 
hypoplasia/aplasia, IAC/CPA pathology, and inner ear 
pathology. 
 Precontrast T1weighted MRIs are necessary for the 
evaluation of fatcontaining lesions such as lipomas and 
postsurgical fatpacking material, as well as hemorrhage, 
which appear intrinsically bright in signal. Fat saturation 
techniques are utilized to confirm the presence of fat
containing lipomas or fatpacking material. In addition, 
precontrast T1weighted images best delineate bone mar
row invasion with replacement of normal bright fatty mar
row by abnormal soft tissue.
 Postcontrast T1weighted images are obtained follow
ing the intravenous administration of gadolinium. Gado
linium increases the signal of enhancing lesions due to 
neoplastic, inflammatory, and infectious conditions on 
T1weighted images. Postcontrast images are typically 
obtained with fatsuppression in order to increase the 
conspicuity of bright enhancing lesions from fatty marrow 
in the surrounding temporal bone. Fatsuppression also 
helps differentiate abnormal enhancing soft tissue from 
fatpacking material in postsurgical examinations. 
 DWI is based on the Brownian motion of water mole
cules in tissue and assesses for restriction of such motion 
in certain disease processes by addition of a diffusion
sensitizing gradient. In the temporal bone, DWI is useful 
in the evaluation of cholesteatomas, particularly in the 
postoperative setting where cholesteatoma can be difficult 
to differentiate from granulation/inflammatory tissue on 
clinical examination and CT. Due to the densely packed 
keratin, cholesteatomas restrict the diffusion of water and 
demonstrate bright signal on DWI. Susceptibility artifacts 
are particularly troublesome in the temporal bone region 
due to the interface between brain tissue, air, and bone. To 
circumvent this issue, nonechoplanarbased diffusion
weighted sequences have been developed. Turbo spin 
echo (TSE) or FSEbased diffusionweighted sequences 
are less affected by susceptibility and demonstrate higher 
spatial resolution capable of producing thinner slices 
(down to 2 mm).4 These innovative sequences have proven 
instrumental in detection of recurrent cholesteatomas and 
are able to pick up lesions <5 mm in size.5

 MR angiography (MRA) and MR venography (MRV) 
are useful in evaluation of arterial and venous anatomy, 
respectively, and are typically performed without contrast 
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using phase contrast or time of flight (TOF) imaging 
techniques. MRV may also be performed following the 
administration of gadolinium. MRA is indicated in the 
evaluation of suspected vascular aneurysm, stenosis, 
occlusion, malformation, or dissection. MRV is frequently 
used to assess for dural venous sinus thrombosis or search 
for developmental venous anomalies. The noncontrast 
TOF technique is susceptible to signal loss due to flow
related artifacts seen in slow or turbulent flow and 
susceptibility artifacts at bone and air interfaces. Because 
the resolution of MRA/MRV is not as high as that of the 
analogous CT studies, CTA/CTV or direct angiography 
may be used to confirm or further evaluate a finding seen 
on MR.

NORMAL IMAGING ANATOMY

General Concepts
The petrous portion of the temporal bone may be anato
mically divided into the outer ear, middle ear, inner ear, 
and petrous apex. The external ear (auricle) and the 
EAC form the outer ear. The lateral part of the EAC is 
fibrocartilaginous and is continuous with the auricle at 
the external auditory meatus while the medial part is 
osseous. The tympanic membrane, made up of the larger 
pars tensa and smaller pars flaccida portions, separates 
the outer ear from the middle ear. The middle ear cavity, 
also known as the tympanic cavity, contains the ossicles: 
the malleus, incus, and stapes. Posteriorly, the middle 
ear cavity communicates with the mastoid antrum and 
mastoid air cells via the additus ad antrum and anteriorly, 
with the nasopharynx via the Eustachian tube. The medial 
wall of the tympanic cavity serves as the division between 
the middle and inner ear, which consists of the bony 
labyrinth containing the cochlea, semicircular canals, and 
vestibule, and the membranous labyrinth composed of the 
semicircular ducts, cochlear duct, utricle, and saccule.6

CT: Axial Plane
Normal anatomical landmarks visualized on axial images 
through the temporal bone, proceeding from superior 
to inferior, include the SSCC oriented perpendicular to 
the long axis of the temporal bone in the most cephalad 
slice, with mastoid air cells visualized laterally (Fig. 7.2A). 
Proceeding inferiorly, the inner ear structures come into 
view including the vestibule and lateral semicircular 

canal (LSCC) oriented nearly parallel to the vestibular 
aqueduct (VA) (Fig. 7.2B). The VA approximates the poste
rior semicircular canal in size and should not exceed  
1.5 mm in diameter. Further inferiorly, the epitympanum 
containing the head of malleus and body of the incus in an 
“ice cream cone” configuration is seen (Figs. 7.2C and D).  
Medially, the labyrinthine segment of the facial nerve 
canal emerging from the IAC courses anteriorly, forming 
a hairpin turn known as the anterior genu before heading 
posterolaterally as the tympanic segment.7

 The slices further inferiorly demonstrate the “snaillike” 
cochlea located anterolateral to the IAC (Figs. 7.2D to G) 
within the dense otic capsule. At the more superior level 
of the cochlea, the tympanic segment of the facial nerve is 
seen coursing posterolaterally along the medial aspect of 
the middle ear cavity (Fig. 7.2D). The cuts below show the 
manubrium of the malleus and long process of the incus 
(Fig. 7.2F). The lenticular process of the incus connects to 
the stapes with its footplate at the oval window. The round 
window niche can be seen as an airfilled spaced posterior 
to the basal turn of the cochlea (Fig. 7.2F). Further caudad, 
the cochlear aqueduct is visualized medially; the vertically 
oriented mastoid segment of the facial nerve and mastoid 
air cells are seen posteriorly and laterally (Fig.7.2G).8

CT: Coronal Plane
Coronal images aid in understanding the complex three
dimensional relationships between the intricate temporal 
bone structures. The vertical orientation of the middle 
ear cavity lends to visualization of its components – the 
epitympanum, mesotympanum, and hypotympanum. 
Normal anatomical landmarks visualized on coronal 
images through the temporal bone, proceeding from ante
rior to posterior, begin with the helicotrema of the cochlea, 
located inferior to the “snake eye” appearance of the facial 
nerve canal formed by the labyrinthine (medial) and tym
panic (lateral) segments (Fig. 7.3A). More posteriorly, the 
pointed scutum can be identified at the medial superior 
margin of the EAC and Prussak’s space can be seen lateral 
to the neck of the malleus and inferomedial to the scutum 
(Fig. 7.3B). The epitympanum, or the attic, is located above 
the level of the scutum and contains the head of the mal
leus and body and short process of the incus.
 Further posteriorly, the mesotympanum is seen con
taining the long and lenticular processes of the incus and 
stapes inserting upon the oval window (Fig. 7.3C). The 
hypotympanum is located inferior to the level of the EAC 
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Figs. 7.2A to G: Normal anatomy, axial CT images of the temporal bone proceeding 
cephalad to caudad. (A) The SSCC (arrow) is oriented perpendicular to the long axis of 
the temporal bone. (B) “Signet ring” shape formed by the LSCC and vestibule (solid white 
arrow). The VA is seen along the posterior petrous ridge, nearly parallel to the LSCC (black 
arrow). The superior aspect of the IAC (white asterisk) is also noted. The additus ad an
trum (dashed arrow) is seen connecting the epitympanum anteriorly to the mastoid antrum 
posteriorly. (C) The head of the malleus (white arrow) and body of the incus (black arrow) 
are partially visualized in the epitympanum. Medially, the anterior genu of the facial nerve 
(dashed white arrow) is seen forming a hairpin turn with the labyrinthine segment emerging 
from the IAC (white asterisk). (D) The head of the malleus (black arrow) and body of the 
incus demonstrate the characteristic “ice-cream cone” configuration in the epitympanum. The  
tympanic portion of the facial nerve (white arrow) is seen coursing posterolaterally along the 
medial margin of the middle ear cavity. The basal turn of the cochlea (dashed white arrow) is 
identified. (E) The snail-like shape of the cochlea with the central calcified modiolus is seen 
(dashed arrow). The crura of the stapes are faintly seen (solid arrow). (F) The round window 
niche (black arrow) appears as an air pocket posterior to the basal turn of the cochlea. The 
manubrium of the malleus (white arrow) and long process of the incus (dashed white arrow) 
are seen within the middle ear cavity. (G) The cochlear aqueduct (black arrow) comes into 
view medially. The vertically oriented mastoid segment of the facial nerve (dashed white 
arrow) is noted anteromedial to the mastoid air cells.
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floor. The horizontally oriented IAC can be seen medially. 
The canals extending superiorly from the vestibule in a 
Yconfiguration are the SSCC and LSCC. At the level of 
the oval window, the tympanic segment of the facial nerve 
canal can be seen coursing inferior to the LSCC. Further 
posteriorly, the vertical course of the mastoid segment of 
the facial nerve canal (Fig. 7.3D) can be seen, extending 
towards the stylomastoid foramen. 

MRI
The described CT anatomy of the temporal bone is 
directly applicable to that seen on MR. However, it must 
be remembered that normal osseous structures and air

containing spaces appear as areas of signal void. Normal 
fluidcontaining structures such as the membranous 
labyrinth and IAC appear bright on fluidweighted images. 
The facial and vestibulocochlear nerves within the IAC 
appear as hypointense linear structures (Fig. 7.4). 

PATHOLOGY OF THE OUTER EAR

Congenital Anomalies

EAC Stenosis and Atresia

Stenosis and atresia of the EAC represent a continuum of 
congenital pathology associated with auricular deformity. 

Figs. 7.3A to D: Normal anatomy, coronal CT images of the temporal bone proceeding anterior to posterior. (A) Helicotrema of the 
cochlear apex (black arrow) is located inferomedial to the “snake-eye” configuration of the facial nerve canal, with the labyrinthine seg
ment (white arrow) medial to the tympanic segment (dashed white arrow). The head of the malleus is seen within the epitympanum. (B) 
Prussak’s space (white arrow) is seen lateral to the neck of the malleus and inferomedial to the scutum (dashed white arrow). (C) The 
incus (white arrow) inferiorly joins the stapes, which attaches at the oval window (dashed white arrow). Emerging from the vestibule in 
a Y-configuration are the SSCC medially (black arrow) and the LSCC laterally (dashed black arrow). The posterior IAC (white asterisk) 
is seen medially. (D) The vertically oriented mastoid segment of the facial nerve (black arrow) is noted.
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Some cases are syndromic as part of Crouzon, Goldenhar 
or Pierre Robin syndromes and are more likely to be 
bilateral. Given the altered complex anatomy in patients 
with EAC atresia, CT is the imaging modality of choice, 
particularly for presurgical planning and localization of the 
facial nerve canal which is often aberrant in its course. Key 
findings on CT include osseous or membranous stenosis  
or atresia of the EAC with hypoplasia of the mastoid air 
cells and a diminutive middle ear cavity (Figs. 7.5A and B). 
Ossicular malformations, particularly affecting the malleus 
and incus, with fusion to the lateral middle ear cavity wall 
are common. The inner ear and IAC are typically normal. 
As mentioned above, an aberrant anterior course of the 
mastoid segment of the facial nerve is frequently noted.9

Infection
Necrotizing External Otitis
Necrotizing external otitis (NEO) is a potentially lifethreat
ening condition usually occurring in elderly diabetics and 
is most commonly secondary to Pseudomonas aeru ginosa 
infection. Contrastenhanced CT is the initial imaging 
moda lity of choice, given its accessibility and rapid acqui
sition in these acutely ill patients, as well as its superior 
delineation of bony erosion. On CT, NEO appears as swelling 
of the EAC soft tissues with or without osseous erosion 
on bone windows (Fig. 7.6). Both contrastenhanced 
CT and MRI can demonstrate associated extratempo ral 
soft tissue inflammatory changes, with heterogeneous 

Fig. 7.4: CISS image. Normal axial CISS MRI demonstrates 
the normal hypointense linear branches of the vestibulocochlear 
nerves within the internal auditory canals (solid arrows) bilaterally. 
The fluid-filled cochleae (dashed arrows) and vestibules are also 
seen bilaterally.

Figs. 7.5A and B: Bilateral EAC atresia, Goldenhar syndrome. (A) Axial CT image in a patient with Goldenhar syndrome demonstrates 
bilateral EAC atresia associated with marked middle ear cavity hypoplasia. (B) Craniofacial 3D reconstruction demonstrates absence of 
the EAC meatus, as well as dysplasia of the mandible and maxilla.
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illdefined enhancement and edema of the soft tissues 
compatible with cellulitis; abscess formation manifests as 
rimenhancing fluid collections within the adjacent soft 
tissues. Contrastenhanced MRI better depicts intracranial 
extension of the infection including meningitis, subdural 
empyema, epidural abscess and parenchymal abscess.10 

Inflammatory Lesions
Acquired Cholesteatoma

Cholesteatoma essentially reflects skin in an abnormal 
location, pathologically classified as exfoliated keratin 
debris within a sac of stratified squamous epithelium. On 
noncontrast CT, acquired cholesteatoma of the outer ear 
appears as a focal soft tissue mass eroding the EAC wall 
and classically contains intramural osseous fragments. 
Cholesteatomas demonstrate restricted diffusion mani
fested as bright signal on DWI. Contrastenhanced MRI 
can also help differentiate cholesteatoma from neoplasm, 
demonstrating lack of enhancement of the cholesteatoma 
with or without peripherally enhancing granulation tissue.9 

Keratosis Obturans
A rare, frequently bilateral condition in which desqua
mated keratin abnormally accumulates within the EAC, 
keratosis obturans manifests on CT as homogeneous soft 
tissue density filling the EAC without evidence of aggres
sive osseous changes or middle ear involvement. CT is 

the initial imaging modality of choice. If performed, an 
MRI shows the lesion to be of homogeneously low signal 
intensity on T1weighted images and isointensity on T2
weighted images, with no enhancement on postcontrast 
T1weighted images.9 Minimal peripheral enhancement 
may be present due surrounding granulation/inflam
matory tissue. 

Osseous Lesions
Exostoses

Also known as surfer’s ear, exostoses occur as a result of 
frequent cold water exposure and appear as broadbased 
overgrowth of the osseous EAC with lack of aggressive 
features. Welldefined bony protuberances circumferen
tially line and narrow the osseous EAC, typically involving 
the medial EAC bilaterally (Fig. 7.7). Exostoses are best 
demonstrated on noncontrast CT without the need for 
MRI. If performed, MRI shows the lesion follows signal 
intensity of bone without enhancement.10 There may be 
abnormal soft tissue medial to the exostoses reflecting 
impacted cerumen or cholesteatoma. 

Osteoma

The rare osteoma of the EAC presents as a focal, well
circumscribed pedunculated osseous overgrowth without 
associated soft tissue abnormality, best depicted on CT. 
Unlike exostoses, osteomas are typically unilateral and 
solitary (Fig. 7.8).

Fig. 7.6: Necrotizing external otitis. Noncontrast coronal CT image 
of the right temporal bone demonstrates marked soft tissue swell
ing overlying the EAC with soft tissue within the EAC (dashed 
arrow) and middle ear cavity. There is erosion of the EAC (solid 
white arrow) and tegmen tympani (black arrow).

Fig. 7.7: Exostoses. Noncontrast axial CT image demonstrates 
broadbased osseous excrescences (black arrows) narrowing the 
medial EACs bilaterally.
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Neoplasm
Malignant tumors of the EAC are rare and typically occur 
in the elderly population, with squamous cell and basal 
cell carcinomas the most common types. Secondary 
involvement of the EAC by an extraauricular squamous 

cell carcinoma (SCC) is more common than a primary 
lesion. Both CT and MR are typically obtained to evaluate 
EAC malignancies, with CT better demonstrating bony 
erosion and extension into the middle ear and mastoid air 
cells. On CT, SCC appears as an aggressive soft tissue mass 
with variable degrees of osseous destruction. On MRI, the 
mass is hypo to isointense on T1weighted images and 
hyperintense on T2weighted images, with heterogeneous 
or homogeneous enhancement on postcontrast images 
(Figs. 7.9A and B). Assessment of SCC on MRI should 
include evalu ation for intracranial extension, perineural 
tumor spread along the facial nerve, and invasion of the 
parotid gland.10 Both CT and MR well demonstrate enlarged 
or necrotic metastatic lymph nodes, with drainage most 
commonly to the intraparotid lymph nodes. 

PATHOLOGY OF THE MIDDLE EAR

Vascular Anomalies
Aberrant Internal Carotid Artery 
Maldevelopment of the cervical internal carotid artery 
(ICA) resulting in a congenitally aberrant ICA is important 
to identify in the presurgical CT evaluation of pulsatile 
tinnitus. Misdiagnosis of this apparent hypotympanic 
lesion and subsequent biopsy or middle ear surgery may 
lead to disastrous consequences. With the more com mon 

Fig. 7.8: EAC osteoma. Noncontrast axial CT image of the right 
temporal bone shows a solitary osseous protuberance along the 
posterior wall of the right EAC.

Figs. 7.9A and B: Squamous cell carcinoma of the EAC. (A) Axial noncontrast CT image of the left temporal bone demonstrates a 
markedly abnormal left external auditory canal with irregular thickened soft tissue and extensive bony erosion circumferentially (arrow). 
(B) Coronal contrast-enhanced T1-weighted MRI shows asymmetric enhancing soft tissue lining the left EAC (solid arrow). Also note an 
enhancing lesion within the brain parenchyma (dashed arrow) reflecting a metastatic focus.
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variant, an aberrant intratympanic ICA is seen as a 
tubular enhancing lesion with a reduced diameter com
pared to a normal ICA, entering through an enlarged 
inferior tympanic canaliculus and traversing the inferior 
middle ear cavity from posterior to anterior along the 
cochlear promontory; anteriorly, the aberrant ICA joins 
the horizontal carotid canal through a dehiscent carotid 
plate.11 An aberrant ICA can typically be demonstrated 
on a routine contrastenhanced CT, though may be better 
depicted with a dedicated CTA. MRA is frequently only 
helpful in the frontal projection where the sharp turn of 
the aberrant ICA appears as a “7” or “reverse 7,” depending 
on the affected side.9 

Persistent Stapedial Artery
Frequently associated with aberrant ICA, persistence of 
the stapedial artery is found in 0.48% of the population and 
represents a normally transient anastomosis between the 
ICA and branches of the external carotid artery. The vessel 
arises from the vertical part of the petrous ICA, traverses 
the obturator foramen of the stapes and terminates 
within the extradural middle cranial fossa as the middle 
meningeal artery. CT clues to the diagnosis include an 
absent foramen spinosum on the affected side that usually 
contains the middle meningeal artery, subtle enlargement 
of the anterior tympanic segment of the facial nerve canal, 
and a curvilinear structure crossing the medial wall of the 
middle ear cavity over the cochlear promontory.9 

High-Riding and Dehiscent Jugular Bulb
The jugular bulb is the dilated superior part of the jugular 
vein at the junction where it joins the sigmoid sinus. 
Extension into the middle ear above the level of IAC floor 
defines it as highriding. A dehiscent jugular bulb lacks a 
complete osseous covering and protrudes into the middle 
ear (Figs. 7.10A and B). CT with contrast administration is the 
diag nostic imaging modality of choice. The abnormality 
may also be defined using MR venogram, though MR 
will not show any associated bony dehiscence. Another 
variant is a jugular diverticulum, which is a protrusion of 
the jugular bulb superior and medial to the jugular fossa.12

Congenital Lesions
Congenital Cholesteatoma
Representing a minority (5%) of temporal bone choles
teatomas, congenital cholesteatoma presents in children 
or young adults with unilateral conductive hearing loss 
and may originate in any part of the temporal bone,  
most commonly the middle ear. Unlike acquired choles
teatomas, the tympanic membrane is intact. On non
contrast CT, congenital cholesteatoma classically appears 
as a wellcircumscribed soft tissue mass located in the 
anterosuperior middle ear medial to the ossicles and 
adjacent to the Eustachian tube. In advanced disease, 
erosive changes of the wall, ossicular dehiscence involving 
the long process of the incus and stapes, and labyrin thine 

Figs. 7.10A and B: Dehiscent jugular bulb. Axial (A) and coronal (B) noncontrast CT images of the left temporal bone show protrusion 
of the jugular bulb (asterisk) into the middle ear cavity with dehiscence of the overlying bone (arrow).
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extension may be present. MR can help differentiate 
congenital cholesteatoma from a glomus tympanicum, 
which is often found in a similar location. Congenital 
cholesteatoma demonstrates lack of central enhancement 
and diffusion restriction, whereas glomus tympanicum 
demonstrates avid enhancement and lack of diffusion 
abnormality.

Infection
Otitis Media
Acutely, otitis media with effusion may present on imaging 
as fluid and debris within the normally pneumatized 
middle ear, mastoid, and petrous bone. While fluid–fluid 
levels may be observed, there is no erosion of the mastoid 
air cells or ossicles. If fluid behind the tympanic membrane 
does not resolve in 3 months, otitis media is clinically 
considered to be chronic. Chronic otitis media may result 
in multiple complications, including postinflammatory 
ossicular erosion and tympanosclerosis.10 A noncontrast 
CT is sufficient to evaluate patients with otitis media, 
though contrast may be administered if there is clinical 
concern for extratemporal extension of the infectious 
process.

Coalescent Otomastoiditis
Coalescent otomastoiditis is a feared complication of acute 
otitis media in which osseous erosive changes are present. 

Contrastenhanced CT is the initial imaging modality of 
choice given its accessibility and rapid acquisition in these 
acutely ill patients, as well as its superior delineation of bony 
erosion. The most specific CT finding is erosion of the sigmoid 
plate (Figs. 7.11A and B), while the most com mon finding  
is destruction of the mastoid septae. Both postcontrast CT 
and MRI can demonstrate associated soft tissue inflam
matory changes, including cellulitis which appears as 
diffuse enhancement and edema of the soft tissues, as 
well as abscess formation, which appears as a rimenhan
cing fluid collection. A Bezold abscess occurs when 
osseous erosion and abscess formation occurs medial to 
the sternocleidomastoid muscle at the insertion of the 
posterior belly of the digastric muscle and extends into 
the infratemporal fossa.13 Contrastenhanced MRI better 
depicts intracranial extension of the infection, including 
meningitis, subdural empyema, epidural abscess, and 
parenchymal abscess.9 Dural sinus thrombosis can be 
diagnosed on both contrastenhanced CT and MR, seen as 
a filling defect within the enhancing venous sinus.

Inflammatory Lesions
Acquired Cholesteatoma

Acquired cholesteatoma is the most common type of 
cholesteatoma, making up 98% of these lesions. Pars 
flaccida cholesteatomas comprise 80% of the acquired 
cholesteatomas and arise within Prussak’s space; Prussak’s 

Figs. 7.11A and B: Coalescent otomastoiditis with dural venous thrombosis. Noncontrast CT of the temporal bone (A) shows opacifi
cation and destruction of the mastoid air cells with erosion of the cortical plate overlying the right sigmoid sinus (dashed white arrow). 
Contrastenhanced MRV (B) demonstrates thrombosis of the sigmoid sinus and jugular vein (solid arrows).
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space is limited laterally by the pars flaccida portion of 
the tympanic membrane, inferiorly and medially by the 
lateral process and neck of the malleus, and superiorly and 
anteriorly by the lateral malleolar ligament. 
 In contrast to the pars flaccida cholesteatoma, the 
less common pars tensa cholesteatoma arises in the post
e rior and inferior middle ear cavity medial to the ossi
cles, displacing them laterally, and commonly results in 
ossicular erosion. The posterior recesses including the 
sinus tympani and facial recess may be involved.10 

 Highresolution noncontrast temporal bone CT is the  
examination of choice, with multiplanar contrastenhan
ced MR reserved for assessment of complications and 
recurrence. The classic CT finding of a pars flaccida choles
teatoma is that of a soft tissue mass in Prussak’s space with 
medial deviation of the ossicles and blunting of the scutum 
or erosion of the lateral attic wall (Fig. 7.12). Extension into 
the mastoid antrum and ossicular erosion may be seen. 
Serious complications include intracranial extension 
through an eroded tegmen tympani and labyrinthine 
fistula, most commonly involving the LSCC.9 
 On MRI, cholesteatomas appear isointense to cere
brospinal fluid on T1 and T2weighted images, with 
enhancement only seen in the granulation tissue in the 
periphery of the nonenhancing soft tissue mass. As stated 
previously, cholesteatomas restrict the diffusion of water 
and therefore demonstrate bright signal on DWI; DWI is 
therefore useful for diagnostic purposes and in particular 
to detect recurrence in postoperative cases.5

Osseous Lesions
Ossicular Fixation-Fusion
Fibrous or osseous fixation of the ossicular chain is most 
commonly postinflammatory in nature. CT, the exami
nation of choice, demonstrates an intact ossicular chain 
with nondependent soft tissue adjacent to the ossicles, 
oval window and/or Prussak’s space in fibrous fusion.  
In fibroosseous fusion or tympanosclerosis, calcification 
is seen in the middle ear cavity or along the suspensory 
ossicular tendons or ligaments, tympanic membrane or 
oval window. The ossicles typically become abnormally 
laterally located within the middle ear cavity.10 

Neoplasm
Glomus Tympanicum
A glomus tympanicum tumor is a paraganglioma origi
nating from the cochlear promontory. Both CT and MR are 

typically used as complementary imaging tools to evaluate 
this tumor. On CT, glomus tympanicum appears as a focal 
soft tissue mass without osseous erosion. Depending on the 
size, these lesions may be present in the hypotympanum  
or fill the entire middle ear cavity. MRI shows enhancement 
of the mass following gadolinium administration (Figs. 
7.13A and B). The typical “saltandpepper” appearance 
characteristic of most paragangliomas is often not seen 
with glomus tympanicum given its small size, though this 
appearance can occasionally be seen with larger lesions; 
the salt and pepper appearance with mixed hyperintense 
and hypointense foci on precontrast T1weighted images 
represent hemorrhagic foci and flow voids, respectively. 
Angiography is not necessary for diag nosis but would 
demonstrate a prominent ascending pharyngeal artery 
and its inferior tympanic branch feeding the mass via the 
inferior tympanic canaliculus.9 

PATHOLOGIES OF THE INNER EAR

Congenital Anomalies
Vestibulocochlear Dysplasia
There is a broad spectrum of vestibulocochlear dysplasia, 
from complete aplasia of the entire labyrinth to under
partitioning of the cochlea. Either CT or MR can be used 
to evaluate such dysplasias. MRI is often preferred to avoid 
radiation exposure, as these dysplasias often manifest 
in the pediatric population; in addition, MRI can simul
taneously assess whether there is hypoplasia/aplasia 

Fig. 7.12: Pars flaccida cholesteatoma. Coronal CT image of the 
right temporal bone shows a soft tissue mass (arrow) in Prussak’s 
space resulting in scutal blunting as well as erosion and medial 
deviation of the ossicles.
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of the cochlear nerve, an important factor for cochlear 
implantation. CT is more sensitive for subtle findings such 
as underpartitioning of the cochlea, and is more useful 
for presurgical planning, in particular to evaluate for a 
possible aberrant course of the facial nerve canal. 
 Also known as the Michel anomaly or deformity, com
plete aplasia of the labyrinth is diagnosed when absence 
of the entire inner ear including the cochlea, vestibule, 
and semicircular canals is seen. In the severe form of 
disease, ossicular abnormalities, hypoplasia or lack of 
the IAC and vestibulocochlear nerve, and absence of the 
petrous apex may be noted. The facial nerve is typically 
well developed but takes an abnormal course; the facial 
nerve canal may be prominent. Highresolution fluid
weighted MR demonstrates absence of normal fluid signal 
in the expected location of the membranous labyrinth.14 
A significant differential consideration is labyrinthitis 
ossificans, diagnosed on CT when dense bone is seen obli
terating the membranous labyrinth. The lateral wall of the 
otic capsule tends to be convex in labyrinthitis ossificans 
and flat in labyrinthine aplasia.
 Along the same spectrum but less severe than Michel 
anomaly, the absent cochlea is associated with variably 
affected vestibule, semicircular canals and/or IAC, which 
may be normal, hypoplastic, or cystic. Thinsection CT 
shows the labyrinthine, anterior genu, and anterior tym
panic portions of the facial nerve occupy the expected 
location of the cochlea. On highresolution fluidweighted 
MR, dark signal of dense bone replaces the normally fluid
filled cochlea. With cochlear underpartitioning dysplasia, 
the cochlea has less than the expected 2½ to 2¾ turns.15 

Mondini deformity refers to an underpartitioning of the 
cochlea with 1½ turns as well as enlargement of the VAs. 

Large VA Syndrome

The VA is normally narrow, measuring <1.5–2 mm in 
diameter or less than the diameter of the posterior semi
circular canal. When abnormally enlarged, it is funnel
shaped and most dilated at its posterior aspect (Fig. 7.14). 
An enlarged VA is the most common imaging finding 
in pediatric patients with sensorineural hearing loss. 
While CT is the most sensitive imaging modality that can 
dem onstrate this significant cause of sensorineural 
hearing loss, MRI may also be utilized.15 

Infectious/Inflammatory Lesions
Labyrinthitis

Many etiologies of labyrinthitis exist, including posttrau
matic and postoperative causes. Infectious labyrinthitis 
may be bacterial or viral. The bacterial form is an unusual 
complication of acute middle ear infection via a breach 
of the round window, or may occur due to a labyrinthine 
fistula resulting from a cholesteatoma or hematogenous 
spread via the cochlear vessels. Perinatal exposure to 
rubella or cytomegalovirus has been shown to affect 
the labyrinth. Herpes zoster, measles and mumps are the 
causative pathogens of labyrinthitis in the adult population. 
The imaging modality of choice is gadoliniumenhanced 
MRI which shows abnormal contrast enhancement of 
the labyrinth. 

Figs. 7.13A and B: Glomus tympanicum. (A) Coronal CT image of the right temporal bone demonstrates a soft tissue mass within 
the middle ear cavity along the cochlear promontory. (B) Postcontrast T1weighted MRI demonstrates avid enhancement of the mass.

A B
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 Herpes zoster oticus, or Ramsay Hunt syndrome, is a 
vesicular eruption on the auricle and EAC secondary to 
reactivation of the virus within the geniculate ganglion of 
the facial nerve with resultant pain and possible hearing 
loss, facial paralysis and vertigo. MRI findings include 
abnormal enhancement of the facial and vestibulocochlear 
nerves, membranous labyrinth, and pontine facial nerve 
nucleus. 

Labyrinthitis Ossificans

Ossification of the membranous labyrinth occurs as a repa
rative response to an infectious, inflammatory, or surgical 
event, most commonly seen after meningitis. CT shows 
osseous deposition within the membranous labyrinth with 
obliteration seen in severe disease. The diagnosis may be 
more challenging in its early stages when fibroosseous 
material gives the labyrinth a subtle hazy appearance on 
CT. Highresolution fluidweighted MR imaging show 
these findings more easily as abnormal lowintensity 
foci within the normally bright labyrinth, making high
resolution fluidsensitive MR the examination of choice 
for diagnosis of early labyrinthitis ossificans. 

SSCC Dehiscence
Patients with SSCC dehiscence present with conductive 
hearing loss and Tulio’s phenomenon, occurring when 
loud sounds result in vestibular symptoms such as vertigo, 

nausea, or nystagmus. The diagnosis is best made thin
section CT images through the temporal bone showing 
dehiscence of the arcuate eminence, or bony covering, of 
the SSCC. This is best demonstrated on Pöschl and Stenvers 
reconstructions oriented parallel and perpendicular, res
pectively, to the SSCC. Highresolution fluidweighted 
MRIs in the coronal, Pöschl, or Stenvers plane may be used 
to suggest thinning or absence of bone in this location, 
although it is significantly more challenging.9 

Otospongiosis
Otospongiosis, also known as otosclerosis, is a lytic dis
order of the endochondral layer of the osseous labyrinth 
causing progressive conductive hearing loss and tinnitus. 
It is often bilateral (in 85% of cases). Otospongiosis can 
be categorized as fenestral or retrofenestral (cochlear), 
with fenestral otospongiosis involving the fissula ante 
fenestrum located just anterior to the oval window. Retro
fenestral otospongiosis involves more extensive areas 
of the otic capsule, including around the cochlea, and 
most commonly occurs in the presence of the fene stral 
otosclerosis. Otospongiosis is best evaluated on CT, which 
reveals lucency replacing the normal dense bone of the otic 
capsule. In fenestral otospongiosis, there are subtle lytic 
foci at the fissula ante fenestrum (Fig. 7.15), whereas more 
extensive lucencies are seen involving the otic capsule 
in retrofenestral otospongiosis. Intravenous contrast is 
not required to diagnose otospongiosis. If per formed,  

Fig. 7.14: Large vestibular aqueduct syndrome. Noncontrast 
axial CT image of the right temporal bone shows enlargement of 
the vestibular aqueduct (solid arrow), greater than the diameter 
of the posterior semicircular canal (dashed arrow), here seen in 
cross section. Note the normal size of the vestibular aqueduct in 
Figure 17.2B. 

Fig. 7.15: Fenestral otospongiosis. Noncontrast axial CT image 
of the temporal bone demonstrates lucency (arrow) of the otic cap
sule in the region of the fissula ante fenestrum.
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gadoliniumenhanced MRI may show multiple enhanc
ing foci in the otic capsule,9 though localization is often 
difficult.

Neoplasm
Endolymphatic Sac Tumor

The papillary cystadenomatous tumor of the endolym
phatic sac occurs in a characteristic retrolabyrinthine 
location of the posterior petrous temporal bone, centered 
at the endolymphatic sac and VA. Both CT and contrast
enhanced MR play complementary roles in the evaluation 
of these tumors. On CT, endolymphatic sac tumors appear 
as an osteolytic soft tissue mass containing central osseous 
spiculations. A thin rim of calcification may be observed 
at the posterior aspect of the lesion. MRI classically shows 
intratumoral T1hyperintense signal foci indicative of 
hemorrhage and T1hypointense flow voids (Figs. 7.16A  
and B). Administration of gadolinium results in hetero
geneous enhancement. CPA cistern, middle ear, and jugu
lar fora men extension may be seen when the tumor is 
large. An association with Van HippelLindau syndrome 
has been described.16

Schwannoma

Schwannoma of the inner ear occurs directly within the 
membranous labyrinth. It is typically not discernible on 

CT, and is best defined on MRI as a filling defect within the 
normally bright fluidfilled labyrinth on highresolution 
fluidweighted imaging and demonstrating enhancement 
on postcontrast images (Figs. 7.17A and B). Schwannomas 
in the IAC and CPA are also best depicted on contrast
enhanced MRI. 

PATHOLOGY OF THE PETROUS APEX

Infection
Apical Petrositis
Apical petrositis is an uncommon complication of infec
tious otomastoiditis that occurs when the infection 
spreads medially into the petrous apex. Initially CT images 
show opacification of the petrous apex cells with purulent 
material in conjunction with findings of otomastoiditis but 
eventually, the cortical and cancellous osseous trabeculae 
undergo destruction and extension into adjacent bone 
marrow occurs, resulting in osteomyelitis. Advanced 
infection can result in erosion of the carotid canal and vaso
spasm or arteritis of the ICA, venous extension resulting 
in dural sinus thrombosis and meningitis, encephalitis, 
cranial neuritis, and intracranial abscess. Gadolinium
enhanced MRI is more sensitive in assessing for early 
apical petrositis since 30–50% bony demineralization is 
necessary before diagnosis may be confidently made on 
CT. MR is also more suited for visualization of intracranial 
complications and evaluation of the soft tissues.17

Figs. 7.16A and B: Endolymphatic sac tumor. (A) Noncontrast axial CT image of the left temporal bone shows an extensive permea
tive lytic lesion of the posterior aspect of the petrous pyramid and otic capsule (arrow) centered in the region of the vestibular aqueduct.  
(B) Noncontrast T1weighted MRI shows intrinsic T1 hyperintense signal (arrow) within the lesion indicative of hemorrhage.

A B
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Inflammatory Lesions
Cholesterol Granuloma
A cholesterol granuloma represents granulation tissue 
occurring as a result of recurrent hemorrhage. The most 
common lesion originating in the petrous apex, chole
sterol granulomas may be large at diagnosis, causing 
smooth osseous remodeling and expansion without frank 
destruction. The imaging modality of choice is MRI, which 
shows the lesion to be T1 and T2hyperintense without 
enhancement (Fig. 7.18).18 The T1 hyperintensity is due to 
the paramagnetic properties of methemoglobin, a hemo
globin breakdown product. Hemosiderin deposition 
may render the periphery of the lesion hypointense on 
both sequences.9 The MR appearance is often diagnostic 
for cholesterol granuloma, though occasionally a CTA or 
MRA may need to be performed to exclude aneurysm if 
the lesion cannot be separated from the petrous ICA on 
conventional MRI. 

Petrous Apex Cephalocele
Petrous apex cephaloceles occur due to abnormal herni
ation of arachnoid or dura matter into the petrous apex; 
bilateral lesions may be associated with an empty sella, 
Usher syndrome, and neurofibromatosis type 1. CT 
demonstrates a smoothly remodeled lytic lesion within 
the petrous apex, and when large enough can demons
trate central fluid attenuation and communication with 

Meckel’s cave.18 Fluidweighted MRI best demonstrates 
the central fluid signal and communication with Meckel’s 
cave, even with smaller lesions.19

Neoplasms
Chondrosarcomas most commonly arise off midline from  
the petroclival syndrondroses and are indistinguishable 
from chondromas, their benign counterpart, on imaging. 
These tumors are best evaluated with both CT and MRI. On 
CT, these tumors may show lytic destruction centered at 
the petroclival fissure, and may show the classic chondroid 
matrix with central “rings and arcs” calcifications. MRI 
shows a characteristic T2hyperintense lesion reflecting 
the highfluid content of cartilage, with central signal 
voids in the presence of calcifications. Enhancement is 
variable, sometimes in a “honeycomb” pattern typical of 
the lesion.20 
 The petrous apex is also the most common site of 
metastases in the temporal bone, most commonly from 
breast carcinoma; plasmacytoma, lymphoma, and naso
pharyngeal carcinoma may also involve the petrous apex.18

PATHOLOGIES OF THE FACIAL NERVE
CT best depicts the normal caliber and course of the 
facial nerve canal within the temporal bone. However, 
abnormal enhancement of the nerve typically cannot be 
appreciated on CT due to its small size and the high density 

Figs. 7.17A and B: Intralabyrinthine schwannoma. (A) Axial contrastenhanced T1weighted MRI of the left temporal bone shows a 
small enhancing nodule within the anterior vestibule (arrow). (B) The lesion is seen as a filling defect within the normally bright vestibule 
on the CISS image (arrow).

A B
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of the adjacent bony structures. MRI best depicts the 
cisternal and intracanalicular portions of the facial nerve, 
particularly on highresolution fluidweighted images. 
Abnormal enhancement of the facial nerve, including 
where it courses through the temporal bone, is also best 
evaluated on MRI. 
 Normal enhancement of the facial nerve on T1
weighted postcontrast MRIs is symmetric and smooth, 
and normally seen along the geniculate, tympanic, and 
mastoid segments of the facial nerve where there is a 
normal surrounding venous plexus. For these normally 
enhancing segments of the facial nerve, asymmetry with 
increased caliber or intensity of enhancement is considered  
abnormal. Any enhancement along the cisternal, intra
canalicular, labyrinthine, and extracranial segments is 
considered abnormal.

Infection 
Bell’s Palsy
Bell’s palsy signifies facial paralysis occurring due to viral 
infection. MRI with contrast is the imaging modality of 
choice and should be reserved for atypical clinical presen
tations. Postcontrast images reveal asymmetric linear, 
uniform, and contiguous enhancement of the facial nerve, 
most commonly involving its fundal and labyrinthine seg
ments (Fig. 7.19). Mild enlargement of the nerve may be 
observed.21 Abnormal enhancement may persist beyond 
clinical improvement or even complete recovery.9 

Lyme Disease
Neurologic manifestations of borreliosis occur with stage 2  
(1–4 months after infection) and stage 3 (up to several 
years later) of the infection. Although nonspecific white 
matter lesions constitute the vast majority of MRI find
ings, abnormal cranial nerve enhancement may be 
seen, frequently involving the seventh and eighth cranial 
nerves.22 

Hemangioma
Facial nerve hemangiomas present early with facial nerve 
paralysis and occur most commonly in the region of the 
geniculate fossa, arising from capillaries around the 
facial nerve. Several types have been described—capil
lary, cavernous, and ossifying hemangiomas, with the 
ossifying type producing spicules of lamellar bone. On CT,  
an ossifying hemangioma appears as a small, irregular soft  
tissue lesion with a “honeycomb” matrix.23 MR demons
trates an avidly enhancing mass that cannot be distin
guished from a facial nerve schwannoma. 

Neoplasm
Schwannoma
Schwannomas of the facial nerve are tubular soft tissue 
masses that smoothly enlarge the facial nerve canal and 
homogeneously enhance on MRI following gadolinium 

Fig. 7.18: Cholesterol granuloma. Coronal precontrast T1weigh
ted MRI shows a lobulated T1hyperintense lesion within the pet
rous apex (arrow).

Fig. 7.19: Bell’s palsy. Axial fatsaturated, contrastenhanced 
T1weighted MR image shows abnormal, linear asymmetrical 
enhancement of the left labyrinthine (solid arrow), anterior genu 
and proximal tympanic (dashed arrow) segments of the facial 
nerve, compatible with Bell’s palsy.
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administration.24 Differentiation of a facial nerve schwan
noma in the IAC from an acoustic schwannoma may be 
difficult unless extension into the labyrinthine segment is 
present.

Perineural Tumor Spread

In the setting of parotid or periauricular skin malignancy, 
retrograde perineural spread of the tumor may occur, best 
evaluated with contrastenhanced MRI. Fatsaturated 
postcontrast MRIs through the temporal bone demons
trate abnormal asymmetric enhancement of the facial 
nerve, which can be nodular or smooth; nodular enhance
ment favors perineural tumor spread over infectious/
inflammatory etiologies.9 Skip lesions may be present. CT 
may also demonstrate perineural tumor spread, though 
with decreased sensitivity compared with MR. On CT, 
perineural tumor spread may manifest as a soft tissue mass 
widening the stylomastoid foramen and facial nerve canal  
on the affected side with obliteration of the surrounding 
fat and possible mastoid invasion. 

TRAUMA
CT is the imaging modality of choice in the evaluation of 
temporal bone trauma, given its easy accessibility, rapid 
acquisition, and superior bony detail. 

Fractures
Although most fractures through the temporal bone do not 
conform to a strict pattern due to obliquity or complexity, 
classically they are described as longitudinal or transverse, 
depending on their orientation to the axis of the petrous 
temporal bone. Longitudinal fractures comprise the vast 
majority of fractures (85%) and result from blunt impact 
to the temporoparietal region. Longitudinal fractures 
are typically extralabyrinthine and result in conductive 
hearing loss due to tympanic membrane perforation, 
hemotympanum, or ossicular interruption. In the anterior 
subtype, the glenoid fossa is involved; it is spared in the 
posterior subtype. Transverse fractures result from frontal 
or occipital trauma and may be divided into the medial 
subtype where the fracture plane proceeds through 
the fundus of the IAC commonly resulting in complete 
senso rineural hearing loss, and the lateral subtype with 
extension through the labyrinth (Fig. 7.20), leading to a 
perilymphatic fistula. Thinsection CT readily shows the 
orientation of the fracture plane, opacification of mastoid 
air cells, and involvement of the ossicles and inner ear 
structures including presence of pneumolabyrinth.25

Ossicular Dislocation
Presence of ossicular chain discontinuity on CT images of 
the temporal bone, especially in the setting of a longitudinal 
fracture, should lead one to suspect ossicular dislocation. 
Incudostapedial disruption, best seen on axial images, 
shows abnormal widening at the incudostapedial joint. 
Disruption of the malleoincudal joint is present when 
the head of the malleus is abnormally separated from 
the short process of incus on axial images; Yshaped 
configuration of the laterally dislocated incus may be seen 
on coronal images. The stapes may become dislocated into 
the vestibule, leading to perilymph extravasation into the 
middle ear and perilymphatic fistula.26
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CHAPTER

INTRODUCTION

Anatomy
Morphology

The pinnae of the external ear are cartilaginous frames 
that aid in focusing and localizing sound. Each pinna is 
anchored to the cranium by skin, cartilage, the auricular 
muscles, and extrinsic ligaments. The anatomy of the 
pinna is illustrated in Figure 8.1.
 The external auditory canal (EAC) is typically 24 mm 
in length with a volume of 1–2 mL. The lateral third of 
the canal is made of fibrocartilage, whereas the medial  
two-thirds are osseous. During early childhood, the canal 
is straight, but takes on an “S” shape by the age of 9. The 
EAC has an important relationship with the mastoid 
segment of the facial nerve, which lies posterior to the 
EAC as it descends toward the stylomastoid foramen. 
The temporomandibular joint is anterior to the EAC, and 
disease processes affecting this joint may lead to otalgia.1

Skin

The EAC is lined by stratified squamous epithelium that 
is continuous with the skin of the pinna and the epithelial 
covering of the tympanic membrane. The subcutaneous 
layer of the cartilaginous portion of the canal contains hair 
follicles, sebaceous glands, and ceruminous glands, and is 
up to 1 mm thick. The skin of the osseous canal does not 
have subcutaneous elements and is only 0.2 mm thick  
(Fig. 8.2). The epithelium of the EAC migrates laterally, 
allowing the canal to remain unobstructed by debris. 

The rate of epithelial migration is 0.07 mm per day and is 
thought to occur at the basal cell layer.
 The ceruminous glands are modified apocrine sweat 
glands surrounded by myoepithelial cells; they are organi -
zed into apopilosebaceous units (Fig. 8.3). Cerumen pre-
vents canal maceration, has antibacterial properties, and 
has a normally acidic pH, all of which contribute to an 
antibacterial effect of cerumen.

Innervation

The pinna is innervated laterally, inferiorly, and poste-
riorly by the great auricular nerve (cervical plexus). 
Arnold’s nerve (a branch of the vagus nerve) innervates 
the inferior bony canal, the posterosuperior cartilaginous 

Fig. 8.1: Anatomy of the pinna.
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canal, and corresponding segments of the tympanic 
membrane and the cymba concha. The posterosuperior 
bony EAC is innervated by branches of the facial nerve. 
The auriculotemporal branch of V3 supplies the anterior 
portion of the pinna. The glossopharyngeal nerve contri-
bution to the external ear is not well delineated.

Lymphatic Drainage

The anterior and superior wall of the EAC and tragus 
are drained by the preauricular lymph nodes. The infra-
auricular lymph nodes drain the helix and the inferior wall  
of the EAC, whereas the concha and antihelix are drained  
by the mastoid nodes.

Vascular Supply

The posterior auricular artery and the superficial temporal 
artery arise from the external carotid artery and supply the 
auricle and lateral EAC. The deep auricular branch of 
the maxillary artery supplies the more medial aspects of the 
canal and the external surface of the tympanic membrane. 
The posterior auricular and superficial temporal veins 
drain the external ear.

Physiology
The external ear aids in the efficient transmission of sound  
to the tympanic membrane by serving as a functional  

resonator and, in particular, boosts transmission in the 
speech frequencies.
 The hairs in the lateral canal, as well as the depth and 
tortuosity of the EAC, protect the tympanic membrane 
and structures of the middle ear.

Embryology
The mammalian ear is divided into external, middle, and 
inner ear components, which differ in their embryologic 
origin (Fig. 8.4). The external ear consists of the pinna, the 
EAC, and the tympanic membrane, and is embryologically 
derived from the first and second branchial arches, and 
includes both ectodermal and mesodermal components. 
The mesenchymal tissue of the arches is composed of 
paraxial mesoderm and neural crest cells. The pinna is 
formed by the gradual change in shape and fusion of 
components of the six auricular hillocks, which are derived 
from the first and second branchial arches (Figs. 8.5A to C). 
Formation of the external auditory meatus results from an 
ingrowth of a solid epithelial plate of ectodermal cells, the 
meatal plug, which eventually resorbs with only the lining 
of the canal remaining. The canal is lined by epithelial cells 
of ectodermal origin. The tympanic membrane begins 
to develop during the 28th week of gestation and arises 
from the most medial aspect of the meatal plug, which 
eventually becomes the external layer of the tympanic 
membrane.

Fig. 8.2: Coronal section of the ear canal. The skin of the cartilagi-
nous and osseous canals is magnified.

Fig. 8.3: Skin of the cartilaginous portion of the external auditory 
canal depicting apopilosebaceous units.
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CONGENITAL ANOMALIES OF THE  
EXTERNAL EAR

Introduction
Congenital anomalies of the external ear include a spectrum 
of malformations of the pinna as well as varying degrees 
of atresia and stenosis of the EAC. The causes of these 
disorders may be genetic or secondary to environmental 
exposures. These disorders include variants of microtia, 
lop ear, cup ear, Stahl’s ear, cryptotia, and prominent ear. 

Patient evaluation requires a thorough head and neck 
examination to exclude additional congenital anomalies. 
The list of associated syndromes is extensive and includes 
Goldenhar (hemifacial microsomia), branchio-otorenal, 
Treacher Collins, and Robinow syndromes.

Pathogenesis
Multiple genes may have redundant roles in outer ear 
formation, which can account for phenotypically similar 
malformations. The sequence of such dysregulation is 
only beginning to be understood with the help of murine 
knock-out and knock-in models. The auricular hillocks 
that give rise to the pinna arise during the 6th week of 
embryogenesis, whereas the inner two thirds of the EAC are 
not formed until the 26th week. Untoward events through-
out this period could give rise to structural anomalies of 
the external ear.

Microtia
Clinical Findings

Patients typically present at birth with obvious auricular 
malformations. Several classification systems are used 
to further subcategorize this entity, which are detailed 
below.2,3

Grade I: The ear exhibits mild deformity, typically with 
a slightly dysmorphic helix and antihelix. This group 
inc ludes low-set ears, lop ears, cupped ears, and mildly 
constricted ears. All major structures of the external ear Fig. 8.4: Development of the ear at 29 days’ gestation.

Figs. 8.5A to C: Differentiation of the six auricular hillocks.

A B C
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are present to some degree. The lop ear is characterized by 
inferiorly angled positioning of the auricular cartilage and 
poor development of the antihelical fold, whereas the cup 
ear protrudes with a deep conchal bowl.

Grade II: All pinna structures are present, but tissue 
deficiency and significant deformity exist.

Grade III: Also known as classic microtia or peanut ear, 
type III microtia has few or no recognizable landmarks of 
the auricle. The ear lobule is usually present and anteriorly 
positioned. This subgroup includes anotia, which is com-
plete absence of the external ear.

Treatment

Classically, microtia has been treated by a multistage auri-
cular reconstruction.4 Patients undergo observation until 
the age of 5 to allow for growth of rib cartilage, which 
is harvested for reconstruction, and the development of 
the contralateral ear. This approach offers the benefit of 
reconstruction with autogenous material, which ulti-
mately requires little or no maintenance. However, it is 
difficult to achieve a perfect cosmetic result. Typically, 
reconstruction occurs in following four stages.

Stage I: cartilage implantation: Rib graft is typically har-
vested from the chondrosis of ribs 6, 7, and 8. The goals of 
this stage include symmetry in the position of the recons-
tructed cartilaginous ear framework with the normal ear. 
Postoperatively, the patient must be assessed for pneu-
mothorax, which may arise with rib harvest.

Stage II: lobule transfer: This procedure should be per-
formed 2–3 months after Stage I reconstruction and aligns 
the lobule with the reconstructed cartilage framework.

Stage III: postauricular skin grafting: A postauricular 
sulcus is created to allow the ear to project away from 
the mastoid. This step should be performed 3 months 
after stage II reconstruction. Skin for the creation of the 
sulcus may be harvested from the groin, lower abdomen, 
buttocks, contralateral postauricular sulcus, or back.

Stage IV: tragal reconstruction and soft tissue debulking:  
This should be performed several months after Stage III 
reconstruction.

Other treatment options: Another option for reconstruction 
includes the placement of a prosthesis. This can be either 
glued on or anchored to bone. If the patient selects a bone-
anchored prosthesis rather than auricular reconstruction, 

he or she must be aware that daily maintenance is required 
and that the anchor may compromise the vascularity of the 
surgical site, complicating future reconstructive surgery 
if the patient becomes dissatisfied with the prosthesis. A 
prosthesis does offer the advantage of a minor surgical 
procedure and allows for auricular replacement at an 
earlier age than surgical reconstruction. Complications 
of all types of auricular reconstructions include infection, 
hematoma formation, skin-flap necrosis, scar contracture, 
and poor contouring.

Protruding Ears

Clinical Findings

An increase in distance from the helical rim to the mastoid 
is thought to be due to a lack of the antihelical fold and 
prominence of the conchal bowl. Ideal distance has been 
described as 15–20 mm with an ideal angle of 30°. Greater 
than 45° angulation is considered abnormal.5 This entity is 
most frequently bilateral.

Treatment

Otoplasty is the mainstay of treatment for protruding ears. 
Often used techniques include recreating the antihelical 
fold utilizing 3–4 horizontal mattress sutures through the 
cartilage and anterior perichondrium (Mustarde tech-
nique).6 Stiff cartilage may require additional contouring.7 
Conchal excess may be treated by removal of soft tissue 
and skin from the postauricular sulcus followed by concha 
to mastoid sutures at the fossa triangularis, cavum concha, 
and cymba concha.

Complications

Excessive overcorrection of the middle third of the ear  
should be avoided to prevent development of the “tele-
phone ear” deformity.8 Hematoma is the most common 
complication following otoplasty occurring in approxi-
mately 3% of cases. Lack of patient satisfaction, although 
not a true complication, is not an uncommon occur rence 
as loss of correction up to 40% has been reported.

Atresia and Stenosis of the EAC

Clinical Findings

Congenital anomalies of the EAC range from mild stenosis 
to complete atresia. These are often seen in association 
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with malformations of the pinna and the structures of the 
middle ear. A canal cholesteatoma can develop in the face 
of severe EAC stenosis, and may also occur with epithelial 
rests left behind the atresia plate. 

Evaluation
Audiologic evaluation via behavioral or electrophysiologic 
measures should be performed to confirm normal hearing  
in the contralateral ear in unilateral disease, and to assess 
for ipsilateral sensorineural hearing loss. The typical pat-
tern of hearing loss in affected ears is a conductive hearing 
loss of 50–70 dB. Axial and coronal computed tomography 
(CT) scans are essential in the evaluation of patients 
with canal atresia or stenosis. CT scanning assesses for 
ossicular, facial nerve, and otic capsule abnormalities as 
well as for the degree of temporal bone pneumatization 
(Fig. 8.6).9 In addition, CT scanning can be used to identify 
a cholesteatoma that would necessitate earlier surgical 
intervention.

Treatment

In congenital bilateral atresia, it is necessary to apply a 
bone-conduction hearing aid as early as possible, ideally 
as soon as the third or fourth week of life. This is not 
necessary in unilateral cases as long as the contralateral 
ear exhibits normal auditory function, although benefits 
of binaural acoustic stimulation are lost. Ultimately, 
meatoplasty can be used to treat mild stenosis of the EAC, 
and atresiaplasty is used to restore hearing in fully atretic 

cases.9 Atresiaplasty is technically difficult, and long-
term reductions in the air–bone gap to 30 dB or less are 
experienced in about 50% of primary cases.10,11 Clinical 
outcomes are improved by careful patient selection using 
the Jahrsdoerfer criteria.12 

First Branchial Cleft Anomalies
Pathogenesis

First branchial cleft anomalies occur as a result of ano-
malous fusion of the first and second branchial arches, 
with incomplete obliteration of the first branchial cleft.

Clinical Findings

Patients may present with a cyst or tract along the anterior 
border of the sternocleidomastoid muscle near the angle 
of the mandible. A membranous band between the medial 
aspect of the floor of the ear canal and the tympanic mem-
brane at the manubrium of the malleus is also highly 
associated with first branchial cleft anomalies. The patient 
may have a history of recurrent infection and drainage 
from the ear or neck. 
 The Work classification system has been used to 
describe first branchial cleft cysts.13 A Work type 1 ano-
maly duplicates the membranous EAC only. It is lined 
with squamous epithelium and opens to the external 
skin. It is located superficial to the facial nerve. A Work 
type 2 anomaly duplicates both the membranous and 
cartilaginous EAC. It has a variable relationship with the 

Fig. 8.6: High-resolution coronal CT scans demonstrating an excellent candidate for atresiaplasty in the left panel and a poor candidate 
in the right panel. Note abnormal position of facial nerve on promontory of cochlea (arrow) in poor candidate and limited aeration of 
mastoid and middle ear.
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facial nerve. In addition, it has become evident through 
the analysis of certain cases that some first branchial cleft 
anomalies do not neatly fit the Work classification system 
due to the presence of elements of both Work type 1 and 
Work type 2 characteristics within a single case.14

Treatment
The treatment for first branchial cleft anomalies is complete 
excision. Incomplete excision predisposes the patient to 
recurrence and reinfection. The tract may be intimately 
involved with the facial nerve, which is at risk during 
excision. This necessitates early identification of the facial 
nerve as it exits the stylomastoid foramen and tracing 
distally through the lesion. A superficial parotidectomy 
type approach may be required for complete excision.15

EXTERNAL EAR TRAUMA

Introduction
The external ear is subject to a wide variety of injuries. 
All trauma patients require appropriate stabilization and 
triage of associated injuries based on their severity. Adhe-
rence to basic surgical principles and wound care prevents 
complications and improves the likelihood of a successful 
outcome.

Auricular Hematoma
Pathogenesis

Auricular hematoma refers to the accumulation of blood 
in the subperichondrial space, usually secondary to blunt 
trauma. Cartilage lacks its own blood supply and instead 
relies on the vascularity of the perichondrium via diffusion. 
Shearing forces secondary to blunt trauma to the pinna 
lead to an accumulation of blood in the subperichondrial 
space. This creates a barrier for diffusion between the 
cartilage and the perichondrial vascularity, leading to 
necrosis of the cartilage and predisposing it to infection 
and further injury.16

Clinical Findings

A patient with an auricular hematoma usually presents 
with an edematous, fluctuant, and ecchymotic pinna, 
with loss of the normal cartilaginous landmarks. Failure 
to evacuate the hematoma may lead to infection and/or 
cartilage necrosis and permanent disfigurement known as 
“cauliflower ear.”

Treatment
The evacuation of hematomas can be performed using 
a skin incision parallel with the natural auricular skin 
folds. The irrigation of evacuated hematomas with topical 
antibiotics reduces the likelihood of infection. Splinting 
after drainage prevents the reaccumulation of hematomas, 
and options include cotton bolsters, plaster molds, silicon 
putty, and water-resistant thermoplastic splints. Through-
and-through whip-type absorbable mattress sutures with-
out a bolster have also been described.17 

Auricular Lacerations
Sharp or severe blunt trauma may lead to laceration 
or avulsion of the auricle. The expeditious repair and 
prevention of infection are essential. Auricular lacerations 
should be cleansed and débrided prior to repair. Simple 
lacerations can be closed primarily, whereas extensive 
injuries with tissue loss may require undermining, flap 
reconstruction, or tissue grafts. In the case of a near-total 
ear avulsion still attached at the helical root, the ear can 
be successfully reattached as the supply of the upper 
auricular-helical artery seems to be sufficient for the entire 
ear. Leech therapy may be required to support venous 
outflow until neovascularization occurs. Repairs should 
be covered with pressure dressings to prevent edema and 
hematoma formation, and cartilage-penetrating antibio-
tics such as quinolones should be prescribed. Excellent 
cosmetic results can be achieved, even with extensive 
lacerations.18

Auricular Frostbite
Pathogenesis

Freezing temperatures lead to both direct cellular injury as 
well as vascular compromise. Prolonged exposure to cold 
temperatures can lead to vasoconstriction, cold-mediated 
dehydration, endothelial injury, thrombosis, and ischemia 
of auricular tissue. In the early stage, this process may be 
reversible, but over time, it leads to tissue necrosis.

Clinical Findings

Temperatures below 10°C may lead to hypesthesia, and 
the person is frequently unaware of impending frostbite. 
The ear is initially pale and then cyanotic. Ultimately, as 
the ear thaws, pain, erythema, and subcutaneous bullae 
secondary to extravasated extracellular fluid or blood may 
develop.
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Treatment

The initial treatment for auricular frostbite consists of rapid 
rewarming of the ear to 40–42°C. Nonhemorrhagic blisters 
may be débrided, and patients should be given pain 
medicine and antibiotics. Aloe vera has antithrom bo-
xane properties and, together with ibuprofen, may aid in 
re-esta blishing circulation. More aggressive débridement 
should be delayed for several weeks until demarcation is 
complete.19

Auricular Burns

General Considerations

Thermal injury can be classified by the degree of the 
burn. Superficial burns involve the superficial layer of 
the epidermis. Partial-thickness burns extend into, but 
not through, the dermis. Full-thickness burns extend 
through the full thickness of the dermis. Subdermal burns 
extend into the subcutaneous tissue, including fat, muscle, 
tendon, cartilage, and bone.

Clinical Findings

Superficial auricular burns present with erythema secon-
dary to dermal capillary dilation and vessel congestion. 
These burns are red and moderately painful. Patients 
with partial-thickness burns usually present with blisters 
that blanch on direct pressure and are very painful. Deep 
partial-thickness burns are associated with less pain, and 
there may be an eschar. Full-thickness and subdermal 
burns are painless because dermal nerve endings have 
been destroyed. The wound surface is of varying color, but 
may be gray or black and charred.

Treatment

Superficial burns do not scar and may be treated with 
moisturizing creams. The blisters of partial-thickness burns 
should be débrided, and antibiotic ointment applied. 
When not deep, these burns heal without scar ring as 
well. Full-thickness, subdermal, and deep partial-thickness 
burns of the auricle heal with scarring and contracture 
and may be complicated by suppurative chon dritis. These 
burns should be treated with both topical (usually silver 
based) and systemic cartilage penetrating antibiotics. 
Early débridement and closure with skin grafts should 
be considered. Secondary reconstruction is usually per-
formed at approximately 1 year after injury.20

INFECTIOUS DISEASES OF  
THE EXTERNAL EAR

Otitis Externa

General Considerations

Otitis externa is an inflammatory and infectious process 
of the EAC. Pseudomonas aeruginosa and Staphylococ cus 
aureus are the most commonly isolated organisms. Other 
commonly isolated organisms include Proteus species, 
Staphylococcus epidermidis, diphtheroids, and Escherichia 
coli.21 Fungal otitis externa is discussed in the next section. 
Otitis externa is the most common otolaryngologic pro-
blem experienced by underwater divers.22

Pathogenesis

In the preinflammatory stage, the ear is exposed to pre-
disposing factors, including heat, humidity, macera tion, 
the absence of cerumen, and an alkaline PH. Loss of 
acidity has been shown to be proportionate to degree 
of infection. This can cause edema of the stratum corneum 
and occlusion of the apopilosebaceous units. In the 
inflam matory stage, bacterial overgrowth ensues, with 
progressive edema and intensified pain. Incomplete reso-
lution or persistent inflammation for > 3 months refers to 
the chronic inflammatory stage.

Clinical Findings

Symptoms of otitis externa may vary, depending on 
the stage and extent of disease. The clinical diagnosis 
is suggested by the presence of otalgia, otorrhea, aural 
fullness, pruritus, tenderness to palpation, and varying 
degrees of occlusion of the EAC. The patient may also 
present with hearing loss that results from occlusion 
of the EAC by edema and debris. Signs of otitis externa 
include pain on distraction of the pinna, EAC erythema, 
edema, otorrhea, crusting, and, in more advanced disease, 
lymphadenopathy of the periauricular and anterior 
cervical lymph nodes. Skin changes of cellulitis may be 
present as well. In the chronic stage, the skin of the EAC 
may be thickened.23 A culture may be helpful for infections 
that are refractory to treatment.

Treatment

Treatment for otitis externa involves meticulous atrau-
matic debridement of the EAC with the aid of a micro scope.  
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Analgesia can be achieved with nonsteroidal anti-inflam-
matory drugs (NSAIDs), opioids, or topical steroid pre-
parations. After cleansing is complete, steroid, antibiotic, 
or acidifying otic preparations should be used. A recent 
Cochrane review did not reveal any meaningful differences 
regarding clinical cure rates among these otic preparations 
except that acetic acid may not be as effective as antibiotic, 
steroid, or antibiotic plus steroid drops at 2–3 weeks.24 If 
the degree of stenosis of the canal is severe, a wick must 
be placed in an effort to stent open the EAC and permit 
delivery of drops to the medial portion of the canal.
 Available antiseptic preparations include acetic and 
boric acids, ichthammol, phenol, aluminum acetate, gen-
tian violet, thymol, thimerosal (e.g. Merthiolate), cresylate, 
and alcohol. Available antibiotic preparations include 
ofloxacin, ciprofloxacin, colistin, polymyxin B, neomycin, 
chloramphenicol, gentamicin, and tobramycin. Polymyxin 
B and neomycin preparations are often used in combination 
for the treatment of S. aureus and P. aeruginosa infections. 
Ofloxacin and ciprofloxacin are single-agent antibiotics 
with an excellent spectrum of coverage for pathogens 
encountered in otitis externa. Preparations with steroids 
help to reduce edema and otalgia. Systemic antibiotics are 
indicated for infections that spread beyond the EAC. For 
chronic otitis externa, a canalplasty may be indicated for 
thickened skin that has caused canal obstruction. Patients 
must be instructed to avoid EAC manipulation and water 
exposure if they have a history of recurrent otitis externa.

Otomycosis

General Considerations

Otomycosis is an inflammatory process of the external ear 
canal due to infection with fungi and is responsible for 
> 9% of the diagnoses of otitis externa.25 In 80% of cases, the 
etiologic agent is Aspergillus, whereas Candida is the next 
most frequently isolated fungus. Other more rare fungal 
pathogens include Phycomycetes, Rhizopus, Actinomyces, 
and Penicillium.

Pathogenesis

Otomycosis has similar predisposing factors to bacterial 
otitis externa. Patients with diabetes mellitus or an 
immu nocompromised state are particularly susceptible 
to oto mycosis. Patients with a mastoid bowl after a canal 
wall down procedure are predisposed to development of 
oto mycosis as well. 

Clinical Findings

Patients with otomycosis most frequently present with pru-
ritus, aural fullness, and otorrhea, and may also complain 
of otalgia and hearing loss. The hearing loss associated 
with otomycosis usually results from the accumulation of 
mycotic debris.
 Otoscopy often reveals mycelia, establishing the diag-
nosis. The EAC may be erythematous and fungal debris 
may appear white, gray, or black. Patients have typi-
cally been tried on topical antibacterial agents with no 
significant response. The diagnosis can be confirmed by 
identifying fungal elements on a KOH preparation or by a 
positive fungal culture.

Treatment

The treatment of otomycosis includes cleansing and debri-
ding the EAC, acidifying the canal, and administering 
antifungal agents. Nonspecific antifungal agents include 
thimerosal (e.g. Merthiolate) and gentian violet. Com-
monly used specific antifungals include clotrimazole, 
Nystatin (otic drops or powder), and ketoconazole. Topical 
ketoconazole, cresylate otic drops, and aluminum acetate 
otic drops were all relatively effective with > 80% resolution 
rate on initial application.25 CSF powder (chloramphenicol, 
sulfamethoximazole, and fungizone) is also an excellent 
option.

Necrotizing Otitis Externa

General Considerations

Skull base osteomyelitis, also known as malignant otitis 
externa or necrotizing otitis externa (NOE), is a bac-
terial infection of the EAC and skull base. This disease 
process is most frequently seen in elderly diabetics and 
immunocompromised patients. It most commonly begins  
as an external otitis that progresses to involve the temporal 
bone, and may progress to fatal meningitis, sepsis, and 
death if unrecognized or untreated.

Pathogenesis

Skull base osteomyelitis commonly begins as an exter-
nal otitis that progresses to cellulitis, chondritis, osteitis, 
and, ultimately, osteomyelitis. Unlike otitis media, which 
spreads through the pneumatized portion of the temporal 
bone, NOE disseminates through the haversian canals and 
vascularized spaces of the skull base. As this progresses 
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along the base of the skull, the facial nerve (stylomastoid 
foramen); hypoglossal nerve (hypoglossal canal); the 
abducens and trigeminal nerves (petrous apex); and the 
glossopharyngeal, vagus, and spinal accessory nerves 
(jugular foramen) may be involved. Cranial neuropathy has 
classically been considered to portend a poor prognosis, 
although recent data have not supported a difference in 
mortality. 
 The most frequently isolated causative organism is  
P. aeruginosa, which may exhibit high levels of antibiotic 
resistance. Aspergillus may also be an etiologic organism 
and is thought to originate from the middle ear or mastoid. 
Elderly diabetics are thought to be particularly susceptible 
because of the microangiopathic changes that blunt an 
already attenuated immune response. The cerumen of dia-
betic patients has also been described to be more acidic in 
nature, further contributing to their susceptibility.

Clinical Findings

Symptoms and signs: Patients may present with intense 
otalgia, otorrhea, aural fullness, pruritus, and hearing loss. 
As the disease advances to involve the temporal bone, 
granulation tissue is seen on the floor of the EAC at the 
osteocartilaginous junction. Bony sequestra can also be 
found in the EAC. Edema, periaural lymphadenopathy, 
and trismus may be present. Cranial neuropathies occur 
in more advanced presentations of disease, and the facial 
nerve is the most frequently affected cranial nerve. Further 
progression may lead to sigmoid sinus thrombosis, men-
ingitis, sepsis, and death.

Diagnostic tests: Inflammatory markers such as ESR and 
CRP may be elevated. Cultures and sensitivity should be 
obtained to aid in selecting appropriate antibiotics.
 CT and MRI are useful in the initial evaluation to 
determine the extent of disease (Fig. 8.7). Retrocondylar 
fat infiltration is the earliest indication of spread of disease 
beyond the ear canal and is best identified on MRI.26 A 
technetium scan is the most sensitive test for diagnosing 
bony involvement but is not specific. Asymmetric uptake 
may be seen in severe cases of otitis externa. Gallium scans 
are used to track the resolution of the infection, since bone 
scans often remain positive long after the infection has 
resolved (Fig. 8.8).

Differential Diagnosis

Carcinomas of the EAC, chronic granulomatous disease, 
Paget disease, fibrous dysplasia, and nasopharyngeal carci-
nomas must be considered in the differential diagnosis. 
As carcinoma of the EAC mimics many features of NOE, a 
biopsy is requisite to rule out carcinoma.

Treatment

Long-term parenteral antibiotics are the treatment of 
choice. Aminoglycosides (e.g. tobramycin) and antipseu-
domonal β-lactam antibiotics, including piperacillin, 
ticarcillin, or ceftazidime, may be used. Some physicians 
recommend the use of outpatient fluoroquinolones such 
as ciprofloxacin or ofloxacin; however, this is appro-
priate only for patients with early presentations who can 
be followed up closely. Control of hyperglycemia and 

Fig. 8.7: Axial high-resolution CT scan demonstrating skull base 
osteomyelitis with evidence of petroclival bone erosion.

Fig. 8.8: Sagittal image of a bone scan in a patient with skull base 
osteomyelitis revealing focal enhancement of the skull base.
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immunosuppression is necessary to maximize treatment.  
Surgical debridement may be necessary to remove 
necrotic tissue. Circumferential petrosectomy has been 
described as a method for surgical debridement with 
hearing and facial nerve function preservation. The use  
of hyperbaric oxygen has been described in cases refrac-
tory to antibiotics, with variable results. In an effort to 
prevent skull base osteomyelitis, all diabetic and immuno-
compromised patients must be followed up closely 
and treated aggressively if they present with symptoms 
suggestive of external otitis.27

DERMATOLOGIC DISEASES OF THE 
EXTERNAL EAR

Atopic Dermatitis
General Considerations
Atopic dermatitis is a chronic skin disease of immune-
mediated origin. It may remit spontaneously or endure as 
a chronic condition. Lesions presenting on the ear may be 
pruritic and erythematous. Patients often have a personal 
or family history of atopy and allergy.
 Atopic dermatitis often manifests in infancy on exten-
sor surfaces and the face. Children may present with skin 
lesions on flexural areas and on the hands.

Pathogenesis
Though not completely understood, the clinical presen-
tation of atopic dermatitis is thought to be secondary to 
immune dysfunction. Atopic skin lesions have been shown 
to have higher levels of Th2 T-lymphocytes, which produce 
inflammatory mediators such as interleukin 4, 5, and 10.

Clinical Findings
The diagnosis of atopic dermatitis is a clinical one. There 
is variability in skin lesions ranging from erythematous 
patches to weeping plaques. Lesions presenting on the 
ear are often pruritic and erythematous. Lesions typically 
persist for > 1 month. Secondary infections with S. aureus, 
herpes simplex virus, vaccinia, and malassezia may occur.28

 Atopic dermatitis is characterized by the absence of 
specific laboratory and histologic markers. Elevated IgE 
and eosinophilia may be present yet are not specific for the 
diagnosis.

Differential Diagnosis
The differential diagnosis includes seborrheic dermatitis 
and psoriatic dermatitis.

Treatment
Topical corticosteroids are the mainstay of treatment. Anti-
histamines and lubricants may be used for the treatment 
of accompanying pruritus. Moisturizers and mild soaps 
are preferred to minimize exposure to potential allergens 
found in many cosmetic products. Food elimination and 
desensitization are not recommended. Though often self-
limited, the disease may recur spontaneously and can 
become chronic. Bacterial superinfection may require 
topical and systemic antibiotics.29

Psoriasis
General Considerations
Psoriasis is a chronic inflammatory disorder of the skin. 
Eighteen percent of patients with psoriasis have some 
involvement of the ear, which may be secondary to exten-
sion from the scalp.30 Plaques may present on the concha 
and meatus of the EAC and are variably pruritic.
 The incidence of psoriasis in the United States ranges 
from 2% to 5%. Males and females are equally affected, with 
the onset of disease typically occurring in adolescence.

Pathogenesis
The cause of psoriasis is unknown, yet there is a strong 
genetic component. Attacks of psoriasis may be triggered 
by certain drugs such as NSAIDs, beta blockers, lithium 
carbonate, and antimalarial agents, as well as by infection, 
trauma, and stress.

Clinical Findings
Psoriasis is characterized by erythematous papules that 
coalesce to form round or oval salmon-pink plaques with 
silvery white scales found on the elbows, knees, scalp, 
and buttocks. These lesions bleed in pinpoint areas when 
scratched (Auspitz sign). Opacification or “oil spots” of the  
nails, as well as pitting and subungual hyperkeratosis, 
are also suggestive of this disease. Psoriatic lesions may 
present over areas of trauma, an entity known as Koebner 
phenomenon. Psoriatic arthritis occurs in 5–10% of all 
psoriatic patients.

Treatment
Patients should avoid excessive drying of the skin. For 
the ears and face, treatment includes low-dose topical 
nonfluorinated corticosteroids such as alclometasone, 
mometasone, desonide, clocortolone, hydrocortisone 
valerate, and butyrate creams and topical calcipotriene. 
Warm-water soaks, 1–5% coal tar treatment, and topical 
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anthralin C may also be helpful. Oral psoralens and UVA 
phototherapy for patients with widespread disease may be 
necessary. Antihistamines are used to treat the associated 
pruritus. Methotrexate may be required for severe cases 
and for psoriatic arthritis. The response to treatment is 
variable, and the condition may become chronic.

Contact Dermatitis
General Considerations

Contact dermatitis can be an acute or chronic inflam-
matory disorder of the skin caused by contact with an 
allergen or irritant. This process may occur anywhere 
along the pinna or the EAC. Eruption may occur secondary 
to instrumentation, foreign objects – including jewelry, ear 
plugs, and hearing aids – and other objects used to scratch 
pruritic lesions. In addition, cosmetics and hair products 
are frequent culprits.

Pathogenesis

Allergic contact dermatitis is a type IV hypersensitivity 
reaction, and cutaneous manifestations are often delayed 
by 1–3 days. This is in contrast to irritant-mediated contact 
dermatitis, which usually manifests earlier.

Clinical Findings

Allergic contact dermatitis is characterized by an indu-
rated, erythematous, pruritic, and poorly demarcated 
process. This is in contrast to irritant dermatitis, which 
often presents with well-defined areas of exposure.
 Skin testing to identify contact allergens may be of use.

Treatment

The avoidance of exposure to irritants and allergens and 
high-dose topical glucocorticoids are the mainstays of 
therapy.

NEOPLASMS OF THE EXTERNAL 
EAR AND EAR CANAL

Basal Cell Carcinoma of the Auricle
General Considerations

Basal cell carcinomas are the most common malignant 
neoplasm of the auricle, representing 45% of auricular 
carcinomas.

Pathogenesis

Chronic long-term sun exposure is the predominant cause  
of basal cell carcinoma. Specifically, UVB radiation has 
been identified as a major carcinogen. The incidence of 
cancer increases with age. Other risk factors include fair 
skin, outdoor occupations, and a history of skin carcinoma.

Clinical Findings

Patients may initially present with a skin lesion that is 
nodular, ulcerated, and/or bleeding. Basal cell carcinomas 
of the auricle typically occur on the posterior surface of the 
pinna and in the preauricular area. The diagnosis of any 
suspicious lesion should be confirmed with biopsy. CT 
scans and MRI may be used to evaluate advanced disease 
with tumor extension to the adjacent temporal bone and 
soft tissue structures of the head and neck. The overall rate 
of metastasis is 0.003–0.1%.31

Staging

Basal cell carcinomas of the EAC can be staged using the 
American Joint Committee on Cancer (AJCC) general 
staging system for nonmelanoma cancer of the skin, which 
is a TNM (tumor, node, metastases) staging system. This 
staging system is limited by the fact that it does not account 
for histologic subtypes or the anatomic variability of the 
skin of the external ear compared with other skin sites.

Differential Diagnosis

Given the variability of subtypes, the differential diagnosis 
includes benign nevi, amelanotic melanomas, cutaneous 
squamous cell carcinomas, eczema, and scleroderma.

Treatment

Nonsurgical measures:
1. Topical 5-fluorouracil
2. Radiation therapy indicated for poor surgical candi-

dates or unresectable lesions

Surgical measures:
1. Curettage with electrodissection: Operator dependent 

and typically used to excise nodular lesions and desic-
cate the base

2. Cryosurgery: Indicated for small basal cell carcinomas 
(< 1 cm) with well-defined borders
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Table 8.1: University of Pittsburgh staging system for  
squamous cell carcinoma

T1 Tumor limited to EAC without bony erosion or 
soft tissue extension

T2 Tumor with limited EAC bony erosion  
(not full thickness) or limited (< 0.5 cm) soft  
tissue involvement

T3 Tumor eroding the osseous EAC (full thickness) 
with limited (< 0.5 cm) soft tissue involvement, 
or tumor involving middle ear and/or mastoid, 
or patients presenting with facial paralysis

T4 Tumor eroding the cochlea, petrous apex,  
medial wall of the middle ear, carotid canal, 
jugular foramen, dura, or with extensive soft  
tissue involvement

3. Local excision: Ninety-five percent of basal cell carci-
nomas < 2 cm in size can be successfully treated with 
local excision with a surgical margin of at least 4 mm. 
Auricular reconstruction may be required for large 
defects

4. Mohs surgical technique: Refers to complete micro-
graphic excision of the tumor using intraoperative 
histopathology to assess for positive margins. This 
technique is particularly useful for recurrent basal cell 
carcinomas, those larger than 2 cm, or those with an 
aggressive histology. Five-year cure rates using Mohs 
technique should approach 97.1%32

Cutaneous Squamous Cell Carcinoma

General Considerations

Squamous cell carcinomas account for 20% of all cuta-
neous malignant neoplasms and commonly occur in 
elderly males.33

Pathogenesis

Risk factors for squamous cell carcinoma include immuno-
suppression, advanced age, a nonhealing ulcer, and expo-
sure to chemicals such as arsenic, soot, coal, tar, paraffin, 
and petroleum oil. The most important risk factor is 
exposure to UV radiation.

Clinical Findings

The appearance of these tumors is variable and includes 
plaques, nodules, and ulcerations. They may be friable 
and prone to bleeding. Auricular lesions frequently occur 
on the helix or preauricular region, but may occur on any 
sun-exposed areas.
 CT scanning and MRI may be used to evaluate 
advanced disease with tumor metastasis to the adjacent 
temporal bone and soft tissue structures of the head and 
neck. The proper diagnosis should be made with biopsy. 
The overall risk of metastasis for cutaneous squamous cell 
carcinoma of the external ear is approximately 6–18%.

Staging

The AJCC system may be utilized for carcinoma of the 
external ear. AJCC staging systems for nonmelanoma 
cancer of the ear canal may also be utilized, but the Uni-
versity of Pittsburgh system34 (Table 8.1) is more frequently 
utilized for staging squamous cell carcinoma of the 

temporal bone, as the AJCC does not account for histologic 
subtypes or the anatomic variability of the external ear 
skin compared with other skin sites.

Differential Diagnosis

The differential diagnosis includes basal cell carcinoma, 
actinic keratosis, seborrheic keratosis, keratoacanthomas, 
scars, psoriatic lesions, melanomas, and sarcomas.

Treatment

Nonsurgical measures: Radiation therapy may be indicated  
for unresectable lesions or those that may lead to significant 
cosmetic disfigurement with surgery.

Surgical measures:
1. Local excision: Ninety-five percent of squamous cell 

carcinomas < 2 cm limited to the external ear can be 
successfully treated with local excision with a surgical 
margin of at least 6 mm. Auricular reconstruction may 
be required for large defects. T1 lesions of the EAC 
may be treated with sleeve excision with careful atten-
tion to deep margins. T2 lesions or greater necessi tate 
lateral temporal bone resection. Subtotal temporal 
bone resection involves the piecemeal removal of 
structures medial to the tympanic membrane and 
may be necessary for T3 and T4 lesions. Facial nerve 
involvement may necessitate its resection and grafting 
with a nerve graft remote to the site of the tumor (i.e. 
sural nerve)

2. Mohs surgical technique: This technique is particularly 
useful for recurrent lesions, those > 2 cm, or those with 
an aggressive histology
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3. Neck dissection and parotidectomy: In all cases of 
palpable disease in the parotid and neck, and in the 
case of T3 and T4 squamous cell carcinomas, paro-
tidectomy, neck dissection and adjuvant radiation 
should be strongly considered 

Prevention

As with basal cell carcinoma, minimizing sun exposure 
between 10:00 am and 3:00 pm, wearing protective cloth-
ing, using UVB-protective sunscreens, and avoiding the 
sun are paramount for risk reduction.

Prognosis

In addition to the patient’s age and overall immune status, 
the prognosis for squamous cell carcinoma is dependent 
on the histologic subtype, size, and location of the tumor. 
A better prognosis is associated with a well-differentiated 
histology. The 5-year cure rate for squamous cell carci-
nomas of the external ear range from 75% to 92%.
 Squamous cell carcinoma of the EAC carries a much 
more dire prognosis with recent studies suggesting 
5-year survival of T1 tumors of 83% and T4 tumors of 
25%. Completeness of resection is highly correlated with 
recurrence. Facial nerve involvement and nodal disease 
are poor prognostic findings.

Melanoma of the External Ear
General Considerations

The incidence of melanoma in the United States is 11.1 
cases per 100,000 individuals. Auricular melanoma acco-
unts for < 1% of all melanomas.35 Melanomas of the ear 
have a 10-year survival rate of 70%. 

Clinical Findings

Most melanomas involving the ear present on the helix. 
Though initially painless, these lesions may change in size, 
ulcerate, and bleed. A thorough head and neck exami-
nation requires attention to enlarged lymph nodes that 
may occur with regional spread of disease.
 The diagnosis of melanoma is dependent on the 
histologic evaluation of a biopsy. At a minimum, meta-
static evaluation should include a chest X-ray to rule out 
lung metastases and liver function tests to rule out liver 
metastases. CT scanning and MRI have added sensitivity 
in detecting metastatic disease. Radio-nuclide bone scans 
can be used to diagnose bony metastases.

Staging

Melanomas may be staged using the staging system of 
the AJCC. This system incorporates the depth of invasion, 
measured in millimeters. Deeper lesions and lesions with 
ulceration are associated with higher stages and higher 
mortality rates.

Differential Diagnosis

The differential diagnosis is diverse and includes benign 
lesions as well as basal cell and squamous cell carcinomas.

Treatment

Nonsurgical measures: Adjunctive radiation therapy may 
have a role in palliation.

Surgical measures: The extent of excision, including sur-
gical margins, is dependent on the histologic type and 
stage of disease. Management of the regional lymphatics 
is controversial and may include elective regional lymph 
node dissection and parotidectomy. Recently, sentinel 
lymph node biopsy has become a well-accepted approach 
in the management of the N0 neck for lesions > 1 mm deep.

Prevention

The avoidance of and protection from sun exposure are 
important in preventing disease, as is early detection. 
Early detection is also extremely important in improving 
prognosis.

Glandular Tumors of the EAC
Classification

Glandular tumors of the EAC are rare and include four 
types: (1) adenoid cystic carcinomas; (2) ceruminous 
adenomas; (3) ceruminous adenocarcinomas; and (4) 
pleomorphic adenomas.

Adenoid cystic carcinoma: These are capsular tumors most 
often found in salivary gland tissue. They have a predilection 
for perineural, perivascular, and fatty infiltration. Patients 
with perineural invasion often present with otalgia. Histo-
logically, these tumors may show cribriform, tubular, 
or solid patterns of cellular arrangement. Lymph node 
metastases are rare, but late distant metastasis in particular 
to the lung are not an uncommon feature of these tumors.

Ceruminous adenoma: Ceruminous adenoma consists 
of benign painless masses that may grow undetected for 
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prolonged periods of time. Patients may present with a 
conductive hearing loss or otitis externa. They are histo-
logically characterized by double-layered cuboidal or 
columnar cells, and the epithelium may show apical 
“snouts” of apocrine secretion.

Ceruminous adenocarcinoma: These tumors share histo-
logic features with ceruminous adenomas, but they have 
higher rates of mitoses and cellular atypia. Invasion into 
adjacent structures may be present, and lymph node 
metastases are rare.

Pleomorphic adenoma: These tumors vary histologically 
but are characterized by epithelial and mesenchymal 
elements. These benign tumors do not display features of 
invasion.

Clinical Findings
Patients with glandular tumors of the EAC may present 
with otorrhea, aural fullness, otalgia, and conductive 
hearing loss. Sensorineural hearing loss signifies tumor 
extension into the inner ear. CT imaging is helpful in 
determining the amount of bony erosion and the size of 
the tumor. Generous tissue samples are important for 
histologic diagnosis. 

Treatment
Benign glandular tumors are treated with wide local 
excision. Malignant tumors are treated with a variant of 
temporal bone resection, and consideration should also 
be given to adjuvant radiation. In the case of adenoid 

cystic carcinoma parotidectomy should be considered as 
it has been associated with increased survival.36

Osteomas and Exostoses of the EAC
General Considerations

Osteomas are benign osseous neoplasms. Exostoses are 
firm, bony, broad-based lesions composed of lamellar 
bone (Fig. 8.9). Exostoses are formed by reactive bone 
formation and have been associated with cold water 
exposure. Both osteomas and exostoses arise from the 
bony portion of the EAC (Fig. 8.10).

Clinical Findings
Osteomas are usually pedunculated and often have a 
vascular core (Fig. 8.11). Exostoses commonly present as 
multiple lesions. Although most osteomas and exostoses 
are asymptomatic, occlusion of the EAC with an enlarged 
lesion may lead to cerumen impaction, recurrent external 
otitis, and a conductive hearing loss on audiogram.

Treatment

Most exostoses and osteomas require no intervention. If 
surgery is necessary, a transcanal or postauricular app-
roach can be used, depending on the size of the lesions. 
The preservation of skin flaps speeds healing.
 When used long term, ear plugs have been shown to be  
protective against exostoses in patients with frequent cold 
water exposure. 

Fig. 8.9: Clinical T2 carcinoma of the right ear canal. Patient was 
ultimately demonstrated to have limited extension into the tempo-
romanidbular joint at the time of surgery.

Fig. 8.10: High-resolution axial CT scan revealing right anterior 
and posterior external auditory canal exostoses.
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had infratemporal fossa extensions without radiographic 
evidence, only 8 of 16 patients with posterior extension into 
the mastoid were identified, and superior extension was 
underestimated in nine patients. Surgically proven otic 
capsule involvement was not seen radiographically in 
four patients, and carotid canal extension was found in six 
patients who were believed to be clear in this area on MR 
imaging. These patients did poorly because their disease 
was more advanced. The only radiographic overestima
tion occurred in the otic capsule in which only one of 
three patients had actual invasion. Other studies also have 
reported difficulty estimating tumor extent with radio
graphs.3,4

 All treatment of temporal bone cancer is based on 
whether the carcinoma has extended beyond the external 
auditory canal. In the development of surgery for temporal 
bone carcinoma, larger operations have evolved as surgical 
techniques for dura repair, carotid bypass, and reconstruc
tion have developed. The three operations utilized include 
(1) piecemeal removal, (2) various modifications of sub
total total temporal bone resection (STBR), and (3) total 
temporal bone resection (TTBR).5,6

PATHOGENESIS
Temporal bone malignancy is rare, with squamous cell 
carcinoma the most common cancer of the external audi
tory canal, middle ear, and mastoid. Carcinoma of the 
temporal bone accounts for <0.2% of all tumors of the head 
and neck. Approximately 200 new cases of temporal bone 
cancer are diagnosed each year across the United States. 
That number includes cancers arising from skin of the 

INTRODUCTION 
Temporal bone malignant neoplasms remain particularly 
challenging problems for otolaryngologists. Traditionally, 
surgical excision of the temporal bone has been subtotal. 
Consequently, it has been hampered by transgression 
of tumors and incomplete excision. The emergence of 
skull base surgery as a distinct discipline that incorporates 
neuro tological, neurosurgical, and head and neck surgical 
skills has opened new frontiers in surgery of anatomically 
complex areas of the skull base. In an effort to improve 
upon treatment results, a new approach to temporal bone 
resection was devised and performed first in the anatomy 
laboratory, then in humans. As mentioned previously, 
the first report published of total en bloc resection of 
the temporal bone and carotid artery was in 1984.1 Two 
additional cases were performed by the author (RTS) in 
1984, and others have been operated upon at our center 
since that time. This experience and additional cadaver 
dissection have resulted in modifications of the technique 
and recognition of additional pitfalls.
 Accurate assessment and treatment planning for tem
poral bone malignancies are dependent on computed 
tomography (CT) scanning of the bone erosion, and MR 
imaging of soft tissue involvement. Biopsy and clinical 
staging based on involvement of the ear, surrounding 
structures, and lymph nodes are required, of course. How
ever, preoperative assessment often underestimates tumor 
extent. Though Leonetti et al.2 found fairly good correla
tion between CT scanning, magnetic resonance imaging 
(MRI), and intraoperative findings, they emphasized criti
cal exceptions in their series of 26 patients. Three patients 
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pinna that spread to the temporal bone; primary tumors 
of the external auditory canal, middle ear, mastoid, or pet
rous apex; and metastatic lesions to the temporal bone.7 
There is no gender predominance, and most cases occur 
in the fifth and sixth decades of life. Definitive information 
about the treatment and prognosis of squamous cell carci
noma of the temporal bone is not easy to obtain due to a 
multitude of factors: the rarity of its malignancy, the lack 
of an accepted staging system prior to 1990, and the wide 
variety of individualized treatments. Also, many authors 
include tumors of various histologies in their reports of 
treatment outcomes, which further complicate intepreta
tion.8

 Human papillomavirus has been implicated in squa
mous cell carcinomas of the middle ear9 as well. Lim et al.10  
reported a series of temporal bone cancers in seven 
patients who had undergone radiotherapy for naso
pharyngeal carcinoma and with poor outcomes.
 Chondrosarcomas account for 0.1% of all head and 
neck tumors and almost 6% of all skull base lesions.11 There 
are a few different theories proposed as to how chondro
sarcomas develop in the temporal bone. The bones of the 
skull base mature predominantly by endochondral ossi
fication, while the bones of the skull vault develop primar
ily by intramembranous ossification.12 The areas of the 
petrooccipital, sphenooccipital, and sphenopetrosal 
synchondroses, as well as a large part of the petrous por
tion of the temporal bone, are sites in the mature skull that 
underwent endochondral development.13

 Osteosarcoma is a highly aggressive malignant tumor 
that usually presents in the metaphysis of long bones. The 
majority of cases occur between the ages of 10 and 30 years 
with the median age of 28. There are about 7400 new cases 
and 4200 deaths from osteosarcoma occurring annually 
in the United States. Approximately 10% of cases occur in 
the head and neck, and this accounts for about 900 new 
cases per year.14,15 In a review of world literature, Sataloff 
et al.16 found 19 reported cases of osteosarcoma involving 
the temporal bone, with the largest series reporting three 
cases. An additional three have been reported since then 
for a total of 22 cases,1621 since 1910. Almost every bone of 
the skull has been involved as a primary site; however, the 
mandible was clearly the most common primary location 
in the head and neck.14,1921

 Glomus jugulare tumors are rare, but when they occur, 
they may be extensive (Fig. 9.1). Usually they are histologi
cally benign paragangliomas, but they can be aggressive 
and locally malignant in their behavior. Occasionally, they 
are malignant histologically and can metastasize.2236

CLINICAL FINDINGS: 
SYMPTOMS AND SIGNS

Defining specific etiologic factors for cancers in this area is 
very difficult. However, fairskinned Caucasians are more 
prone to nonmelanomatous skin cancers throughout 
the body, especially areas exposed to ultraviolet radiation 
including the region of the ear. A genetic predisposition to 
skin cancer also may exist. Chronic otitis media and cho
lesteatoma are common in patients with temporal bone 
cancers and have been implicated as etiologic factors.37,38

 Most of the time, it is the prolonged symptomatology 
nonresponsive to treatment that prompts further investi
gation; thus, the diagnosis often is delayed from 1 month 
to 5 years.7,39,40 Hearing loss is present in many cases. The 
red flags should be history of persistent aural discharge 
associated with change in quality and/or quantity, deve
lopment or increase in otalgia, cranial nerve VII paralysis, 
aural or mastoid polyp, and vertigo. 
 If complete resolution of symptoms does not occur 
after 2to3 weeks of vigorous medical therapy, it might be 
advisable to offer biopsy for temporal bone malignancy. 
Multiple authors have cautioned against reliance on a 
single biopsy results. They recommended strongly obtain
ing multiple deep biopsies including a cuff of normal tissue, 
even if general anesthesia or CT guidance is required. 
Inadequate biopsy may show only extensive inflammation 
and lead to delayed or missed diagnosis.41,4245

Fig. 9.1: Computed tomography (CT) scan shows a large 
recurrent glomus jugulare tumor in a 54-year-old man who had 
undergone incomplete, partial resection elsewhere followed by 
radiation. He presented with spontaneous hemorrhage through 
his mastoid cavity and is the only patient who has undergone total 
temporal bone resection for histologically benign disease.
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 Squamous cell carcinoma of the temporal bone 
remains a complex, challenging, and incompletely under
stood disease. However, it is not hopeless. Through aggres
sive treatment, even rare patients with advanced disease 
can be cured. Nevertheless, considerably more experience 
is needed before optimal treatment of all stages can be 
established with confidence.8

 Primary sarcomas of the temporal bone are even more 
rare than primary carcinomas, but some are aggressive 
and lethal, such as osteogenic sarcoma. The literature con
tains scattered small series, case reports, and literature 
reviews of temporal bone sarcomas; however, most have 

too few cases to determine scientifically a superior treat
ment approach. Nevertheless, most reports provide an 
opinion or theory on how to handle these rare and aggres
sive tumors.8 Nonrhabdomyosarcomas usually are treated 
with wide and/or radical surgical resection with varying 
protocols utilizing pre and postoperative radiation and 
chemotherapy. Proton beam radiation has been used 
increasingly to treat chondrosarcomas and osteosarco
mas of the temporal bone and skull base, with encourag
ing results. Further research and wider application may 
confirm this as a good radiation modality for all skull base 
sarcomas.8

 Several clinical presentations have been reported for 
chondrosarcomas of the skull base. The symptoms cor
relate with the anatomic site of destruction or compres
sion. Initial complaints may include hearing loss, pulsatile 
tinnitus, vertigo/unsteadiness, aural fullness, and head
ache (Figs. 9.2 to 9.5). Multiple cranial neuropathies are 
common and present as diplopia, facial pain, paresthe
sias, hemifacial spasm, facial paresis, dysphagia, hoarse
ness, shoulder weakness, and hemitongue weakness and 
atrophy.
 In most studies of head and neck osteosarcoma, the 
most common presentation is pain and swelling over the 
area of the bone containing the lesion15 (Fig. 9.6). In their 
review of 19 patients with osteosarcoma of the tempo
ral bone, Sataloff et al.16 reported that the most common 
presenting symptoms and signs were a mass in the tem
poral fossa, mastoid, or external ear canal in 84% (16/19), 
facial paralysis in 47% (9/19), conductive hearing loss 

Fig. 9.2: A 52-year-old man with a nasopharyngeal chondro-
sarcoma protruding from the external auditory canal. Otoscopic 
examination revealed occlusion of the ear canal by the neoplasm.

Fig. 9.3: Magnetic resonance imaging (MRI) of the brain and inter-
nal auditory canals revealing a right skull base chondrosarcoma 
measuring at least 5 cm with a small area of extra-axial extension 
into the right posterior fossa over the cerebellar hemisphere. 

Fig. 9.4: Computed tomography (CT) of the brain and internal 
auditory canals revealing a right skull base chondrosarcoma 
measuring at least 5 cm with a small area of extra-axial extension 
into the right posterior fossa over the cerebellar hemisphere. 
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in 37% (7/19), otalgia in 32% (6/19), bloody or purulent 
otorrhea in 16% (3/19), and other cranial nerve deficits in 
16% (3/19). As with other skull base and temporal bone 
malignancies, symptoms caused by cranial nerve deficits 
are determined by the site of tumor involvement. Hear
ing loss and tinnitus are frequently the only symptoms of 
typical glomus tumors. This peculiar neoplasm arises from 
cells around the jugular bulb and expands to involve the 
neighboring structures46 (Fig. 9.7).
 In doing so, the neoplasm most frequently extends to 
the floor of the middle ear, causing conductive hearing 
loss and pulsatile tinnitus. As the disease progresses, it 
may appear as chronic otitis media and may even extend 
through the eardrum and appear to be granulation tissue 
in the ear canal. Biopsy of this apparent granulation tissue 
may cause profuse bleeding because of the marked vas
cularity of the tumor. As the disease extends, it may destroy 
portions of the temporal bone and jugular bulb and can 
extend intracranially.8

EVALUATION
The assessment of tumor invasion into soft tissue along 
fascial planes, perineural spread, and CNS infiltration 
is accomplished best with MRI.47,48 MRI with contrast is 
now the study of choice for evaluation of the skull base, 
especially the common sites of invasion: the petroclinoid 
fissure and foramen lacerum (Fig. 9.8).
 Despite the great sensitivity of radiological studies, 
intraoperative evaluation is of undisputed importance, 
and limitations of radiography have been recognized.8 

A comprehensive neurotologic workup is indicated when 
temporal bone lesions are suspected. The workup includes 
pure tone and speech audiometry, CT of the temporal 
bones and brain, MRI/MRA, as well as any other tests that 
are indicated clinically13,49 (Figs. 9.9 and 9.10).
 Radiological evaluation is now the mainstay of glomus 
tumor diagnosis. CT of the temporal bone is used to assess 
bone erosion, and MRI, MR angiography, traditional arte
riography, and retrograde jugular venography are used 
to define the extent of the neoplasm. Four vessel arterio
grams are now being recommended by some otologists 
because of the high incidence of associated tumors. Up to 
10% of patients with glomus tumors of the ear have asso
ciated contralateral glomus tumors, glomus vagale, carotid 

Fig. 9.5: Magnetic resonance imaging (MRI) showing a portion of 
resection of a patient with a grade 2 chondrosarcoma. Gross total 
tumor resection was accomplished.

Fig. 9.6: Computed tomography (CT) scan shows malignant 
destruction of the left temporal bone in a 37-year-old woman with 
osteosarcoma. 

Fig. 9.7: Angiogram of the same 54-year-old man from Figure 9.1 
with a large recurrent glomus tumor with intracranial extension.
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Fig. 9.8: Magnetic resonance imaging (MRI) showing tumor 
invasion of skull base, foramen lacerum, and posterior aspect of 
cavernous sinus of a 39-year-old woman with adenocarcinoma of 
the skull base.

Fig. 9.9: Preoperative computed tomography (CT) showing par-
tial destruction of the right side of the skull base from a patient 
with right nasopharyngeal squamous cell carcinoma extending 
from the tonsillar pillar into the parapharyngeal space and eroding 
through the foramen ovale and into the temporal bone. 

Fig. 9.10: Magnetic resonance showing portion of the naso-
pharyngeal tumor increasing the size and decreasing the defini-
tion of parapharyngeal space, suggesting aggressive neoplasm.

body tumor, or thyroid carcinoma.46 Biopsy may be used 
appropriately to rule out other lesions and in patients who 
are not surgical candidates prior to instituting palliative 
radiation therapy.8 Glomus tumors are discussed in grea
ter detail elsewhere in this book.

HISTOLOGY
Chondrosarcomas may arise from pluripotent mesenchy
mal cells involved in the embryogenesis of the skull base 
and temporal bone. Alternatively, metaplasia of mature 

fibroblasts has been implicated as an inciting mechanism 
in the development of chondosarcomas.50,51

 Primary chondrosarcoma develops de novo in normal 
bone (Fig. 9.11A). Most temporal bone chondrosarcomas 
appear to arise in this manner. Rarely, there are secondary 
chondrosarcomas that arise from preexisting cartilagi
nous tumors or abnormalities. Chondrosarcoma has been 
reported in association with Paget's disease, Maffucci syn
drome, osteocartilagenous exostoses, Ollier disease, and 
osteochondromas.52,53

 Osteosarcoma is thought to arise from immature bone
forming cells or through neoplastic differentiation of other 
mesenchymal cells into osteoblasts. Histologically, a tumor 
is considered to be an osteosarcoma if it demonstrates 
malignant spindle cells producing osteoid in various stro
mal backgrounds (Fig. 9.11B). Subtypes are based on the 
predominant characteristic of the cells and stroma and 
include osteoblastic, chondroblastic, fibroblastic, small 
cell, and telangiectatic.1821

TREATMENT
Rarity of the disease poses challenges not only with the 
development of a uniform classification but also with 
management strategies. The Pittsburgh Grading System is 
used commonly (Fig. 9.12). Despite technological advan
ces, skull base surgery continues to be complex. It requires 
operative efforts between a patient and an extensive team 
of professionals. The goal of management is to be curative; 
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alone was used (Figs. 9.13A to C). Advances in skull base 
techniques proved its current role as primary therapy, 
using radiotherapy as a postoperative adjuvant. The com
bination of these two modalities has improved overall 
survival for patients who have temporal bone cancer.55,56

 Currently, radiotherapy is recommended for T2 and 
higher staged tumors.6,5759 Other indications for postop
erative radiotherapy include recurrent tumors, positive 
margins, perineural spread, positive lymph nodes, or 
extra capsular spread.56 Intensity modulated radiotherapy 
allows the radiation oncologist the ability to adequately 
treat the tumor site and minimize dose to surround
ing structures, especially the temporal lobe and brain
stem. Dosages vary widely in the literature. Pfreundner 
et al.4 recommended 54 to 60 Gy in patients with negative 
margins and a minimum of 66 Gy with positive margins. 
Prabhu et al.60 gave doses between 60 and 66 Gy for 
patients with negative margins and doses between 68 and 
72 Gy for patients with positive or close margins.
 Only a few isolated studies have examined the role of 
chemotherapy for temporal bone cancers.6163 Nakagawa 
et al.61 described a series of 25 patients with primary 
SCCa of the ear canal and middle ear. Six patients (T2: 1 
patient; T3: 3 patients; T4: 2 patients) received preopera patients; T4: 2 patients) received preoperapatients; T4: 2 patients) received preopera
tive chemotherapy followed by surgery and radiotherapy. 
Five of these six patients achieved mean survival of 60 
months. Chemotherapy and radiotherapy alone were used 
in 7 patients with T4 disease; 3 of these 7 patients had no 
evidence of disease at mean of 31.6 months.

Figs. 9.11A and B: (A) Histology chondrosarcoma of the temporal bone showing chondroid matrix with increased cellularity and binu-
cleate cells. High-grade chondrosarcomas are characterized by high cellularity, prominent nuclear atypia, and mitosis. (B) Histology of 
an osteogenic sarcoma resected from one of our patients shows high-grade, anaplastic, pleomorphic spindle cells, large hyperchromatic 
nuclei with osteoid production.

A B

Fig. 9.12: The Pittsburgh Grading System. 

University of Pittsburgh Tumor Lymph 
Node Metastasis Staging System

T STATUS
T1-Tumor limited to the external auditory canal wilhout bony 
erosion or evidence of soft tissue extension.
T2-Tumor with limited external auditory canal bony erosion 
(not full-thickness) or radiographic finding consistent with limited 
(< 0.5 cm) soft tissue involvement.
T3-Tumor eroding osseous external auditory canal (full-thickness) 
with limited (< 0.5 cm) soft tissue involvement, or tumor involving 
middle ear or mastoid, or patients presenting with facial paralysis.
T4-Tumor eroding cochlea, petrous apex, medial wall of the middle 
ear, carotid canal, jugular formen, or dura, or with extensive (> 0.5 cm) 
soft tissue involvement.
N STATUS
Involvement of lymph nodes is a poor prognostic finding and 
automatically places patient in advanced stage (i.e., stage III 
[T1, N1] or stage IV [T2, T3, and T4,  N1] disease).
M STATUS
Distant metastasis indicates poor prognosis and immediately 
places patient in stage IV.

yet, due to the nature of the temporal bone, complete exci
sion of tumor, whether piecemeal or en bloc, is often diffi
cult once the tumor extends beyond the external auditory 
canal.8

 A few articles have reviewed the role of radiotherapy 
as single modality therapy. Kang et al.54 concluded that 
radiotherapy alone was not inferior to combined surgery 
and radiotherapy for diseasespecific survival, but they 
found that local control was worse when radiotherapy 
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 In a pilot study, Shiga et al.62 described a series of 
14 patients with SCCa of the temporal bone, of whom 9 
had stage IV disease and were treated with concomitant 
chemoradiotherapy. Their chemotherapy regimen included 
docetaxel, cisplatin, and 5fluorouracil (TPF). Eight of nine 
patients achieved complete response. These investigators 
concluded that the use of concomitant chemotherapy with 
TPF was safe and effective as a treatment of patients with 
cancer of the temporal bone.62 
 Intraarterial chemotherapy has been proposed and 
tested in a few patients. Sugimoto et al.63 published a 
small series of five patients with T3 and T4 SCCa of the 
temporal bone who were treated with radiotherapy and 
intraarterial chemotherapy consisting of cisplatin and 
thiosulfate. Three patients obtained a complete response 
and had mean survival of 28 months.
 For extensive disease of the middle ear or involvement 
of the pneumatized spaces, TTBR may provide better 

oncologic control. In the original description of the proce
dure by Graham et al., the vascular and neural structures 
of the petrous apex are included with the resection.16 The 
goal of the procedure is en bloc removal of the tumor with
out tumor transgression, providing tumorfree margins.8

 TTBR is a formidable procedure, which commonly 
requires 18–24 hours, and is associated with substantial 
blood loss (although the author [RTS] has performed one 
case successfully without transfusion in a Jehovah’s wit
ness). It should be performed only as a curative operation in 
patients who are physiologically and psychologically pre
pared to tolerate the procedure and a prolonged recovery. 
Paralysis of cranial nerves VI–XII is planned, and the 
patient and family must be thoroughly informed before 
this method is chosen. If the tumor encroaches upon the 
internal carotid artery, preoperative balloon test occlusion 
should be performed to determine the perfusion capacity 
of the contralateral side. This will help determine whether 

Figs. 9.13A to C: (A and B) A 2-cm malignant ulcer of the mastoid 
surrounded by radiation reaction of a 62-year-old woman in whom 
squamous cell carcinoma of the right external auditory canal after 
radiation therapy and “temporal bone resection” at another insti-
tution. (C) Computed tomography (CT) scan reveals persistent 
squamous cell carcinoma of the right external canal, middle ear, 
and mastoid with a defect in the sigmoid plate in the same patient. 
The persistence of the mastoid air cells suggests that the previous 
“temporal bone resection” was limited.

A B

C
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the patient is able to tolerate the resection of the internal 
carotid artery or will require intracranial bypass surgery.8.
 Treatment approaches for chondrosarcoma have 
evolved throughout the years and include combinations 
of surgical debulking, complete surgical excision, radia
tion, and chemotherapy. Although most studies report a 
treatment bias, the paucity of patients with chondrosar
coma of the temporal bone makes it impossible to perform 
prospective trials that could lead to definitive treatment 
conclusions. Anecdotal protocols are common. Due to a 
concern that surgical debulking violates tumor bounda
ries and oncologic principles, the concept of total en bloc 
resection with total gross removal of disease has been sug
gested as the preferred surgical procedure when removing 
chondrosarcoma of the skull base and temporal bone.8

 Treatment of osteogenic sarcoma has varied widely, 
and followup was inconsistent or not reported in nearly 
onethird of the cases. Consequently, treatment protocols 
for temporal bone osteosarcoma have to be extrapolated 
from series reporting osteosarcomas located in the head, 
neck, and other body sites. Authors including Sataloff 
et al.41, 16 and Sharma et al.15 support radical resection of 
temporal bone osteosarcoma with the use of adjuvant 
radiation and chemotherapy.

SURGICAL TECHNIQUES

Partial Temporal Bone Resection
Sleeve Resection

Lesions in the ear canal lateral to the bony cartilaginous 
junction may be amenable to a sleeve resection. With this 
technique, a medial incision is used to assure that the bony 
cartilaginous junction is not involved. A lateral incision 
encompasses the lesion, surrounding skin and underlying 
cartilage. The specimen is removed, and reconstruction 
may involve a split thickness thin graft or other techniques. 

Partial Temporal Bone Resection and 
Lateral Temporal Bone Resection 

Partial temporal bone resection (PTBR) refers to removal 
of the bony and cartilaginous external auditory canal. The 
term often is used interchangeably with lateral temporal 
bone resection (LTBR) (Fig. 9.14).
 Lesions that extend medially to the bony cartilaginous 
junction without involvement of the tympanic membrane 
or annulus may be treated with a lateral PTBR or LTBR. 
Tumors of the periauricular skin that extend into the audi
tory canal and the parotid gland immediately adjacent to, 

adhering to, or superficially invading the temporal bone 
but not invading the middle ear space or aerated spaces 
of the mastoid also may be treated with LTBR. Occasion
ally, such surgery may be appropriate for tumors in other 
locations (Figs. 9.15A and B). Following a complete mas
toidectomy that is extended well into the zygomatic root, 
an en bloc resection of the bony external auditory canal 
and skin is performed. The specimen usually includes the 
entire bony and cartilaginous external auditory canal wall 
with the tympanic membrane. The medial resection plane 
includes the tympanic membrane, malleus and incus, and 
the most lateral resection margin includes at least the con
chal and tragal cartilage surrounding the external auditory 
meatus. When appropriate, parotidectomy and selective 
neck dissection may be included. A split thickness skin 
graft with bolster often is used for closure.

Piecemeal Removal

In prior years, temporal bone cancers were handled with 
piecemeal removal. This operation essentially was a large 
mastoidectomy in which the surgeon drilled through 
tumor and removed it as well as possible. Results were 
poor, and this approach is not recommended.

Subtotal Resection

Tumors that invade the middle ear or aerated spaces of 
the mastoid bone have been treated traditionally with a 
STBR combined with parotidectomy and selective neck 
dissection. STBR removes the temporal bone lateral to 
the internal carotid artery, and inferiorly to the jugular 
foramen, leaving only the petrous apex. A temporal 

Fig. 9.14: Typical limits of lateral, subtotal, and total temporal 
bone resection.
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craniotomy is performed to allow access to the internal 
auditory canal (IAC) and define the intracranial margin of 
the tumor resection. Tumor may be resected if it involves 
dura only, but if it extends into brain parenchyma, most 
surgeons consider the tumor inoperable. The temporal 
lobe is identified superiorly, and the posterior fossa is 
uncovered posteriorly. The great vessels are controlled 
in the neck, and a total parotidectomy is performed. The 
facial nerve is identified within the parotid gland and may 
be preserved. The mandibular condyle is sectioned, and 
bone is divided from the middle fossa superiorly, internal 
carotid artery (ICA) (preserved) anteroinferiorly, and the 
IAC medially. The jugular bulb and sigmoid sinus are 
unroofed with a mastoidectomy. The ICA is skeletonized 
anterior to the jugular bulb, and is exposed in its vertical 
and horizontal petrous segments. Piecemeal removal of 
residual tumors may be necessary after this resection, and 
tumor usually is seen during this approach and often is 
violated.

Total Temporal Bone Resection
The goal of surgery is en bloc resection of the temporal 
bone “without seeing tumor”.59 This procedure is appro
priate for fully informed patients with tumors tradition
ally considered unresectable and lethal, who have no 
metastatic disease, are in good health, and are willing to 
accept the formidable morbidity and mortality to achieve 
a chance of cure. Occasionally, there also may be a role for 

STBR. Using traditional approaches less extensive than 
TTBR, it may be extremely difficult or impossible not to 
violate a tumor margin, especially if tumor size is underes
timated by imaging studies. 
 A partial mastoidectomy to expose the sigmoid sinus, 
e.g. may expose air cells in continuity with the middle ear 
or mastoid tumor. Carotid artery dissection necessarily 
comes in close contact with the anterior extension of middle 
ear tumors. Even with a large resection, some piecemeal 
resection may be necessary, especially in the occipital 
condyle, clivus, carotid canal, or cavernous sinus.60,61 The 
senior author (RTS) has made some previously unreported 
changes in his protocol: (1) the procedure has been 
extended to include the cavernous sinus and clivus in 
selected cases; (2) preoperative carotid artery screening is 
performed with temporary balloon occlusion rather than a 
Silverstein clamp; (3) the carotid artery is occluded below 
the ophthalmic artery by our interventional radiologist 
within a few days before the definitive resection; and (4) 
carotid artery bypass grafting, if necessary, should be from 
the contralateral internal carotid artery to the ipsilateral 
internal carotid artery with the graft passing across the 
head, removing this lifesustaining graft from the surgical 
field. Because much of the external carotid artery system is 
sacrificed during this operation, and because substantial 
manipulation is required to extract the temporal bone, 
risk to a graft based on the ipsilateral carotid artery is 
excessively high.

Figs. 9.15A and B: (A) A magnetic resonance imaging (MRI) of a 66-year-old woman with a stage IV, poorly differentiated adenocar-
cinoma in the jugular foramen with nonspecific enhancement of the seventh and eighth cranial nerves in the internal auditory canals, 
geniculate ganglion, and descending portion of the nerve. (B) A computed tomography (CT) showing destruction within the left temporal 
bone of same patient. This patient was prepared for total en bloc temporal bone resection with middle and posterior fossa craniotomy, 
although only a modified resection was required. The tumor was removed in its entirety with margins using an extended subtotal resec-
tion without total temporal bone resection.

A B
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Technique for Total Temporal Bone Resection

TTBR is performed in two stages. The first stage used to 
involve placement of a Silverstone or Kindt clamp around 
the internal carotid artery that was occluded over 3 days 
with the patient awake. In recent years, this procedure has 
been abandoned in favor of preoperative balloon occlu
sion and Xenon flow studies. Surgery also used to involve 
division of the internal carotid artery intracranially below 
the ophthalmic artery. Now, the carotid artery is occluded 
in this region by the interventional radiologist using coils, 
shortly before surgery. It is important to establish that the 
patient will be able to tolerate resection of the internal 
carotid artery system before proceeding with surgery. 
If that is not the case, intracranial bypass from the other 
carotid artery may be performed. A bypass from the ipsi
lateral side should not be used because of risk to the graft 
during the extensive manipulation required for a TTBR. 
All of our patients have sustained deep vein thrombosis 
despite precautions. Consequently, a Greenfield filter also 
is placed preoperatively. We also often place a ventriculo
peritoneal shunt preoperatively. In selected cases, when 
there is question as to the adequacy of venous outflow, a 
catheter is placed in the venous system and occluded later 
with the patient awake to be certain that the patient will 
tolerate resection of intracranial sinuses and the jugular 
system.64

 Definitive resection occurs as a second stage. The 
operation includes:
 1. Adequate padding. Intraoperative decubitus ulceration 

can occur.
 2. A temperature probe and temperature control blanket 

are required.
 3. A SwanGanz catheter, arterial monitoring catheter, 

central venous catheter, and peripheral venous cath
eters. All IV sites are monitored every 30 minutes dur
ing the procedure. Unrecognized infiltration from an 
IV line can result in compartment syndrome and loss 
of a limb.

 4. A lumbar spinal drain if a ventriculoperitoneal shunt 
has not been placed.

 5. A Foley catheter and nasogastric tube.
 6. Intermittent compression stockings and other throm

bophlebitis prophylaxis measures.
 7. Perioperative steroids and antibiotics.
 8. Tracheotomy.
 9. The patient’s head is shaved and placed in the Mayfield 

tongs (Fig. 9.16).
10. The ipsilateral eye is protected with ointment and Frost 

stitches, and the contralateral eye is protected.

11. The head, neck, abdomen and leg are prepared and 
draped. Fascia lata may be harvested later in the case, 
as well as muscle.

12. The incision is designed to optimize preservation of the 
blood supply to the flaps, allow adequate excision of 
the lesion being treated, and facilitate primary wound 
closure when possible.

13. If the patient’s internal carotid artery has not already 
been occluded preoperatively, it is occluded intracra
nially at this point. Delaying this maneuver until later 
in the procedure during early cases resulted in embo
lism of clot that occurred following carotid occlusion 
in the neck performed before intracranial occlusion.

14. The facial and neck flaps are elevated.
15. The upper neck is dissected and the carotid sheath is 

exposed. If required, neck dissection and parotidec
tomy are performed. The great vessels are identified in 
the neck, and the carotid artery and jugular vein are 
occluded and divided.

16. A craniotomy is performed to provide broad exposure 
of the posterior and middle fossae.

17. The superior petrosal sinus is occluded with bipolar 
cautery approximately 0.5 cm posterior to the caver
nous sinus. Attempts to occlude the superior petrosal 
sinus closer to the cavernous sinus result in bleeding 
from the cavernous sinus that is difficult to control.

18. The brain stem is retracted gently in order to visualize 
the inferior petrosal sinus, jugular foramen and fora
men magnum.

Fig. 9.16: This figure illustrates part of the second stage of the 
defi nitive resection. After placement of adequate padding, temper-
ature probe and blanket, Swan-Ganz catheter, arterial monitoring 
catheter, central venous catheter, peripheral venous catheter, lum-
bar spinal drain, Foley catheter, nasogastric tube, tracheotomy, 
the patient’s shaved head is placed in Mayfield tongs.
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19. The anterior lateral bone cut (Fig. 9.17) is made 
through the lateral skull wall connecting the ante
rior petrous apex with the neck, the carotid canal just 
proximal to the cavernous sinus, the superior petrosal 
sinus, freeing the anterior middle cranial fossa floor. In 
our original reports, these bone cuts were made with 
a drill. Since the latter 1980s, the author (RTS) has used a 
curved chisel. The final bone cuts are made with a chisel 
extending from posterior to anterior, coursing within 
an approximately 5 mm of the foramen magnum. The 
final cut is through the inferior petrosal sinus. The 
bleeding is controlled with Surgicel (Fig. 9.18).

20. This resection includes the jugular venous system with 
the sigmoid, superior petrosal and inferior petrosal 
sinuses, the carotid artery, and cranial nerves VI–XII. 
If the patient has tolerated the procedure well, the 
residual facial nerve can be grafted to the brain stem 
at this time (Fig. 9.19). Experience has shown that 
attempts to save cranial nerve VI are ill advised.

21. A fascia lata graft is used to close the dura.
22. It is essential that the soft tissue of the eustachian tube 

be closed with a purse string suture. Failure to perform 
this maneuver results in cerebral spinal fluid leak 
through the eustachian tube (since the entire bony 
eustachian tube has been removed).

23. The wound is closed primarily if possible. The entire 
external ear has been resected, (Fig. 9.20) and if sur
rounding skin resection is too extensive to permit 
primary closure, closure can be accomplished either 
through Galal relaxing incisions, advancement of the 
craniotomy flap leaving a secondary defect over intact 

skull (which may be managed with a skin graft and 
covered with a wig at the time of discharge), or a free 
flap (Figs. 9.21A and B).

PROGNOSIS
To date, no treatmentcontrol studies have been reported. 
Most of the many treatment approaches are based on 
individual experience. In 1994, Prasad and Janecka65 
attempted to gain perspective on the role of surgery in 
the management of malignant tumors of the temporal 
bone. They reviewed the available literature and selected 
26 publications that had comparable data. From the 
data analysis of 144 patients, they made the following 

Fig. 9.17: Skull showing the bone cuts and segment of the skull 
base removed for total temporal bone resection.

Fig. 9.18: Postoperative computed tomography (CT) scan demons-
trating segment of the skull base removed for total temporal bone 
resection of a 37-year-old woman with osteogenic sarcoma.

Fig. 9.19: Greater auricular nerve that can be grafted to the brain 
stem and facial nerve branches after resection of the facial nerve 
in the temporal bone.
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Fig. 9.20: Resection of the entire external ear and surrounding 
skin, and a portion of the mandible in a patient with osteogenic 
sarcoma of the temporal bone.

Figs. 9.21A and B: (A) Primary closure after Galal relaxing incisions in the patient discussed in Figures 9.18 and 9.20. (B) Closure 
accomplished through Galal relaxing incisions and advancement of the craniotomy flap, leaving a secondary defect over intact skull. 
This can be closed with a skin graft (illustrated) or free flap.

A B

suggestions: (a) tumors limited to the external auditory 
canal have a 50% overall cure rate after mastoidectomy 
or LTBR or STBR; (b) addition of radiation therapy after 
LTBR does not appear to be advantageous; (c) compared 
with mastoidectomy and LTBR, STBR improves survival 
once the tumor involves the middle ear. It may appear 
that conclusions made from such an indepth study would 
hold true, and indeed, multiple authors continue to use 
their suggestions. However, upon a closer examination, 
one finds that for each treatment modality the patients’ 
sample size remained small. The staging system they used 
was limited: tumor confined to the external auditory canal, 
tumor extended into the middle ear, and tumor invading 

the petrous apex. Moreover, radiation protocols and 
techniques have changed. Furthermore, multiple studies 
(prospective and retrospective) published since 1994 have 
disputed their conclusions.8

 Several factors are associated with decreased survival 
rates. These include the local extent of the tumor, facial 
paralysis, positive margins, dural involvement, and lymph 
node metastasis. Some studies have found that advanced 
age (< 60–65 years old),66,67 multiple cranial nerve involve
ment, moderatetosevere pain, and female sex may worsen 
prognosis.68,69

CONCLUSION
The optimal management of temporal bone cancer 
remains unclear because of continued debate regarding 
staging, the utility of preoperative radiographic evaluation, 
the value of nonsurgical management with radiation and/
or chemotherapy, nomenclature of surgical procedures, 
and the use of adjuvant radiation. The limited number of 
cases of temporal bone malignancies at each individual 
institution precludes definitive conclusions regarding the 
optimal management protocol.7

 Total en bloc temporal bone resection can be per
formed successfully in the hands of an experienced skull 
base surgical team. This procedure allows resection of 
extensive, carefully selected, malignant tumors, and may
be appropriate very rarely for histologically benign but 
biologically aggressive neoplasms. Each new case brings 
about refinements in technique. Protection against deep 
vein thrombosis preoperatively has become routine. 
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Carotid balloon occlusion testing also has become rou
tine. Experience has shown that it is possible to extend 
resection beyond the midline, if necessary; and when the 
inferior aspect of the cavernous sinus is involved, par
tial resection of the sinus with preservation of nerves is 
possi ble. The interest, expertise, and active participation of 
the operating room nursing team are critical to the success 
of this surgery. Not only intraoperative nursing participa
tion but also preoperative assessment and postoperative 
support require special expertise and dedication. Close 
cooperation and extensive communication among the 
surgeons, nurses, and consultants are essential.9 Mortality 
and morbidity are high, and ideal candidates are young, 
healthy people with localized disease considered lethal, 
and regarded traditionally as unresectable. Rarely, intra
operative evaluation and modification to a somewhat less 
extensive procedure are appropriate. However, in general, 
patients and the healthcare team should be prepared to 
proceed with the total en bloc resection “without seeing 
tumor” in order to give these patients with deadly disease 
at least some chance of cure.
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had infratemporal fossa extensions without radiographic 
evidence, only 8 of 16 patients with posterior extension into 
the mastoid were identified, and superior extension was 
underestimated in nine patients. Surgically proven otic 
capsule involvement was not seen radiographically in 
four patients, and carotid canal extension was found in six 
patients who were believed to be clear in this area on MR 
imaging. These patients did poorly because their disease 
was more advanced. The only radiographic overestima
tion occurred in the otic capsule in which only one of 
three patients had actual invasion. Other studies also have 
reported difficulty estimating tumor extent with radio
graphs.3,4

 All treatment of temporal bone cancer is based on 
whether the carcinoma has extended beyond the external 
auditory canal. In the development of surgery for temporal 
bone carcinoma, larger operations have evolved as surgical 
techniques for dura repair, carotid bypass, and reconstruc
tion have developed. The three operations utilized include 
(1) piecemeal removal, (2) various modifications of sub
total total temporal bone resection (STBR), and (3) total 
temporal bone resection (TTBR).5,6

PATHOGENESIS
Temporal bone malignancy is rare, with squamous cell 
carcinoma the most common cancer of the external audi
tory canal, middle ear, and mastoid. Carcinoma of the 
temporal bone accounts for <0.2% of all tumors of the head 
and neck. Approximately 200 new cases of temporal bone 
cancer are diagnosed each year across the United States. 
That number includes cancers arising from skin of the 

INTRODUCTION 
Temporal bone malignant neoplasms remain particularly 
challenging problems for otolaryngologists. Traditionally, 
surgical excision of the temporal bone has been subtotal. 
Consequently, it has been hampered by transgression 
of tumors and incomplete excision. The emergence of 
skull base surgery as a distinct discipline that incorporates 
neuro tological, neurosurgical, and head and neck surgical 
skills has opened new frontiers in surgery of anatomically 
complex areas of the skull base. In an effort to improve 
upon treatment results, a new approach to temporal bone 
resection was devised and performed first in the anatomy 
laboratory, then in humans. As mentioned previously, 
the first report published of total en bloc resection of 
the temporal bone and carotid artery was in 1984.1 Two 
additional cases were performed by the author (RTS) in 
1984, and others have been operated upon at our center 
since that time. This experience and additional cadaver 
dissection have resulted in modifications of the technique 
and recognition of additional pitfalls.
 Accurate assessment and treatment planning for tem
poral bone malignancies are dependent on computed 
tomography (CT) scanning of the bone erosion, and MR 
imaging of soft tissue involvement. Biopsy and clinical 
staging based on involvement of the ear, surrounding 
structures, and lymph nodes are required, of course. How
ever, preoperative assessment often underestimates tumor 
extent. Though Leonetti et al.2 found fairly good correla
tion between CT scanning, magnetic resonance imaging 
(MRI), and intraoperative findings, they emphasized criti
cal exceptions in their series of 26 patients. Three patients 
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pinna that spread to the temporal bone; primary tumors 
of the external auditory canal, middle ear, mastoid, or pet
rous apex; and metastatic lesions to the temporal bone.7 
There is no gender predominance, and most cases occur 
in the fifth and sixth decades of life. Definitive information 
about the treatment and prognosis of squamous cell carci
noma of the temporal bone is not easy to obtain due to a 
multitude of factors: the rarity of its malignancy, the lack 
of an accepted staging system prior to 1990, and the wide 
variety of individualized treatments. Also, many authors 
include tumors of various histologies in their reports of 
treatment outcomes, which further complicate intepreta
tion.8

 Human papillomavirus has been implicated in squa
mous cell carcinomas of the middle ear9 as well. Lim et al.10  
reported a series of temporal bone cancers in seven 
patients who had undergone radiotherapy for naso
pharyngeal carcinoma and with poor outcomes.
 Chondrosarcomas account for 0.1% of all head and 
neck tumors and almost 6% of all skull base lesions.11 There 
are a few different theories proposed as to how chondro
sarcomas develop in the temporal bone. The bones of the 
skull base mature predominantly by endochondral ossi
fication, while the bones of the skull vault develop primar
ily by intramembranous ossification.12 The areas of the 
petrooccipital, sphenooccipital, and sphenopetrosal 
synchondroses, as well as a large part of the petrous por
tion of the temporal bone, are sites in the mature skull that 
underwent endochondral development.13

 Osteosarcoma is a highly aggressive malignant tumor 
that usually presents in the metaphysis of long bones. The 
majority of cases occur between the ages of 10 and 30 years 
with the median age of 28. There are about 7400 new cases 
and 4200 deaths from osteosarcoma occurring annually 
in the United States. Approximately 10% of cases occur in 
the head and neck, and this accounts for about 900 new 
cases per year.14,15 In a review of world literature, Sataloff 
et al.16 found 19 reported cases of osteosarcoma involving 
the temporal bone, with the largest series reporting three 
cases. An additional three have been reported since then 
for a total of 22 cases,1621 since 1910. Almost every bone of 
the skull has been involved as a primary site; however, the 
mandible was clearly the most common primary location 
in the head and neck.14,1921

 Glomus jugulare tumors are rare, but when they occur, 
they may be extensive (Fig. 9.1). Usually they are histologi
cally benign paragangliomas, but they can be aggressive 
and locally malignant in their behavior. Occasionally, they 
are malignant histologically and can metastasize.2236

CLINICAL FINDINGS: 
SYMPTOMS AND SIGNS

Defining specific etiologic factors for cancers in this area is 
very difficult. However, fairskinned Caucasians are more 
prone to nonmelanomatous skin cancers throughout 
the body, especially areas exposed to ultraviolet radiation 
including the region of the ear. A genetic predisposition to 
skin cancer also may exist. Chronic otitis media and cho
lesteatoma are common in patients with temporal bone 
cancers and have been implicated as etiologic factors.37,38

 Most of the time, it is the prolonged symptomatology 
nonresponsive to treatment that prompts further investi
gation; thus, the diagnosis often is delayed from 1 month 
to 5 years.7,39,40 Hearing loss is present in many cases. The 
red flags should be history of persistent aural discharge 
associated with change in quality and/or quantity, deve
lopment or increase in otalgia, cranial nerve VII paralysis, 
aural or mastoid polyp, and vertigo. 
 If complete resolution of symptoms does not occur 
after 2to3 weeks of vigorous medical therapy, it might be 
advisable to offer biopsy for temporal bone malignancy. 
Multiple authors have cautioned against reliance on a 
single biopsy results. They recommended strongly obtain
ing multiple deep biopsies including a cuff of normal tissue, 
even if general anesthesia or CT guidance is required. 
Inadequate biopsy may show only extensive inflammation 
and lead to delayed or missed diagnosis.41,4245

Fig. 9.1: Computed tomography (CT) scan shows a large 
recurrent glomus jugulare tumor in a 54-year-old man who had 
undergone incomplete, partial resection elsewhere followed by 
radiation. He presented with spontaneous hemorrhage through 
his mastoid cavity and is the only patient who has undergone total 
temporal bone resection for histologically benign disease.
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 Squamous cell carcinoma of the temporal bone 
remains a complex, challenging, and incompletely under
stood disease. However, it is not hopeless. Through aggres
sive treatment, even rare patients with advanced disease 
can be cured. Nevertheless, considerably more experience 
is needed before optimal treatment of all stages can be 
established with confidence.8

 Primary sarcomas of the temporal bone are even more 
rare than primary carcinomas, but some are aggressive 
and lethal, such as osteogenic sarcoma. The literature con
tains scattered small series, case reports, and literature 
reviews of temporal bone sarcomas; however, most have 

too few cases to determine scientifically a superior treat
ment approach. Nevertheless, most reports provide an 
opinion or theory on how to handle these rare and aggres
sive tumors.8 Nonrhabdomyosarcomas usually are treated 
with wide and/or radical surgical resection with varying 
protocols utilizing pre and postoperative radiation and 
chemotherapy. Proton beam radiation has been used 
increasingly to treat chondrosarcomas and osteosarco
mas of the temporal bone and skull base, with encourag
ing results. Further research and wider application may 
confirm this as a good radiation modality for all skull base 
sarcomas.8

 Several clinical presentations have been reported for 
chondrosarcomas of the skull base. The symptoms cor
relate with the anatomic site of destruction or compres
sion. Initial complaints may include hearing loss, pulsatile 
tinnitus, vertigo/unsteadiness, aural fullness, and head
ache (Figs. 9.2 to 9.5). Multiple cranial neuropathies are 
common and present as diplopia, facial pain, paresthe
sias, hemifacial spasm, facial paresis, dysphagia, hoarse
ness, shoulder weakness, and hemitongue weakness and 
atrophy.
 In most studies of head and neck osteosarcoma, the 
most common presentation is pain and swelling over the 
area of the bone containing the lesion15 (Fig. 9.6). In their 
review of 19 patients with osteosarcoma of the tempo
ral bone, Sataloff et al.16 reported that the most common 
presenting symptoms and signs were a mass in the tem
poral fossa, mastoid, or external ear canal in 84% (16/19), 
facial paralysis in 47% (9/19), conductive hearing loss 

Fig. 9.2: A 52-year-old man with a nasopharyngeal chondro-
sarcoma protruding from the external auditory canal. Otoscopic 
examination revealed occlusion of the ear canal by the neoplasm.

Fig. 9.3: Magnetic resonance imaging (MRI) of the brain and inter-
nal auditory canals revealing a right skull base chondrosarcoma 
measuring at least 5 cm with a small area of extra-axial extension 
into the right posterior fossa over the cerebellar hemisphere. 

Fig. 9.4: Computed tomography (CT) of the brain and internal 
auditory canals revealing a right skull base chondrosarcoma 
measuring at least 5 cm with a small area of extra-axial extension 
into the right posterior fossa over the cerebellar hemisphere. 
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in 37% (7/19), otalgia in 32% (6/19), bloody or purulent 
otorrhea in 16% (3/19), and other cranial nerve deficits in 
16% (3/19). As with other skull base and temporal bone 
malignancies, symptoms caused by cranial nerve deficits 
are determined by the site of tumor involvement. Hear
ing loss and tinnitus are frequently the only symptoms of 
typical glomus tumors. This peculiar neoplasm arises from 
cells around the jugular bulb and expands to involve the 
neighboring structures46 (Fig. 9.7).
 In doing so, the neoplasm most frequently extends to 
the floor of the middle ear, causing conductive hearing 
loss and pulsatile tinnitus. As the disease progresses, it 
may appear as chronic otitis media and may even extend 
through the eardrum and appear to be granulation tissue 
in the ear canal. Biopsy of this apparent granulation tissue 
may cause profuse bleeding because of the marked vas
cularity of the tumor. As the disease extends, it may destroy 
portions of the temporal bone and jugular bulb and can 
extend intracranially.8

EVALUATION
The assessment of tumor invasion into soft tissue along 
fascial planes, perineural spread, and CNS infiltration 
is accomplished best with MRI.47,48 MRI with contrast is 
now the study of choice for evaluation of the skull base, 
especially the common sites of invasion: the petroclinoid 
fissure and foramen lacerum (Fig. 9.8).
 Despite the great sensitivity of radiological studies, 
intraoperative evaluation is of undisputed importance, 
and limitations of radiography have been recognized.8 

A comprehensive neurotologic workup is indicated when 
temporal bone lesions are suspected. The workup includes 
pure tone and speech audiometry, CT of the temporal 
bones and brain, MRI/MRA, as well as any other tests that 
are indicated clinically13,49 (Figs. 9.9 and 9.10).
 Radiological evaluation is now the mainstay of glomus 
tumor diagnosis. CT of the temporal bone is used to assess 
bone erosion, and MRI, MR angiography, traditional arte
riography, and retrograde jugular venography are used 
to define the extent of the neoplasm. Four vessel arterio
grams are now being recommended by some otologists 
because of the high incidence of associated tumors. Up to 
10% of patients with glomus tumors of the ear have asso
ciated contralateral glomus tumors, glomus vagale, carotid 

Fig. 9.5: Magnetic resonance imaging (MRI) showing a portion of 
resection of a patient with a grade 2 chondrosarcoma. Gross total 
tumor resection was accomplished.

Fig. 9.6: Computed tomography (CT) scan shows malignant 
destruction of the left temporal bone in a 37-year-old woman with 
osteosarcoma. 

Fig. 9.7: Angiogram of the same 54-year-old man from Figure 9.1 
with a large recurrent glomus tumor with intracranial extension.
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Fig. 9.8: Magnetic resonance imaging (MRI) showing tumor 
invasion of skull base, foramen lacerum, and posterior aspect of 
cavernous sinus of a 39-year-old woman with adenocarcinoma of 
the skull base.

Fig. 9.9: Preoperative computed tomography (CT) showing par-
tial destruction of the right side of the skull base from a patient 
with right nasopharyngeal squamous cell carcinoma extending 
from the tonsillar pillar into the parapharyngeal space and eroding 
through the foramen ovale and into the temporal bone. 

Fig. 9.10: Magnetic resonance showing portion of the naso-
pharyngeal tumor increasing the size and decreasing the defini-
tion of parapharyngeal space, suggesting aggressive neoplasm.

body tumor, or thyroid carcinoma.46 Biopsy may be used 
appropriately to rule out other lesions and in patients who 
are not surgical candidates prior to instituting palliative 
radiation therapy.8 Glomus tumors are discussed in grea
ter detail elsewhere in this book.

HISTOLOGY
Chondrosarcomas may arise from pluripotent mesenchy
mal cells involved in the embryogenesis of the skull base 
and temporal bone. Alternatively, metaplasia of mature 

fibroblasts has been implicated as an inciting mechanism 
in the development of chondosarcomas.50,51

 Primary chondrosarcoma develops de novo in normal 
bone (Fig. 9.11A). Most temporal bone chondrosarcomas 
appear to arise in this manner. Rarely, there are secondary 
chondrosarcomas that arise from preexisting cartilagi
nous tumors or abnormalities. Chondrosarcoma has been 
reported in association with Paget's disease, Maffucci syn
drome, osteocartilagenous exostoses, Ollier disease, and 
osteochondromas.52,53

 Osteosarcoma is thought to arise from immature bone
forming cells or through neoplastic differentiation of other 
mesenchymal cells into osteoblasts. Histologically, a tumor 
is considered to be an osteosarcoma if it demonstrates 
malignant spindle cells producing osteoid in various stro
mal backgrounds (Fig. 9.11B). Subtypes are based on the 
predominant characteristic of the cells and stroma and 
include osteoblastic, chondroblastic, fibroblastic, small 
cell, and telangiectatic.1821

TREATMENT
Rarity of the disease poses challenges not only with the 
development of a uniform classification but also with 
management strategies. The Pittsburgh Grading System is 
used commonly (Fig. 9.12). Despite technological advan
ces, skull base surgery continues to be complex. It requires 
operative efforts between a patient and an extensive team 
of professionals. The goal of management is to be curative; 
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alone was used (Figs. 9.13A to C). Advances in skull base 
techniques proved its current role as primary therapy, 
using radiotherapy as a postoperative adjuvant. The com
bination of these two modalities has improved overall 
survival for patients who have temporal bone cancer.55,56

 Currently, radiotherapy is recommended for T2 and 
higher staged tumors.6,5759 Other indications for postop
erative radiotherapy include recurrent tumors, positive 
margins, perineural spread, positive lymph nodes, or 
extra capsular spread.56 Intensity modulated radiotherapy 
allows the radiation oncologist the ability to adequately 
treat the tumor site and minimize dose to surround
ing structures, especially the temporal lobe and brain
stem. Dosages vary widely in the literature. Pfreundner 
et al.4 recommended 54 to 60 Gy in patients with negative 
margins and a minimum of 66 Gy with positive margins. 
Prabhu et al.60 gave doses between 60 and 66 Gy for 
patients with negative margins and doses between 68 and 
72 Gy for patients with positive or close margins.
 Only a few isolated studies have examined the role of 
chemotherapy for temporal bone cancers.6163 Nakagawa 
et al.61 described a series of 25 patients with primary 
SCCa of the ear canal and middle ear. Six patients (T2: 1 
patient; T3: 3 patients; T4: 2 patients) received preopera patients; T4: 2 patients) received preoperapatients; T4: 2 patients) received preopera
tive chemotherapy followed by surgery and radiotherapy. 
Five of these six patients achieved mean survival of 60 
months. Chemotherapy and radiotherapy alone were used 
in 7 patients with T4 disease; 3 of these 7 patients had no 
evidence of disease at mean of 31.6 months.

Figs. 9.11A and B: (A) Histology chondrosarcoma of the temporal bone showing chondroid matrix with increased cellularity and binu-
cleate cells. High-grade chondrosarcomas are characterized by high cellularity, prominent nuclear atypia, and mitosis. (B) Histology of 
an osteogenic sarcoma resected from one of our patients shows high-grade, anaplastic, pleomorphic spindle cells, large hyperchromatic 
nuclei with osteoid production.

A B

Fig. 9.12: The Pittsburgh Grading System. 

University of Pittsburgh Tumor Lymph 
Node Metastasis Staging System

T STATUS
T1-Tumor limited to the external auditory canal wilhout bony 
erosion or evidence of soft tissue extension.
T2-Tumor with limited external auditory canal bony erosion 
(not full-thickness) or radiographic finding consistent with limited 
(< 0.5 cm) soft tissue involvement.
T3-Tumor eroding osseous external auditory canal (full-thickness) 
with limited (< 0.5 cm) soft tissue involvement, or tumor involving 
middle ear or mastoid, or patients presenting with facial paralysis.
T4-Tumor eroding cochlea, petrous apex, medial wall of the middle 
ear, carotid canal, jugular formen, or dura, or with extensive (> 0.5 cm) 
soft tissue involvement.
N STATUS
Involvement of lymph nodes is a poor prognostic finding and 
automatically places patient in advanced stage (i.e., stage III 
[T1, N1] or stage IV [T2, T3, and T4,  N1] disease).
M STATUS
Distant metastasis indicates poor prognosis and immediately 
places patient in stage IV.

yet, due to the nature of the temporal bone, complete exci
sion of tumor, whether piecemeal or en bloc, is often diffi
cult once the tumor extends beyond the external auditory 
canal.8

 A few articles have reviewed the role of radiotherapy 
as single modality therapy. Kang et al.54 concluded that 
radiotherapy alone was not inferior to combined surgery 
and radiotherapy for diseasespecific survival, but they 
found that local control was worse when radiotherapy 
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 In a pilot study, Shiga et al.62 described a series of 
14 patients with SCCa of the temporal bone, of whom 9 
had stage IV disease and were treated with concomitant 
chemoradiotherapy. Their chemotherapy regimen included 
docetaxel, cisplatin, and 5fluorouracil (TPF). Eight of nine 
patients achieved complete response. These investigators 
concluded that the use of concomitant chemotherapy with 
TPF was safe and effective as a treatment of patients with 
cancer of the temporal bone.62 
 Intraarterial chemotherapy has been proposed and 
tested in a few patients. Sugimoto et al.63 published a 
small series of five patients with T3 and T4 SCCa of the 
temporal bone who were treated with radiotherapy and 
intraarterial chemotherapy consisting of cisplatin and 
thiosulfate. Three patients obtained a complete response 
and had mean survival of 28 months.
 For extensive disease of the middle ear or involvement 
of the pneumatized spaces, TTBR may provide better 

oncologic control. In the original description of the proce
dure by Graham et al., the vascular and neural structures 
of the petrous apex are included with the resection.16 The 
goal of the procedure is en bloc removal of the tumor with
out tumor transgression, providing tumorfree margins.8

 TTBR is a formidable procedure, which commonly 
requires 18–24 hours, and is associated with substantial 
blood loss (although the author [RTS] has performed one 
case successfully without transfusion in a Jehovah’s wit
ness). It should be performed only as a curative operation in 
patients who are physiologically and psychologically pre
pared to tolerate the procedure and a prolonged recovery. 
Paralysis of cranial nerves VI–XII is planned, and the 
patient and family must be thoroughly informed before 
this method is chosen. If the tumor encroaches upon the 
internal carotid artery, preoperative balloon test occlusion 
should be performed to determine the perfusion capacity 
of the contralateral side. This will help determine whether 

Figs. 9.13A to C: (A and B) A 2-cm malignant ulcer of the mastoid 
surrounded by radiation reaction of a 62-year-old woman in whom 
squamous cell carcinoma of the right external auditory canal after 
radiation therapy and “temporal bone resection” at another insti-
tution. (C) Computed tomography (CT) scan reveals persistent 
squamous cell carcinoma of the right external canal, middle ear, 
and mastoid with a defect in the sigmoid plate in the same patient. 
The persistence of the mastoid air cells suggests that the previous 
“temporal bone resection” was limited.

A B

C
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the patient is able to tolerate the resection of the internal 
carotid artery or will require intracranial bypass surgery.8.
 Treatment approaches for chondrosarcoma have 
evolved throughout the years and include combinations 
of surgical debulking, complete surgical excision, radia
tion, and chemotherapy. Although most studies report a 
treatment bias, the paucity of patients with chondrosar
coma of the temporal bone makes it impossible to perform 
prospective trials that could lead to definitive treatment 
conclusions. Anecdotal protocols are common. Due to a 
concern that surgical debulking violates tumor bounda
ries and oncologic principles, the concept of total en bloc 
resection with total gross removal of disease has been sug
gested as the preferred surgical procedure when removing 
chondrosarcoma of the skull base and temporal bone.8

 Treatment of osteogenic sarcoma has varied widely, 
and followup was inconsistent or not reported in nearly 
onethird of the cases. Consequently, treatment protocols 
for temporal bone osteosarcoma have to be extrapolated 
from series reporting osteosarcomas located in the head, 
neck, and other body sites. Authors including Sataloff 
et al.41, 16 and Sharma et al.15 support radical resection of 
temporal bone osteosarcoma with the use of adjuvant 
radiation and chemotherapy.

SURGICAL TECHNIQUES

Partial Temporal Bone Resection
Sleeve Resection

Lesions in the ear canal lateral to the bony cartilaginous 
junction may be amenable to a sleeve resection. With this 
technique, a medial incision is used to assure that the bony 
cartilaginous junction is not involved. A lateral incision 
encompasses the lesion, surrounding skin and underlying 
cartilage. The specimen is removed, and reconstruction 
may involve a split thickness thin graft or other techniques. 

Partial Temporal Bone Resection and 
Lateral Temporal Bone Resection 

Partial temporal bone resection (PTBR) refers to removal 
of the bony and cartilaginous external auditory canal. The 
term often is used interchangeably with lateral temporal 
bone resection (LTBR) (Fig. 9.14).
 Lesions that extend medially to the bony cartilaginous 
junction without involvement of the tympanic membrane 
or annulus may be treated with a lateral PTBR or LTBR. 
Tumors of the periauricular skin that extend into the audi
tory canal and the parotid gland immediately adjacent to, 

adhering to, or superficially invading the temporal bone 
but not invading the middle ear space or aerated spaces 
of the mastoid also may be treated with LTBR. Occasion
ally, such surgery may be appropriate for tumors in other 
locations (Figs. 9.15A and B). Following a complete mas
toidectomy that is extended well into the zygomatic root, 
an en bloc resection of the bony external auditory canal 
and skin is performed. The specimen usually includes the 
entire bony and cartilaginous external auditory canal wall 
with the tympanic membrane. The medial resection plane 
includes the tympanic membrane, malleus and incus, and 
the most lateral resection margin includes at least the con
chal and tragal cartilage surrounding the external auditory 
meatus. When appropriate, parotidectomy and selective 
neck dissection may be included. A split thickness skin 
graft with bolster often is used for closure.

Piecemeal Removal

In prior years, temporal bone cancers were handled with 
piecemeal removal. This operation essentially was a large 
mastoidectomy in which the surgeon drilled through 
tumor and removed it as well as possible. Results were 
poor, and this approach is not recommended.

Subtotal Resection

Tumors that invade the middle ear or aerated spaces of 
the mastoid bone have been treated traditionally with a 
STBR combined with parotidectomy and selective neck 
dissection. STBR removes the temporal bone lateral to 
the internal carotid artery, and inferiorly to the jugular 
foramen, leaving only the petrous apex. A temporal 

Fig. 9.14: Typical limits of lateral, subtotal, and total temporal 
bone resection.
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craniotomy is performed to allow access to the internal 
auditory canal (IAC) and define the intracranial margin of 
the tumor resection. Tumor may be resected if it involves 
dura only, but if it extends into brain parenchyma, most 
surgeons consider the tumor inoperable. The temporal 
lobe is identified superiorly, and the posterior fossa is 
uncovered posteriorly. The great vessels are controlled 
in the neck, and a total parotidectomy is performed. The 
facial nerve is identified within the parotid gland and may 
be preserved. The mandibular condyle is sectioned, and 
bone is divided from the middle fossa superiorly, internal 
carotid artery (ICA) (preserved) anteroinferiorly, and the 
IAC medially. The jugular bulb and sigmoid sinus are 
unroofed with a mastoidectomy. The ICA is skeletonized 
anterior to the jugular bulb, and is exposed in its vertical 
and horizontal petrous segments. Piecemeal removal of 
residual tumors may be necessary after this resection, and 
tumor usually is seen during this approach and often is 
violated.

Total Temporal Bone Resection
The goal of surgery is en bloc resection of the temporal 
bone “without seeing tumor”.59 This procedure is appro
priate for fully informed patients with tumors tradition
ally considered unresectable and lethal, who have no 
metastatic disease, are in good health, and are willing to 
accept the formidable morbidity and mortality to achieve 
a chance of cure. Occasionally, there also may be a role for 

STBR. Using traditional approaches less extensive than 
TTBR, it may be extremely difficult or impossible not to 
violate a tumor margin, especially if tumor size is underes
timated by imaging studies. 
 A partial mastoidectomy to expose the sigmoid sinus, 
e.g. may expose air cells in continuity with the middle ear 
or mastoid tumor. Carotid artery dissection necessarily 
comes in close contact with the anterior extension of middle 
ear tumors. Even with a large resection, some piecemeal 
resection may be necessary, especially in the occipital 
condyle, clivus, carotid canal, or cavernous sinus.60,61 The 
senior author (RTS) has made some previously unreported 
changes in his protocol: (1) the procedure has been 
extended to include the cavernous sinus and clivus in 
selected cases; (2) preoperative carotid artery screening is 
performed with temporary balloon occlusion rather than a 
Silverstein clamp; (3) the carotid artery is occluded below 
the ophthalmic artery by our interventional radiologist 
within a few days before the definitive resection; and (4) 
carotid artery bypass grafting, if necessary, should be from 
the contralateral internal carotid artery to the ipsilateral 
internal carotid artery with the graft passing across the 
head, removing this lifesustaining graft from the surgical 
field. Because much of the external carotid artery system is 
sacrificed during this operation, and because substantial 
manipulation is required to extract the temporal bone, 
risk to a graft based on the ipsilateral carotid artery is 
excessively high.

Figs. 9.15A and B: (A) A magnetic resonance imaging (MRI) of a 66-year-old woman with a stage IV, poorly differentiated adenocar-
cinoma in the jugular foramen with nonspecific enhancement of the seventh and eighth cranial nerves in the internal auditory canals, 
geniculate ganglion, and descending portion of the nerve. (B) A computed tomography (CT) showing destruction within the left temporal 
bone of same patient. This patient was prepared for total en bloc temporal bone resection with middle and posterior fossa craniotomy, 
although only a modified resection was required. The tumor was removed in its entirety with margins using an extended subtotal resec-
tion without total temporal bone resection.

A B
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Technique for Total Temporal Bone Resection

TTBR is performed in two stages. The first stage used to 
involve placement of a Silverstone or Kindt clamp around 
the internal carotid artery that was occluded over 3 days 
with the patient awake. In recent years, this procedure has 
been abandoned in favor of preoperative balloon occlu
sion and Xenon flow studies. Surgery also used to involve 
division of the internal carotid artery intracranially below 
the ophthalmic artery. Now, the carotid artery is occluded 
in this region by the interventional radiologist using coils, 
shortly before surgery. It is important to establish that the 
patient will be able to tolerate resection of the internal 
carotid artery system before proceeding with surgery. 
If that is not the case, intracranial bypass from the other 
carotid artery may be performed. A bypass from the ipsi
lateral side should not be used because of risk to the graft 
during the extensive manipulation required for a TTBR. 
All of our patients have sustained deep vein thrombosis 
despite precautions. Consequently, a Greenfield filter also 
is placed preoperatively. We also often place a ventriculo
peritoneal shunt preoperatively. In selected cases, when 
there is question as to the adequacy of venous outflow, a 
catheter is placed in the venous system and occluded later 
with the patient awake to be certain that the patient will 
tolerate resection of intracranial sinuses and the jugular 
system.64

 Definitive resection occurs as a second stage. The 
operation includes:
 1. Adequate padding. Intraoperative decubitus ulceration 

can occur.
 2. A temperature probe and temperature control blanket 

are required.
 3. A SwanGanz catheter, arterial monitoring catheter, 

central venous catheter, and peripheral venous cath
eters. All IV sites are monitored every 30 minutes dur
ing the procedure. Unrecognized infiltration from an 
IV line can result in compartment syndrome and loss 
of a limb.

 4. A lumbar spinal drain if a ventriculoperitoneal shunt 
has not been placed.

 5. A Foley catheter and nasogastric tube.
 6. Intermittent compression stockings and other throm

bophlebitis prophylaxis measures.
 7. Perioperative steroids and antibiotics.
 8. Tracheotomy.
 9. The patient’s head is shaved and placed in the Mayfield 

tongs (Fig. 9.16).
10. The ipsilateral eye is protected with ointment and Frost 

stitches, and the contralateral eye is protected.

11. The head, neck, abdomen and leg are prepared and 
draped. Fascia lata may be harvested later in the case, 
as well as muscle.

12. The incision is designed to optimize preservation of the 
blood supply to the flaps, allow adequate excision of 
the lesion being treated, and facilitate primary wound 
closure when possible.

13. If the patient’s internal carotid artery has not already 
been occluded preoperatively, it is occluded intracra
nially at this point. Delaying this maneuver until later 
in the procedure during early cases resulted in embo
lism of clot that occurred following carotid occlusion 
in the neck performed before intracranial occlusion.

14. The facial and neck flaps are elevated.
15. The upper neck is dissected and the carotid sheath is 

exposed. If required, neck dissection and parotidec
tomy are performed. The great vessels are identified in 
the neck, and the carotid artery and jugular vein are 
occluded and divided.

16. A craniotomy is performed to provide broad exposure 
of the posterior and middle fossae.

17. The superior petrosal sinus is occluded with bipolar 
cautery approximately 0.5 cm posterior to the caver
nous sinus. Attempts to occlude the superior petrosal 
sinus closer to the cavernous sinus result in bleeding 
from the cavernous sinus that is difficult to control.

18. The brain stem is retracted gently in order to visualize 
the inferior petrosal sinus, jugular foramen and fora
men magnum.

Fig. 9.16: This figure illustrates part of the second stage of the 
defi nitive resection. After placement of adequate padding, temper-
ature probe and blanket, Swan-Ganz catheter, arterial monitoring 
catheter, central venous catheter, peripheral venous catheter, lum-
bar spinal drain, Foley catheter, nasogastric tube, tracheotomy, 
the patient’s shaved head is placed in Mayfield tongs.
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19. The anterior lateral bone cut (Fig. 9.17) is made 
through the lateral skull wall connecting the ante
rior petrous apex with the neck, the carotid canal just 
proximal to the cavernous sinus, the superior petrosal 
sinus, freeing the anterior middle cranial fossa floor. In 
our original reports, these bone cuts were made with 
a drill. Since the latter 1980s, the author (RTS) has used a 
curved chisel. The final bone cuts are made with a chisel 
extending from posterior to anterior, coursing within 
an approximately 5 mm of the foramen magnum. The 
final cut is through the inferior petrosal sinus. The 
bleeding is controlled with Surgicel (Fig. 9.18).

20. This resection includes the jugular venous system with 
the sigmoid, superior petrosal and inferior petrosal 
sinuses, the carotid artery, and cranial nerves VI–XII. 
If the patient has tolerated the procedure well, the 
residual facial nerve can be grafted to the brain stem 
at this time (Fig. 9.19). Experience has shown that 
attempts to save cranial nerve VI are ill advised.

21. A fascia lata graft is used to close the dura.
22. It is essential that the soft tissue of the eustachian tube 

be closed with a purse string suture. Failure to perform 
this maneuver results in cerebral spinal fluid leak 
through the eustachian tube (since the entire bony 
eustachian tube has been removed).

23. The wound is closed primarily if possible. The entire 
external ear has been resected, (Fig. 9.20) and if sur
rounding skin resection is too extensive to permit 
primary closure, closure can be accomplished either 
through Galal relaxing incisions, advancement of the 
craniotomy flap leaving a secondary defect over intact 

skull (which may be managed with a skin graft and 
covered with a wig at the time of discharge), or a free 
flap (Figs. 9.21A and B).

PROGNOSIS
To date, no treatmentcontrol studies have been reported. 
Most of the many treatment approaches are based on 
individual experience. In 1994, Prasad and Janecka65 
attempted to gain perspective on the role of surgery in 
the management of malignant tumors of the temporal 
bone. They reviewed the available literature and selected 
26 publications that had comparable data. From the 
data analysis of 144 patients, they made the following 

Fig. 9.17: Skull showing the bone cuts and segment of the skull 
base removed for total temporal bone resection.

Fig. 9.18: Postoperative computed tomography (CT) scan demons-
trating segment of the skull base removed for total temporal bone 
resection of a 37-year-old woman with osteogenic sarcoma.

Fig. 9.19: Greater auricular nerve that can be grafted to the brain 
stem and facial nerve branches after resection of the facial nerve 
in the temporal bone.
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Fig. 9.20: Resection of the entire external ear and surrounding 
skin, and a portion of the mandible in a patient with osteogenic 
sarcoma of the temporal bone.

Figs. 9.21A and B: (A) Primary closure after Galal relaxing incisions in the patient discussed in Figures 9.18 and 9.20. (B) Closure 
accomplished through Galal relaxing incisions and advancement of the craniotomy flap, leaving a secondary defect over intact skull. 
This can be closed with a skin graft (illustrated) or free flap.

A B

suggestions: (a) tumors limited to the external auditory 
canal have a 50% overall cure rate after mastoidectomy 
or LTBR or STBR; (b) addition of radiation therapy after 
LTBR does not appear to be advantageous; (c) compared 
with mastoidectomy and LTBR, STBR improves survival 
once the tumor involves the middle ear. It may appear 
that conclusions made from such an indepth study would 
hold true, and indeed, multiple authors continue to use 
their suggestions. However, upon a closer examination, 
one finds that for each treatment modality the patients’ 
sample size remained small. The staging system they used 
was limited: tumor confined to the external auditory canal, 
tumor extended into the middle ear, and tumor invading 

the petrous apex. Moreover, radiation protocols and 
techniques have changed. Furthermore, multiple studies 
(prospective and retrospective) published since 1994 have 
disputed their conclusions.8

 Several factors are associated with decreased survival 
rates. These include the local extent of the tumor, facial 
paralysis, positive margins, dural involvement, and lymph 
node metastasis. Some studies have found that advanced 
age (< 60–65 years old),66,67 multiple cranial nerve involve
ment, moderatetosevere pain, and female sex may worsen 
prognosis.68,69

CONCLUSION
The optimal management of temporal bone cancer 
remains unclear because of continued debate regarding 
staging, the utility of preoperative radiographic evaluation, 
the value of nonsurgical management with radiation and/
or chemotherapy, nomenclature of surgical procedures, 
and the use of adjuvant radiation. The limited number of 
cases of temporal bone malignancies at each individual 
institution precludes definitive conclusions regarding the 
optimal management protocol.7

 Total en bloc temporal bone resection can be per
formed successfully in the hands of an experienced skull 
base surgical team. This procedure allows resection of 
extensive, carefully selected, malignant tumors, and may
be appropriate very rarely for histologically benign but 
biologically aggressive neoplasms. Each new case brings 
about refinements in technique. Protection against deep 
vein thrombosis preoperatively has become routine. 
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Carotid balloon occlusion testing also has become rou
tine. Experience has shown that it is possible to extend 
resection beyond the midline, if necessary; and when the 
inferior aspect of the cavernous sinus is involved, par
tial resection of the sinus with preservation of nerves is 
possi ble. The interest, expertise, and active participation of 
the operating room nursing team are critical to the success 
of this surgery. Not only intraoperative nursing participa
tion but also preoperative assessment and postoperative 
support require special expertise and dedication. Close 
cooperation and extensive communication among the 
surgeons, nurses, and consultants are essential.9 Mortality 
and morbidity are high, and ideal candidates are young, 
healthy people with localized disease considered lethal, 
and regarded traditionally as unresectable. Rarely, intra
operative evaluation and modification to a somewhat less 
extensive procedure are appropriate. However, in general, 
patients and the healthcare team should be prepared to 
proceed with the total en bloc resection “without seeing 
tumor” in order to give these patients with deadly disease 
at least some chance of cure.
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CHAPTER

INTRODUCTION
Malignant and benign neoplasms of the temporal bone 
present a diagnostic and therapeutic challenge. The clinical 
presentation varies depending on the anatomic location 
and extent of the tumor, structures involved, and its biolo
gical behavior. The anatomical complexity of the tempo
ral bone and the intimate relationship with vital neural 
and vascular structures adds to the therapeutic challenge. 
Apart from being rare, their slow and insidious course 
often causes a delay in diagnosis and commonly patients 
present with signs of cranial neuropathies and locally 
advanced disease. Squamous cell carcinoma (SCC), the 
most common malignant neoplasm of the temporal bone, 
will be discussed in a different chapter. Vestibular schwan
nomas (VS) merit a separate discussion and will not be 
included in this chapter. The purpose of this chapter is to 
provide an overview of nonSCC tumors of the temporal 
bone with emphasis on clinical presentation, diagnostic 
evaluation and treatment.

ANATOMY
A detailed anatomical description of the temporal bone is 
beyond the scope of this chapter. The temporal bones are 
situated at the sides and base of the skull. Each temporal 
bone includes five parts: the petrous, mastoid, squamous 
and tympanic bones, and the styloid process. The floor of 
the middle cranial fossa forms the superior border. Medi
ally, the temporal bone is limited by the cerebellopontine 
angle (CPA) of the posterior fossa. The external auditory 
canal and auricle form its lateral border. Inferiorly, the 
carotid artery begins its intrapetrous course by entering 

the carotid canal and the internal jugular vein and lower 
cranial nerves IX, X and XI begin their extracranial course 
by exiting the jugular foramen.

DIFFERENTIAL DIAGNOSIS
NonSCC tumors of the temporal bone are listed in Table 10.1. 
Based on the anatomical site of origin, tumors of the tem
poral bone can be divided into five anatomical locations 
(Figs. 10.1 to 10.6): (1) tumors of the middle and lateral 
temporal bone, (2) tumors of the inferior temporal bone, 
(3) tumors of the petroclival junction and petrous apex, (4) 
tumors of the medial temporal surface and (5) tumors of 
the superior temporal surface.

PARAGANGLIOMAS

Introduction
Paragangliomas (commonly referred to as glomus tumors) 
are tumors of the paraganglionic tissue. They are slow
growing, usually benign and highly vascular tumors. During 
embryogenesis, paraganglionic tissue is derived from the 
migration of neural crest cells in close association with 
the sympathetic nervous system. Within the head and neck, 
these cell rests are predominantly distributed throughout 
the middle ear in close association with Jacobson’s nerve 
[branch of cranial nerve (CN) IX], Arnold’s nerve (branch 
of CN X), the jugular foramen, vagus nerve and carotid 
body.
 Guild coined the term “glomic tissue” for the vascular
ized ganglionic tissue along the adventitia of the jugular 
bulb and promontory.1 Modern pathologic description 
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Fig. 10.1: Neoplasm originating in the region of the petroclival 
junction and petrous apex can involve the CPA by medial and pos
terior extension. (C, cochlea; CPA, cerebellopontine angle; EAC, 
external auditory canal; ELS, endolymphatic sac; ET, Eustachian 
tube; SCC, semicircular canals; VII/VIII, cranial nerves seven and 
eight complex).

(CN, cranial nerve; CPA, cerebellopontine angle; IAC, internal auditory canal).

Table 10.1: Differential diagnosis of lesions of the temporal bone

Middle and lateral 
temporal bone Inferior temporal bone

Petrous apex and 
petroclival region

Medial temporal 
surface

Superior temporal 
surface

•	 Paragangliomas	(glomus	
tympanicum)

•	 Schwannomas	of	CN	VII	
(mastoid portion)

•	 Adenomas
•	 Adenocarcinomas
•	 Ceruminous	adenomas
•	 Adenoid	cystic	carcinomas
•	 Ceruminous	adenocarci

nomas
•	 Squamous	cell	carcinomas
•	 Carcinoid	tumors
•	 Leukemia,	lymphoma	and	

plasmocytoma
•	 Rhabdosmyoarcoma
•	 	Langerhans	cells	histiocy

tosis
•	 Metastasis

•	 Paragangliomas	
(glomus jugulare 
and vagale)

•	 Schwannomas	of	
CN IX, X, XI and XII

•	 Meningiomas	of	
jugular foramen

•	 Chondrosarcomas
•	 Osteosarcomas

•	 Petroclival	menin
giomas

•	 Schwannomas	CN	V
•	 Chondrosarcomas
•	 Chordomas
•	 Rhabdosarcomas
•	 Osteosarcomas
•	 Leukemia,	lymphomas	

and plasmocytomas
•	Metastatic	disease

•	 Schwannomas	
CN VII and VIII

•	 Meningiomas	of	
IAC and CPA

•	 Endolymphatic	
sac and duct 
tumors

•	 Middle	fossa	
meningiomas

•	 Schwannomas	
CN VII (Genicu
late ganglion)

•	 Hemangiomas	
(geniculate gan
glion) 

Fig. 10.2: Neoplasms originating from the region of the IAC can 
involve the CPA by extending medially and anterosuperiorly. 
(C, cochlea; CPA, cerebellopontine angle; EAC, external auditory 
canal; SCC, semicircular canals; VII/VIII, cranial nerves seven and 
eight complex).

reserves the term “glomus tumor” for benign hamartomas 
of glomus bodies (neuromyoarterial apparatus responsi
ble for thermoregulation) commonly found in the hands 
and feet. Still, Guild’s description of “glomic tissue” in 
the head and neck has persisted in clinical descriptions 
of these tumors. Within the temporal bone two types of 

paragangliomas exist: glomus tympanicum and glomus 
jugulare. Glomus tympanicum arises from rests of para
ganglionic tissue associated with Jacobson’s and Arnold’s 
nerves. Glomus jugulare is believed to arise from similar 
paraganglionic rests within the adventitia of the jugular 
bulb, intimately associated with CN IX, X and XI.
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Fig. 10.3: Neoplasms originating from the region of the endolym
phatic sac and the posterior petrous ridge can involve the CPA 
by extending anteriorly. (C, Cochlea; CPA, cerebellopontine angle; 
EAC, external auditory canal; SCC, semicircular canals).

Fig. 10.4: Neoplasms originating from the region of the geniculate 
ganglion and floor of the middle cranial fossa can spread to the 
CPA by extending medially and anteriorly. (C, cochlea; CPA, cere
bellopontine angle; EAC, external auditory canal; ET, Eustachian 
tube; FL: foramen lacerum; SCC, semicircular canals; VII/VIII, cra
nial nerves seven and eight complex).

Figs. 10.5A and B: Neoplasms originating from the lateral aspect of the temporal bone, external auditory canal or middle ear can 
extend to the CPA by spreading medially, posteromedially (via the mastoid and the perilabyrinthine air cell systems) or anteriorly (via 
the petrous or the infralabyrinthine air cell systems). (C, Cochlea; CPA, cerebellopontine angle; EAC, external auditory canal; ET, Eus
tachian tube; ME, middle ear; SCC, semicircular canals; GG, geniculate ganglion; VII

T,
 tympanic portion of CN VII).

A B

 The incidence of paragangliomas is estimated at 
0.012%.2 No racial predilection has been noted and they 
commonly occur in the fourth and fifth decades of life.3 
Multicentricity is seen in 3–10%.4,5 Familial paragang
lioma, inherited as an autosomal dominant disorder with 
genetic imprinting through paternal transmission, occurs 
in 1/30,000 head and neck tumors.6 In contrast to the 
sporadic type, individuals affected by this rare condition 

develop multiple paragangliomas, often bilateral and at 
an earlier age. Multicentricity is seen in 30% of cases of 
familial paragangliomas. The most common association 
is a carotid body tumor and ipsilateral glomus tympani
cum.5	 Recent	 genetic	 studies	 found	 linkage	 to	 two	 dis
tinct	chromosomal	loci:	11q13.1	(PGL	2)	and	11q22.3q23 
(PGL	 1).68 Germline mutations in the genes encoding 
for the three subunits of the mitochondrial complex II or 
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Fig. 10.6: Neoplasms originating from the region of the jugular 
bulb and lower cranial nerves extend to the CPA by spreading 
anteriorly and superiorly. (CPA, cerebellopontine angle; IAC, 
internal auditory canal; JB, jugular bulb; SS, sigmoid sinus; SPS, 
superior petrosal sinus).

succinate	 dehydrogenase	 (SDHD)	 (an	 essential	 compo
nent	of	Krebs	cycle)–SDHB,	SDHC	and	SDHD–have	been	
recently found.911

 Paragangliomas spread through pathways of least 
resistance: air cell tracts, vascular channels, naturally 
occurring fissures and foramina.
 Malignant paragangliomas are rare and reported in 5% 
of cases.12 The diagnosis of malignancy is based on the con
firmed presence of distant metastasis. Cellular criteria and 
invasiveness have not been established as a prerequisite 
for making the diagnosis of malignant paragangliomas.

Pathology
Paragangliomas contain two cell types: the chief and sus
tentacular cells. The chief cells possess secretory granules 
that contain catecholamines. They are derivatives of neural 
crest cells and belong to the diffuse neuroendo crine system 
(DNES).13 Only 1–3% of head and neck para gangliomas 
excrete norepinephrine. Unlike adrenal paragangliomas 
(pheochromocytoma), extraadrenal para gangliomas rarely 
produce epinephrine, as the rate con verting enzyme, 
phenylethanolamineNnethyl transferase, is absent.13,14 
On light microscopy (Figs. 10.7A and B), chief cells form 
clusters (Zellballen) embedded with support cells (susten
tacular cells) within an abundant vascular stroma. Mitosis 

and capsular invasion have been described in a benign 
variant and are not considered determinant of malignant 
behavior.

Clinical Manifestations
Paragangliomas may be sporadic or part of an inherited 
syndrome with an autosomal dominant mode of trans
mission with genetic imprinting. The hereditary form is 
characterized by a higher incidence of multicentricity 
and associated tumors.15 The genetic imprinting through 
paternal transmission seen in these tumors is reflected 
by the absence of phenotypic expression in offspring of 
females carrying the mutated gene, whereas inheriting a 
mutated copy from the father results in phenotypic expres
sion with high penetrance.7,8

 Early stage paragangliomas present with symptoms 
related to involvement of the middle ear cleft. Pulsatile 
tinnitus and conductive hearing loss are seen in 98% and 
63%, respectively.16 Glomus tympanicum tend to spread 
through pathways of least resistance along the peritubal 
air cells, intrapetrous carotid artery and petrous apex. 
Glomus jugulare presents with pulsatile tinnitus and 
cranial neuropathy. These neoplasms tend to spread 
through the hypotympanic air cells tract, around the jugu
lar bulb, inferior petrosal sinus and carotid artery into the 
jugular foramen and posterior fossa. The jugular foramen 
syndrome (Vernet syndrome), characterized by paresis of 
CN IX, X and XI, may be seen in 50% of tumors.17 Facial 
nerve involvement is present in 21–33%.1820 Involvement 
of CN IX has been reported in 4–43%, CN X in 5–57%, CN XI 
in 4–43% and CN XII in 7–43%.3,17,19,21 Glomus tympanicum 
is seen as a retrotympanic red mass on the promon
tory (Fig. 10.8). Glomus jugulare, when it erodes into the 
floor of the hypotympanum, presents similarly as a middle 
ear mass or as an aural polyp if erosion of the tympanic 
membrane has occurred. Invasion of the middle ear results 
in conductive hearing loss by encroachment of the neo
plasms onto the ossicles.18 Brown’s sign (tumor blanching 
with positive pressure using pneumatoscopy) or Aquino’s 
sign (cessation of pulsations with compression of the 
ipsilateral carotid artery) may be seen. As tumor invades 
into deeper structure, additional cranial neuropathies and 
cochleovestibular dysfunction ensue.

Diagnosis
It is prudent not to biopsy a vascular middle ear mass, 
as this may result in profuse bleeding or exsanguination 
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Figs. 10.7A and B: (A) Photomicrograph showing a hematoxylin and eosin (H&E) stain of a glomus jugulare. (B) Photomicrograph 
showing an hematoxylin and eosin (H&E) stain at a higher magnification of a glomus jugulare showing the nest of chief cells (large black 
arrow) (Zellballen) with surrounding sustentacular or supportive cells (small black arrow).

A B

if not properly controlled. An aberrant carotid artery or 
highriding, dehiscent jugular bulb may present as a red
dish or bluish mass in the hypotympanum, and possibly 
masquerade as a glomus tumor.
 In cases where multicentricity is seen, an appropri
ate workup should include screening for other adrenal 
and extraadrenal tumors and for familial type paragan
gliomas. A 24hour urinary vanillylmandellic acid (VMA), 
plasma catecholamines, and urinary betametanephrines 
or normetanephrines may be obtained as part of the bio
chemical screening workup.22	History	suggestive	of	 labile	
hypertension, attacks of headache, anxiety, sweating and 

flushing may suggest a catecholamine producing tumor. 
Due to the rarity of functional head and neck paragang
liomas, elevated plasma catecholamines should prompt 
the search for a pheochromocytoma, and perioperative 
alpha blockade may be indicated to avoid catecholamin
ergic crisis. Genetic screening is not widely available as a 
screening tool and remains confined to research labora
tory.
 The role of neuroradiology in determining the origin, 
extent and nature of the tumor is of paramount impor
tance. Its role is not only limited to the characteriza
tion of the lesion itself, but is essential in differentiating 
these lesions from vascular anomalies or temporal bone 
malignant neoplasms. Imaging may also screen for other 
contralateral or ipsilateral lesions in cases of familial para
gangliomas.
	 On	highresolution	computed	tomography	(HRCT)	of	
the temporal bone, glomus tympanicum in its early phases 
appears as a wellcircumscribed soft tissue mass localized 
on the promontory. The differential diagnosis of a soft 
tissue density confined to the promontory includes congen
ital cholesteatoma, persistent stapedial artery and aberrant 
carotid artery.23 Glomus jugulare tumors are associated 
with an irregular erosive enlargement of the jugular plate 
(floor of the hypotympanum) and the jugulocarotid spine, 
resulting in a pattern described as “motheaten” (Figs. 10.9 
and 10.10). Depending on its origin, these neoplasms 
will extend through the skull base to involve the jugular 
foramen in its neural and vascular compartment and 
eventually progress intracranially and/or extracranially 
through cervical extension.24

Fig. 10.8: Otoendoscopic view of a large glomus tympanicum 
seen as a retrotympanic red mass with expansion of the posterior 
aspect of the tympanic membrane.
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Fig. 10.9: Highresolution computed tomography of the temporal 
bone, coronal views, demonstrating a glomus jugulare extending 
toward the posterior fossa. Note the irregular borders, the moth
eaten appearance (small white arrows) and the erosion of the floor 
of the hypotympanum (arrowhead).

Fig. 10.10: Highresolution computed tomography of the temporal 
bone, axial views, demonstrating a lesion extending from the jugu
lar bulb into the posterior fossa consistent with a glomus jugulare. 
Note, the motheaten appearance and the irregular borders.

	 Magnetic	resonance	(MR)	weighted	images	are	supe
rior in evaluating tumor vascularity, extension along neural 
foramina and multicentricity.25 In addition, magnetic re so
nance	venography	(MRV)	(Fig.	10.11)	is	helpful	in	ensur
ing intraluminal patency of the jugular vein and retrograde 
involvement of the venous system as well as the status of 
the contralateral venous system. On T1 weighted images 
(T1WI), paragangliomas appear hypointense with a speck
led appearance. On gadolinium enhanced T1 images, they 

Fig. 10.11: Magnetic resonance venography of a patient with 
a right glomus jugulare (small white arrows). Note the blush 
indicative of hypervascularity. The importance of the MRV is in the 
assessment of the controlateral venous system. This patient has a 
patent controlateral jugular system.

Fig. 10.12: Fourvessel angiography showing a “vascular blush” 
(black arrow) at the site of a glomus jugulare. The vascular supply 
appears to originate from the ascending pharyngeal and tribu
taries of the occipital artery. 

demonstrate early and pronounced enhancement. On 
T2WI, paragangliomas are hyperintense and when larger 
than 2 cm, they demonstrate a serpentine flow void pat
tern described as “salt and pepper” appearance.25,26

 On angiography, paragangliomas exhibit an intense 
blush	or	a	 “bag	of	worms”	appearance.	MR	angiography	
may substitute for fourvessels angiography as a tool to 
evaluate the vascularity of skull base tumors (Fig. 10.12). 
However,	small	vascular	anomalies	and	blood	feeders	are	
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better seen on conventional angiography.27 Fourvessel 
angiography is indicated if preoperative embolization is 
planned. The later may decrease intraoperative blood loss 
and operative time.28

Treatment and Classification of 
Paragangliomas of the Temporal Bone
Different classification schemes have been described. 
They are shown in Tables 10.2 to 10.4. They are useful in 
the selection of the most appropriate treatment approach 
to tackle these vascular neoplasms. Four treatment moda
lities currently exist in the management of paraganglio
mas of the temporal bone: (1) observation, (2) surgery, 
(3) radiotherapy and (4) limited resection with planned 
radiotherapy.
 Tympanic tumors limited to the middle ear cleft with
out significant hypo or retrotympanic extension may be 
completely excised via a transcanal approach. Tympano
mastoid tumors with significant extension into the mastoid 
or retrofacial air cell tract are removed via a mastoidec tomy 
with an extended facial recess approach. For glomus jugu
lare tumors limited to the lateral wall of the jugular bulb 
without extension onto the internal carotid artery (ICA) 
or neck, a fallopian bridge approach or a combined mas
toidneck approach is used. Glomus jugulare tumors with 
extension towards the carotid canal or originating from the 
medial wall of the jugular bulb require an infratemporal 
fossa typeA approach with resection or packing of the sig
moid sinus and jugular bulb, removal of the posterior bony 
external auditory canal and tympanic ring, blind closure of 
the external auditory canal, and at times, limited or com
plete anterior translocation of the facial nerve (Fig. 10.13A). 
In tumors involving the lateral wall of the jugular bulb, the 
proximal sigmoid sinus can be packed extraluminally and 
the segment involved by the tumor is excised, preserving 
the medial wall of the vein intact. Bleeding from the infe
rior petrosal sinus is controlled with packing. Preoperative 

embolization has been shown to decrease intraoperative 
bleeding and facilitate neural microdissection.29 Glomus 
tumors extending anteriorly towards the carotid canal, 
petrous apex, petroclival junction and intracranially 
towards the prepontine cistern can be surgically approached 
with an infratemporal fossa typeB (Fig. 10.13B). In this 
approach, exposure of the petroclival area is achieved 
via a preauricular infratemporal fossa dissection. The 
parotid and extratemporal facial nerves are retracted infe
riorly while proximal and distal osteotomies allow inferior 
mobilization of the zygomatic arch and temporalis muscle, 
exposing the infratemporal and temporal fossa. The con
dyle of the mandible is dislocated and retracted. The 
Eustachian tube is divided and petrous apicectomy is 
completed. The intrapetrous ICA is skeletonized, decom
pressed and anteriorly mobilized. Drilling the petroclival 
synchondrosis and clivus allows intradural exposure 
of the prepontine cistern and basilar artery. Additional 
supratentorial exposure can be obtained by combining 
a subtemporal craniotomy. The superior petrosal sinus 
and tentorium are divided with care to avoid injuring 
the	 trochlear	 nerve	 and	 tributaries	 of	 the	 vein	 of	 Labbé. 
Although rarely needed in the surgical treatment of glo
mus tumors, an infratemporal fossa typeC allows access 
to the cavernous sinus, pterygopalatine fissure and lateral 
nasopharyngeal wall by removing the pterygoid plates and 

Table 10.2: Fisch paraganglioma staging system

Type A Tumor limited to middle ear

Type B Tumor limited to the tympanomastoid area with no 
infralabyrinthine involvement

Type C Tumor involving the infralabyrinthine compartment 
of the temporal bone and extending into the petrous 
apex

Type D1 Tumors with intracranial extension less than 2 cm

Type D2 Tumors with intracranial extension greater than 2 cm

Table 10.3: Glasscock and Jackson paraganglioma staging 
system

Type I Small tumor involving the jugular bulb, middle ear 
and mastoid

Type II Tumor extending under the internal auditory canal; 
may have intracranial extension

Type III Tumor extending into the petrous apex; may have 
intracranial extension

Type IV Tumor extending beyond the petrous apex into the 
clivus or infratemporal fossa; may have intracranial 
extension

Table 10.4: De La Cruz paraganglioma staging system

Classification Surgical approach

Tympanic Transcanal

Tympanomastoid Mastoidextended facial recess

Jugular bulb Mastoidneck

Carotid artery Infratemporal fossa

Transdural Infratemporal fossa/intracranial
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Figs. 10.13A and B: (A) The infratemporal fossa type A approach for removal of large glomus jugulare. Note that the labyrinth is pre
served, the EAC has been closed shut and the facial nerve is elevated off the fallopian canal and retracted anteriorly. Vascular control 
is obtained by performing a neck exploration. Many surgeons advocated against rerouting the facial nerve as this maneuver results in 
a high incidence of facial paralysis. (B) The infratemporal fossa typeB approach combined with a subtemporal craniotomy for removal 
of tumors extending towards the anterior ICA, petroclival junction and prepontine cistern. A: subtemporal craniotomy with intracranial 
exposure. B: anterior petrosectomy with mobilization of the intrapetrous ICA for exposure of the petroclival region. C: exposure of the 
infratemporal and temporal fossa by retraction and mobilization of parotid gland and extratemporal facial nerve, the mandibular condyle 
(not shown), the zygomatic arch and temporalis muscle. (EAC, external auditory canal; ICA, internal carotid artery; IJV, internal jugular 
vein; JTP, jugulotympanic paragan glioma).

A

B
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extending the surgical dissection further anteriorly. Para
gangliomas involving the CPA require a combined extra
dural and intradural approach, which may require staged 
procedures.30 Transpetrous approaches with or without 
facial nerve rerouting, with or without hearing preserva
tion, with additional craniotomies designed as dictated by 
tumor extension may be performed for complete tumor 
excision.31 These extensive operations are often associated 
with significant morbidity and increased operative time. 
For elderly patients or patients in whom extensive sur
gery is contraindicated, a limited surgical procedure with 
planned adjuvant radiotherapy affords symptomatic con
trol with minimal comorbidities.32,33

	 Radiotherapy	in	the	form	of	gamma	knife	stereotactic	
radiosurgery	 (GKRS)	 or	 conventional	 radiotherapy	 has	
been used as an adjuvant, as salvage or as the primary 
treat ment of paragangliomas.32,3437 Tumor control rates 
between 70% and 100% have been reported with a low 
risk	 of	 complications.	 Radiotherapy	 is	 currently	 favored	
for moribund patients, those with advanced age, bilateral 
tumors with increased iatrogenic risk of bilateral vagal 
nerve dysfunction, and in those refusing surgery.32

FACIAL NERVE SCHWANNOMAS

Introduction
Facial nerve schwannoma (FNS) are rare, slowgrowing 
benign neoplasms that arise from the nerve sheath of the 
CN VII. Although FNS may arise anywhere throughout the 
course of the facial nerve from the CPA to the extratem
poral portion, the most common locations are the genicu
late ganglion, horizontal and vertical segments.38 In two 
separate human temporal bone studies, FNS was noted in 
0.8%39 and 0.07%40 of specimens. In 1987, a review of the 
world literature found 248 FNS.41 FNS originating from the 
geniculate ganglion tends to extend superiorly toward the 
middle cranial fossa; however, medial extension toward 
the internal auditory canal (IAC) and CPA is possible. 
Tumors originating in the vertical or tympanic segment of 
the facial nerve involve the mastoid air cells and middle 
ear cleft.

Pathology
Tumors are generally wellencapsulated with a homog
enous tan to gray color that occasionally exhibit areas of 
cystic degeneration. Microscopically, two histological sub
types exist: Antoni A and Antoni B (Figs. 10.14A and B).42 
Tumor cells are characterized by spindleshaped nuclei 

with an abundant cytoplasm with slender eosinophilic 
processes and indistinct cytoplasmic borders. This appear
ance is reminiscent of the parent Schwann cell from which 
they derive. The indistinct cytoplasmic membrane gives 
the appearance of a seamless uniform stroma background. 
In Antoni A, the cellular elements form compact intersect
ing fascicles, creating a dense fibrous palisading back
ground. In Antoni B, the stroma is less dense, characterized 
by decreased cellularity, increased edema and presence of 
macrophages. The proportion of Antoni A versus Antoni B 
histologic subtypes is not correlated with prognostic infor
mation. Verocay bodies, seldom present, are a distinctive 
feature that is formed of parallel rows of tightly spaced par
allel nuclei separated by cellular processes (Fig. 10.14C). 
Schwannomas stain positive with S100 and neuron spe
cific enolase.42

Clinical Manifestations
The most common presenting symptom is slowly progres
sive facial weakness (73–94%).41,43 A patient with insidious 
onset of unilateral facial paralysis, facial twitching, or a 
“Bell’s palsy” that does not resolve after 6–9 months should 
be considered as having a neoplasm of the facial nerve 
until proven otherwise. The usual onset is insidious; how
ever, sudden onset and fluctuating or recurrent patterns of 
facial paresis may occur. An early onset facial palsy in the 
setting of a tumor involving the IAC or CPA is an indica
tor that the facial nerve may represent the nerve of origin 
of	 the	neoplasm.	Hearing	 impairment	may	be	caused	by	
tumor extension toward the middle ear cleft with impinge
ment on the ossicular chain (conductive loss) or by inva
sion of the otic capsule or compression of the cochlear 
nerve in the IAC (sensorineural loss).44 In one study, otic 
capsule erosion was noted in 29% of cases.38 Tinnitus and 
vertigo are reported in 13% and 11%.41 In FNS originat
ing from the mastoid or tympanic segment of the nerve, 
extension into the external auditory canal may occur and 
an aural mass is seen on otoscopy.

Diagnosis
Neurophysiologic Testing

The slowly progressive nature of growth of FNS is mani
fested by a combination of ongoing neural degeneration 
and regeneration. The balance between these two neu
rophysiological phenomena explains the findings seen 
on electroneuronography (ENoG).45 In a regenerating 
nerve, activation of the newly formed fibers results in an 

UnitedVRG



Otology/Neurotology/Skull Base Surgery158

Figs. 10.14A to C: Photomicrograph showing an H&E stain of a 
histological section of a schwannoma. (A) Antoni A, (B) Antoni B, 
(C) Verocay bodies (black arrow).
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asynchronous sequence. Asynchronous action potentials 
result	 in	 phase	 cancellation.	 Hence,	 the	 response	 can
not be recorded on ENoG. On the other hand, if a lesion 
is causing an ongoing simultaneous degeneration and 
regeneration, the resultant regenerative summated action 
potential is “cancelled” by the signal’s asynchrony. The 
latter phenomenon accounts for the finding of ENoG 
showing more than 90% “degeneration” with a normal 
voluntary electromyogram (EMG). This is often the case 
with a slowly growing FNS.

Neuroimaging

Diagnostic imaging is of paramount importance in the 
evaluation	of	a	patient	with	atypical	“Bell’s	palsy”.	HRCT	of	
the temporal bone provides great detail of the bony ana
tomy and demonstrates an expanded fallopian canal (if 
FNS involves the mastoid segment) or dilation of the per
ilabyrinthine facial nerve (if FNS involves the geniculate 

ganglion). In addition, CT imaging is helpful in the differ
entiation of FNS from geniculate ganglion hemangioma 
(GGH).	GGH	lead	to	enlargement	of	the	labyrinthine	por
tion of the fallopian canal, and depending on the tumor 
extent, dilation of the tympanic portion of the nerve may 
be seen. The soft tissue mass may show intratumoral calci
fications and/or bony spicules. Early erosion of the floor of 
the	middle	cranial	fossa	is	suggestive	of	GGH.46

	 On	MRI,	FNS	are	isohypointense	on	T1WI	and	hyper
intense in T2WI and enhance with gadolinium (Figs. 10.15A 
and B). Both enhancement of the labyrinthine portion of 
the facial nerve and extension into the middle ear with 
impingement of the ossicular chain are suggestive of FNS.

Treatment
Surgical excision of FNS requires excision of the facial 
nerve and cable grafting. The best results obtained with 
cable	grafting	are	HouseBrackmann	(HB)	III.	Because	of	



159Chapter 10: NonSquamous Cell Carcinoma Tumors of the Temporal Bone

the insidious growth pattern of these tumors and the less 
than normal facial nerve outcome with grafting, observa
tion is often recommended if the presenting facial function 
is	good	(HB	III	or	less).
 The timing for intervention is controversial. Some sur
geons intervene when the degree of degeneration exceeds 
50% on ENoG, whereas others defer surgical resection 
until further deterioration of facial function occurs. It is 
believed that further degeneration may adversely affect 
the results of cable grafting if longer waiting is advised.43

 Four treatment modalities have been suggested: (1) 
excision and grafting, (2) nerve decompression, (3) radio
therapy and (4) observation. Whether cable grafting or 
hypoglossalfacial nerve anastomosis is performed, the 
best	 expected	 result	 is	HB	 III.	This	 less	 than	 ideal	 facial	
nerve outcome after excision and grafting prompted some 
to attempt facial nerve decompression in patients with 
good facial function at presentation. Facial nerve decom
pression can be achieved via a middle fossa (MF) or trans
mastoid approach, depending on the tumor location. If 
excision	 is	planned,	 the	 translabyrinthine	 (TL)	approach	
provides good exposure of the intratemporal facial nerve 
down to the level of the stylomastoid foramen in patients 
with poor hearing. This approach permits nerve graft
ing if needed. In patients with “serviceable hearing”, the 
approach chosen depends on the location. For FNS 
involving the tympanic or mastoid segments, a transmas
toid approach is utilized. FNS originating from the genic
ulate region is best accessed with a MF craniotomy. In a 
review of 79 FNSs,47 facial nerve grade was maintained 

or improved over the followup period (mean time = 3.9 
years) in 78.9% of the decompression group and 100% of 
the observation and radiation groups compared to 54.8% 
of the resection group.

JUGULAR FORAMEN SCHWANNOMAS

Introduction
The jugular foramen is divided into two compartments: 
pars nervosa (contains CN IX, X and XI) anteromedially 
and pars venosa (contains jugular bulb and inferior pet
rosal sinus) posterolaterally. A dural septum separates the 
glossopharyngeal meatus (CN IX) from the vagal meatus 
(CN X, XI). The relationship between the opening of the 
inferior petrosal sinus into the jugular bulb and the cranial 
nerves rootlets is variable.29 Jugular foramen schwannomas 
(JFS) are rare nerve sheath tumors that affect the nerves of 
the jugular foramen. These tumors originate from CN IX, 
X and XI. Although the exact incidence is unknown, it is 
estimated at 2.9 per 10 million people.48 In comparison to 
the 2:1 female to male predilection reported in intracranial 
schwannomas,49 JFS have an equal sex distribution50 that 
slightly favors a male predilection.51

Pathology
Like	 other	 schwannomas,	 JFS	 are	 well	 circumscribed,	
slowgrowing benign neoplasms that originate from 
the transition zone between the central and peripheral 
myelin52 of CN IX, X and XI. The exact location of origin 
may be difficult to determine. 

Figs. 10.15A and B: (A) Coronal gadolinium enhanced MR showing a rightsided facial nerve schwannoma centered over the genicu
late ganglion. Note the extension towards the flow of the middle cranial fossa (white arrow). (B) Axial gadolinium enhanced MR with fat 
suppression showing a rightsided facial nerve schwannoma, “dumbbellshaped” with a component involving the middle cranial fossa 
(white arrowhead) and a component extending into the internal auditory canal (white arrow).
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	 Histologically,	JFS	may	present	with	a	dense	Antoni	A 
or hypocellular Antoni B architectural pattern as previ
ously described. Verocay bodies can be seen occasionally. 

Clinical Manifestations
The great majority of published literature is limited to 
small series of patients and often case reports. The clas
sic jugular foramen syndrome (Vernet syndrome) denotes 
unilateral involvement of CN IX, X and XI. It is clinically 
manifested by loss of taste in the posterior onethird of the 
tongue, hemianesthesia of the ipsilateral palate, pharynx 
and larynx, and weakness of the trapezius, palate, ipsi
lateral vocal cord and sternocleidomastoid muscle. This 
syndrome is rarely seen today, and usually indicates an 
advanced JFS or metastatic lesion. The clinical presen
tation of JFS is somewhat dependent on their anatomic 
location. This anatomic location is the basis for the staging 
system proposed by Kaye et al.53 Stage A refers to tumors 
with a predominant intracranial component, stage B is a 
foraminal tumor located at the jugular foramen, and stage 
C denotes a tumor with a predominant extracranial growth. 
A stage D was added to describe dumbbellshaped tumors 
with a significant intracranial and extracranial component.54 
Intracranial JFS commonly present with hearing loss, ver
tigo, ataxia, tinnitus and headache. In tumors with signi
ficant extracranial extension, patients may present with 
a high cervical mass, lower cranial neuropathy and con
ductive hearing loss. The nerve of origin is often difficult to 
determine as lesions are large and often blend into multiple 
cranial	nerves.	However,	isolated	or	combined	involvement	
of cranial nerves IX, X and XI is often reported. 

Diagnosis
Neuroimaging plays an essential role in the diagnostic 
and preoperative evaluation of a jugular foramen lesion. 
The three most common lesions of the jugular foramen are 
glomus jugulare, meningioma and nerve sheath tumors 
(i.e. schwannoma and neurofibroma).26,29 Individual signal 
characteristics may help narrow the differential diag
nosis.	 Contrasted	 HRCT	 is	 invaluable	 in	 delineating	 the	
bonytumor	 relationship.	 MRI	 supplements	 CT	 images	
by providing excellent detail of the soft tissue compo
nent. In addition, CT angiography or magnetic resonance 
angiography	 (MRA)	 and	 MRV	 provide	 vascular	 details	
that are essential to the planning of the surgical treatment. 
Particular attention is given to the patency of the contralat
eral	 sigmoid	 sinus,	 transverse	 sinus	 and	 torcular	 Hero
phili (confluence of sinuses). The sacrifice of the sole or 

dominant venous drainage system can have a catastrophic 
outcome. This is important if intraluminal involvement of 
the jugular bulb or vein is seen on preoperative imaging. 
JFS cause a smoothscalloped enlargement of the jugular 
foramen with welldefined bone margins.55 The tumor is 
usually isodense to surrounding muscles and may show 
slight	 enhancement	 to	 iodinated	 contrast.	On	MR	 imag
ing, JFS are hypo or isointense on T1WI, hyperintense 
on T2WI and show heterogenous enhancement T1WI 
with gadolinium (Figs. 10.20 and 10.22). The “dumbbell” 
appearance is almost pathognomonic to JFS. 
 Meningiomas do not typically cause enlargement 
of the jugular foramen, but rather erosion of the cortical 
bone with occasional calcifications and hyperostosis.56 On 
HRCT	they	are	hyperintense	and	markedly	enhance	after	
iodinated	 contrast.	On	MR,	meningiomas	 are	 isointense	
to	brain	on	T1WI	and	T2WI.	Homogenous	enhancement	
without vascular flow void is seen with gadolinum. A dural 
tail may be present and suggests the diagnosis. 
 Paragangliomas result in erosive enlargement of the 
jugular foramen with irregular bony margin.26 They may 
erode the jugulocarotid spine and extend anteriorly to 
involve the carotid canal. Superiorly they may involve the 
middle ear by eroding the floor of the hypotympanum. 
Their	characteristic	HRCT	and	MR	findings	are	described	
above. 
 Fourvessel angiography may play a role in the pre
operative workup of tumors of the jugular foramen. JFS 
show minimal to absent tumor blush; meningioma may 
show a faint tumor blush. Paragangliomas show obvious 
tumor blush with arteriovenous shunting.

Treatment
Three treatment modalities have been advised for lesions 
of the jugular foramen: (1) surgery, (2) radiosurgery and 
(3) observation.
 Although the natural history of JFS is unknown, one 
might extrapolate the biological behavior of VS to JFS. A 
small tumor detected in a young patient may grow to a 
very advanced stage after two to three decades, rendering 
complete	tumor	removal	more	laborious.	Hence,	surgery	
remains the recommended treatment for a young, healthy 
patient. Observation is recommended for the moribund 
patient as other modalities may result in significant mor
bidity in patients with a short life expectancy. If expect
ant	management	 is	chosen,	yearly	MRI	 is	 recommended	
to assess the tumor growth and behavior in an individual 
patient. Stereotactic radiosurgery is generally recom
mended for patients over the age of 65 and those with 
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surgical contraindications. Unlike surgical removal, the 
desired outcome in radiotherapy is tumor control and 
absence of growth (Figs. 10.20 and 10.22). In a large report 
of	27	patients	with	JFS	treated	with	GKRS,57 15 were treated 
with	GKRS	primarily	and	12	were	treated	postoperatively	
with a mean followup of 38.7 months. The mean tumor 
volume was 13.5 cm³. The mean marginal dose at 55% 
isodose line was 14.6 Gy. Tumor regression was seen in 44%, 
absence of growth in 52%, and progression was noted 
in 4%. No new cranial neuropathies were reported. In 
another report of 17 patients with JFS treated over a 10year 
period with a mean followup of 3.5 years,58 8 lesions 
regressed (47%), one progressed (6%) and the rest remained 
unchanged (47%). No post treatment complications were 
reported. The marginal dose utilized ranged between 12 
and 18 Gy.
 The tumor size and location are important determi
nants of the surgical approach, as are any preoperative 
neural deficits. The staging described by Kaye et al.53 helps 
provide an algorithm to approach these lesions. Type A 
lesions (intracranial) are primarily approached using the 
retrosigmoid approach or a lateral suboccipital cranio
tomy.51 Type C lesions (extracranial) have traditionally been 
removed using the Fisch infratemporal fossa approach. 
Although the infratemporal fossa approaches (Fisch types 
A to C) provide excellent exposure to the jugular foramen, 
recent modifications have aimed to preserve hearing59 and 
facial nerve function.21 In lesions with both an intracranial 
and extracranial component, a combination of intracra
nial and extracranial approaches is advised.

GENICULATE GANGLION 
HEMANGIOMAS

Introduction
Geniculate ganglion hemangiomas are rare vascular mal
formations that affect the geniculate ganglion. Pulec60 is 
credited	with	the	first	description	of	a	GGH	in	1969.	These	
hemangiomas differ from their pediatric counterpart in 
that they are often seen in middleaged individuals and 
show no clear pattern of involution. They are slow growing 
and tend to produce facial nerve weakness at early stages.

Pathology
Histologically,	 they	 are	 characterized	 by	 a	 proliferation	
of small or medium sized vessels, lined by endothelial 
cells that often appear as cystic spaces filled with blood. 
In osseous hemangiomas, these proliferating endothelial 

cells are interspersed within bony trabeculae. The adja
cent bone appears “motheaten” and bony spicules are 
occasionally seen.46 This appearance is not of an inva
sive nature but rather represents a reactive bony change. 
Hemangiomas	of	the	geniculate	ganglion	and	the	IAC	are	
extraneural tumors that likely originate from the perineu
ral capillary network of the corresponding nerve.61 Despite 
their extraneural origin, neural invasion is often seen on 
histological specimen. This infiltration can be extensive, 
rendering preservation of the nerve impossible, resulting 
in nerve transection and subsequent graft placement.62 
Symptoms occur at an early phase even with small sized 
tumors of both the IAC and the geniculate ganglion.46 
The floor of the MF is almost always dehiscent over the 
tumor. 

Clinical Manifestations
The	most	 common	 presenting	 symptom	 of	 GGH	 is	 pro
gressive facial palsy.63 The facial nerve paresis may develop 
even with small sized lesions. The facial palsy may mimic 
idiopathic	 facial	 nerve	 paralysis	 or	 Bell’s	 palsy.	 Respon
siveness to steroid therapy does not exclude the diagnosis 
as often discontinuation of the steroids is followed by 
recurrence	 of	 the	 facial	 weakness.	 Less	 frequently,	 the 
facial paralysis is acute in onset.64 Facial twitching and 
hemifacial spasms may be the presenting symptoms. They 
are indicative of nerve compression or irritation. Involve
ment of the greater superficial petrosal nerve may result in 
epiphora or dry eyes.
 Extension into the middle ear results in a conductive 
hearing	loss	by	disturbance	of	the	ossicular	chain.	Heman
giomas eroding the otic capsule with creation of a cochlear 
fistula may cause sensorineural hearing loss. Sensorineu
ral hearing loss may be the presenting symptoms in IAC 
hemangiomas.46,65	Hearing	loss	may	be	seen	at	very	early	
stages. Tinnitus is commonly reported.46,62

Diagnosis
Audiometry is helpful in delineating the type of hearing 
loss.	In	GGH	the	hearing	loss	is	classically	conductive.	IAC	
hemangiomas may present with sensorineural hearing 
loss.46,65	In	GGH,	a	cochlear	fistula	may	cause	sensorineural 
hearing loss; however, a fistula may be identified intra
operatively despite a normal preoperative audiogram.62

 Imaging of the temporal bone is very helpful in diffe
rentiating	GGH	from	FNS.	The	diagnosis	of	GGH	is	strongly 
suggested	by	HRCT	of	the	temporal	bone.	Contrasted	CT	
does not necessarily yield much information in terms 
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of delineating the nature of the lesion. The presence of 
calcifications in an expansile soft tissue density in the 
region of the geniculate ganglion is usually diagnostic of an 
“ossifying hemangioma” (Fig. 10.16).6466 The absence of 
bony coverage of the MF is also suggestive of hemangio
mas. The absence of calcifications does not exclude the 
diagnosis. Compared to FNS, these lesions may cause 
nerve dysfunction even at an early radiographic stage.46 
GGH	are	 isohypointense	 on	T1WI,	 avidly	 enhance	with	
gadolinium and may have a hyperintense signal on T2WI 

(Figs. 10.17A and B). Some believe that the presence of 
heterogenous signal intensity on T2WI may be more 
sugges tive of geniculate hemangioma.67

Treatment
Surgical resection is the mainstay of therapy for geniculate 
ganglion and IAC hemangiomas. The decision to inter
vene depends on the hearing status and the preoperative 
function of the facial nerve. For lesions localized to the 
geniculate ganglion with poor hearing, a transmastoid 
approach will provide adequate exposure for removal of 
the lesion and grafting of the resected nerve. In the more 
common situation of patients with preserved hearing, the 
MF approach provides a better access that allows tumor 
resection and nerve grafting with hearing preservation. 
The approach is typically extradural and the dura is easily 
elevated from the underlying tumor.46,64 Although the 
neoplasm is essentially extraneural, excision with preser
vation of the nerve continuity is not always possible. 
The surgeon should be prepared to graft the nerve with 
a greater auricular or sural nerve cable graft. In a review 
of 19 cases,63 the facial nerve was preserved in 11 (73%) 
of 15 patients and was excised and grafted in 4 (27%). 
Recovery	 to	 a	 HB	 grade	 I/II	 was	 seen	 in	 8	 (72%)	 of	 11 
patients in whom the integrity of the facial nerve was pre
served. In the surgical group, hearing remained stable 
in 64% of hearing preservation cases and worsened in 
38%. Facial function remained stable in the nonsurgical 
group.

Fig. 10.16: Axial HRCT of the temporal bone demonstrating a left
sided geniculate ganglion hemangioma. Note the granular and 
“ossifying” appearing of the lesion centered over the geniculate 
ganglion. The black arrow demonstrates erosion of the apical turn 
and a cochlear fistula.

Figs. 10.17A and B: (A) A gadoliniumenhanced axial MRI of the brain demonstrating a leftsided geniculate ganglion hemangioma 
(white arrow). (B) A T2 weighted MR of the brain demonstrating a left geniculate ganglion hemangioma (white arrow). Note the hyperin
tense signal typically seen in hemangiomas.
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ENDOLYMPHATIC SAC AND 
DUCT TUMORS

Introduction
Endolymphatic	sac	 tumors	(ELST)	are	rare	neoplasms	of	
the	temporal	bone.	Prevalence	is	unknown.	ELST	originate	
from the endolymphatic sac epithelium and are centered 
over the posterior portion of the petrous bone. They in
vade the posterior petrous ridge and involve the posterior 
fossa. In advanced stages, CPA involvement can be seen. 
 It usually occurs in sporadic forms but may be heredi
tary in an autosomal dominant manner in the context of 
von	HippelLindau’s	(VHL)	disease.

Pathology
In 1988, Gaffey et al.68 described lowgrade adenocarci
noma of the middle ear and designated them as aggres
sive	papillary	middle	ear	tumors.	One	year	later,	Heffner69 
described 20 cases of “adenocarcinoma of the endolym
phatic sac” or AES. In 1993, Poe et al.70 reported bilateral 
AES	in	a	patient	with	VHL	disease.
	 Li	 et	 al.71	 gave	 the	 term	 ELST	 to	 the	 lesion	 initially 
described	by	Heffner.	They	tend	to	behave	as	a	lowgrade	
neoplasm	that	is	locally	aggressive	and	destructive.	ELST	
should be considered in the differential diagnosis of a 
destructive temporal bone lesion involving the posterior 
fossa and CPA.
	 Hematogenous	 metastasis	 have	 not	 been	 described;	
however, “drop metastasis” has been reported.72	 Histo
logically, they contain cystic and papillary components. 
The epithelium of the papillary component is lined with 
a single cell layer of cuboidal or low columnar epithelium 
(Fig. 10.18).73	 ELST	 may	 contain	 areas	 of	 hemosiderin 
deposits, fibrosis and cholesterol clefts. The cystic com
ponent contains a proteinaceous material reminiscent 
of thyroid colloid. It stains positively with periodic acid
Schiff stain.69 Thyroglobulin stains are essential to rule 
out a metastatic thyroid carcinoma. The hypervascu
larity of the tumor is reflected by an abundant vascular 
stroma.
	 Immunohistochemical	analysis	shows	that	ELST	stain	
positively with cytokeratin, S100 and neuronspecific 
enolase, suggesting a neuroectodermal origin.7476 On the 
other hand, the absence of reactivity to antibodies directed 
against	glial	fibrillary	acid	protein	(GLAP)	and	transthyre
tin argues against a glial or choroidal origin.77

Endolymphatic Sac Tumors and 
von Hippel-Lindau
von	 HippelLindau	 is	 an	 autosomal	 dominant	 disorder	
due	to	a	germline	mutation	of	the	VHL	tumor	suppressor	
gene localized on chromosome 3p25.78 The prevalence of 
the disease is estimated to be 1/39,000,79 and is characteri
zed by an inherited predisposition to visceral (renal cell 
carcinoma and cysts, pheochromocytoma, pancreatic 
neuroendocrine tumors and reproductive adnexal cys
tadenoma) and central nervous system (CNS) neoplasms 
(cerebellar and brainstem hemangioblastoma, retinal 
angioma	 and	 ELST).	 ELST	 has	 been	 associated	 to	 the 
Online	Mendelian	Inheritance	in	Man	in	VHL	disease	(No	
193300),80	 and	 occurs	 in	 11–16%	 of	 patients	 with	 VHL. 
Bilateral involvement has been described in 30% of cases 
of	ELST	associated	with	VHL.81

	 The	phenotypic	expression	of	VHL	occurs	with	loss	of	
both copies of the tumor suppressor gene. In its heredi
tary form, a germline mutation results in the absence of 
one	allele.	The	loss	of	heterozygosity	(LOH)	or	“singlehit” 
mutation of the second allele results in phenotypic expres
sion.82	In	a	study	of	3	patients	with	ELST	using	fluore	scence	
insitu	 hybridization	 analysis	 (FISH),	 LOH	 was	 seen	 in 
tumor cells but not in normal adjacent cells.83

Clinical Manifestations
Endolymphatic sac tumors can occur sporadically or in 
the	context	of	VHL.	If	ELST	occurs	in	the	context	of	VHL,	
associated tumors may be present upon diagnosis. In a 
study	of	121	patients	with	VHL,	13	patients	(11%)	showed	

Fig. 10.18: Photomicrograph of an endolymphatic sac tumor showing 
papillary structures lined with cuboidal cells.
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evidence	 of	 15	 ELST	 on	 MRI.84 Sensorineural hearing 
loss (sudden, fluctuating or progressive), episodic vertigo, 
aural fullness and tinnitus were commonly described.8487 
These symptoms are reminiscent of Meniere’s syndrome 
and their combination occurs in 21%.87 The presence of 
auditory	and	vestibular	complaints	is	seen	in	59%	of	VHL	
patients	without	evidence	of	ELST	on	MRI.84 Facial weak
ness is described in 43% of patients.87 Other cranial neu
ropathies and headache have been described. In small 
ELST,	 obstruction	 of	 the	 endolymphatic	 duct,88 over
production of endolymph, intraductal hemorrhage and 
neuronal degeneration may cause sudden, fluctuating or 
progressive hearing loss and vertigo.

Diagnosis

A	patient	with	VHL	should	be	 screened	 for	 the	develop
ment	 of	 ELST	 using	MRI.	 Early	 detection	may	 offer	 the	
patient the potential benefit of a hearing preservation 
approach. Audiometrics should be part of the evalua
tion. In the great majority of cases, sensorineural hearing 
loss is present. Conductive loss may be present in tumors 
invading the middle ear cleft. Vestibular testing may show 
caloric weakness but is of limited diagnostic value.
	 Radiological	studies	are	very	useful	in	the	evaluation	of	
suspected	ELST.	The	typical	finding	on	HRCT	of	the	tem
poral bone is a destructive lesion confined to the poste
rior fossa, often centered over the posterior plate of the 
petrous bone (Figs. 10.19A and B).86,89 The lesion shows 

stippled, reticular, and speculated areas of calcification.90 
In	 patients	 with	 VHL	 or	 small	 (nondetectable)	 lesions, 
evidence of intralabyrinthine hemorrhage on noncon
trasted	HRCT	may	be	the	first	sign	of	an	imagenondetect
able tumor.83	Large	ELST	may	show	otic	capsule	destruction	
and	neuronal	degeneration.	 Followup	with	 repeat	MRI	 is	
recommended. On T1WI, intralesional foci of hyperinten
sity are seen in 79% of tumors greater than 3 cm. In tumors 
less than 3 cm, a circumferential rim of increased intensity 
is seen on nonenhanced T1WI.89,90 This rim is likely the 
result of subacute hemorrhage at the periphery of the 
tumor.	ELST	enhance	with	gadolinium.	On	T2WI,	a	hete
rogenous pattern of intensity is often seen with internal 
flow void seen in tumors greater than 2 cm.89 The tumor 
may spread through the posterior fossa dura into more 
anteriorly located region, particularly the CPA and jugular 
foramen.
	 On	 fourvessel	 angiography,	 ELST	 are	 highly	 vascu
lar. Vascular supply is from the external carotid artery in 
tumors less than 3 cm, and in tumor greater than 3 cm 
additional blood supply from the internal carotid artery 
and posterior circulation is seen.89

	 Recently,	 a	 staging	 system	 described	 by	 Bambakidis	
et al. offers therapeutic implications (Table 10.5).72 Stage I 
tumors are confined to the temporal bone and middle ear 
cleft, stage II tumors extend to the posterior fossa, stage III 
tumors are more advanced with MF extension and stage 
IV tumors are faradvanced lesions extending to the clivus 
and sphenoid. 

Figs. 10.19A and B: HRCT of the temporal bone with axial views showing an endolymphatic sac tumor (white arrow). Note the destruc
tive pattern, the location along the posterior petrous ridge and the presence of spicules and calcifications. (B) HRCT of the temporal 
bone, coronal views, showing a destructive lesion invading the otic capsule (white arrow).
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Treatment
The therapeutic modality depends on the size of the 
lesion, hence the staging, and on the hearing status 
(Table 10.5). Several reports of tumor removal showed 
resolution of the vestibular symptoms and stabilization of 
hearing.85,87

	 In	a	patient	with	stage	I	ELST	and	good	hearing,	the	tumor	
may be completely removed through a retrolabyrinthine 
transdural	 approach	 (RLTD)	 (Fig.	 10.20).	This	 approach	
allows for hearing preservation and tumor removal by 
excising the dural base and the lip of tumor extending into 
the	ELD.81,85	The	limitations	of	RLTD	are	limited	access	to	
anteriorly located lesions and decreased angle of expo
sure in patients with anteriorly displaced sigmoid sinus. 
Hearingpreservation	surgery	is	particularly	important	in	
patients	with	VHL,	with	an	incidence	of	bilateral	involve
ment in 30%. In larger lesions extending into the posterior 
fossa (stage II), hearing may be affected and tumors are 
removed	using	a	TL	approach.	The	posterior	fossa	dura	is	
resected and reconstructed. Failure to remove the dural 
attachment of the posterior fossa, at the site of the endo
lymphatic sac and the intraductal portion of the tumor, 
may lead to recurrence.81,85 In lesions with more significant 
posterior fossa or MF extension (stage III) and serviceable 
hearing, a combined approach involving a subtemporal 
craniotomy with petrosectomy provides good access with
out violating the hearing endorgan. In extensive lesions 
involving the petrous apex and CPA (stage IV), a trans
cochlear approach with complete exenteration of the otic 
capsule and exposure of the carotid canal may be neces
sary, or staged anterior and posterior fossa techniques.
 When tumors are completely excised recurrence is 
rare. In small published series,81,85,87 complete resolution of 
the vestibular symptoms and stabilization of hearing was 
possible, if hearingpreservation surgery was done.

MENINGIOMAS 

Introduction
Meningiomas are benign and slowgrowing neoplasms 
that arise from the lining of the arachnoid villi. They 
account for 13–17% of all intracranial tumors.91 The CPA is 
the site of involvement in 8–18% of all intracranial men
ingiomas.92 Temporal bone meningiomas are usually the 
extension of extraaxial intracranial meningiomas into 
the temporal bone. Meningiomas of the jugular foramen 
may present as a jugular foramen mass with mastoid and 
middle ear extension. Isolated IAC meningiomas aris
ing from the dura of the IAC and primary temporal bone 
meningiomas have been reported but are rare.93 The peak 

*Modified from Bambakidis et al.72

** Preoperative embolization for grades IIIV and postoperative stereotactic radiosurgery for postoperative residual disease may be 
adjunctive. 

Table 10.5: Grading and treatment system for endolymphatic sac tumors*

Grade Tumor extent Surgical options

I Confined to temporal bone, middle ear cavity, and/or 
external auditory canal

Hearing	preservation	with	retrolabyrinthine	transdural	
approach	(RLTD)

II Extension into posterior fossa Extended	RLTD	approach	with	labyrinthectomy	if 
hearing poor**

III Extension in posterior fossa and middle cranial fossa Subtemporal craniotomy with petrosectomy**

IV Extension to clivus and/or sphenoid wing Staged anterior and posterior fossa techniques**

Fig. 10.20: The retrolabyrinthine transdural approach (RLTD) for 
removal of endolymphatic sac tumors (ELST). Note that the dura 
is elevated along with the tumor. Residual tumor inside the endo
lymphatic duct (ELD) can be seen and removed. (ELS, endolym
phatic sac; PFD, posterior fossa dura; SS, sigmoid sinus; SSC, 
superior semicircular canal).
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incidence is in the fourth and fifth decades with a 2:1 
female preponderance.91 Most meningiomas are sporadic 
but may occur in the context of hereditary disorders such 
as NF2, Werner syndrome,94 and Gorlin syndrome.95

Pathology
Meningiomas arise from the arachnoidal cap cells loca
ted at the tip of the arachnoid villi. Most meningiomas are 
benign, wellcircumscribed tumors. Malignant menin
giomas occur in 5% of cases and rarely metastasize to 
the lung, liver and lymph nodes. Typically these benign 
lesions displace adjacent neural structures and tend to 
invade	dura	and	corresponding	venous	sinuses.	Histologi
cally, meningiomas contain a homogenous distribution of 
cells that may have an epitheliallike appearance or more 
spindleshaped and fusiform appearance. They may also 
contain microscopic calcium deposits termed psammoma 
bodies.	The	WHO	 classification	 of	meningiomas	 divides	
them into three groups. Grade I or typical (90%) comprises 
the histologic subtypes of syncytial, fibrous and transi
tional. Grade I meningiomas exhibit low cellularity with 
low mitotic activity and no necrosis. In Grade II or atypical 
meningiomas, more mitotic activity is noted and with scat
tered foci of necrosis. Grade III or anaplastic meningioma 
exhibits a more aggressive behavior with brain invasion. 
Evidence of brain invasion and metastasis are generally 
considered as prerequisite to establish the diagnosis of 
malignancy.
 The implication of genetic alterations in the pathogen
esis of meningioma has been recently established. Muta
tions or deletions of NF2 gene on chromosome 22 are seen 
in 60% of sporadic meningiomas.96 The deletions of more 
tumor suppression genes (18p, 1p, 6q, 14q, 18q and 9p)97,98 
and acquisition of prooncogenic genes (1q, 9q, 12q, 15q, 
17q and 20q)9698 may play an important role in the pro
gression of meningioma from a more indolent (Grade I) 
to a more aggressive subtype (Grade II or III). Most 
hereditary types of meningioma occur in the context of NF2. 
The onset of a tumor at an early age and/or the bilateral 
occurrence of meningiomas must initiate a workup for 
NF2. NonNF2related hereditary meningiomas have also 
been described.95

Anatomic Patterns
Anatomically, meningiomas are best described in rela
tion to the dural surface from which they originate. These 
lesions may arise from the region of the CPA and IAC, 

from the adjacent areas of the posterior fossa dura (jugular 
foramen, petrosal, clival and petroclival) and from the 
dural cover of the floor of the middle cranial fossa. A sim
ple anatomic classification divides meningiomas into 
medial to the IAC (superior petrosal sinus, petrosal, clival, 
petroclival), lateral to the IAC (sigmoid sinus, jugular bulb, 
superior petrosal sinus), superior to the IAC (midpetrosal), 
and CPA or IAC meningiomas that are considered when 
the bulk of the lesion is centered over the CPA or IAC. The 
relationship to the IAC is of surgical importance as lesions 
situated superior, posterior and inferior to the IAC have a 
higher neural preservation rate due to their more acces
sible location when the retrosigmoid surgical approach is 
used. Meningiomas arising anterior to the IAC are more 
challenging to remove as the cranial nerves lay in an unfa
vorable vantage point.
 Meningioma confined to the IAC are rare and are diffi
cult to diagnose preoperatively, even on neuroimaging. 
This entity is important to recognize, as dural resection 
is needed for complete tumor removal, which is not usu
ally the case with VS. IAC meningioma may spread toward 
the cochlea, vestibule and semicircular canals. This lateral 
spread destroys the inner ear, and in severe cases the 
tumor may reach the middle ear by traversing the round 
and oval window. The finding of significant lateral involve
ment usually favors a meningioma compared to a VS.
 Meningiomas arising from the dural surface of the 
posterior fossa may enlarge to invade the jugular fora
men, jugular bulb and sigmoid sinus. Inferiorly, they may 
extend to involve the lower clivus. Anteriorly, these lesions 
may wrap around the clivus and present as a petroclival  
meningioma. Petroclival meningioma may spread to 
involve the cavum trigeminalis or Meckel's cave and fur
ther extend toward the cavernous sinus. Depending on 
the area involved, they may have a predominant involve
ment of the middle cranial fossa, posterior cranial fossa or 
a bifossa involvement.
 Meningiomas arising from the dural surface of the 
middle cranial fossa may spread anteriorly to involve 
Meckel's cave and the cavernous sinus, or inferiorly 
through the tegmen to involve the middle ear cleft.

Clinical Manifestations
The presenting signs and symptoms depend on the ana
tomic	 location	 and	 neural	 involvement.	 Hearing	 loss 
(60–84%), tinnitus (50–70%) and dizziness (76%) are com
mon presenting complaints.91,99,100
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 In a retrospective review of audiometric findings in 
25 patients with proven CPA meningiomas,101 20% had 
normal hearing, 12% had lowfrequency hearing loss, 36% 
had a flat loss, 12% had a midfrequency hearing loss, 20% 
had profound hearing loss and none had a highfrequency 
pattern of hearing loss. A delay in diagnosis of 4–6 years has 
been reported since the onset of the symptomatology.92,100 
Trigeminal neuropathy, facial paresis and lower cranial 
neuropathy (CN IX, X and XI) are more commonly repor
ted in meningiomas.99,100,102,103 IAC meningiomas mimic 
VS	and	diagnosis	may	be	difficult.	Hearing	 loss,	 tinnitus	
and vertigo are seen in 87.5%, 75% and 62.5% of patients, 
respectively.93 Meningiomas arising from the jugular fora
men comprise 4.3% of posterior fossa meningioma104 and 
mimic	 glomus	 jugulare	 tumors.	 Hearing	 loss	 is	 seen	 in	
78%, tinnitus in 57%, and a middle ear mass in 78%.102

Diagnosis
Using neuroimaging modalities, meningiomas can be 
accurately diagnosed preoperatively in the great majority 
of cases. In addition to narrowing down the list of dif
ferential	 diagnoses,	MR	 and	CT	 imaging	 provide	 a	 good	
appreciation of the extent of the lesion and the degree 
of involvement of critical adjacent neurovascular struc
tures. The information obtained aids in the selection of the 
appropriate therapeutic approach. For lesions of the CPA, 
contrasted	 and	 noncontrasted	MR	 is	 superior	 to	 CT	 in 
delineating the exact nature and extent of the lesion.105

 On noncontrasted CT,106108 meningiomas appear 
hyperdense or isodense compared to brain tissue. When 

contrast is used, meningiomas show homogenous enhance
ment. Schwannomas are hypo or isodense when com
pared to adjacent brain tissue and their enhancement 
pattern is often nonhomogenous. Unlike schwannomas, 
meningiomas tend not to enlarge involved foramina and 
frequently demonstrate areas of calcification and hyper
os tosis. The intralesional calcifications are believed to be 
calcified psammoma bodies and the observed hyper
ostosis presents a reactive bone remodeling. 
	 On	 MR,109 meningiomas are iso to hypointense on 
T1WI and variable on T2WI. When gadolinium is used 
(Figs. 10.21 and 10.22), meningiomas show homogenous 
enhan cement with enhancement of the adjacent dura 
known as “dural tail”.110 Calcifications are seen as hypo
int ense signals on T1WI and T2WI. Unlike schwannomas, 
cystic degeneration is not common. Meningiomas are 
broadbased (sessile), centered on the dural surface. 

Treatment
The goal of surgical intervention is complete removal of 
the tumor along with a dural margin and drilling of the 
underlying	bone.	Hyperostosis	may	be	indicative	of	men
ingioma	 cells	 invading	 into	 the	 Harversian	 canal	 of	 the 
underlying bone, a histological finding that may predis
pose to recurrence without being an indicator of malig
nancy. The surgeon should make every effort to preserve 
important neurovascular structures. Intraoperative neuro
physiologic monitoring is an integral part of menin
gioma surgery. The selection of the neural structures to be 
monitored depends on the location of the lesion and the 

Fig. 10.21: Gadoliniumenhanced MR demonstrates a bifossa 
petroclival meningioma. Note the broadbased attachment.

Fig. 10.22: A gadoliniumenhanced MR demonstrating a posterior fossa 
meningioma extending into the right jugular foramen (white arrow).
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degree of preoperative function. When the surgeon is at a 
disadvantageous vantage point, the risk of neural injury is 
greater.
 Selecting an approach depends on the location and 
hearing status. A combination of a transpetrous and sub
temporal approach affords good exposure for bifossa 
meningiomas such as petroclival meningiomas. A com
bined retrolabyrinthine (or presigmoid)subtemporal 
approach with or without an anterior petrosectomy pro
vides adequate exposure in patients with serviceable 
hearing.	 If	preoperative	hearing	 is	poor,	 the	TL	or	 trans
cochlear route may be chosen. In meningiomas involving 
primarily the posterior fossa, a suboccipital or retrosig
moid approach is used.
 Involvement of the petrous apex with inferior exten
sion may be best removed using the infratemporal fossa 
approaches B or C. The goal of microsurgical treatment is 
complete excision of the lesion, including the dural base, 
with adequate margins and drilling of the underlying 
bone. Subtotal excision increases the risk of recurrence.111 
Meningiomas involving the petroclival angle with signi
ficant anteromedial extension, the cavernous sinus, and 
those adherent to the brainstem are often incompletely 
removed, with a higher risk of recurrence.112,113

 Microsurgical excision of meningiomas remains the 
treatment of choice. Two adjunctive therapies may sup
plement or replace the surgical treatment: external beam 
radiotherapy and stereotactic radiosurgery. These moda
lities are usually offered to patients with incompletely 
resected tumors, recurrence, or malignant lesions and to 
moribund patients who are not suitable for surgical treat
ment. In a review of 140 patients with incompletely resec ted 
meningiomas114 treated with external beam radio therapy, 
the 5year progressionfree survival rates were 89% and 
48% for benign and malignant meningiomas, respectively. 
In another study115 comparing 17 patients with incom
pletely resected meningiomas to historical control, the 
8year progressionfree survival rate was 88% for the radi
ated arm versus 48% for the nonirradiated arm. In 16 
patients in whom radiotherapy was administered after the 
first recurrence, the 8year progressionfree survival rate 
was 78% in the radiated arm versus 11% in the nonirradi
ated arm.
 In a retrospective review of the use of stereotactic 
radiosurgery in the treatment of 99 patients with intra
cranial meningiomas,116 43% were treated primarily with 
this modality and 57% were treated with radiosurgery as 
an adjunct modality. The average tumor dose was 16 Gy. 
At 10 years posttreatment, 63% of tumors regressed in size, 

32% remained unchanged and 5% progressed. In another 
review,117 62 patients with petroclival meningiomas were 
treated with stereotactic radiosurgery. In 63% prior micro
surgery was performed. The median followup time was 
37 months. Tumor regression was noted in 23%, growth 
remained unchanged in 68% and the lesion progressed in 
8%. The neurological status improved or remained stable 
in 87%.
 The role of stereotactic radiosurgery continues to 
be refined. Currently, it is recommended for recurrent 
disease, incomplete excision or when surgery cannot be 
offered. Observation is limited to moribund patients with 
a short life expectancy.

SOFT TISSUE SARCOMAS
Soft tissue sarcomas are rare neoplasms derived from 
mesenchymal cells. Depending on the specific cell type 
of origin, different histological variants exist. In the tem
poral bone, two types are of particular interest and will 
be discussed: chondrosarcoma and rhabdomyosarcoma 
(RMS).	These	 two	 entities	differ	pathologically,	 clinically	
and therapeutically and merit a separate discussion.

Chondrosarcoma
Introduction

Chondrosarcomas of the skull base are rare malignant 
neoplasms thought to originate from malignant trans
formation of rests of embryonal chondrocytes that reside 
at the foramen lacerum. Chondrosarcoma comprises 6% 
of all skull base lesions, and 75% of all cranial chondro
sarcomas occur in the skull base.118 Embryologically, the 
chondrocranium (precursor of the skull base) undergoes 
endochondral ossification whereas the skull vault deve
lops by intramembranous ossification. As the primitive 
skull base undergoes ossification, an area corresponding 
to the junction between the petrooccipital, sphenopet
rosal, and sphenooccipital synchondrosis remains more 
or less nonossified.119 This area in the skull is confined to 
the region of the foramen lacerum. As the large majority of 
posterior fossa chondrosarcomas arise at the convergence 
of the sphenooccipital, petrooccipital and spheno 
petrosal synchondrosis, it is hypothesized that residual 
endochondral cartilage at the foramen lacerum may be 
the site of origin of skull base chondrosarcomas.119,120 First 
described in 1965,121 chondrosarcoma of the skull base is a 
locally aggressive neoplasm. The advent of microsurgery 
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of the skull base and the development of different tech
niques including endoscopic anterior skull base approaches 
have improved surgical access to the affected area.
 Although most lesions occur de novo, chondrosar
coma has been described arising from nonhereditary 
enchondromatoses such as Maffucci syndrome and 
Ollier’s disease and in patients with longstanding Paget’s 
disease.122

Pathology

Macroscopically, chondrosarcoma appear as lobulated 
grayblue masses with a translucent, glistening, cystic sur
face that may contain yellow to white spicules of calcifi
cations.120	Histologically,	five	 types	have	been	described:	
conventional, myxoid, mesenchymal, clear cell and dedif
ferentiated.123 Conventional chondrosarcoma is the most 
common type and comprises 6% of skull base tumors.120 
Histologically,	the	bone	marrow	is	replaced	by	hyaline	car
tilage, cells with plump nuclei, binucleate cells and multi
nucleated giant cartilage cells. The hyaline component 
corresponds to neoplastic chondrocytes residing within 
lacunar spaces and surrounded by a hyaline matrix.124 
With tumor growth, proliferating neoplastic cells gradually 
separate the bone trabeculae. Scattered calcification and 
periosteal thickening may be seen. In myxoid chondrosar
coma, the chondroid appearance is predominant. In this 
subtype, scattered neoplastic chondrocytes are bordered 
by a frothy mucinous matrix.120,124 The myxoid subtype 
may be difficult to differentiate from clival chordomas. 
Immunohistochemical analysis helps in delineating the 
two entities. Chordomas are of epithelial origin and stain 
positively with cytokeratine and epithelial membrane 
antigen whereas chondrosarcoma stain positive with 
vimentin and S100.125

 Chondrosarcomas can be divided into three grades 
depending on their degree of differentiation.126128 The pres
ence of uniform cellular elements with small dense nuclei, 
a myxoid appearance and rare mitosis characterizes grade I. 
The increase in the degree of cellularity, nuclear atypia, 
and necrosis as well as the number of nuclei and mitosis 
signals a poorly differentiated type or grade III. Grade II 
is intermediate. The majority of chondrosarcomas of the 
skull base are well differentiated and fall into grades I 
and II.129 The grading system bears a prognostic signi
ficance with fiveyear survival rates for grade I, II and III of 
90%, 81%, and 43%.128,130

 The central location within the skull base makes a 
preoperative incisional biopsy difficult, but CTguided 

fineneedle aspiration cytology (FNAC) is valuable in the 
diagnosis of chondrosarcoma. An experienced cytopatho
logist is essential to the recognition of the different types.131 
Cytopathologic specimens of conventional chondrosar
comas demonstrate large vacuolated cells with eccentric 
nuclei reminiscent of signet cells along with a chondroid 
matrix.132

Clinical Presentation

Chondrosarcomas affect both sexes equally and are fre
quently seen between the third and fifth decades.129,133 
Some series favoring male or female predilection have 
also been published.129,134	 However,	 all	 age	 groups	 can	
be affected. A mean delay of 2 years between the onset 
of symptoms and the diagnosis has been noted.133,135 The 
onset of cranial neuropathies in a patient with head
ache warrants further investigation in the form of neuro
imaging. The most common presenting symptoms are 
headache and diplopia.118,129,133,136 The latter is due to com
pression or invasion of the abducens nerve in Dorello’s 
canal. The anterior extension toward the cavernous sinus 
may lead to involvement of the occulomotor and troch
lear nerves. The appearance of additional cranial neuro
pathies, i.e. facial paresthesias, facial weakness, hearing 
loss, dysphagia or dysphonia, heralds further progression 
of the neoplasm and extension toward the posterior fossa, 
the CPA region, the petrous bone, and the middle cranial 
fossa.

Diagnosis

The insidious onset of CN dysfunction in a patient com
plaining of headache warrants further investigation in the 
form	of	neuroimaging.	Both	HRCT	of	 the	 temporal	bone	
and	clival	area	and	MR	imaging	are	essential	in	the	diag
nosis of skull base chondrosarcoma. The anatomic loca
tion and the radiographic appearance are key elements in 
the differentiation of lesions involving or extending to the 
petrous apex.
	 On	 HRCT,	 chondrosarcomas	 demonstrate	 irregular 
bony destruction with scattered areas of calcification 
referred to as “popcorn pattern”. The location lateral to the 
petroclival synchondrosis is suggestive; however, some 
chondrosarcomas originate medial to this junction, mak
ing their differentiation from clival chordomas more chal
lenging radiographically. Whereas most chondrosarcomas 
show	enhancement	on	contrasted	HRCT,	 the	absence	of	
enhancement does not exclude this diagnosis. 

UnitedVRG



Otology/Neurotology/Skull Base Surgery170

 A multitude of benign lesions involving the petrous 
apex, some also causing bony erosion, may simulate chon
drosarcoma. These lesions are cholesterol granuloma, 
cholesteatoma, petrous apicitis, and carotid aneurysms. 
Although	its	differential	abilities	are	less	than	MRI,	HRCT	
may aid in the specific diagnosis. Bony erosion in chon
drosarcoma is typically described as smooth with regular 
borders. Irregular bony erosion is seen in petrous apicitis, 
some benign neoplasms (meningiomas and paraganglio
mas) and most malignant neoplasms and metastases.
	 On	 MRI,	 chondrosarcomas	 have	 a	 low	 to	 interme
diate signal intensity on T1WI and show heterogenous 
enhancement on T1WI with gadolinium. On T2WI, chon
drosarcomas demonstrate high signal intensity with scat
tered flow voids corresponding to areas of intratumoral 
calcifications. Chordomas are typically medially located 
and extend laterally, inferiorly and superiorly. Their epi
center appears to be the clivus. Chondrosarcomas are usu
ally located lateral to the clivus, with their epicenter at the 
petroclival region and the area of the foramen lacerum. 
Cerebral	angiography	and	MRA	are	helpful	in	delineating	
the tumor’s relationship to adjacent vascular structures, a 
key element in the preoperative planning. The histological 
diagnosis is obtained by an imageguided biopsy. At times, 
if imageguided biopsy is not a valid option, an explora
tory surgery with biopsy at the time of a major extirpative 
surgery is planned. The downside of this approach is the 
need for the surgeon to make a major therapeutic decision 
based on the sole result of the frozen section analysis.

Treatment

Surgery is the mainstay of treatment of skull base chon
drosarcoma. Although many approaches have been 
described to access the central and lateral skull base, 
lateral approaches have been advocated by many sur
geons.31,118,135,137140 Transfacial and transpharyngeal app
roaches do not adequately expose the tumor elements 
located posterolateral to the intrapetrous carotid artery.31 
The infratemporal fossa typeB approach provides a 
wide access to the region of the petrous apex and clivus 
in its upper twothirds. The provision of excellent tumor 
exposure is also supplemented by the ability to control the 
intrapetrous carotid artery.135,137,140 The addition of a sub
temporal craniotomy and/or retrosigmoid craniotomy 
provides additional exposure. Transpetrous approaches 
with or without exenteration of the otic capsule (sub
temporaltranspetrous,	TL	and	 transcochlear)	have	been 
utilized.

 Transcranial approaches using a frontotemporal cra
niotomy with or without pterional craniotomy provide a 
direct surgical access to the parasellar region. A transfacial 
or transnasal endoscopic approach coupled with guided 
navigation has expanded the surgical armamentarium. 
The most important factor is adequate exposure for gross 
tumor removal. Although wide excision of uninvolved 
structures is not necessary, gross tumor removal is impor
tant to prevent local recurrence.137,138,141 The use of adju
vant radiotherapy in the form of protonbeam irradiation 
or stereotactic radiosurgery has been employed by many 
centers and appears to result in less local recurrence at 
the expense of a higher rate of complications.129,138,141,142 
However,	 large	 prospective	 series	 are	 lacking	 due	 to	 the	
rarity of the lesion and the absence of standardized surgi
cal management.
 Complications seen may be related to surgical treat
ment—cerebrospinal fluid leak, iatrogenic cranial neuropa
thies, vascular injuries or infection—or may be related to 
radiotherapy—temporal bone osteoradionecrosis, new 
onset cranial neuropathy and pituitary dysfunction.138,142

Rhabdomyosarcoma
Introduction

Rhabdomyosarcoma	 (RMS)	 accounts	 for	 5–15%	 of	 all	
childhood neoplasms and for 30% of temporal bone sar
coma.143,144 It is the most common malignant neoplasm 
of	the	temporal	bone	in	childhood.	40%	of	RMS	occur	in	
the head and neck.145 Commonly affected locations in the 
head and neck are the orbit, the middle ear, the oral cavity, 
the nasopharynx and the infratemporal fossa.146 Most 
occur before the age of 15 years with an average between 
4	and	5	years.	In	the	head	and	neck,	RMS	are	divided	into	
three categories: orbital (23%), parameningeal (56%) and 
nonparameningeal (21%).145 Parameningeal denotes 
those tumors that develop in proximity to the skull base 
and adjacent meninges.

Pathology

Rhabdomyosarcoma	is	a	highly	aggressive,	locally	destruc
tive malignant neoplasm of the soft tissue. Distant metas
tasis is present in 14% at the time of diagnosis with the 
possibility of distal spread to the lungs, bone, liver and 
brain.147	In	the	temporal	bone,	it	is	hypothesized	that	RMS	
originates from the malignant transformation of myocytes 
residing in the stapedial or tensor tympani muscle.
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 Four histological subtypes have been described: 
emb ryonal, alveolar, pleomorphic and botyroid.148 In the 
head	 and	 neck,	 embryonal	 RMS	 is	 the	 most	 frequently 
encountered histological subtype (85%), followed by alveo
lar	RMS	(15%).145	Histologically,	embryonal	RMS	 is	char
acterized by the presence of elongated, spindleshaped 
malignant cells with bipolar processes reminiscent of 
immature rhabdomyoblasts. A single central nucleus is 
typically present along with a relatively abundant eosino
philic cytoplasm. Alternating areas of hypercellularity and 
hypocellularity may be seen. In the hypercellular areas, 
dense small round blue cells can be predominant, includ
ing this neoplasm in the differential diagnosis of tumors 
with small round blue cells. Numerous mitotic figures are 
seen. In the hypocellular areas a myxoidappearing stroma 
is present.148 The alveolar subtype shows clusters of cells 
resembling epithelial cells reminiscent of the pulmonary 
alveolus with intervening sheets of connective tissue. Stri
ations can be present along with giant and multinucleated 
cells.148,149	The	primitive	appearance	of	some	RMS	makes	
recognition difficult. The addition of immunohistochemi
cal analysis is helpful in differentiating some of these 
cases. Antibodies directed against actin, sarcomeric actin, 
desmin, myogenin, and myoD1 can be useful.149

Clinical Presentation

In	 children,	 RMS	mimics	 all	 the	 signs	 and	 symptoms	 of	
chronic suppurative otitis media.144,150153 The prevalence of 
the infectious disease may result in a delay in diagnosis. 
The astute physician should have a heightened degree 
of clinical suspicion in the presence of a middle ear or 
external auditory canal mass or polyp, unrelenting course 
despite aggressive antibiotic treatment, and presence of 
pain associated with cranial neuropathy. Early diagnosis 
and institution of appropriate multimodality therapy are 
key	elements	to	a	successful	outcome.	Clinically,	RMS	can	
present with earache, middle ear and external auditory 
canal mass or polyp and intermittent bloody otorrhea. 
As the tumor invades surrounding structures, additional 
signs and symptoms develop. Meningeal and CNS involve
ment portends a worse prognosis and warrants more agg
ressive therapy.

Diagnosis

On	temporal	bone	imaging,	RMS	exhibits	the	characteris
tics	of	a	locally	aggressive	neoplasm.	On	HRCT	the	lesion 
is seen as a soft tissue density with infiltrative bony 

destruction and irregular erosion.154 The middle ear is 
commonly affected and different parts of the petrous bone 
and adjacent areas are involved, depending on the extent 
of the tumor. The administration of contrast material 
results	in	heterogenous	enhancement.	MRI	is	helpful	in	the	
evaluation of the meningeal and CNS involvement.155,156 
On	T1WI,	 RMS	 typically	 has	 a	 homogenous	 appearance	
isointense to muscle. When gadolinium is administered, 
enhancement is seen and helps in delineating the soft 
tissue	component.	On	T2WI,	RMS	shows	a	hyperintense	
signal. 
	 Ultimately,	 the	diagnosis	of	RMS	 is	made	with	histo
logical confirmation. Biopsy material may be obtained 
from an aural polyp or by a myringotomy performed to 
access the middle ear. On the other hand, tissue can be 
obtained during a planned mastoidectomy.

Treatment

Rhabdomyosarcoma	is	a	chemosensitive	tumor	with	cure	
rates approaching 70% when multimodality therapy is 
used.157 This is a dramatic improvement from the initial 
poor results obtained with single modality treatment 
with an overall 5year survival of 28%.158 The results of 
the	studies	carried	out	by	the	intergroup	RMS	study	(IRS)	
have increased our understanding of the disease and 
ultimately affected patients’ care by reducing mortal
ity and increasing the diseasefree survival and overall 
survival rates.147,159161 Although complete resection is the 
mainstay	of	treatment	for	trunk	and	extremity	RMS,	radi
cal	 surgical	 resection	 of	 parameningeal	 RMS	 results	 in	
high morbidity and is quite disfiguring. It became evident 
that	the	treatment	of	temporal	bone	RMS	requires	multi
modality treatment with surgery, radiation and multiagent 
chemotherapy. In order to predict the tumor behavior and 
response to treatment in a given individual, classification 
schemes have been advocated.
 The currently used clinical classification scheme is the 
Intergroup	Rhabdomyosarcoma	Study	(IRS)	classification	
system introduced in 1975.147 Group I refers to localized 
disease, group II refers to microscopic residual or region
al disease, group III refers to individuals with incom
plete resection or biopsy with gross residual disease, and 
group IV includes patients with metastatic disease at 
presen tation.
	 The	 site,	 histological	 subtype,	 IRS	 stage,	 patient’s	
age and type of treatment are important prognostic fac
tors.145,162165	 Parameningeal	 RMS	 has	 a	 worse	 prognosis	
than	 orbital	 and	 nonparameningeal	 RMS.	 Embryonal 
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RMS	 has	 a	 better	 outcome	 than	 the	 alveolar	 type.	 Age	
greater than 10 years or less than 1 year was associated 
with a worst outcome. 
 Prior to the institution of multimodality therapy, the 
survival	rates	 for	 IRS	clinical	groups	I,	 II,	 III	and	IV	were	
0%, 14%, 0% and 0%, respectively.166 To evaluate and 
compare	 the	 results	 of	multimodality	 treatment,	 the	 IRS	
conducted	a	series	of	studies,	IRS	I	to	IV.
	 IRSI147	 included	 686	 patients	 with	 RMS	 or	 undif
ferentiated sarcoma followed between 1972 and 1978. 
The	results	of	 IRSI	 showed	 that	 there	was	no	additional	
benefit of radiotherapy to combination chemotherapy 
(vincristine and dactinomycin or VA) for clinical group I 
(localized disease completely resected). In addition, no 
benefit was seen in adding lowdose daily oral cyclophos
phamide to the combination of radiation and chemother
apy (vincristine and dactinomycin or VA), and no benefit 
of adding adriamycin to the combination or radiation and 
chemothe rapy (vincristine, dactinomycin and cyclophos
phamide or VAC). The 5year survival for the entire group 
and	parameningeal	RMS	was	55%	and	47%,	respectively. 
IRSII161 was conducted between 1978 and 1984 and 
included	999	patients	with	RMS.	All	patients	were	included 
after	 surgical	 treatment.	 In	 IRS	 clinical	 group	 III,	 the	 use	
of radiation and intrathecal chemotherapy increased 
5year	survival	from	47%	to	59%.	IRSIII160 was conducted 
between 1984 and 1991and included 1,062 patients with 
RMS.	The	 major	 difference	 in	 the	 intervention	 in	 clini
cal group III was the reduction in the radiation fields for 
parameningeal	 RMS	 without	 intracranial	 extension	 and	
the intensification of the chemotherapy regimen. In clini
cal group III, the results showed increased 5year survival 
from	59%	to	65%.	IRSIV159 was conducted between 1991 
and 1997 and included 883 patients. For clinical group 
III, the study compared the efficacy of hyperfractionated 
radiotherapy to conventional radiotherapy and found no 
difference. 
	 Currently	 for	parameningeal	RMS	that	 includes	mid
dle	 ear	RMS,	 the	 recommended	 treatment	 is	 surgery	 for	
biopsy, followed by radiotherapy and chemotherapy. 
The timing of treatment is important. For parameningeal 
RMS	with	evidence	of	intracranial	extension,	radiotherapy	
should be given concurrently with chemotherapy.146

 Both chemotherapy and radiotherapy have been asso
ciated with complications. The development of longterm 
side effects from radiotherapy led to the development of 
trials in Europe where radiotherapy has been excluded 
from the initial management of lowrisk groups and 
reinstituted in the event of recurrence. Patients with no 

relapse who did not receive radiotherapy enjoy a long
term diseasefree survival without late sequelae.145 The late 
sequelae include hormonal dysfunction, cognitive dys
function, facial growth retardation, hearing loss, and dental 
and visual problems.167 The application of this rationale 
to	parameningeal	RMS	is	not	currently	accepted	as	these 
patients are considered a higherrisk group. 

HEMATOLOGICAL MALIGNANCIES
Leukemia,	 lymphoma	 and	 plasmocytoma	 can	 affect	 the	
petrous bone.168170 Most commonly, tumor cells infiltrate 
the temporal bone and its marrow spaces as part of a sys
temic	 disease	 process.	 Rarely,	 isolated	 involvement	may	
be seen. Although all parts of the petrous bone can be 
affected, involvement of the middle ear and mastoid is a 
more common finding.
	 Leukemia	 is	 a	 neoplastic	 disorder	 that	 affects	 white	
blood cells and results in the proliferation and accumula
tion of a large number of immature lymphohematopoi
etic cells. By the time of diagnosis, leukemic cells have 
already infiltrated the bone marrow and spread to some 
extramedullary sites. Based on the particular morphologic 
and immunophenotypic characteristics of these tumors, 
different classification schemes have been described. 
Detailing each subtype is beyond the scope of this chapter. 
In the temporal bone, symptoms are caused by infiltra
tion	 and	 hemorrhage.	 Rarely,	 the	 hyperviscosity	 caused	
by the large number of leukocytes in the circulation can 
present with bilateral hearing loss of acute onset.171	Leuke
mic patients may present with middle ear effusion,168 facial 
nerve palsy,172 vertigo, tinnitus and sensorineural hearing 
loss.169,173 Infiltration of the cochleovestibular nerve and 
facial nerve is seen on histopathologic studies of human 
temporal bones.168,174 Inner ear involvement is uncom
mon.175 In rare instances, the CPA is involved by accumu
lation of neoplastic granulocytic cells, chloromas, usually 
seen in patients with acute myelogenous leukemia.176 The 
treatment of acute or chronic leukemia involving the tem
poral bone is medical and the role of surgery is limited 
to biopsy.
	 Lymphoma	is	a	neoplastic	process	that	affects	the	lym
phoid	system.	Hodgkin’s	lymphoma	(HL)	is	characterized	
histologically	by	the	presence	of	ReedSternberg’s	cells	in	
a background of inflammatory stroma. Morphologic and 
immunophenotypic	criteria	classify	HL	into	different	sub
sets.	The	more	common	nonHodgkin’s	lymphoma	(NHL)	
is a heterogenous group of neoplastic disorders of the 
lymphoid system that lack the characteristic cell type seen 
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in	HL.	Detailing	the	different	subtypes	of	HL	and	NHL	is	
beyond the scope of this chapter. Infiltration of the bone 
marrow, middle ear and Eustachian tube mucosa is seen 
in both types of lymphomas.168,177,178 Patients may present 
with middle ear effusion, hearing loss and facial paraly
sis.179,180 Involvement of the temporal bone is less common 
with	HL.181 Surgery is limited to biopsy if no other extra
nodal sites are present. Medical management is the main
stay of treatment.
 Plasmocytoma, a monoclonal proliferation of plasma 
call or plasmacytoid cells, is a variant of multiple myeloma 
and comprises less than 10% of plasma cell dyscrasias.182,183 
Two clinical forms have been described: solitary plasma
cytoma of bone and extramedullary plasmacytoma. Soli
tary plasmacytoma of bone presents with isolated bone 
involvement, usually affecting the axial skeleton and the 
extremities without clinical, radiographic and immuno
electrophoretic evidence of multiple myeloma. Conver
sion to multiple myeloma usually occurs in more than half 
of cases over a period of 4–5 years. Extramedullary plas
macytoma presents with a spaceoccupying lesion that 
consists of neoplastic proliferation of plasma cells outside 
the bone marrow, usually the upper aerodigestive tract 
and paranasal sinuses.170,182 Temporal bone involvement 
is	 rare.	 HRCT	 shows	 a	 lytic	 process	 with	 occasionally	 a	
soft tissue mass.184,185 Plasmacytoma usually infiltrates the 
middle ear and mastoid; however, involvement of the otic 
capsule has been described.170,185 The diagnosis is based on 
the presence of extramedullary proliferation of monoclo
nal plasma cells without evidence of multiple myeloma on 
bone marrow biopsy. Treatment is usually radiotherapy, 
and recurrences occur in 25%. Progression into multiple 
myeloma is uncommon.186

 Clinically, these lesions can mimic any acute or chron
ic middle ear and mastoid pathology. Neural involvement 
in the form of hearing loss, tinnitus, vertigo and facial 
paralysis is not uncommon. A high index of suspicion, 
mainly in patients with systemic disease, is necessary for 
timely diagnosis. A list of adjunctive laboratory tests is 
often necessary for appropriate diagnosis and treatment 
is often nonsurgical. Different chemotherapeutic agents 
are	used	with	or	without	radiotherapy.	Radiotherapy	alone	
is used for extramedullary plasmacytoma and isolated 
lymphoma.

METASTASIS OF THE TEMPORAL BONE
The temporal bone may harbor metastases from various 
carcinomatous neoplasms. The most common sites of 
origin are the breast, lung, kidney, stomach, prostate and 

melanoma.187189 In the temporal bone, metastatic disease 
commonly affects the petrous apex, followed by the IAC.187 
In a study of 1,354 CPA lesions, the incidence of metastatic 
disease was 0.2%.190 Most published series are small and 
spaced over many years. The most important mecha
nism of spread is hematogenous seeding of the marrow
rich portion of the temporal bone. If neoplastic cells gain 
access to the cerebrospinal fluid containing spaces, the 
IAC and CPA may be the site of involvement, which can 
be bilateral.187 Clinically, patients may present during the 
course of a known malignancy, or rarely the temporal 
bone	may	be	the	revealing	site.	Hearing	 loss,	 facial	palsy	
and vertigo are seen in 60%, 50% and 30%, respectively.189 
The temporal bone may be involved in multiple sites in 
20%.187	Radiographically,	metastasis	demonstrates	 a	 lytic	
process	on	HRCT.	MRI	shows	an	infiltrative	and	destruc
tive soft tissue mass with a low signal on T1WI and high on 
T2WI. Enhancement is usually seen.156 The petrous apex is 
commonly involved but other sites may be affected. The 
destructive process on radiologic studies often exceeds 
the clinical findings.188 Prognosis is guarded and treatment 
is palliative. The role of surgery is limited to tissue confir
mation if clinically indicated. Palliative treatment includes 
chemotherapy with or without radiotherapy as dictated by 
the nature of the primary lesion.

CONCLUSION
A variety of benign and malignant neoplasms may affect 
the temporal bone and its vicinity. Symptoms of neoplastic 
diseases of the temporal bone mimic common chronic 
otological	diseases.	Radiographic	 studies	are	essential	 in	
evaluating patients suspected of having temporal bone 
neoplasms. The definitive therapeutic modality is dicta
ted by the histological subtype and tailored to the extent 
of disease and the patient’s clinical symptomatology and 
overall health.
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CHAPTER

INTRODUCTION/BACKGROUND
Cholesteatoma (keratoma) is a growth of keratinizing squa
mous epithelium originating from the external layer of 
the tympanic membrane or ear canal skin that invades the 
middle ear cleft.1 Cholesteatoma has two components— 
the matrix, or epithelial sac, and the acellular keratin 
debris contained within it. The cholesteatoma matrix con
sists of an inner layer of keratinizing squamous epithe
lium and an outer layer of subepithelial connective 
tissue (“perimatrix”). The matrix is biologically active: 
the epithelial layer continually produces keratin, and 
the subepithelial layer contains mesenchymal cells that 
can produce proteolytic (collagenolytic) enzymes that can 

erode bone.2 Cholesteatoma can also become secondarily 
infected, leading to purulent discharge. 
 Cholesteatomas can be congenital or acquired. Acquired 
cholesteatomas, which are far more frequent, can arise by 
three mechanisms: retraction of the tympanic membrane 
(“primary acquired cholesteatoma,” the most common 
type) (Fig. 11.1), epithelial migration from the edges of a 
tympanic membrane perforation (“secondary acquired 
cholesteatoma”) (Fig. 11.2), or squamous metaplasia. Con
genital cholesteatomas are epithelial rests that become 
entrapped in the middle ear cleft during embryogenesis.3 
They appear as a keratin sac behind an intact tympanic 
membrane (Fig. 11.3).

Fig. 11.1: Primary acquired cholesteatoma (arising from retrac-
tion pocket of tympanic membrane and pars flaccida).

Fig. 11.2: Secondary acquired cholesteatoma (arising from tym-
panic membrane perforation).
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PATHOGENESIS

The clinical behavior of cholesteatoma can vary over 
time.4 Cholesteatoma may grow insidiously at first, and 
can attain a significant size without causing any symptoms 
other than hearing loss. Over time, the cholesteatoma 
will usually become infected, leading to malodorous dis
charge. The discharge may respond to treatment with 
antibiotic eardrops, but the improvement is usually only 
temporary. Recurrent or persistent ear discharge should 
make one suspect cholesteatoma, even when the lesion is 
not clinically evident.

 Bone erosion is responsible for the invasive nature 
of cholesteatoma.5 Erosion of the bony lateral wall of the 
epitympanum (“scutum”) occurs early as the cholesteatoma 
expands into the attic (Fig. 11.4). Erosion of the ossicles (the 
lenticular process of the incus and the superstructure of the 
stapes) occurs as the cholesteatoma grows into the middle 
ear, and causes conductive hearing loss. Erosion of the 
bony septations of the mastoid appears as “coalescence” 
on CT radiographs; this finding, plus scutum erosion, are 
the radiologic hallmarks of cholesteatoma (Figs. 11.5A  
and B). Erosion of bony partitions between the mastoid air 
cell system and inner ear and intracranial structures permits 

Fig. 11.3: Congenital cholesteatoma (epithelial rest behind intact 
tympanic membrane).

Fig. 11.4: Erosion of scutum (lateral bony wall of attic) by chole-
steatoma.

Figs. 11.5A and B: CT, coronal and axial, showing bony destruction within the mastoid and erosion of the scutum and ossicles by 
cholesteatoma.
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complications to occur (“complications” are defined as 
spread of disease outside of the pneumatized portions of 
the temporal bone, and include suppurative (coalescent) 
mastoiditis, labyrinthitis, facial nerve paralysis, petrositis, 
and intracranial infections).
 The anatomic patterns of growth of cholesteatoma 
are determined by the mucosal partitions of the middle 
ear and attic.6,7 A onecellthick layer of low cuboidal epi
thelium lines the middle ear promontory and attic and 
envelops the ossicles in the same way that the mesentery 
envelops the intestines. The mucosal folds form the epi
tympanic spaces of von Troeltsch, which divide the 
attic into three spaces: a lateral epitympanic space  
(or Prussak’s space) situated between the scutum and the 
malleus head and incus body, the anterior epitympanic 
space demarcated posteriorly by the bony “cog,” and the 
posterior epitympanic space medial to the incus and 
malleus and leading posteriorly to the aditus ad antrum 
(Fig. 11.6A). The suspensory ligaments and mucosal 
folds form a horizontal partition called the epitympanic 
diaphragm that bisects the attic into lower and upper 
components. Once the cholesteatoma sac grows into the 
upper attic, it has free access to the mastoid via the aditus. 
There is a natural break in the epitympanic membrane 
posteriorly and medial to the incus, termed the tympanic 
isthmus; by this route middle ear cholesteatomas arising 
from the pars tensa can reach the upper attic and grow to 
fill the mastoid (Fig. 11.6B).

CLINICAL FINDINGS:  
SYMPTOMS AND SIGNS

Diagnosis of Cholesteatoma
Cholesteatoma is diagnosed clinically by physical exami
nation. Most patients will present with a complaint of 
either hearing loss (unilateral, progressive), or drainage 
from the ear, which is often malodorous. Some cases are 
asymptomatic and only detected on physical exam.
 On otoscopy, cholesteatoma appears as a retraction 
pocket of the pars flaccida or pars tensa, with keratin 
debris. The microscope is a very useful adjunct to the 
otoscope for judging the depth of a tympanic membrane 
retraction and for allowing cleaning of the ear and gentle 
probing of the sac contents. If the ear is draining and the 
canal is filled with pus it should be suctiondebrided and 
the patient reexamined at a future date when the ear is dry. 
If an inflammatory polyp is present, it may be cauterized 
with silver nitrate and debrided with cup forceps in a 
cooperative patient (the polyp is usually insensate). A 
polyp arising from the pars flaccida almost always signifies 
an attic cholesteatoma.
 The patterns of growth of cholesteatoma have been 
classified as follows:
1. Epitympanic (attic) cholesteatomas (Fig. 11.7A) arise 

from the pars flaccida and grow upward. These may 
be subdivided into lateral epitympanic cholesteato
mas, if they involve only Prussak’s space, posterior  

Figs. 11.6A and B: The tympanic membrane (TM), right ear, and the epitympanic spaces of von Troeltsch: Prussak’s space (Pr), 
anterior (Ant) and posterior (Post) spaces. These mucosal pouches are lateral to the body of the incus (i) and malleus (m). (B) The epi-
tympanic diaphragm, as viewed from above, in a cadaver dissection of the right ear. The epitympanic diaphragm bisects the attic into a 
lower part, containing the epitympanic pouches of von Troeltsch, and an upper part. (m, head of malleus; i, body of incus; TM, tympanic 
membrane; ATS, anterior tympanic spine; TF, tensor fold; LMF, lateral malleal fold). 
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epitym panic cholesteatomas, if they grow medial to the 
incus to involve the posterior epitympanic space and 
mastoid, and anterior epitympanic cholesteatomas if 
they grow anteriorly to fill the space medial to the cog

2. Mesotympanic (middle ear) cholesteatomas (Fig. 11.7B)  
arise from the pars tensa and grow medially along the 
lenticular process and stapes superstructure. They may 
then grow upward toward the posterior epitympanum 
or backward into the sinus tympani, and they may fill 
the entire middle ear. (Tos has further divided mid
dle ear cholesteatomas into sinus cholesteatomas, 
posterosuperior quadrant retractions that fill the sinus 
tympani, and tensa cholesteatomas, that are diffuse 
retractions of the eardrum into the middle ear space.8)

3. “Holotympanic” cholesteatomas involve the middle 
ear, epitympanum, and mastoid. These are epitympanic 
cholesteatomas that have grown down into the middle 
ear space, or middle ear cholesteatomas that have 
grown up into the attic 

4. Congenital cholesteatomas begin in the middle ear 
cleft, usually in the anterosuperior quadrant attached 
to the tensor tympani tendon and processus cochleari
formis, but may enlarge in all directions. Infrequently, 
the congenital cholesteatoma may arise from the sta
pedial tendon

EVALUATION: LABORATORY, OTOLOGIC, 
AND NEUROTOLOGIC TESTING

Audiometry should be performed on every patient with 
cholesteatoma, and preferably when the ear is dry. 
Audiometry will usually show a conductive or mixed 

hearing loss, although in some cases the hearing can be 
surprisingly good. The degree of hearing loss does not 
necessarily reveal the status of the ossicular chain. Maximal 
conductive hearing loss implies erosion of the ossicles, 
but normal hearing does not necessarily signify an intact 
ossicular chain, however, because the cholesteatoma itself 
can conduct sound.
 Additional testing does not routinely need to be per
formed. Electronystagmography may be obtained if the 
patient has vertigo.

EVALUATION: RADIOLOGIC IMAGING
CT scanning is useful for demonstrating the extent of the 
disease, the size of the mastoid, and the presence of any 
anatomic complications such as lateral semicircular canal 
fistula, fallopian canal erosion, tegmen erosion, or sigmoid 
sinus exposure. On CT, cholesteatoma will appear as a 
circumscribed mass of soft tissue density, with erosion of 
the surrounding trabecular bone (see Fig. 11.5). Erosion 
of the scutum is commonly seen in cholesteatoma but 
is not an essential finding. Erosion of the ossicles is also 
commonly seen. Postobstructive opacification of the 
mastoid air cells is also common, and may make it difficult 
to judge the true posterior extent of the disease. 
 MRI is generally not useful in the initial diagnosis of 
cholesteatoma, but may be helpful for detecting recur
rence, as discussed under “Prognosis” below.

HISTOLOGY
Cholesteatoma consists histologically of acellular keratin 
debris, contained within a layer of keratinocytes (“matrix”) 

Figs. 11.7A and B: (A) Epitympanic (attic) cholesteatoma. (B) Mesotympanic (middle ear) cholesteatoma.
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enveloped by a layer of connective tissue subepithelium 
(“perimatrix”). The keratinocyte layer is indistinguishable 
from normal skin. The subepithelial layer may contain 
areas of inflammation. Sudhoff and Tos8 have discovered, 
in sinus cholesteatoma, proliferating keratinocytes within 
epithelial cones growing toward the underlying stroma 
through focal discontinuities of the basement membrane 
in areas of intense subepithelial inflammation. This find
ing may help to explain the transition from retraction 
pocket to active and expanding cholesteatoma.

TREATMENT: MEDICAL AND SURGICAL
Cholesteatoma has no medical treatment. The treatment of 
cholesteatoma is surgical, and while surgery is mandatory, 
it is not always definitive. The capacity for recurrence is 
an important feature of cholesteatoma that reflects its 
invasive nature. Recurrence is the regrowth of disease 
after adequate surgical extirpation. The significant rate 
of recurrence makes the management of cholesteatoma 
daunting for the surgeon and frustrating for the patient. 
Indeed, in the best hands, recurrence rates of up to 30% 
in adults and up to 70% in children have been reported.9,10

 The goals of cholesteatoma surgery are as follows: 
1. Complete extirpation of the disease
2. Reconstruction of the middle ear
3. Prevention of recurrence 
 The operation should be dictated by the extent of 
the disease in the middle ear cleft and by the size of the 
mastoid. The status of the ossicular chain and the presence 
of complications will also determine what surgical proce
dure is needed.
 Disease confined to the middle ear (mesotympanic 
cholesteatoma) can be dealt with by tympanoplasty alone. 
Disease confined to the attic can be removed via atti
cotomy. Disease that extends to the mastoid will require a  
mastoidectomy. A mastoidectomy can be performed with 
preservation of the posterior bony canal wall [canal wall up 
(CWU), intact canal wall, or closed cavity mastoidectomy], 
or the canal wall can be taken down (canal wall down 
(CWD), modified radical mastoidectomy, or open cavity 
mastoidectomy). The Bondy operation is a type of CWD 
procedure which is done in a retrograde or “insideout” 
fashion, and which attempts to avoid the middle ear.
 The CWU mastoidectomy preserves the posterior bony 
canal wall and thereby results in a normal ear canal and 
tympanic membrane. This heals more rapidly, does not 
require water precautions, and readily permits the use 
of a hearing aid. The disadvantage of the closed cavity is 

that it leaves a place for residual cholesteatoma to hide 
and a potential space for recurrent cholesteatoma to 
form. Because of this increased tendency for residual 
cholesteatoma, a secondstage operation is often recom
mended after CWU mastoidectomy.11 The CWD mas
toidectomy exteriorizes the mastoid space, so that residual 
disease can be detected early and recurrence should 
(theoretically) not occur, but carries the penalty of creating 
a cavity that may develop mucositis, and require periodic 
cleaning and constant water avoidance.

Tympanoplasty
Tympanoplasty refers to removal of disease from the 
middle ear and reconstruction of the tympanic membrane 
and ossicular chain if necessary (see Chapter 12 for more 
complete discussion). Tympanoplasty can be coupled 
with mastoidectomy, as determined by the extent of the 
disease. 
 Tympanoplasty alone can be used to remove choles
teatoma that is confined to the middle ear. This is possible 
in most cases of congenital cholesteatoma that are detected 
early, when they are well encapsulated and confined to the 
anterior–superior quadrant of the middle ear (congenital 
cholesteatomas that are detected later are widespread, 
and will require atticotomy or mastoidectomy, no different 
from acquired cholesteatoma). A tympanomeatal flap can 
be raised, and the superior limb of the incision is extended 
anteriorly to gain additional exposure. Detaching the 
tympanic membrane from the manubrium mallei and 
umbo will result in an inferiorlypedicled tympanomeatal 
flap, with good surgical access to the anterosuperior 
mesotympanum and adjacent attic. By sharply lysing the 
enveloping mucosa, the cholesteatoma can be grasped 
with a cup forceps and removed in toto. If the capsule is 
broken, the lesion will have to be removed piecemeal, and 
a middle ear mirror or microendoscope should be used 
to inspect for residual. Because congenital cholesteatoma 
arises anatomically from the area where the tensor tympani 
tendon attaches to the neck of the malleus, residual disease 
should be sought for in this area. 
 Tympanoplasty is also appropriate for acquired choles
teatomas that are confined to the middle ear. The com
monest example is retraction pocket cholesteatoma of 
the pars tensa. These lesions usually form in the poste
riosuperior quadrant and initially travel medially along the 
axis of the lenticular process and stapes superstructure. 
Erosion of the lenticular process is common, and if a 
myringostapediopexy forms, the hearing may remain 
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good. Eventually the sac will extend posteriorly to the sinus 
tympani, or superiorly to the attic by travelling medial to the 
incus body. The tympanic isthmus is a natural dehiscence 
of the epitympanic diaphragm, a route which may allow 
these lesions to reach the upper attic, where they become 
generalized (“holotympanic”) cholesteatomas that require 
tympanomastoidectomy (see Fig. 11.6B).
 Secondary acquired cholesteatomas, which arise from 
invagination of tympanic membrane surface epithelium 
through a perforation, may remain confined to the middle 
ear space for a long time. Discovering epithelial ingrowth 
through a perforation is an absolute indication for surgery.  
If left untreated, these lesions eventually behave as aggres
sively as any other mature cholesteatoma.
 Tympanoplasty surgery for cholesteatoma is done 
through the bony ear canal (Fig. 11.8). A postauricular or 
transmeatal incision can be used, depending on the expo
sure provided by the natural meatus. Endaural incisions, as 
historically described by Lempert, can be used to expand 
the transmeatal exposure; sometimes a simple vertical cut 
through the thick skin of the incisura will permit a 7.5 or  
8 mm speculum to be inserted. The canal (tympanomeatal) 
incision itself has many variations, but in general, radial 
cuts are made at 6 and 12 o’clock and connected by a circular 
cut through the posterior canal skin. The skin is elevated 
until the annulus is encountered. When a deep retraction 
pocket is present, the tympanic membrane epithelium will 
travel posterior to the lip of the bony annulus (Fig. 11.8A). 
Incising the tympanic membrane epithelium at this point 
will make the retraction pocket very difficult to retrieve. A 
better strategy is to lift the fibrous annulus away from the 
bone, then remove the bony lip with curet or diamond 
drill until the sac is exteriorized and can be delivered 
outward with a blunt instrument, such as a whirlybird or 
hockeystick dissector. In some cases, the sac will extend 
posteriorly into the sinus tympani, and exteriorization 
might require a bony canaloplasty and removal of the bony 
lip as far back as the mastoid segment of the facial nerve. 
The sinus tympani can be very deep in certain individuals, 
and even this much exposure might result in a partly blind 
dissection. The sac might be very thin, especially if not 
filled with keratin, and it is important to try to remove it 
as a continuous sheet because residual disease might be 
hard to retrieve from a deep sinus tympani. An angled 
endoscope or mirror should routinely be used to make 
sure the sinus is clear at the end of the dissection.
 Once the posterior part of the cholesteatoma sac is 
cleared, the inferior part should be dissected until the 

normal middle ear space is encountered. Inferiorly, these 
lesions may fill the round window niche and extend to the 
hypotympanic cells, and these regions may be difficult to 
clear until the bony exposure is extended by removing the 
inferior tympanic rim. Superiorly, extension to the attic 
may require a partial atticotomy by removing the scutum 
with a drill or curet. Anteriorly, the diseased portion of 
the tympanic membrane should be excised by making 
an incision along the malleus manubrium. If additional 
exposure is needed, the drum should be lifted off the 
malleus by incising the investing mucosa. Medially, the sac 
should be elevated off the promontory mucosa. Preserving 
the mucosal layer will help prevent later adhesive otitis, 
but this is not always possible.
 Disease that adheres to the stapes superstructure, 
footplate, tympanic segment of facial nerve, and the sul
cus between the facial nerve and stapes can be quite 
challenging to remove. The epithelial layer should be peeled 
away from these structures using a sharp instrument and 
patient dissection. At times, the attachment of the stapes 
superstructure to the footplate is partially eroded and can 
be detached and removed; some surgeons advocate using 
a laser to evaporate the superstructure. Dissecting disease 
from a mobile footplate is always challenging; a free edge 
should be sought and the matrix gently lifted away. A 
fractured or perforated footplate should be immediately 
repaired with a fascia graft. The facial nerve should also 
be cleared of disease. The fallopian canal is dehiscent 
in at least 30% of cases, usually along its inferior border 
facing the stapes superstructure, and so the best strategy 
is to work in a superior to inferior direction, starting on 
the dorsum of the nerve where the bony covering is likely 
to be intact, and lifting the matrix away from the exposed 
portion of the nerve. The sulcus between the facial nerve 
and stapes footplate can be a special challenge, especially 
if the nerve is bare and prolapsed over the footplate.
 Following the complete removal of disease, recon s
truction of the tympanic membrane and ossicular chain 
can be addressed. Cartilage is a valuable material for 
repairing a retracted tympanic membrane; because of 
its stiffness, cartilage will resist reretraction. The major 
drawback of cartilage is that it is opaque and may mask 
residual disease. The cartilage may be harvested from 
the cimbum concha or tragus, trimmed to the size of the 
tympanic membrane defect, and left attached to a larger 
piece of perichondrium. It is placed in an underlay fashion 
with respect to the remaining drum, concave side out
ward, with the perichondrium draped over the bony rim  
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(Fig. 11.8B). Prior to closure of the drum, the middle ear 
may be packed with gelatin (Gelfoam) or hyaluronic acid 
gel (Merogel). If the middle ear mucosa was stripped, a 
sheet of thin silicone (Silastic) sheeting might help prevent 
adhesions.
 Ossicular reconstruction may be performed primarily 
or, if there is significant inflammation, delayed to a later 
stage. There are many options, and the choice of recons
truction depends on the surgical findings, ossicular 
geometry, condition of the middle ear, and experience 
and preference of the surgeon. Native or prosthetic mate
rial may be used. When the stapes superstructure is 
present, the tympanic membrane graft can be apposed 
to the capitulum forming a myringostapediopexy (“Type 
3 reconstruction”). For cases of simple erosion of the 
lenticular process with an intact stapes superstructure 
(common), the incus may be removed, sculpted, and 
interposed between malleus neck and stapes capitulum, 
or a jointtype prosthesis (Applebaum or Krauss) may 
be placed. Alternatively, ionomeric cement may be used 
to bridge a small defect, or a wedge of cartilage may 
be interposed. In cases of absent stapes superstructure, 
the incus may be removed and sculpted to fit between the 
stapes footplate and malleus neck, or a total ossicular 
prosthesis (“TORP”) may be used; there are many available 
variants that are crafted from hydroxyapatite, titanium, or 
other synthetic bioinert materials.
 Many ears with this type of disease have a retracted 
malleus with some inherent stiffness to the ossicular 
chain. In these situations, the tympanic membrane may be 

removed from the malleus, the incus is removed, the tensor 
tympani is sectioned and the malleus is laterally displaced. 
Then a partial prosthesis is placed from the capitulum of 
the stapes to the undersurface of the malleus or footplate 
to malleus reconstruction with a total prosthesis from 
footplate to malleus is utilized. The tympanic membrane 
reconstruction repaired in the usual fashion. 
 In cases of fixed stapes footplate, reconstruction 
should be deferred at least until there is no inflammation, 
or indefinitely. A hearing aid is an available option for 
rehabilitating conductive hearing loss, or a boneanchored 
hearing device in a troublesome cavity.

Atticotomy
As previously discussed, the attic is comprised of three 
pouches, which are formed by the membranous folds: 
the lateral epitympanic space, or Prussak’s space, and 
the anterior and posterior epitympanic spaces.7 The attic 
is bisected in the transverse plane by the epitympanic 
diaphragm, which forms an incomplete partition dividing 
the attic into an upper and lower division. 
 Disease in the anterior and posterior epitympanic 
spaces that has travelled medial to the ossicles usually 
requires removal of the incus and head of the malleus. 
However, disease that remains in the plane lateral to the 
malleus and incus can sometimes be excised without 
removing the ossicles. Exteriorizing the epitympanic spa ces 
usually involves removing the scutum, and fre quently 
the scutum has already been eroded by the disease. 

Figs. 11.8A and B: (A) Dissection of mesotympanic cholesteatoma via tympanoplasty approach, left ear. Tympanomeatal flap has been 
elevated, and sac is shown (arrow) covering stapes and filling sinus tympani. (B) Cartilage graft to posterosuperior quadrant, after exci-
sion of cholesteatoma sac.
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This procedure is a transcanal atticotomy. Alternatively, 
Prussak’s space can be accessed through a transmastoid 
atticotomy.
 The transcanal atticotomy is performed through a 
postauricular incision. Within the canal, tympanomeatal 
incisions are created and the flap is elevated away from the 
scutum superiorly. Exteriorization of the attic retraction 
requires first performing a bony canaloplasty, and then 
removing the anterior tympanic spine with curette and 
diamond drill. The scutum is then thinned down to eggshell 
thickness with a diamond bur, and the last layer of bone 
is removed with a curet, exposing the cholesteatoma sac  
(Fig. 11.9A). The superior, anterior, and posterior margins 
of the sac should be visualized (if the posterior limit is not 
well seen, an atticoantrotomy or Bondy mastoidectomy 
should be performed). The sac contents are decompressed, 
and the matrix is lifted away from the malleus and incus, 
and its attachment to the superior end of the tympanic 

membrane is sharply divided (Fig. 11.9B). If the sac pro
gresses medial to the ossicles, the incus and malleus head 
will have to be removed to ensure complete excision. 
The scutum defect is then reconstructed with a graft of 
cartilage (Fig. 11.9C) with the overlying perichondrium 
draped over the bony edges, and the tympanomeatal and 
conchomeatal skin flaps are rearranged over this.
 Scutum reconstruction is important to prevent disease 
recurrence. When a transcanal atticotomy procedure is 
performed, a potential space is created where choles
teatoma can reform. If the atticomy defect is excessively 
large, it may be preferable to create an open mastoid 
cavity, as described below, than to attempt to close the 
bony defect with cartilage. 
 Another way of managing disease in the attic is through 
a transmastoid atticotomy. This method is desirable in 
situations where a relatively large attic cholesteatoma 
develops behind a relatively small scutum defect. In this 

Figs. 11.9A to C: (A) Transcanal atticotomy of left ear, exposing 
disease in the epitympanum (arrow). (B) Atticotomy, after removal 
of cholesteatoma. (C) The bony defect is closed with a cartilage 
graft (arrow).
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technique, a CWU mastoidectomy is performed (see 
below), and the attic is opened from behind, by drilling 
forward from the mastoid into the zygomatic root cells. 
The advantage of the transmastoid atticotomy over the 
transcanal atticotomy is that the bony scutum is a more 
rigid barrier against recurrence than cartilage. 

CWU (Intact Canal Wall) Mastoidectomy
The CWU mastoidectomy is favored when the mastoid 
is well developed, because taking the CWD might result 
in a large, troublesome cavity. When combined with a 
transmastoid atticotomy and facial recess opening, the 
CWU approach provides access to all areas of the mastoid 
and middle ear. In cases where there is no clear preference 
for CWU or CWD, the CWU procedure can be performed 
as the initial approach, and can be converted to CWD 
during surgery if the exposure proves to be limited. The 
most troublesome areas for surgical exposure are the 
anterior epitympanic space, the sinus tympani, and the 
hypotympanum. At the time of surgery, the surgeon can 
accurately determine the extent of the disease and may 
take the CWD if needed to remove the entire disease.
 The method of CWU mastoidectomy is as follows. 
The meatus should be inspected first using microscope 
and speculum. The ear canal and postauricular skin are 
injected with 1% lidocaine with epinephrine through a 
smallgauge needle to provide hemostasis and hydroplane 
dissection. The opening of the cholesteatoma sac in the 
pars flaccida or pars tensa can be inspected and probed 
to see where the disease tracks. A tympanomeatal flap is 
elevated to determine the extent of middle ear disease. The 
integrity of the incus and stapes can be determined at this 
point, and the incudostapedial joint can be separated to 
prevent vibrational trauma to the cochlea from the drill.
 A postauricular incision is made and carried down to 
the avascular plane lateral to the temporalis fascia and 
mastoid periosteum. An incision is made in the mastoid 
periosteum along the linea temporalis and a counter
incision is made toward the mastoid tip. The periosteum 
is then elevated, exposing the mastoid cortex and bony ear 
canal. The canal skin is then separated from the bone until 
the tympanomeatal incision is reached. The auricle can 
then be retracted forward with selfretaining retractors, 
providing a good view of the mastoid cortex, ear canal, and 
middle ear.
 A cutting drill is used with constant suction and 
irrigation to create cuts in the cortical bone just inferior 

to the temporal line and parallel to the posterior bony 
meatus, with the deepest point at MacEwen’s triangle. A 
triangle of cortical bone is removed and progressively 
enlarged and deepened, removing the cellular bone until 
the mastoid antrum is entered. The internal landmarks 
of the mastoidectomy are the tegmen superiorly, the 
posterior canal wall anteriorly, and the sigmoid sinus 
posteriorly – these structures should be skeletonized by 
removing all the cellular bone. The Korner septum is a 
thin plate of bone at the tympanosquamous junction that 
forms the lateral wall of the antrum.
 Depending on the extent of the disease, the choles
teatoma may fill the mastoid antrum (Fig. 11.10A) and it 
may also involve the pneumatized spaces of the mastoid 
down to the tip. Usually the cholesteatoma sac must 
be incised and its contents (debris) delivered before 
the deeper structures can be identified (Fig. 11.10B). The 
lateral semicircular canal, a domeshaped structure of 
dense ivory bone at the base of the antrum, is the most 
important landmark, because it has a constant anatomic 
relationship to the facial nerve and stapes, and it defines 
the position of the facial recess.
 The attic should be opened by creating a transmas
toid atticotomy, following the tegmen forward toward  
the zygomatic root (Figs. 11.10A and B). The bone over the 
incus should be thinned to an eggshell and opened with 
a curet to avoid drilling on the incus. The posterior bony 
canal is thinned down to the level of cortical bone but not 
fenestrated. The amount of anterior exposure that can be 
gained depends on the height of the attic, i.e. the distance 
between the tegmen tympani and the superior aspect of 
the bony canal.
 The atticotomy will expose the incus and malleus head. 
If the incus and malleus are encased in cholesteatoma, 
the incus is detached from the stapes and malleus and 
removed, and the malleus head is cut with a malleus 
nipper, leaving the manubrium. Occasionally, the sac 
remains lateral to the malleus and incus and the ossicles 
can be preserved.
 The anterior epitympanum is accessed by removing 
the “cog,” the bony bridge found anterior to the head 
of the malleus that divides the epitympanic space into 
posterior and anterior compartments. The cog can be 
perforated with a small diamond bur or curet. The anterior 
epitympanic space is capacious, roughly equal in volume 
to the posterior epitympanic space, and if disease is present 
there the canal wall will probably have to be removed to 
obtain adequate exposure.
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 The middle ear is accessed from the mastoid through 
the facial recess approach (also called “posterior tympano
tomy”). The facial recess is a triangular space bounded 
by the facial nerve medially, the chorda tympani nerve 
laterally, and the incus buttress superiorly. The mastoid 
segment (vertical portion) of the facial nerve is located at 
the level of the lateral semicircular canal and is encased 
in dense labyrinthine bone (Fig. 11.11A). Superiorly, the 
incus points to the facial nerve. Inferiorly the mastoid 
segment of the facial nerve terminates at the digastric 
ridge.
 The facial recess is opened by drilling inferior to the 
fossa incudus with a small diamond bur, just lateral to 

the plane of the lateral semicircular canal. The facial 
recess opening is widened in a direction parallel to the 
facial nerve, and deepened in an anteromedial direction 
toward the middle ear. Once the middle ear is entered, 
the pyramidal process and round window niche will be 
identified. The facial recess opening can be enlarged 
medially by drilling the bone anterior to the facial nerve, 
and by drilling laterally to the tympanic annulus. It can be 
enlarged superiorly by removing the incus buttress and 
inferiorly by transecting the chorda tympani.
 An adequate facial recess opening allows the surgeon 
to clear disease from the middle ear under direct vision 
(Fig. 11.11B). The middle ear will also be visualized directly 

Figs. 11.10A and B: (A) Canal wall up mastoidectomy, right ear, exposing disease in the antrum, attic, and superior middle ear. (B) 
Excision of cholesteatoma via CWU mastoidectomy.

Figs. 11.11A and B: (A) Canal wall up mastoidectomy with facial recess approach, left ear. The cholesteatoma can be seen filling the 
aditus (arrow) and facial recess opening. L, lateral semicircular canal; VII, facial nerve. (B) After removing the cholesteatoma, the middle 
ear structures can be seen through the facial recess. The instrument is touching the stapes.

A

A
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by raising the tympanomeatal flap. By tilting the operating 
table, the surgeon can work on either side of the posterior 
bony canal wall to access all parts of the middle ear.

CWD Mastoidectomy
The CWD procedure is favored in certain situations: when 
the disease is extensive or cannot be completely removed, 
when the mastoid is small and sclerotic, when the patient 
cannot be relied upon for followup, when the canal wall is 
eroded by the disease, when the disease is recurrent, when 
dealing with a complication such as lateral semicircular 
canal fistula, and when removing cholesteatoma from an 
only hearing ear.
 By creating an open cavity, CWD mastoidectomy pro
vides an unobstructed view of the middle ear and mastoid. 
It carries a lower rate of residual and recurrent disease 
than CWU surgery, it results in a cavity may be prone to 
drainage and may require periodic cleaning in the office, 
and this can be problematic for children and for unreliable 
patients.
 The CWD procedure can be planned in advance, or 
can be converted from CWU during the surgical procedure 
if the exposure is restricted. It can be performed from 
behind forward, or by following the disease from the attic 
back (“insideout” or retrograde mastoidectomy). A CWD 
mastoidectomy can be performed in conjunction with 
tympanoplasty and ossicular reconstruction, or without 
entering the middle ear at all. In cases of destructive 
middle ear disease, a “radical mastoidectomy” can be per
formed, with removal of the middle ear contents.
 The CWD mastoidectomy begins with the CWU 
procedure described above. Once the mastoid landmarks 
are identified, the canal wall can be taken down with a 
cutting burr, beginning in the attic where the bony canal 
meets the tegmen, and progressively lowering the bone 
toward the mastoid segment (vertical portion) of the facial 
nerve. The landmarks for the mastoid segment of the facial 
nerve are the lateral semicircular canal above and the 
digastric groove below. A smaller diamond bur is used 
when the facial nerve is approached. As an alternative, the 
facial recess can be opened first, and then the canal wall 
can be taken down en bloc. The latter approach has the 
advantages that (1) the facial nerve is identified early and 
thus protected from surgical trauma; (2) the facial ridge 
is maximally lowered, resulting in a more manageable 
cavity; (3) the bony canal wall can be removed quickly 
with rongeur once the facial nerve is visualized; and (4) 
the canal wall bone can be saved and used later for cavity 
obliteration.

 If the mastoid is well developed, it is important to 
exenterate all the air cells so that only cortical bone 
remains. Leaving pockets of cellular bone will result in 
postoperative mucositis and drainage. Measures that can 
be taken to reduce the size of the mastoid are described 
below. If the mastoid is diploic, it may not be necessary to 
remove all the marrowcontaining spaces. Often the cavity 
can be sculpted into a round, wellbeveled shape, using a 
diamond bur to polish the bleeding edges. If the mastoid 
is sclerotic, the diseasecontaining spaces can be opened, 
and the remaining bone can be contoured to result in a 
round, compact cavity.
 The CWD mastoidectomy can also be performed in 
a fronttoback, or “insideout,” fashion. This method is 
suitable when it has been decided in advance that a CWD 
is necessary, such as in a sclerotic mastoid with disease 
localized to the attic and antrum. This “insideout” or 
“retrograde mastoidectomy” has been well described by  
Dornhoffer12 in which the disease is followed from its 
origin in the middle ear or epitympanum, to its posterior 
limit in the mastoid, and a limited portion of the posterior 
canal wall is removed, with the mastoid is opened only as 
far as needed to expose the disease. The resulting canal 
wall defect is repaired with a cartilage graft harvested from 
the cimbum concha to result in a closed cavity. The Bondy 
operation, a variant of CWD described below, can also be 
performed in an insideout fashion.
 Creating a manageable cavity after CWD mastoid
ectomy requires four steps: (1) beveling the cavity edges; 
(2) lowering the facial ridge; (3) amputating the mastoid 
tip; and (4) creating an adequate meatoplasty (Fig. 11.12).13  
Paying careful attention to these steps will result in a 
compact but well aerated cavity that can be inspected and 
cleaned in the office without difficulty.
 Beveling the edges of the cavity is performed by drilling 
away the margins of cortical bone above the tegmen, 
behind the sigmoid sinus, and anteriorly where the epi
tympanum meets the middle ear (supratubal recess). 
The tegmen has a rounded contour, like the bottom of a 
boat, and it turns upward laterally toward the squamosa. 
The retrosigmoid air cells, which can be very well 
deve loped, should be removed to prevent areas that can 
be inaccessible in the postoperative cavity. The anterior 
canal wall bone should then be smoothed with a diamond 
drill, as that it becomes confluent with the anterior wall of 
the anterior epitympanum, while avoiding entry into the 
temporomandibular joint.
 Lowering the facial ridge is essential for creating a 
round confluent cavity between the mastoid and middle 
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ear, thus avoiding a dependent mastoid bowl that will 
collect debris that requires frequent cleaning. At surgery, 
the mastoid (vertical) segment of the facial nerve should 
be followed inferiorly from the lateral semicircular canal 
to the stylomastoid foramen, and skeletonized, leaving 
only a thin bony covering. It is also important to remove 
the triangle of bone that separates the mastoid from the 
hypotympanum, bringing the floor of the ear canal to 
the level of the mastoid tip. Also, when the middle ear is 
entered, the bone anterior to the facial nerve should be 
removed, in order to gain maximal access to the sinus 
tympani. 
 Amputating the mastoid tip is important to eliminate 
dependent cells that can develop mucositis or harbor 
recurrence. The mastoid tip is bisected by the digastric 
groove, and large burr can be used to remove the entire 
bone lateral to the digastric. Beveling the cortical edges, 
lowering the facial ridge and removing the triangle of bone 
between the hypotympanum and mastoid, and amputating 
the mastoid tip allow the soft tissues to collapse medially, 
resulting in a smaller cavity.
 Performing an adequate meatoplasty ensures that the 
cavity will bewell aerated and accessible for postoperative 
inspection and cleaning. The meatoplasty consists of three 
steps: lengthening the incisions at 6 and 12 o’clock through 
skin and cartilage, excising a crescent of conchal cartilage 
from behind to widen the meatal opening, and placing 
stay sutures from the conchal perichondrium to the mas
toid periosteum in order to stretch the meatus open. The 
surgeon has the option of thinning the subcutaneous 

tissue of the conchomeatal flap prior to closure, which 
will result in a wider meatus with a skinlined cavity, or 
leaving a pedicle of fibromuscular tissue attached to the 
conchomeatal flap, which can be used to partially obli
terate the sinodural angle and result in a smaller cavity. 

The Bondy Operation (Retrograde or  
Inside-Out Mastoidectomy)

The Bondy operation is variation of CWD mastoidectomy. 
It can be defined as a transcanal atticoantromy, and is ideal 
for atticantral cholesteatoma in a compact mastoid. The 
principle of the Bondy operation is the exteriorization of 
atticantral disease to create a “safe” ear while sparing the 
middle ear hearing mechanism.14 Bondy first described 
this procedure in 1910, prior to the advent of microscopes 
and antibiotics, realizing that some patients with good 
preoperative hearing and limited cholesteatoma could 
avoid radical mastoidectomy.15

 The object of the Bondy operation is to expose the 
disease in the attic by removing the scutum, then follow 
the disease back to the mastoid antrum. The middle ear 
space is avoided unless it contains disease. The procedure 
is usually done through a postauricular incision, although 
an endaural approach can also be performed.
 From a postauricular approach, the cortical bone is 
first removed with a cutting or coarse diamond bur until 
the lateral edge of the tegmen is skeletonized. The tegmen 
is then followed medially until the scutum is thinned down 
to an egg shell. A curet can then be used to complete the 
atticotomy, so as to avoid drilling directly on the malleus 
and incus. Using the drill, the tegmen is then followed 
posteriorly until the antrum is exposed (Fig. 11.13A). The 
cavity that is formed is created in a round shape, paralleling 
(and enlarging) the curve of the posterior canal wall and 
beveling the posterior bony edges. The posterior and 
inferior limits of drilling are defined by the extent of the 
disease, creating a round, wellbeveled cavity with smooth 
bony contours. The posterior canal wall is removed down 
to the level of the facial ridge. The tympanic membrane 
and the intact ossicular chain can be preserved if the 
disease allows (Fig. 11.13B). At the end of the procedure, 
the tympanomeatal flap can be redraped over the facial 
ridge and a temporalis fascia graft can be draped over the 
medial wall of the cavity. The conchomeatal skin flap is laid 
onto the lateral bony edges, and a modified meatoplasty 
is done by lengthening the incisural and tragalantitragal 
incisions, and scoring the conchal cartilage from behind.

Fig. 11.12: Canal wall down mastoidectomy, right ear, showing 
beveled bony edges, lowered facial ridge, and amputated mastoid 
tip.
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Surgical Decision-Making: When to  
Take Down the Canal Wall

The decision to take the CWD can be made before or 
during the surgical procedure. A CWD procedure should 
be selected preoperatively if the mastoid is sclerotic, if 
the canal wall has been breached by cholesteatoma, if the 
patient has a giant cholesteatoma, if the cholesteatoma is 
recurrent, or if the patient is unreliable for followup.
 In many cases, however, there are no absolute criteria 
for CWD, and the decision for CWU /CWD can be made 
during surgery, as guided by the anatomy and the extent of 
disease. The surgeon can begin with a CWU operation, and 
take the CWD if the exposure proves to be inadequate or if 
the complete removal of the disease is not certain.
 The CWU mastoidectomy can provide access to all 
areas of the mastoid, epitympanum, and middle ear, and 
by widely opening the attic and facial recess and removing 
the incus and malleus head, it is possible to visualize all 
these regions. However, the intact bony canal wall is a 
barrier that can make the exposure difficult, and there is 
a chance that residual disease will remain hidden in the 
anterior epitympanic space, hypotympanum, or the sinus 
tympani. A small endoscope or mirror can be useful to 
inspect these problematic areas, but in cases with poor 
visualization or limited access, the canal wall will have to 
be removed. Atelectasis of the posterior mesotympanum 
may also favor a CWD procedure, because the posterior 
tympanic membrane will often recollapse into the middle 
ear space postoperatively, leading to recurrence.

Cavity Reconstruction 

Cavity reconstruction may be undertaken after CWD 
mastoidectomy in a large mastoid cavity to avoid post
operative mucositis and retention of debris. A general 
word of caution is not to bury disease underneath a flap 
or partial obliteration, because this can grow silently and 
cause problems years later.
 Reconstruction of the canal wall in mastoid surgery 
is not a new concept, and different techniques have been 
tried over many years in an effort to decrease cavity size 
and prevent recurrent disease. The musculoperiosteal flap, 
described by Palva,16 which uses temporalis muscle and 
fibrous tissue pedicled to the conchomeatal skin, is a 
simple and readily accessible means of decreasing cavity 
size by partial obliteration. By lengthening the vertical 
incisions through the meatal skin and cartilage, the 
Palva flap can be directed posteriorly and superiorly to 
close the sinodural angle. The use of bone pate17 is also a 
popular means of reducing cavity size, but this material 
often shrinks back in the weeks after the surgery and 
carries the risk of placing infected material in the cavity. 
Mercke18 and later Gantz19 described the en bloc removal 
and replacement of the bony canal wall, using bone chips 
to obliterate the mastoid cavity, with recurrence rate of 
1.5% at 4 years mean followup, however, a high rate of 
wound infection and the continued need for second look 
operation have limited the popularity of this approach.
 Our preferred technique is a modification of the reim
planted canal wall. When creating a CWD, the bony canal 

Figs. 11.13A and B: (A) Bondy mastoidectomy, right ear, with exposure of disease in attic, antrum, and superior middle ear. (B) Bondy 
mastoidectomy completed, with disease removed and preservation of ossicular chain and tympanic membrane.
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wall is removed en bloc, by opening the facial recess and 
creating vertical bony cuts with a small diamond bur at 
the superior and inferior attachments. The bone is then 
denuded of all epithelium, and reimplanted across the 
sinodural angle at the end of the procedure, so as to close 
off most of the mastoid cavity (Fig. 11.14). Temporalis 
fascia is draped over the medial wall of the antrum and 
attic and onto the bare bone: laterally, the bone is covered 
by the conchomeatal skin flap. The attic is left open, to 
minimize the chance of recurrence.

PROGNOSIS

Results of Surgery
The outcome measures for cholesteatoma surgery are 
freedom from recidivistic disease, serviceable hearing, 
and a dry, trouble free ear. Recidivism, discussed in the 
following section, continues to be a challenge, even in 
the most experienced hands. Published reports from 
large series cite rates of recidivistic disease between 20% 
and 50%, and most surgeons acknowledge that the rate is 
higher in children.
 The hearing outcomes after cholesteatoma surgery 
vary widely, and depend a great deal on the status of the 
middle ear at the time of surgery. An intact ossicular chain 
is occasionally encountered. Preservation of an intact 
ossicular chain can often be achieved, and will usually 
result in a good hearing outcome, but this should not 
compromise the complete removal of the disease. Residual 

cholesteatoma will usually result in worse hearing than 
complete removal and primary ossicular repair.
 In most cases of cholesteatoma, however, the ossicular 
chain is eroded at the time of surgery. The most common 
pattern is erosion of the lenticular process of the incus, 
followed by erosion of the stapes superstructure. This 
will result in ossicular discontinuity, with a large (~55 dB)  
conductive hearing loss unless the ossicular chain is 
repaired (note that the preoperative hearing status may 
be better because the cholesteatoma itself may conduct 
sound). Ossicular reconstruction may be undertaken at the 
primary procedure, or delayed until a later stage. Native or 
prosthetic material may be used. A type 3 reconstruction 
(“myringostapediopexy,” or drum on stapes head) is 
simple to perform when the incus is eroded and the stapes 
superstructure is present. There can usually be done at the 
initial surgery, and usually results in hearing between 0 
and 30 dB air–bone gap. Additional techniques of ossicular 
reconstruction are discussed in detail in the chapter on 
tympanoplasty.
 A dry, troublefree ear is also an important surgical 
goal. The CWU operation strives to achieve this in every 
case, by creating a closed mastoid cavity behind an intact 
tympanic membrane. Postoperative otorrhea after CWU 
mastoidectomy is rare, and should raise the suspicion of 
recurrent cholesteatoma. The CWD operation, if properly 
performed, should result in a dry cavity in the majority of 
patients. Case selection is important – CWD is favored in a 
sclerotic mastoid where the mucosal surface area is small. 
Adherence to good surgical technique will result in a low 
incidence of a postoperative draining cavity. This includes 
aggressively beveling the cortical bony edges (resulting 
in a shallow mastoid bowl), amputating the mastoid tip, 
lowering the facial ridge (to avoid creating a partition 
between the mastoid bowl and the external meatus), and, 
most importantly, performing a good meatoplasty. Cavity 
obliteration techniques, described above, will also limit 
the size of the cavity and the propensity for postoperative 
drainage.

Recidivism: Recurrent and  
Residual Disease
Cholesteatoma can regrow even after adequate surgery. 
There are two mechanisms by which cholesteatoma 
can reform. Recurrence is the regrowth of disease by the 
reformation of a retraction pocket. Residual disease is 
disease left behind by the surgeon. “Recidivism” refers 

Fig. 11.14: The bony canal wall can be denuded of epithelium and 
re-implanted across the sinodural angle at the end of the proce-
dure, so as to close off most of the mastoid cavity.



193Chapter 11: Cholesteatoma

to the sum of recurrent and residual disease. Recidivistic 
disease will continue to progress and enlarge unless 
treated surgically, so early detection usually leads to 
better results. We advise patients to return every 6 months 
after cholesteatoma surgery for routine surveillance, 
but this is not always achievable because patients move 
away, become noncompliant, or their medical insurance 
changes.
 Recidivistic disease is usually detected clinically, and 
is heralded by recurrent infection (otorrhea) or declining 
hearing, although some cases will recur silently and be 
only detected on physical examination. Otomicroscopy is 
essential for examining the ear in the office setting. After 
CWU surgery, recurrent cholesteatoma will appear as an 
attic retraction with squamous debris, and may present 
with otorrhea. Gently probing an attic defect with a blunt 
hook may reveal the recurrence. Residual disease will 
appear as a white mass behind the eardrum, and may 
cause worsening hearing. Residual disease in the mastoid 
may not manifest itself clinically until it is quite large.
 CT scanning may be helpful to detect residual disease. 
CT will reveal a nodular soft tissue density within the mas  
toid cavity. However CT cannot differentiate cholestea toma 
from hyperplastic mucosa, granulation tissue, or fibrous 
tissue that may normally fill the postoperative cavity, and so 
this method lacks specificity. Nonecho planar diffusion
weighted MRI scanning may be the best tool for detecting 
residual disease noninvasively. Cholesteatoma will appear 
bright on nonecho planer diffusionweighted images, 
and the test has a very high sensitivity and speci ficity.20 
However, it is expensive and time consuming and may 
be difficult to perform in children without sedation. Also 
the cholesteatoma must be of adequate size in order to 
be visualized which generally is at least 5 mm in diameter 
and this MRI technique is generally not adequate in disease 
that is lacey, lining the mastoid cavity with a thin layer 
of epithelium. In cases where the clinical suspicion of 
recurrence is high, surgical exploration is warranted. 
 Secondstage (or “second look”) procedures is often 
recommended after CWU surgery to search for residual 
disease.11 Some surgeons advise this procedure routinely, 
while others reserve this for difficult or extensive cases in 
which the chance of recurrence is felt to be higher than 
average. Secondstage surgery may be performed between 
6 months and 2 years after the initial operation – there is 
no consensus on the timing (note that residual disease is 
present immediately postoperatively, whereas recurrent 
disease may occur years after the original operation). 
The second operation also allows the opportunity for 

ossicular reconstruction in a stable middle ear without 
inflammatory disease, and so some surgeons routinely 
postpone ossiculoplasty until the second stage.
 The endoscope can be a valuable adjunct during the 
secondstage operation. A short 2.7 mm diameter, 30o 
rigid telescope is ideal for this application. After lifting 
the tympanomeatal flap, the endoscope can be used to 
look up in the attic and back in the sinus tympani to spot 
residual disease. The endoscope can also be passed into 
the mastoidectomy cavity through a postauricular stab 
incision, and a residual cholesteatoma can be removed 
through this route if it is well encapsulated (Fig. 11.15). 
This procedure can be performed under local anesthesia 
in a cooperative patient.
 Residual or recurrent cholesteatoma in a CWU mas
toidectomy will require conversion to CWD if the lesion 
is large, erosive, or invasive. Revision mastoidectomy is 
performed through a postauricular approach, using the 
original incision. Fibrous adhesions may be present, and 
there may be more bleeding than in a primary case. A 
periosteal incision is made outside of the original bony 
cavity. The cholesteatoma matrix should be sharply 
dissected away from the undersurface of the periosteal flap. 
Once the mastoid cavity is entered, the neocortical bone is 
removed with a coarse diamond drill and the contents of 
the sac are debulked. The matrix is dissected away from the 
bony margins of the cavity. The cholesteatoma is delivered 
from back to front. The anterior epitympanum might need 
to be exteriorized by opening the zygomatic root cells. The 
portion of the sac in the attic should be traced to its origin. 

Fig. 11.15: A residual cholesteatoma in CWU mastoidectomy can be 
identified and removed endoscopically, using a 2.7 mm, 30° endo
scope through a postauricular stab incision. (CWU, canal wall up).
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In the case of recurrent cholesteatoma, the disease usually 
reforms from a new attic retraction pushing through a 
scutal defect, and if this is so the canal wall will almost 
certainly have to be taken down. The attachment of the 
sac to the tympanic membrane margin can be cut with 
a Bellucci scissors. If the disease pushes down into the 
middle ear, part of the eardrum will have to be removed 
and the ossicular chain may have to be separated and the 
incus removed. 
 Residual cholesteatoma in a CWD cavity is not com
mon. A wellcircumscribed residuum in the mastoid cavity 
or attic can usually be detected and treated in the office 
setting. The mucosal envelope is incised with a sharp 
pick (this can often be performed without anesthesia), 
and the sac is exteriorized and removed with a cerumen 
curet. If the mucosal edges are adequately marsupialized, 
the lesion will rarely recur. Residual cholesteatoma in the 
middle ear space will usually require a tympanoplasty 
operation in the operating room. Residual disease around 
the stapes will often cause worsening hearing and may 
require ossiculoplasty.
 Recurrent cholesteatoma after CWD mastoidectomy 
is less common, and should theoretically not occur in an 
open cavity. The usual cause is failure to create an open, 
selfaerating cavity at the original surgery, leaving a high 
facial ridge or inadequate meatoplasty behind which 
cholesteatoma may reform. These cases usually present 
with fetid drainage and retained squamous debris, and the 
anatomic limitations of the cavity are usually evident on 
office examination. Surgical revision is necessary. As with 
revision mastoidectomy after CWU, the original incision 
is used, the periosteum is incised behind the original 
mastoidectomy boundary, and the soft tissue is lifted away 
from the cavity. The goal of revision surgery is to create 
a round confluent cavity. The bony margins should be 
aggressively beveled, and the mastoid tip removed if still 
present. The facial ridge should be lowered, skeletonizing 
the mastoid portion of the facial nerve and removing the 
dense hypotympanic bone inferiorly that forms a partition 
between the middle ear and mastoid. The zygomatic root 
cells should be opened as well to ensure exteriorization 
of the anterior epitympanum. All the disease is dissected 
from the medial wall of the mastoid and attic, and any 
remaining mastoid air cells are exenterated with a 
coarse diamond bur to prevent postoperative mucositis. 
An adequate meatoplasty is essential in these cases to 
prevent membranous partitions and allow postoperative 
surveillance and cavity cleaning.

Complications of Surgery
The consent process for cholesteatoma surgery should 
include a discussion of the common surgical risks as well 
as the uncommon but significant surgical complications. 
By percentages, the commonest risk associated with 
cholesteatoma surgery is the risk of recurrence, which is 
between 10% and 50% even in experienced hands. This 
exposes the patient to the chance of needing more than 
one operation, and this reality should be discussed with 
the patient up front. The second most common risk of 
surgery is that of worsened hearing or persistent hearing 
loss. Cholesteatoma is an erosive and inflammatory con
dition, and functional preservation of the ossicular chain 
and middle ear space is not always possible. This too might 
require a second surgical operation, to perform a middle 
ear reconstruction at a later opportunity, when the disease 
is not present.
 The less common but significant risks of cholesteatoma 
surgery involve injury to the inner ear, facial nerve, dura, 
or central nervous system. In discussing these risks with 
the patient it is important to weigh the probability of a 
surgical complication (low, in experienced hands) against 
the risk of a complication resulting from untreated disease. 
Labyrinthitis can result from uncapping a labyrinthine 
fistula, or from spread of middle ear inflammation through 
the oval or round windows. Labyrinthitis can lead to vertigo 
and permanent sensorineural hearing loss. Facial nerve 
paralysis can occur if the nerve is physically injured by the 
surgeon, or if inflammation spreads to the nerve through 
a dehiscence in the bony fallopian canal. The prognosis 
depends on the degree of injury. A patient who awakens 
from surgery with facial paralysis should be immediately 
reexplored, and once the site of injury is identified it 
should be repaired with a graft from the great auricular 
nerve. Delayed facial paralysis will usually recover without 
intervention.
 Dural exposure during surgery is common, especially 
at the tegmen mastoideum that can have an irregular 
contour. Focal dural exposure is common and rarely leads 
to any functional consequences unless it involves a broad 
area, allowing a brain herniation to develop, or if infection 
tracks intracranially from the epidural space. A dural tear 
will result in cerebrospinal fluid (CSF) leakage, and this 
needs to be repaired immediately with a tissue graft, using 
temporalis fascia or perichondrium against the dura, 
followed by a cartilage or split calvarial bone graft against 
the tegmen. A persistent or occult CSF leak can result in 
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meningitis. A tear in the sigmoid sinus can sometimes 
result in significant blood loss. Brisk venous bleeding 
can be controlled initially with digital pressure against 
the site or a nonresorbable pack of oxidized cellulose 
(Surgicel); definitive control can usually be obtained with 
gelatinthrombin packing. The latter should be placed 
extraluminally, by wedging it against the bony margins, so 
as to avoid permanently occluding the venous flow.
 Additional complications of surgery include persistent 
inflammation from a draining cavity (mucositis), which 
may require repeated visits to the office to control, meatal 
stenosis, and tinnitus.

Complications of the Disease
Cholesteatoma usually grows indolently, but spread of 
inflammation outside of the middle ear cleft constitutes a 
medical complication that might require urgent surgery. 
Classically these complications are referred to as “aural” 
(intratemporal) and “intracranial” (extratemporal). The 
aural complications of cholesteatoma are: mastoiditis, 
petrositis, facial paralysis, and labyrinthitis. The intracranial 
complications of cholesteatoma include meningitis, epi
dural abscess, subdural abscess, septic thrombophlebit is 
of the lateral venous sinus, otitic hydrocephalus, and brain 
abscess.
 Mastoiditis refers to coalescence of the mastoid air cells 
by liquefactive necrosis of the separated bone. Clinically, 
this is heralded by fever, purulent otorrhea, and protrusion 
of the auricle caused by a postauricular subperiosteal 
abscess. Radiologically, the diagnosis is confirmed on 
CT by the presence of coalescence (loss of the bony sep
tations), erosion of the outer cortex, and a domelike 
lucency in the subcutaneous soft tissues. The treatment 
remains surgical, incising, and draining the subperiosteal 
collection of pus, and performing a mastoidectomy to 
remove the cholesteatoma and the pus within the mastoid. 
Acute coalescent mastoiditis may occur in the absence of 
cholesteatoma, after an incompletely treated acute otitis 
media. When cholesteatoma is present, the sac usually 
causes a blockade between the middle ear and mastoid 
air cells (“atticantral block”) that allows pus to collect in 
the mastoid cells with no egress. This causes liquefactive 
necrosis of the cortical bone, allows the abscess to “point” 
within the postauricular soft tissues (rarely, the abscess can 
form in the preauricular soft tissues through the zygomatic 
root cells, or in the deep spaces of the neck through the 
digastric ridge, named “Bezold’s abscess”).

 Petrositis is defined as the spread of inflammation to 
the petrous apex. This classically results in Gradenigo’s 
syndrome, the triad of otorrhea, retrobulbar headache, 
and abducens palsy. Petrositis usually arises in the setting 
of chronic otitis media, and treatment consists of drainage 
of the petrous apex, either through a transmastoid, 
infracochlear route, or if anatomically possible through 
the sphenoid sinus. In the presence of cholesteatoma, a 
mastoidectomy is inevitable. 
 Labyrinthitis implies spread of inflammation to the 
inner ear, either through a labyrinthine fistula, or through 
the oval or round window. Toxic (serous) labyrinthitis is 
manifested by vertigo and sensorineural hearing loss, and 
is treated with antibiotics in addition to surgical removal 
of the disease. Sensorineural hearing loss may not fully 
recover. Suppurative labyrinthitis is an otologic emergency, 
treated with antibiotics, steroids, and urgent surgery. If the 
suppurative infection spreads to the inner ear, a dead ear 
may result despite treatment. Suppurative labyrinthitis 
can occur concurrently with bacterial meningitis, which 
can be either a cause or an effect of the inner ear infection.
 Labyrinthine fistula most common occurs in the lateral 
semicircular canal. Fistula presents clinically with vertigo 
elicited by tragal pressure, and on examination the fistula 
sign can be demonstrated with a pneumatic otoscope, 
impedance bridge, or cupped had over the ear meatus 
causing a deviation of the eyes away and toward the affected 
ear with positive and negative pressure. Some fistulas are 
asymptomatic, however, and the labyrinthine erosion is 
often but not always demonstrated by preoperative CT. 
In the presence of a known fistula, cholesteatoma surgery 
should be done cautiously, leaving the matrix in place 
over the lateral semicircular canal until all other disease 
is removed. In the noninfected ear, the matrix can either 
be removed, and the fistula immediately sealed with 
periosteum, or left in place and a CWD mastoidectomy 
performed to exteriorize the matrix. In an infected cavity, 
it is better to leave the matrix and perform a CWD because 
uncapping the fistula can lead to a dead ear.
 Facial nerve paralysis is a dire complication of choles
teatoma and can occur by two mechanisms. Direct 
spread of infection to the facial nerve causes acute facial 
paralysis. This condition should be treated urgently with 
antibiotics, steroids, and surgical decompression of the 
nerve. The prognosis is good if the treatment is delivered 
quickly, within a day of the onset of paralysis. Subacute or 
chronic facial nerve palsy arises from pressure against the 
exposed nerve by the cholesteatoma sac. This is treated by 
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surgical removal of the disease. The prognosis is good if 
the treatment is administered early, but poor if the paresis 
is longstanding and fibrosis of the nerve has occurred. 
Surgical decompression of the facial nerve is done by 
debulking the cholesteatoma sac contents, and then 
carefully lifting the matrix away from the nerve sheath. It is 
likely in these cases that the bony covering of the nerve will 
be absent and so due caution is advised. The facial nerve 
stimulatormonitor is advantageous in these cases, first 
to locate the nerve that is enveloped in disease, second to 
provide realtime feedback to the surgeon while dissecting 
the disease from the bare nerve, and finally to stimulate 
the nerve at the end of the procedure across the area of 
injury to estimate the degree of conduction block.

SUMMARY
Cholesteatoma is an invasive disease of the middle ear 
cleft that can cause infection, hearing loss, and intra and 
extratemporal complications. The treatment is surgical, 
although a high rate of recidivism persists despite technical 
advances. Early detection, thorough surgical removal, and 
careful postoperative surveillance will produce the best 
longterm outcomes.
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CHAPTER

DEFINITIONS
The goal of successful tympanoplasty is to create a mobile 
tympanic membrane or graft with an aerated, mucosa-
lined middle ear space and a sound conduction mechanism 
between the mobile membrane and the inner ear fluids.1 
Many techniques have been developed and employed 
successfully since the modern era of tympanoplasty began 
in 1952 with Wullstein and Zollner, then followed by Shea, 
Hough, Storrs, Herrmann, Austin, Sheehy, Glasscock, Tos, 
and others. We will describe the most popular techniques 
employed today.
 The technique of tympanoplasty may be utilized for 
tympanic membrane perforations, adhesive otitis media, 
chronic suppurative otitis media, tympanosclerosis (with 
possible middle ear fixation), retraction pockets, choles-
teatoma, or conductive hearing loss. These conditions 
are examples of irreversible middle ear disease, where 
the middle ear does not return to a normal state after 
appropriate medical treatment. Mastoid surgery may be 
helpful to either remove the disease or to provide exposure 
through a posterior tympanotomy approach. Often times, 
there will be some degree of ossicular discontinuity as a 
result of the disease process, and ossiculoplasty will be 
necessary to reconstruct the hearing apparatus. This may 
be performed concurrent with tympanoplasty or may be 
undertaken in a staged fashion. 

EVALUATION
As with all of medicine, a thorough history and holistic 
approach to the medical condition helps to define the 

extent of the disease process and the best treatment 
options for the patient. It is important to understand the 
time course of the current ear-related medical condition 
and the status of the opposite ear. The function of the 
Eustachian tube is an important determinant of success; 
this may be influenced by palatal disease, obesity, sleep 
apnea, smoking, allergy or gastric reflux. These factors 
should be addressed preoperatively if possible. Chronic 
sinus disease or immunoglobulin deficiency may cause a 
chronic infectious and/or inflammatory condition. When 
possible these conditions are medically treated. A his-
tory of prior otologic surgery, general health, pain, and 
vestibular symptoms should also be noted. 
 A careful evaluation of the diseased ear is paramount for 
treatment planning. Microscopic evaluation is necessary 
with mechanical debridement; medical treatment and 
debridement may be necessary several times in the office 
before final treatment recommendations may be made, as 
discussed below. 
 Otomicroscopic examination will reveal the size and 
location of a tympanic membrane perforation or retrac-
tion, the presence of middle ear polyps, granulation tissue, 
cholesteatoma, tumors, masses, atelectasis, tympanoscle-
rosis, or erosion of the ossicular chain. Perforations are 
divided into central or marginal. Central perforations main-
tain a margin of tympanic membrane remnant around 
the circumference of the perforation (Fig. 12.1). Typically, 
these perforations only intermittently drain and are not 
associated with cholesteatoma. Marginal perforations 
involve the periphery of the tympanic membrane (Fig. 12.2).  
These may involve mucosal integration into the per-
foration or squamous epithelial ingrowth that can lead to 
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cholesteatoma. One may also assess the size of the middle 
ear cleft with relative distance of the tympanic membrane 
to the promontory or degree of retraction of the ossicular 
chain. All of this information helps to determine the 
success of an operation.
 The location of the tympanic membrane perforation is 
an important technical factor. Because the anterior canal 
bulge often limits visualization of the anterior sulcus, 
anterior perforations usually demand a postauricular app-
roach. Anterior perforations also often lack a sufficient 
rim of healthy epithelium, and so a means must be found 
to suspend the graft to coapt it to the remaining healthy 
mucosa. This might require packing the Eustachian tube 
with gelfoam, using stiffer material such as cartilage in a 
cantilever fashion, or everting the anterior canal skin to 
create a larger surface on which to graft. 
 The size of the perforation is a predictive factor, as 
very large perforations are more difficult to repair than 
small perforations. Large perforations imply a chronically 
diseased ear with a poor capacity for spontaneous healing. 
These cases in particular demand that the ear be dry and 
the middle ear mucosa be healthy before the surgery, 
and that granulation tissue, scar, and tympanosclerosis 
be excised during the operation. Small perforations are 
technically easier to close. Perforations <10% of the drum 
area can often be closed with a simple fat myringoplasty 
in the office setting. The use of Merogel has recently been 
advocated in these cases. 
 All patients should receive preoperative audiologic 
evaluation with air and bone pure tone thresholds and 
speech discrimination scores. This information helps 

the surgeon predict the status of the ossicular chain and 
the potential for hearing improvement. The presence 
of sensorineural loss may indicate potential inner ear 
involvement of chronic otitis media or cholesteatoma 
such as labyrinthine or cochlear fistulae. Preoperative 
audiometry is also important for medicolegal documen-
tation. Audiometric results should be confirmed with 
tuning fork tests by the surgeon. Eustachian tube function 
testing has not proved beneficial in determining the true 
condition of the Eustachian tube or predicting the success 
of an operation. 
 In patients who present with active otorrhea (the “wet 
ear”), measures should be taken to dry the ear before 
undertaking surgery. (We acknowledge that there are 
published reports stating that active otorrhea does not 
alter outcome, however, this is not common experience 
and at the very least surgery is technically easier in a dry, 
noninflamed field). When a patient first presents with a 
draining ear, the ear should be suctioned thoroughly, and 
the patient should be started on antibiotic-containing 
eardrops such ofloxacin or ciprofloxacin. Steroids may 
help relieve inflammation as well. These are broad-spec-
trum antibiotics and generally cover the common orga-
nisms that lead to drainage, including gram-negative 
rods and staph. The patient should be seen periodically 
in follow-up and the ear suctioned until it is dry. Stagnant 
pus may prevent the medication from reaching the middle 
ear mucosa, where it needs to exert its effect. 
 In cases of chronic, refractory otorrhea, a gram stain 
and culture may be helpful. Fungal organisms may 
overgrow an ear that has received long-term antibiotics, 

Fig. 12.1: Central perforation in a right ear. Fig. 12.2: Anterior marginal perforation in a right ear.
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and antifungal therapy may be needed. Lotrisone lotion 
may be used once a day for a week then re-examination 
and otomicroscopic office cleaning be performed to check 
on the progress of the infection. Clotrimazole cream 
(applied b.i.d. to the ear canal with cotton stick appli-
cator) is effective, as are 2% acetic acid rinses (which 
may be painful in a perforated ear). Cresylate should be 
avoided in the presence of a perforation because it can 
be caustic to the middle ear mucosa. Use of combination 
powders such as CSTF (chloromycetin, sulfa, tinactin, and 
Fungizone) are quite effective for fungal and bacterial 
mixed infections. Methicillin-resistant staph aureus 
(MRSA) has become increasingly prevalent, and this orga-
nism may colonize even a dry ear. Systemic therapy is not 
routinely necessary, as the local concentration of topically 
administered antibiotics is very high and may overcome 
in vitro resistance. Aminoglycoside-containing drops are 
often effective when quinolones fail, although there is a 
theoretical risk of inner ear toxicity despite years of safe 
use in inflamed ears. 
 In an ear that contains cholesteatoma, efforts at dry-
ing the ear may fail because the infection may be deep 
seated. In these cases, surgery may be the only effective 
intervention. 
 Age is an important factor in selecting tympanoplasty 
surgery in children. Younger children with chronic sup-
purative otitis media or post-tympanostomy perforations 
have a higher rate of surgical failure than older children or 
adults after tympanoplasty surgery. Their tendency to have 
recurrent otitis media places them at risk for reperforation, 
even after initially successful result. The maturation of 
Eustachian tube function is most certainly an underlying 
factor. There is no strictly defined cut-off, but delaying 
surgery until age 6–8 years old is reasonable. The status of 
the opposite ear is important; freedom from acute otitis 
or serous otitis for at least 1 year is a good predictor of 
success. 
 Smoking compromises the results of most surgical 
procedures, and in tympanoplasty, where a patent micro-
circulation is essential for healing, smoking cessation 
should be encouraged preoperatively. 

NORMAL ANATOMY AND  
THE HEALING PROCESS

The normal tympanic membrane has an external layer of 
stratified squamous epithelium, a medial surface lined 
with flat respiratory epithelium, and two fibrous layers—
one radial and one longitudinal—attached to the fibrous 

annulus between the two epithelial layers. Vascular 
elements are located within the fibrous layer. When a 
tympanic membrane spontaneously heals without graf-
ting, the perforation is often closed by the squamous 
epithelium before fibrous elements develop. There may 
be an absence of the fibrous layers resulting in lack of the 
tensile strength, elasticity, blood supply, and resistance 
to future perforations. Such areas are referred to as 
monomeric or dimeric and are composed of either the 
squamous layer alone or the squamous layer juxtaposed 
with the mucous membrane layer. 
 The healing process after grafting appears to be initiated 
by angiogenesis within the tympanic membrane remnant, 
especially at the margin of the perforation. During healing, 
the graft material acts as a scaffold for epithelialization. 
The freshened edges at the margins of a perforation are 
the source of migrating epithelium. Fascia is composed of 
fibroblasts in a collagen matrix. Its low metabolic rate and 
its extracellular matrix permit it to persist until it becomes 
vascularized.
 Many donor materials have been used for grafting 
the tympanic membrane since the 1950s. Today the most 
widely used is true fascia from the temporalis muscle, 
though other tissues utilized include areolar tissue, peri-
chondrium and perichondrium with cartilage, fat tissue, 
periosteal tissue, allograft tympanic membranes, and 
prepared collagen materials from cadaveric specimens. 
Historically, full and partial thickness skin grafts and vein 
grafts were used, but did not have the same degree of 
success.

OSSICULOPLASTY
Ossicular chain reconstruction (OCR) should only be 
undertaken in the absence of middle ear disease such as 
infection, granulation and scar tissue, retraction of the 
tympanic membrane and/or cholesteatoma. OCR may be 
performed at the time of tympanoplasty with or without 
mastoidectomy, or may be delayed to a second stage 
operation to allow for the creation of a healthy middle ear 
environment.
 Wullstein’s original classification scheme breaks tym-
panoplasty into five subtypes.2 Type I tympanoplasty 
(myringoplasty) involves reconstruction of a tympanic 
membrane defect with a completely intact ossicular chain. 
Type II tympanoplasty is performed when there is some 
degree of ossicular discontinuity (most commonly erosion 
of the incus), and involves reconstruction of an eardrum 
in the setting of a reconstructed ossicular chain. Type III 
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tympanoplasty (myringostapediopexy) grafts the eardrum 
directly to a mobile stapes superstructure, and type IV 
tympanoplasty (cavum minor) involves grafting the 
tympanic membrane directly to a mobile stapes footplate 
and shielding the round window niche from external 
sound. Finally, the type V tympanoplasty involves removal 
of a fixed stapes footplate/superstructure and replacement 
with a fat or vein graft combined with obstruction of the 
round window niche (Fig. 12.3).3 

Acoustic Mechanics
The normal human middle ear couples sound energy from 
the lower impedance of air in the ear canal through the 
tympanic membrane and ossicles to the relatively high 
impedance of fluid within the cochlea. The tympanic 
membrane also isolates the oval window from the round 
window, preventing phase cancellation of incoming 
sound. The middle ear mechanism (tympanic membrane 

Fig. 12.3: Type I–V tympanoplasty.
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and ossicular chain) acts as an impedance-matching 
transformer to maximize energy transfer from the vibra-
tions of air (sound) in the external auditory canal to 
the fluids of the inner ear. The acoustic transformation 
theory states that this occurs by three lever systems: the 
tympanic membrane lever, the ossicular lever, and the 
hydraulic lever.4 As a result of these three lever systems, 
the acoustic transformer theory predicts a middle ear gain 
of approximately 27–34 dB.5 Implied in this transformer 
theory is the expectation that this gain is independent of 
frequency. Further investigations indicate that the acoustic 
transformer theory should be modified and that middle 
ear sound transmission is actually frequency dependent 
because of ossicular coupling, acoustic coupling, and 
stapes-cochlear input impedance.6

Tympanic Membrane Lever Effect

The anatomy of the tympanic membrane and the bony and 
fibrous tympanic annulus provide a mechanical advan-
tage. Sound energy is directed toward the center of the 
tympanic membrane so that the manubrium receives the 
greatest amount of energy. This amplifies the energy and 
provides a twofold gain in sound pressure at the malleus. 3

Ossicular Lever Effect

The anatomy of the ossicles affords another mechanical 
advantage. The malleus and incus work as a unit, but the 
manubrium of the malleus is 1.3 times longer than the 
long process of the incus and thus there is a 1.3 to 1 sound 
energy increase.7

Hydraulic Lever Effect

The ratio between the surface area of the tympanic mem-
brane and the area of the stapes footplate allows for an 
increase in sound pressure proportional to the ratio of the 
areas. This average ratio gain is calculated to be 20.8 to 1.8

Ossicular Coupling and Acoustic Coupling

Ossicular coupling refers to the sound pressure gain that 
occurs through the actions of the tympanic membrane and 
the ossicular chain. This gain is frequency dependent. The 
mean middle ear gain is approximately 20 dB at 250 and 
500 Hz, reaching a maximum of about 25 dB around 1 kHz 
and then decreasing about 6 dB per octave at frequencies 
above 1 kHz.9

 The tympanic membrane moves differently depending 
on the frequency of the vibration presented. The entire 
tympanic membrane moves in one phase when exposed 
to low frequency sound energy. At higher frequencies, 
the tympanic membrane divides into smaller vibrating 
portions that vibrate in different phases. There is also 
slippage of the ossicular chain at the higher frequencies 
above 1–2 kHz. In addition, some energy is lost because 
of the forces needed to overcome the stiffness and mass of 
the tympanic membrane and ossicular chain.5

 Movement of the tympanic membrane produces 
sound pressure in the middle ear that is transmitted to the 
oval and round windows. Acoustic coupling is due to the 
difference in sound pressures acting on these areas. The 
pressure at each window is different because of the small 
distance between windows and the varying orientation 
of each window relative to the tympanic membrane. In 
normal ears, the difference in pressures between the oval 
and round windows (acoustic coupling) is negligible. 
With the reconstructed ear, the difference may become 
significant and may affect hearing. 

History of Prosthesis  
Development in OCR
OCR has evolved with technological advances over 
the past 60 years. Many materials have been used for 
ossicular substitution or reconstruction (Fig. 12.4). The 
ideal prosthesis should be made of material that is bio-
compatible, maintains its shape, has the correct rigidity for 
acoustic properties and is cost-effective. 

Fig. 12.4: Titanium-hydroxyapatite prosthesis and incus autograft.
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Autografts

The first materials used in OCR were autograft materials 
such as ossicles, bone, and cartilage. Mastoid bone and 
cartilage have been shown to be unstable in the long 
term, as they lose rigidity and resorption occurs.10–13 Incus 
and malleus grafts demonstrated no evidence of bone 
erosion and little resorption and therefore have been ideal 
middle ear reconstruction materials until today. There 
are instances where the ossicles are too diseased to be 
utilized in reconstruction, either from chronic otitis media 
or cholesteatoma, or the remaining length of the ossicles 
is not long enough for the needed reconstruction. Though 
there is no cost in using the patient’s own ossicle, there is 
a cost for shaping the material with the drill bits necessary 
for sculpting the ossicles. 

Homografts 

For years, homografts were used in ears lacking a suitable 
autograft. These implants may have been harvested incus 
or malleus bones treated with irradiation or alcohol 
solutions then sold to the institution from various bone 
banks, or these ossicles were preshaped into struts of vari-
ous lengths for reconstructive needs. Since 1986, homo-
graft materials have been rarely used because of the risk 
of disease transmission (e.g. HIV and Creutzfeldt-Jakob 
disease).14

Alloplasts

Because of the disadvantages of autograft and homograft 
implants, synthetic materials or alloplasts have become 
popular. The history of synthetic implants is referenced in 
other articles and will not be covered here.15–17 Alloplastic 
materials that have been used include polyethylene tubing, 
Teflon, Silastic tubing, stainless steel, titanium, gold, high-
density polyethylene sponge (HDPS), bioglasses, and 
bioceramics. These materials have been fashioned into 
either total or partial replacement prostheses. The partial 
design will fit from an intact stapes superstructure to the 
tympanic membrane or malleus. Total reconstructive 
prostheses fit from the footplate of the stapes to the under-
surface of the tympanic membrane or the malleus.

Prosthesis Design
There have been a number of advances in prosthetic 
design including improved biocompatibility to decrease 
extrusion, greater ease of use at the time of surgery, lighter 

weight while maintaining rigid design, the provision of an 
acoustically reliable mechanism for the efficient transfer 
of sound, and a more firm attachment of the prosthesis 
to the available middle ear structures. The ideal pros-
thesis should have the appropriate weight, provide an 
acoustically reliable mechanism for the transfer of sound 
while allowing the incorporation of existing ossicles, and 
be stable in the middle ear environment. The differences 
we noted in frequency-specific hearing improvement 
demonstrate that the mass of the prosthesis does not 
play a significant role in outcome.18 Factors other than 
the prosthesis design – namely, surgical technique, mid-
dle ear fibrosis, tympanic membrane retraction, and 
cholesteatoma – are often more important in determining 
hearing results after ossiculoplasty.

Prosthesis Weight
A lightweight and rigid prosthesis minimizes sound impe-
dance while maximizing sound energy transfer. 

Prosthesis Extrusion
Prosthesis extrusion is more likely related to the status of 
the middle ear than to the prosthesis material. Extrusion 
may result from recurrent middle ear disease with retrac-
tion of the tympanic membrane from Eustachian tube 
dysfunction or adhesive middle ear disease with scar 
tissue formation. Some prostheses such as the older 
HDPS implants are designed to be covered by cartilage, 
as they will erode through the tympanic membrane. 
Newer hydroxyapatite prosthesis have a more rounded 
and smooth head design that is biocompatible with the 
mucosal layer of the tympanic membrane, though some 
surgeons still elect to cover this with cartilage. 

Prosthesis Mechanics
A prosthesis should have its center of mass perpendicular 
to its intended line of movement. The center should 
be directly over the footplate of the stapes to provide a 
maximal resultant force vector in the intended direction 
of sound transmission. Sometimes the angulation of the 
stapes superstructure makes the reconstruction difficult; 
in these instances, even with an intact superstructure, 
the best results may be obtained using a total prosthesis 
from the footplate to the malleus or tympanic membrane. 
Flexibility of the head attachment may be important in 
some middle ear situations in order to adjust the head of 
the prosthesis to fit to the malleus or the undersurface of 
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a conical or angled tympanic membrane. Several studies 
have demonstrated that maintaining a malleus (when 
possible) results in reduced extrusion rates and improved 
postoperative air–bone gap closure.19–21 The importance 
of incorporating the capitulum in reconstruction is less 
clear.22 In cases of a retracted or narrow middle ear cleft, a 
prosthesis may be used to help recreate an aerated middle 
ear space (Figs. 12.5A to C).

Prosthesis Slippage
Prosthesis slippage is always a concern because it may 
compromise a good result. Slippage may occur at the point 
of attachment to the malleus, the stapes superstructure, 
or the stapes footplate. Therefore, if the malleus is present, 
it is beneficial to engage the prosthesis firmly under the 
malleus neck, using either a groove in the head of the 
hydroxyapatite prosthesis or a titanium hook to reach 
under the malleus. At the attachment to the capitulum of 

the stapes, a claw or bell over the structure helps to keep the 
prosthesis from slipping. There are times when the stapes 
superstructure is fragile, or is angled inferiorly toward 
the promontory, and the best reconstruction would be to 
reconstruct the hearing mechanism with a total prosthesis 
from the malleus or tympanic membrane directly to 
the footplate. If there is no superstructure of the stapes 
present, then the prosthesis should fit comfortably onto 
the footplate and slippage can be minimized if necessary with  
a footplate shoe or wider base of the implant. 

SURGICAL TECHNIQUE:  
TYMPANOPLASTY 

Myringoplasty
Myringoplasty is a technique confined to the tympanic 
membrane without middle ear surgery and may be per-
formed through the ear canal. Surgical repair of acute 

Figs. 12.5A to C: (A) The malleus is retracted, resulting in a nar-
row middle ear cleft. There is erosion of the lenticular process of 
the incus. (B) The incus is removed. The malleus is lateralized. (C) 
A partial ossicular prosthesis is placed, buttressing the malleus in 
a lateralized position. This will assist in recreation of an aerated 
middle ear space.
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perforations is generally not necessary. These perforations 
must be examined carefully under a microscope because 
occasionally one will find under-turned epithelium. If this 
is the case, then microscopic eversion of the under-turned 
epithelium is performed in the office. At times, a paper 
patch will be beneficial in this situation to aid in the repair. 
The patch is applied after freshening the edges of the 
tympanic membrane perforation with a fine right-angled 
hook, needle or silver nitrate. Various materials have been 
used as a patch, with the most common being cigarette 
paper or rice paper that has been cut to 3 mm circular size. 
The patch is placed dry or with minimal saline. The patient 
is then examined in 2–3 weeks and the patch removed to 
check for healing. One may repeat this again if epithelial 
migration has begun, but has not completely healed the 
perforation. 
 In the case of a small nonhealing perforation, it may 
be necessary to take the patient to surgery, where a graft 
myringoplasty may be done through the ear canal by 
freshening the margins of the perforation then placing a 
fat, fascia, or alloderm graft through the perforation in a 
dumbbell fashion.

Tympanoplasty
The goal of successful tympanoplasty is to create an intact, 
mobile tympanic membrane with an aerated mucosa-
lined middle ear space, and a continuous sound conduc-
tion mechanism between the mobile membrane and the 
inner ear fluids. 
 Tympanoplasty may be performed utilizing the under-
lay, overlay, and the over-under techniques. The most 
common graft material is fascia, but perichondrium, peri-
chondrium with cartilage, periosteum, and areolar tissue 
have all been described. The benefits of each technique 
will be discussed.
 Tympanosclerotic plaques are patches of hyalinized 
(calcified) scar that replace portions of the fibrous layers 
of the tympanic membrane following periods of inflam-
mation from chronic otitis media. There are varying deg-
rees of this process. If the process is minimal and is not 
obstructing the middle ear cleft, then we choose to keep 
this in place as it adds some structure and rigidity to the 
reconstruction. The underside of the tympanosclerosis is 
scored with a right-angled hook to stimulate some bleeding 
that seems to help the repair; the graft is placed medial 
to the tympanosclerotic plaque. For patients in whom 
the tympanosclerosis is very thick (frequently along the 
anterior and superior margin of the tympanic membrane), 

we will remove this prior to the reconstruction, attempting 
to preserve as much of the tympanic membrane epithelium 
as possible. 

Evolution of Techniques

A review of the literature reveals that many tympanoplasty 
techniques have been developed and employed success-
fully. Tympanoplasty approaches can be categorized 
as transcanal, endaural, or postauricular. The choice of 
approach is dependent on the size of the canal and the 
surgical exposure—a small canal and an anterior perfo-
ration will usually require a postauricular approach, 
wher eas a posterior perforation and a large ear canal can 
be successfully repaired through a transcanal approach. 
The graft can be placed under or over the tympanic mem-
brane remnant and annulus, as well as under or over the 
malleus. We will describe the various techniques and 
approaches commonly used in the past, and a personal 
evolution of technique for the majority of cases utilizing 
the over-under tympanoplasty.1

Underlay (Undersurface) Technique

The underlay or undersurface technique employs the use 
of grafting material medial to or under the remnant of 
tympanic membrane, typically under the malleus when 
the perforation extends to that area.1 Most of the time this 
is approached from a postauricular incision. Temporalis 
fascia is harvested free from underlying muscle and 
overlying areolar tissue (1.5 cm by 2.0 cm size) early in 
the procedure and placed on a cutting block to dry. In 
the case of cholesteatoma or retraction pocket where the 
surgeon desires to use perichondrium or cartilage, the 
graft is harvested from a posterior tragal incision, or from 
the cymba concha through the postauricular wound. 
Vascular strip incisions are then made from behind at the 
tympanomastoid and tympanosquamous suture lines 
down to about 4–5 mm from the annulus (Figs. 12.6A to D).  
The free edges of the perforation are prepared using a 
right-angled hook, and in some instances a fine scissor 
is used to resect the perforation margins.1 The intent is to 
separate the outer cutaneous layer from any under-turned 
epithelium or to separate the inner mucosal layer from the 
external tympanic membrane epithelium. This develops 
a fresh edge for healing. Then a tympanomeatal flap is 
raised to enter the middle ear space. We use 8 mm discs of 
absorbable material (Gelfoam) that have been soaked in 
saline then dried to pack the Eustachian tube and middle 
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ear cleft. The fascia graft is trimmed to the proper size, then 
placed under the remnant of tympanic membrane and 
usually the malleus. The tympanomeatal flap is replaced 
into its normal position. Often the tympanomeatal skin 
can be advanced and rotated to cover much of the area 
of the perforation. Saline soaked Gelfoam packing is 
placed lateral to the tympanic membrane-graft interface. 
The postauricular incision is sutured into place and the 
vascular strip tissue is placed back into its anatomic 
position, making sure to evert the skin into the ear canal. 
This is held into place with an absorbable sponge or poly-
ethylene sponge soaked with an antibiotic suspension. 
The patient is instructed to use the antibiotic suspension 

2–3 times per day to keep the packing moist. The lateral ear 
canal is cleaned about 5–7 days postoperatively, leaving 
some tympanic membrane absorbable sponge in place 
for another week or two. The integrity of the graft is then 
checked and all of the external packing material removed 
at that time.

Overlay Technique

The overlay technique was practiced in the 1960s and 
is occasionally used today, depending on the training 
of the surgeon, the location of the perforation, and the 
extent of anterior canal wall overhang that may obscure  

Figs. 12.6A to D: (A) The posterior canal skin is elevated but kept tethered to the tympanomastoid and tympanosquamous suture lines. 
(B) The canal skin is incised and the distance from the tympanic membrane is visualized. Adjustments can be made to assure that the 
medial extent of the canal incisions is 4–5 mm from the annulus. (C) The vascular strip incisions are then made from behind along the 
tympanomastoid and tympanosquamous suture lines and connected about 4–5 mm from the annulus. (D) The vascular strip is reflected 
anteriorly, providing exposure to the tympanic membrane and middle ear space.
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ade quate view of the tympanic membrane. The exposure 
is generally from a postauricular incision and the temporalis 
fascia is harvested using the same technique as with all 
tympanoplasty surgeries. 

Removal of canal skin and de-epithelialization of the 
tympanic membrane remnant: The skin and periosteum 
are dissected from the bony canal in a lateral to medial 
direction along a broad front until the fibrous annulus is 
reached. Removal of the canal skin medial to the anterior 
canal bulge may require blind dissection because this 
bulge often obscures vision of the anterior meatal recess. 
Once the skin is elevated to the level of the annulus, a plane 
is developed between the skin of the canal with the tympanic 
membrane remnant and the annulus and fibrous layer of 
the tympanic membrane. Working in a plane parallel to the 
annulus, the skin of the canal and tympanic membrane 
remnant are removed. Beginning superiorly and anteriorly, 
the skin of the canal and tympanic membrane remnant can 
often be removed in continuity by using a fine alligator 
forceps. It is important that all remaining squamous 
epithelial components be completely removed from the 
drum remnant. 

Drilling of ear canal: Drilling of the bony canal is routine in 
all lateral graft procedures, as it enlarges the field of surgery 
and allows satisfactory graft placement. Drilling begins 
laterally and posteriorly with removal of the spine of Henle 
and tympanosquamous suture line. The posterior wall of 
the temporal mandibular joint represents the anterior wall 
of the bony canal. It is most prominent in the midportion of 
the bony canal in both the superior to inferior and medial 
to lateral planes. It is important not to violate the joint 
when drilling the bony canal wall anteriorly, and also not 
to violate the air cells posteriorly. Final medial dissection 
just lateral to the annulus completely exposes the anterior 
sulcus and converts the acute anterior meatal angle into 
an obtuse angle. This is critical to prevent postoperative 
blunting.

Grafting with fascia and replacement of the canal skin: 
Once the middle ear and Eustachian tube have been filled 
with Gelfoam, dried fascia is cut into an oval shape with 
a superior slit. The graft is placed under the manubrium 
with the slit edges overlapping around the manubrium 
to secure the graft. The remainder of the graft is spread 
onto the anterior canal wall and the lateral wall of the 
epitympanum. The fascia is gently hydrated with saline.
 The canal skin is trimmed of any irregular edges 
and replaced over the bony canal. Medially, the skin is 

positioned to overlap the fascia graft by 1–2 mm, which 
helps promote epithelialization of the drum and prevent 
anterior blunting. The canal is then packed with Gelfoam. 
Retrac tors are removed and the vascular strip skin replaced 
into anatomic position. 
 With this technique, marked bony and soft tissue dis-
section is necessary. Blunting of the anterior canal wall 
and tympanic membrane is possible, with the formation of 
cholesteatoma pearls and conductive hearing loss. In the 
hands of surgeons experienced with this technique, these 
complications become minimal.

Over-Under Tympanoplasty Technique

Indications for over-under tympanoplasty: By combining 
the benefits of the two previously mentioned techniques, 
the over-under tympanoplasty has become the preferred 
technique in tympanoplasty surgery. This technique 
places the fascia graft lateral to the malleus but medial to 
the fibrous and bony annulus. In the situation of a very 
medial annulus inferiorly or a lateral promontory, the 
graft may be placed medial to the anterior annulus and 
placed onto the lateral surface of the inferior bony canal 
wall. The remnant of tympanic membrane is then laid 
onto the graft and held into position with an absorbable 
packing material. In the case of a marginal perforation, 
with no remnant of tympanic membrane, the graft may 
be placed onto the medial bony canal wall and the medial 
ear canal skin (with freshened margins) is elevated and 
placed onto the lateral surface of the fascia graft. This 
allows excellent exposure to the anterior middle ear space 
and prevents medialization of the graft to the promontory. 
Ossicular reconstruction may be performed directly to 
the undersurface of the malleus if present. Over-under 
tympanoplasty has become a preferred technique for 
per forations that abut the malleus, large or near total per-
forations, cases of significant malleus retraction (making 
the classic underlay technique impractical), significant 
anterior tympanosclerosis, or anterior middle ear choles-
teatoma (Figs. 12.7A and B).1

 This technique is rarely described but commonly used 
by many otologic surgeons. Austin in 1972 stated that the 
graft may be secured either over or under the malleus 
tip, depending on the ease of positioning the graft, and 
then some of the skin covering the malleus is dissected 
and replaced on the graft surface. Glasscock, Wehrs, and 
Hough also made similar inferences when describing 
underlay grafting in particular situations, usually with 
significant retraction of the malleus, large perforations, 
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Figs. 12.7A and B: (A) Intraoperative view of a retracted middle ear space in a right ear. Note that the malleus is adherent to the pro-
montory, creating a narrow middle ear cleft. This configuration is an indication for an over-under tympanoplasty. (B) In cases of signi-
ficant malleus retraction the underlay technique does not allow for proper placement of the fascia graft. This problem is overcome by 
using the over-under technique.
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or anterior middle ear disease. The refined technique and 
results have been described in book chapters and articles 
by Bojrab, Kartush, and others.1

Surgical technique of the over-under tympanoplasty: Patients 
undergo the usual preparation and positioning for ear 
surgery. The ear is injected with lidocaine-HCL 1% with 
1:100,000 epinephrine in a subdermal plane along the 
postauricular incision site. Afour-quadrant external ear 
canal injection is also performed. The ear speculum is 
placed into the ear canal and then pulled back to show 
the bony cartilaginous junction site where the lidocaine 
solution is slowly injected, blanching the skin of the 
posterior canal wall (vascular strip skin). A postauricular 
incision is made and carried down to the layer of the 
temporalis fascia. This avascular plane is followed to the 
posterior ear canal soft tissue and then carried to the 
mastoid tip. A retractor is placed and a fascia graft is har-
vested and set on a cutting block. The graft is cleaned 
under the microscope to remove any medial muscle 
tissue or lateral areolar tissue (Figs. 12.8A to E). Using a 
bovie electrocautery, a T incision is made from the root 
of the zygoma along the linea temporalis, with a vertical 
limb incision to the mastoid tip. Periosteal elevation is 
performed with an elevator to the Spine of Henle. The 
posterior canal skin is elevated but kept tethered to the 
tympanomastoid and tympanosquamous suture lines 
as described above. The vascular strip incisions are then 
made from behind along these suture lines and connected 
about 4–5 mm from the annulus. A retractor is positioned 
to hold the vascular strip skin forward, allowing good 
visualization of the tympanic membrane and pathology of 
the ear. 
 The margins of the perforation are freshened with a 
right-angled hook (Figs. 12.9A and B). A tympanomeatal 
flap is created about 4–5 mm lateral and parallel to the 
annulus and the middle ear is entered (Fig. 12.10). Next 
the tympanic membrane is elevated off the malleus  
(Fig. 12.11). This is done by scoring the periosteum of the 
malleus with a fine needle and elevating the tympanic 
membrane off of the malleus to the umbo. At the umbo 
there is a fibrous extension from the middle layer of 
the tympanic membrane that is cut with a fine scissors  
(Figs. 12.12A to E). 
 The middle ear is inspected for disease and choles-
teatoma; granulation tissue and diseased middle ear 
mucosa are dealt with at this time. Ossicular chain abnor-
malities are noted and planned reconstruction is con-
sidered for treatment. If a mastoidectomy is required 

to remove disease in the mastoid then an intact canal 
mastoidectomy with possible facial recess approach is 
employed.

Grafting technique: The parchment-like fascia graft is 
trimmed into an appropriate size for the perforation. For 
a near total per foration, the graft is trimmed into a tongue 
shape of approximately 10 mm in diameter and 15–20 mm 
in length. For smaller central perforations, a smaller graft 
is fashioned. Gelfoam packing is the author’s preferred 
packing material. The Gelfoam is hydrated then pressed 
into a thin layer and placed onto the cutting block. With an 
8 mm ear speculum, pledgets are cut and separated. The 
middle ear is generally packed with one 8-mm Gelfoam 
into the Eustachian tube and one 8-mm Gelfoam into 
the middle ear. Anterior to the malleus, an additional half  
(8-mm) Gelfoam is placed into the middle ear. The fascia 
graft is placed lateral to the malleus but medial to the 
anterior and inferior bony annulus (Fig. 12.13). The rem-
nant of tympanic membrane and tympanomeatal flap 
skin are replaced and held into position with the 8-mm 
Gelfoam pledgets (Fig. 12.14). The retractors are removed 
and the postauricular wound is sutured into position. The 
vascular strip skin is replaced making sure to unfold the 
skin onto the bony canal wall. The vascular strip is held 
into position with Gelfoam packing soaked in an antibiotic 
suspension. A mastoid dressing is placed overnight and 
removed the next day. Antibiotic ear drops are used daily 
to keep the packing moist until pack removal is performed 
in the office in 1 week.

Cartilage Tympanoplasty
The cartilage graft has been utilized in certain tympano-
plasties for over 40 years. Situations that may benefit 
from the use of cartilage with or without perichondrium 
are scutal defects, repair of posterior retraction pockets, 
total tympanoplasties, recurrent retracted middle ear 
clefts, and recurrent perforations after previous failed 
tympanoplasties. Although similarly used as fascia for 
reconstruction, the rigid quality of cartilage tends to resist 
resorption and retraction. The anticipation of conductive 
hearing loss when using cartilage to reconstruct the 
tympanic membrane is of concern, but most reports state 
that there is not a statistically significant difference in 
advanced tympanic membrane reconstruction.1 There are 
various cartilage grafting techniques utilized; the authors 
prefer to use a perichondrial–cartilage graft technique. 
The graft is generally harvested from a posterior tragal 
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incision, keeping perichondrium adherent to the poste-
rior surface of the tragal cartilage and maintaining the 
lateral dome of the cartilage. The anterior perichondrium 
is dissected free from the cartilage in situ and left in the 

tragus site. A suitable graft can also be harvested from 
the cymba concha, if a postauricular incision is used. 
The cartilage is trimmed from the perichondrium to the 
appropriate size for the grafting (Figs. 12.15A to K). The 

Figs. 12.8A to E: (A) A temporalis fascia graft is harvested in a 
right ear. The true fascia of the temporalis is located and isolated. 
(B) One tine of the scissor is positioned on either side of the tempo-
ralis fascia and a fascia graft is harvested measuring approximately 
1.5 cm x 2 cm in size for a total perforation. (C) Care is taken to 
harvest only true fascia, leaving the overlying loose areolar tissue 
and underlying muscle down. (D) Any muscle tissue adherent to 
the graft is removed under the microscope to ensure that the graft 
is comprised of only true fascia. (E) Temporalis fascia graft. 
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Figs. 12.9A and B: (A) The margins of the perforation are freshened with a right-angled hook. Care is taken to evert or remove any 
under-turned epithelium. (B) A fine scissor may be used to remove under-turned epithelium.

Fig. 12.10: The annulus is lifted with the tympanomeatal flap, and 
the middle ear is entered.

Fig. 12.11: The tympanic membrane remnant is reflected forward 
to provide a view of the ossicular chain.

Fig. 12.12A: (A) The periosteum of the malleus is incised with a curved needle.
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Figs. 12.12B to E: (B) The periosteum of the malleus has been incised with a curved needle and is carefully elevated off of the long 
and short processes of the malleus. (C) Fibrous extension from the middle layer of the tympanic membrane to the umbo. (D) The fibrous 
extension to the umbo is cut with a fine scissor. (E) The malleus has been freed from the tympanic membrane, providing excellent 
exposure for graft placement.

Fig. 12.13: The fascia graft is placed medial to the annulus and 
tympanic membrane remnant, and lateral to the malleus.

Fig. 12.14: The tympanic membrane remnant is laid down over 
the fascia graft. 
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perichondrium is used like fascia with the cartilage on the 
undersurface of the perichondrium facing the middle ear 
cleft (the perichondrium is the actual graft that replaces 
the tympanic membrane, while the cartilage serves as 
scaffolding that provides stiffness to prevent retraction). 
The authors generally use a semicircular block of cartilage 
to reconstruct defects of the scutum, but a scored or 
hinged piece of cartilage may also be used to reconstruct 
the entire tympanic membrane area. 

SURGICAL TECHNIQUE:  
OSSICULOPLASTY 

Situations encountered in middle ear surgery are variable, 
and the surgeon should have a number of options for 
OCR available in his toolkit. The most common situation 
is erosion of the incus. Frequently the lenticular process 
is eroded and not making contact with the head of the 
stapes. There are several potential options for repair: 
removing, sculpting, and repositioning the incus between 
stapes and malleus, using a bridging implant, such as an 
Applebaum or Krauss prosthesis, placing an interposition 
graft of cartilage or bone between the long process and the 
stapes head, or simply cementing the incus to the stapes 
head if the gap is small. For larger gaps between incus and 
stapes, a sculpted incus interposition or alloplastic partial 
prosthesis are the best options, described below. In cases 
of canal wall down mastoidectomy, where the middle ear 
space is lowered to the level of the facial ridge, a type 3 
reconstruction (applying the drum directly to the stapes 
head) offers a reliable method of repair with a predictable 
hearing result in the 10 to 25 dB range. Alternatively, the 
surgeon may use a small perichondrial-cartilage graft to 
fit onto the capitulum of the stapes, increasing the vibra-
tory unit to the stapes. Another option is to lateralize the 
malleus and use an alloplastic prosthesis to bridge the 
distance and increase the size of the middle ear cleft with 
excellent hearing results.
 In cases where the stapes superstructure is absent, a 
“total” repair, forming a columella from the drum or mal-
leus neck to stapes footplate, is needed. In this situation, 
the available options are sculpted incus interposition 
autograft or various prostheses, discussed below.
 The malleus handle is an important component of 
ossicular reconstruction. In most cases of chronic ear 
disease with or without cholesteatoma, the malleus manu-
brium can be preserved along with its attachment to the 
tensor tympani tendon. This is true even when the head of 

the malleus is removed, or when the umbo is tilted toward 
the promontory. The neck of the malleus forms a lateral 
anchor point for the total prosthesis or sculpted incus, and 
allows for a secure repair with little chance of migration 
or misalignment. In cases where the manubrium of the 
malleus cannot be preserved, the tympanic membrane 
graft will have to be draped over the top of a total prosthesis, 
which is also effective but less secure. 

Autografts
When possible, the patient’s own ossicle is used for recon-
s truction of the hearing mechanism (Figs. 12.16A to C).  
Since the surgeon must use one or two drill bits to sculpt 
the ossicle, there is a cost incurred when using this 
technique. If the incus is well preserved, the dimensions 
of the reconstruction may be 2–4 mm when drilled as an 
interposition graft between the stapes superstructure and 
the malleus. One must know the way to use the incus in 
order to complete the reconstruction—a notch should 
be created near the tip of the incus body to engage the 
malleus neck, and a well should be drilled on the cut end 
of the long process to accommodate the capitulum of the 
stapes (Fig. 12.16C, top, left). In the situation where a total 
reconstruction is necessary (footplate to the malleus), 
then one may achieve 4–6 mm of reconstruction by drilling 
a notch in the articular facet to coapt against the malleus 
neck and whittling the body so that the tip will rest on the 
footplate without touching the bony margins of the oval 
window niche (Fig. 12.16C, top, right). 

Alloplasts
Today most manufactured implants are made of titanium 
with and without hydroxyapatite. Both partial and total 
designs feature implants with fixed lengths as well as 
others with adjustable-length titanium shafts (Figs. 12.17A 
and B). As previously mentioned, the authors believe 
it is important to minimize slippage both at the lateral 
aspect against the malleus or tympanic membrane and 
also medially at the capitulum of the stapes or footplate 
area. Therefore, all of the authors’ preferred implants have 
a groove in the hydroxyapatite head or a titanium hook  
(Fig. 12.17) to fit under the malleus and secure the implant 
in place. 

Universal Prosthesis
The concept of a “universal” prosthesis is advantageous 
in that a single prosthesis may be used for multiple 
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Figs. 12.15A to F: (A) The cartilage graft is harvested from a posterior tragal incision. (B) An incision is made through skin and car-
tilage. (C) The cartilage has been incised without breaching the anterior perichondrium. (D) A subperichondrial plane of dissection is 
developed on the anterior surface of the tragal cartilage. (E) A supraperichondrial plane of dissection is developed on the posterior 
surface of the tragal cartilage. (F) The tragal cartilage is isolated. The posterior perichondrium remains adherent to the cartilage. The 
anterior perichondrium is left in situ.
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Figs. 12.15G to K: (G) The tragal perichondrial-cartilage graft is harvested. (H and I) The cartilage may be trimmed from the perichon-
drium to provide a composite graft with appropriately-sized cartilaginous and perichondrial elements. (J) The completed graft includes 
a central island of cartilage with surrounding perichondrium. (K) In this case, the graft was fashioned to provide cartilage support for a 
scutal defect; the remaining perichondrium was used as a pliable tympanic membrane graft.
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Figs. 12.16A to C: (A) Dimensions of the incus. (B) Profile of the incus. Note that depending on the amount of erosion that has  
occurred, the incus may be too narrow to properly drill a support for the stapes capitulum. (C) Incus shaping to create an interposition 
autograft. 
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reconstructive conditions. In 1988, the Bojrab Universal 
Prosthesis was designed to be used as a total prosthesis, 
partial prosthesis, incus sleeve, and incus to footplate 
prosthesis in its various conformations. The design has been 
used with hydroxyapatite, Hapex with a hydroxyapatite 
head, Flex-hydroxyapatite and hydroxyapatite head, and 
HDPS and hydroxyapatite head. The hydroxyapatite head 
used in each design features a groove to fit under the 
malleus if present.

CONCLUSION
Tympanoplasty surgery has been performed successfully 
to treat tympanic membrane perforations, retractions, 
cholesteatoma, and other middle ear disease. Though 
a variety of approaches and techniques have been de-
scribed, the authors most commonly utilize the over-under 
technique. This technique is reliable in repairing the major-
ity of tympanic membrane perforations and is appropriate 
to use for many challenging middle ear situations. Both 
incus autografts and alloplastic prostheses are commonly 
used to reconstruct the ossicular chain. The choice of 
prosthesis is generally an intraoperative decision that is 
dependent on the presence of usable ossicular stock as 
well as surgeon preference. Ultimately, any technique that 
provides a mobile tympanic membrane and an aerated 
middle ear space can be coupled with a sound conducting 
mechanism to provide a good outcome for the patient.
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INTRODUCTION
Complications arising from underlying infections within 
the temporal bone can represent a broad spectrum of 
presentations and acuity. Otitis media commonly plays 
a role as the initial infection, with associated sequelae 
limited to the confines of the middle ear such as tympa
nic membrane perforation, atelectasis, and hearing loss. 
However, acute infections or acute progression of chronic 
infections can spread through the pneumatized spaces and 
other anatomic channels of the temporal bone, directly 
involving or seeding adjacent critical structures.
 Complications of temporal bone infection beyond the 
middle ear may be classified by their location with respect 
to intracranial spaces, by their chronicity, or by their order 
or degree of complexity. Firstorder complications would 
include mastoiditis, facial palsy in acute otitis media, 
labyrinthine fistula, and serous labyrinthitis that result 
from direct or adjacent involvement by the initial infection. 
These complications typically have a clear presentation 
and diagnosis, can be treated with directed local meas
ures within the temporal bone, and generally have a better 
prognosis. Secondorder complications usually result 
from the further unhalted progression of one of the first
order entities and can be more challenging to diagnose. 
Secondorder complications may require a more urgent 
and specialized intervention but may be challenging to 
recognize because they sometimes present with more 
subtle findings.
 Modern trends have been influenced by advancements 
in imaging detection and a broader arsenal of antibiotic 
therapy, particularly in children when less invasive manage
ment is often sufficient in selective cases. Whether it be 

mastoidectomy for acute mastoiditis in the pediatric 
population or neurosurgical intervention for brain absces
ses, many authors have offered case reports or small case 
series with some success in conservative management, 
though unfortunately the rarity of many of these compli
cations has prohibited thorough investigation and com
parison of various management strategies.1,2 Clini cians 
must carefully review the individualized risks and benefits 
of each management choice in each case of infectious 
complication.

MASTOIDITIS
The term mastoiditis is broad and in theory every episode 
of acute otitis media (AOM) is accompanied by some 
degree of mastoiditis if the middle ear is contiguous with 
the mastoid antrum. Currently no defined clinical or diag
nostic criteria exist in the literature defining acute mas
toiditis, which typically implies the presence of otitis media 
with associated clinical examination signs surrounding 
the mastoid or radiologic and/or surgical findings. The 
entity of complicated mastoiditis generally refers to the 
development of some structural change or bony erosion 
involving the mastoid air cell system. Suppurative infec
tions within the middle ear extending into the mastoid 
create inflammatory changes within the mucosa and 
eventual breakdown of thin bony borders. This can first 
manifest solely within the mastoid itself as an acute 
coalescent mastoiditis, with the loss of the normal bony 
septations and architecture, or external to the mastoid 
such as in a subperiosteal abscess or postauricular fistula 
formation.
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 Most studies of incidence have focused on the pedia
tric population in which this complication is most 
common. In a study reviewing the incidence of acute 
mastoiditis in children under the age of 14, as defined by 
hospital discharge information from several European 
countries, Canada, Australia, and the United States, the 
incidence ranged from 1.2 to 4.2 cases per 100,000 person 
years.3 A separate review of 399 children in Norway 
noted that patients < 2 years of age had a higher relative 
incidence than those between the ages of 2–16.4 Multiple 
studies have suggested a greater predominance in males. 
The introduction of pneumococcal conjugate vaccines 
has reduced invasive pneumococcal infections in general 
including AOM, though in retrospective observational 
studies no decrease in the admissions for acute mastoiditis 
was seen in the years after introduction of the heptavalent 
conjugate vaccine.5,6

 In a review of acute mastoiditis in children including 63 
studies with reported culture information, Streptococcus 
pneumoniae was the most frequently cultured pathogen in 
43% of cultures on average. In 36% of cultures on aver age, 
no growth of pathogens was found.7 Other common path
ogens including Haemophilus influenzae, Streptococcus 
pyogenes, Proteus mirabilis, Staphylococcus aureus, Pseu-
domonas aeruginosa and anaerobes can also be isolated, 
and many cases represent polymicrobial infections.8–10 In 
addition to acute instances, many patients may develop 
coalescence after a chronic period of infection with or 
without the presence of cholesteatoma.
 Acute coalescent mastoiditis can present with new 
or persistent pain over the mastoid during or after an 
episode of otitis media. Often the time course to develop 
coalescence requires some latent period of ongoing infec
tion, whether a chronic stage or prolonged AOM, with 
mastoiditis presenting a week or more after the initial 
onset. In addition to signs associated with otitis media, 
postauricular local findings including protrusion of the 
pinna (Fig. 13.1), erythema, edema, or tenderness can be 
observed, on average in > 80% of patients.7 In some cases 
masked mastoiditis can be witnessed after some period 
of treatment, when persistent infection continues within 
the spaces of the mastoid bone though the signs and 
symptoms of the initial acute middle ear infection have 
resolved.11

 Laboratory markers such as Creactive protein (CRP) 
and white blood cell (WBC) counts are usually elevated.12 In 
one study of 308 children with acute mastoiditis, those with 
complications were noted to present with a higher grade 
fever, absolute neutrophil count and CRP in comparison to 

children with uncomplicated disease.8 Radiologic exami
nation with computed tomography (CT) scan can be 
utilized to confirm the presence of bony destruction or 
coalescence. CT review must also include evaluation for 
associated secondorder intracranial and extracranial 
complications progressing from mastoiditis. Some debate 
also exists, particularly in the pediatric population, whether 
radiologic imaging is required for all patients with a clini
cal suspicion of acute mastoiditis. Though CT scans may 
include risks of radiation exposure and in some cases 
anesthetics, the risks of missing intracranial complications 
with associated high morbidity and possible mortality 
must also be considered. In studies evaluating presenting 
symptoms and clinical signs to distinguish patients with 
intracranial complications, no markers could be found to 
guide the use of selective imaging and it is known that some 
patients with acute mastoiditis without initial imaging 
proceed to develop more severe intracranial complications 
during conservative management.13,14 Magnetic resonance 
imaging (MRI) may be reserved for cases with suspected 
intracranial complications after CT scan.
 The treatment of mastoiditis includes medical and 
surgical components. Though it is the most common 
complication of AOM, controversy exists over the criteria 
for and degree of surgical intervention in these cases. 
Simple mastoidectomy with aspiration of the middle ear 
via myringotomy with or without tympanostomy tube 
placement, culture of middle ear purulence, and intrave
nous (IV) antibiotic therapy would constitute the historical 

Fig. 13.1: Protruding pinna. In the examination of a patient with 
right-sided acute mastoiditis from posteriorly, protrusion of the 
pinna on the right side in relation to the unaffected left side can be 
noted, in association with soft tissue edema and inflammation in 
the postauricular region.

Ch-13.indd   220 30-05-2015   15:28:52



221Chapter 13: Complications of  Temporal Bone Infection

standard treatment combination. However, the use of 
mastoidectomy in cases of acute mastoiditis, particularly in 
the pediatric population, varies greatly within the literature, 
as more recent literature has suggested approaches relying  
upon antibiotics alone or in combination with myringo
tomy while reserving mastoidectomy for cases with 
evidence of poor response. Improvement in signs and 
symp toms within 48 hours is a commonly used outline 
for surgical decision making. Rates of mastoidectomy in 
the pediatric population have been reported to vary from 
9% to 88%, though the definition of acute mastoiditis 
also varies between studies.4,9,12,15,16 The significant risk of 
delaying treatment for poor responders to conservative 
management is progression of coalescent mastoiditis to 
highly morbid and potentially lifethreatening intracranial 
complications, which is weighed against the risk of a 
cortical mastoidectomy and anesthetic risks. In cases 
with associated cholesteatoma, if the patient is healthy 
and stable enough to tolerate the procedure, removal of 
cholesteatoma may be performed in the same setting as 
mastoidectomy.

SUBPERIOSTEAL AND  
BEZOLD’S ABSCESS

The most common progression of acute mastoiditis is to 
subperiosteal abscess formation. This is most often in 
the lateral direction from the mastoid cortex with asso
ciated fluctuance in the postauricular region and possible 
bogginess or bulging of the posterior wall of the external 
auditory canal. Though the lateral site is most frequent, 
suppurative extension can less commonly follow a direct 
route from the mastoid and epitympanum to the zygomatic 
root, or seed this region via venous drainage. The standard 
approach to treatment of any site of subperiosteal abscess 
includes the same elements as in acute mastoiditis with 
the additional incision and drainage of the subperio
steal abscess overlying the mastoid. Similarly to the 
management of acute mastoiditis, some authors have 
proposed less invasive management in pediatric cases 
such as needle aspiration or incisional drainage without 
mastoidectomy.17,18 In some reviews, a small subset of 
conservatively managed patients have been found to 
require repeated procedures, eventual mastoidectomy, or 
additional treatments for progressing intracranial com
plications, which are weighed against the risks of abscess 
drainage and simple mastoidectomy for patients who may 
have otherwise responded to antibiotics.

 First described by Friedrich von Bezold in the late 
1800s, Bezold’s abscess refers to the medial extension of 
mastoiditis through the cortex of the mastoid tip and into 
the soft tissues of the neck.19 Though mastoiditis is more 
common in children, young patients have not fully deve
loped the pneumatization of the mastoid tip air cells, mak
ing deep medial extension of purulence in this route more 
common in older children and adults. As the infec tion 
spreads from the digastric ridge and mastoid tip through 
the deep spaces of the neck, initial signs and symptoms 
may be subtle. Once suspected, imaging that incorporates 
the neck spaces from the skull base through the mediasti
num should be obtained. Contrastenhanced CT imag
ing reveals typical signs of abscess formation with rim 
enhan cement in a location medial to the mastoid process 
(Fig. 13.2). Untreated progression of early collections can 
lead to significant enlargement and tracking through deep 
neck spaces prominently seen on clinical examination 
(Figs. 13.3 and 13.4). Treatment for the associated masto i
ditis and Bezold’s abscess includes IV antibiotics, mastoi
dectomy with removal of the mastoid tip with direct neck 
exploration and drainage. In this particular route of spread 
of temporal bone infection, careful assessment and moni
toring of the airway must be considered, with tracheos
tomy an option for any compromise.

PETROUS APICITIS
The petrous apex of the temporal bone is less commonly 
involved but can be a deeper site of spread in complicated 

Fig. 13.2: Bezold’s abscess. Contrast enhanced axial CT reveals 
a medially placed rim-enhancing small abscess just medial and 
below the mastoid tip in this case.
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infections. This anatomic site displays variability in deve
lopment of air cells, with approximately 35% of temporal 
bones displaying pneumatization, and can differ not only 
between patients but also asymmetrically between the two 
sides of the same individual.20 The apex may have varying 
degrees of pneumatization, be sclerotic or contain bone 
marrow. The lower rate of air cell tract communication 
bet ween the mastoid and this region as well as limited space 
for coalescence may account for the decreased incidence 
of petrous apicitis in comparison to mastoid coalescence. 
 In 1904 Giuseppe Gradenigo reported on the finding 
of abducens palsy in association with retroorbital pain 
he postulated to be trigeminal in origin, in the setting of 
acute or chronic otitis media (COM).21 This triad of physi
cal examination findings is now referred to as Gradenigo’s 
syndrome. The involvement of the sixth cranial nerve was 
speculated soon after by a young anatomist, Primo Dorello, 
to be due to edema in a limited, narrow bony canal now 
known as Dorello’s canal. The majority of patients, even 
in Gradenigo’s original series, do not have the full triad so 
clinicians should not hesitate to suspect this complication 
in the absence of a finding.
 The diagnosis of petrous apicitis, or petrositis, can be 
suspected by clinical presentation, though this can vary  
significantly and diagnosis is best confirmed with radio
logical workup. As the petrous apex is a separate com
partment from the mastoid and middle ear, some cases 
may develop recurrence of symptoms even after mas
toidectomy. In these instances, infection within the 
deeper petrous apex has not completely cleared though 

the more lateral sites may have completely responded. 
CT and MRI are often both used as complementary studies 
for this anatomic region. The bony detail of a CT aids in 
the assessment of whether any bony erosion or opacifica
tion is present within the region and depicts their relative 
location to intracranial structures. When opacified spaces 
are seen, complimentary T1, T2, and diffusion weighted 
MRI sequences can help narrow the differential diagnosis, 
which can include acute infection, bone marrow, cholesterol 
granuloma, epidermoid/cholesteatoma, and neoplasm.
 Treatment of petrositis includes IV antibiotics with 
central nervous system (CNS) penetration and mastoi
dectomy with exenteration of infected petrous apex cells. 
The development of air cell tracts varies among individuals 
and approaches to the petrous apex must be carefully 
chosen, though infection often delineates a route between 
the mastoid and petrous apex. In a radical mastoidectomy 
cavity, peritubal air cells between the carotid artery and 
basal turn of the cochlea can be accessed. Other possible 
approaches include dissection through the subarcuate 
fossa, supralabyrinthine cell tract, supracochlear, trans
meatalinfralabyrinthine approach as well as, in the modern 
era, endoscopic endonasal approaches to the petrous apex. 
The combination of medical and surgical interventions 
has been the traditional treatment choice for this entity. 
Some case reports have noted successful treatment with 
antibiotics in combination with tympanostomy tube 
insertion alone, reserving further surgical decompression 
for patients failing to respond to conservative management, 
though the rarity of this complication makes treatment 

Fig. 13.3: Neck abscess. Untreated or late presentation of an oto-
genic neck abscess reveals an erythematous and prominent fluc-
tuant bulge within the neck in association with purulent otorrhea.

Fig. 13.4: Neck abscess CT. The CT scan with contrast for the 
same patient reveals the extensive collection within the neck 
spaces that has spread inferiorly from the mastoid.
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comparisons challenging.22–24 Abducens palsy recovery 
is variable and has been reported to occur over weeks to 
months after treatment.

FACIAL PARALYSIS
With its intricate course within the temporal bone, the 
facial nerve is anatomically adjacent at various points to 
coalescent or complicated infections. Nevertheless, the 
incidence of facial palsy complicating otitis media in 
the antibiotic era is low, ranging from 0.04% to 0.16%.25,26 
In the pediatric population, acute otitis media and mastoi
ditis can often lead to facial palsy, while in adults COM and 
cholesteatoma are more likely causes of facial dysfunction. 
The facial nerve is often dehiscent, most com monly in 
the tympanic segment, where it may be vulner able to 
surrounding unresolved infections.
 The pathophysiology of facial palsy in the setting of 
infection is not well defined. Possible hypotheses include 
inflammatory edema with entrapment and compression 
causing ischemia, direct intraneural involvement by infec
tious organisms or toxins at dehiscent sites, surrounding 
bony osteitis with adjacent erosion and reactivation of 
latent herpes virus.
 In the setting of acute infection, palsy can be either 
sudden or gradual and generally has a good prognosis if 
promptly treated. In one study of children presenting to 
an emergency department with facial palsy, 22.4% were 
attributed to infectious causes and among those, AOM 
related cases showed shorter recovery times than non
AOM infections.27 Alternatively, in cases of COM with 
chol esteatoma that involve the facial nerve, prognosis for 
imp rovement is poorer than AOM or COM without chol
esteatoma.25

 Clinical assessment of the patient including neuro
logic examination is indicated, including careful docu
mentation of the degree of facial nerve dysfunction over 
time. Temporal bone CT can be obtained to evaluate 
for sites of dehiscence in cases of COM with or without 
cholesteatoma, as well as to rule out possible intracranial 
complications of infection. Electrodiagnostic testing may 
aid in determining prognosis.28

 Determining the infectious setting during which facial 
palsy occurs will guide treatment planning. In cases of 
acute infection, treatment with antibiotic therapy for 
otitis media and myringotomy with aspiration for culture 
is recommended. In a review of 37 patients with facial 
palsy due to AOM with varying treatment regimens, 
92% recovered to a HB grade I or II.29 In the 12 patients  

undergoing surgical facial nerve decompression, the 
authors questioned and ultimately recommended against 
the rou tine decompression of the facial nerve. In the small 
group of patients, they felt electrical testing was prognostic 
and independent of surgical intervention. Corticosteroids 
are often utilized in facial palsy, though no clear evidence 
for or against them in the setting of otitis media exists.
 Mastoidectomy, however, is indicated for unresolving 
infections, coalescence, or other complications. In cases of 
COM particularly with cholesteatoma, however, surgical 
exploration is recommended within a short time frame. 
In these cases, a likely localized site of cholesteatoma 
or infective granulation against the nerve is the site of 
involvement and should be cleared and decompressed 
to remove active infection. If cholesteatoma significantly 
involves the facial nerve, we favor leaving cholesteatoma 
matrix on the nerve and creating an open cavity rather 
than radical exenteration of matrix and nerve fibers.

LABYRINTHITIS
Involvement of the perilymphatic space by infection 
causing labyrinthitis can be categorized in a number of  
ways depending on the foreign substrate. Serous laby
rinthitis can evolve from viralinduced mechanisms 
unrelated to ear disease or potential bacterial toxins from 
otitis media. The development of suppurative labyrinthitis 
is less common and can be due to either tympanogenic 
sources or meningogenic. In addition, COM may involve 
cholesteatoma or granulation tissue that causes a dis
ruption in the otic capsule, predisposing that ear to the 
subsequent entry of infection.
 Symptoms of labyrinthitis include acute onset of ver
tigo, tinnitus, and hearing loss, often with nausea and 
vomiting. Serous labyrinthitis may have a more gradual 
onset in some cases while suppurative labyrinthitis is often 
closely associated with meningitis and bilateral involve
ment. No specific radiologic study is required though signs 
of active labyrinthitis can be seen on imaging, which also 
aids in ruling out other intracranial complications and 
assessing delayed pertinent sequelae such as cochlear 
ossification.
 Patients diagnosed with labyrinthitis may be very 
ill at presentation and should be admitted and have 
myringotomy with or without tube placement to clear 
middle ear infection and obtain cultures. Lumbar punc
ture with cerebrospinal fluid (CSF) studies in the eva
luation for meningitis should be performed. Imaging may 
reveal enhancement within the vestibule and labyrinth 
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(Figs. 13.5 and 13.6). If no other complications such as 
coalescence are present, mastoidectomy is not necessary 
and IV antibiotics with good CSF penetration are given. 
Labyrinthectomy is not routinely performed and may 
be reserved only for cases in which the infection and 
meningitis fail to resolve or recur after appropriate medical 
treatment. It may also be pursued if cholesteatoma or 

granulation has caused significant erosion or entry to the 
vestibule. Labyrinthine fistulas treatment depends upon 
the extent of invasion by cholesteatoma and associated 
risk of inner ear disruption. In shallow fistulas of the 
semicircular canals in which endosteum is not exposed, 
removal of granulation and cholesteatoma matrix can 
be achieved. However, when fistulas extend deeply with 
involvement of the membranous vestibule or cochlea, the 
matrix may be left in place with exteriorization.

EXTRADURAL/EPIDURAL ABSCESS
Infections crossing the boundaries of the skull base may 
cause abscess formation along the lateral surface of the 
dura, without deeper extension. These usually occur at 
sites with discontinuity of bony boundaries such as in 
dehiscent tegmen sites, though less commonly spread of 
infection may traverse intact bone hematogenously.
 Patients with an epidural abscess share the same symp
toms as mastoiditis, accompanied by generalized head
ache. Typically CSF studies will be normal. Imaging with 
CT or MRI should clearly outline the abscess site and can 
assess the surrounding mastoid infection and possible 
sites of continuity. A fluid collection with rim enhancement 
within the epidural space displacing dura and brain in 
concave fashion is seen as in Figure 13.7. A coronal image 
from the temporal bone CT of the same patient (Fig. 13.8) at 
this time shows opacification of the middle ear consistent 

Fig. 13.5: Labyrinthitis MRI. T1-weighted MRI postgadolinium axial 
view in this patient after mastoidectomy for ongoing otitis media 
and right-sided acute mastoiditis with symptoms of profound 
hearing loss reveals enhancement in the right vestibule (white  
arrow) and labyrinth as seen in comparison to the nonenhancing 
contralateral side.

Fig. 13.6: Labyrinthitis MRI CISS. Constructive interference in steady 
state (CISS) gradient echo sequence of the same patient provides 
good resolution and reveals a lack of signal in the right vestibule 
and semicircular canals (white arrow) in contrast to the normal 
high signal expected as in the unaffected contralateral side (white 
arrowhead).

Fig. 13.7: Epidural abscess MRI. Contrast enhanced T1-weighted 
MRI in coronal section reveals and right-sided low signal collection 
with surrounding enhancement and medial concave displacement 
of the dura and brain. T2-weighted images show a similar appear-
ance with high T2 signal of the fluid collection.
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with AOM as well as a site of likely tegmen dehiscence 
correlating with the site of epidural abscess development. 
The treatment of this condition includes admission with IV 
antibiotics with good CNS penetration. A mastoidectomy 
to clear infection is performed and the sites of suspected 
bony defects carefully explored to drain the abscess. Care 
is taken in dissection of granulation tissue that often 
develops at these sites as it can be very adherent to the 
dura, which should be kept intact throughout.

OTITIC MENINGITIS
Bacterial meningitis evolving from an otogenic infection 
can produce significant morbidity and mortality. It is the 
most common intracranial complication of suppurative 
otitis media and its incidence in one study of adults 
was 0.42 per 100,000 per year.30 In a multicenter study 
of 223 cases of acute mastoiditis, seven patients deve
loped meningoencephalitis, and it was the most common 
intracranial complication of mastoiditis in that series.10 
Patients with temporal bone infection and meningitis 
often have a second or multiple concurrent complica
tions. The mortality rate in modern series has ranged from  
3% to 9%.30,31

 Symptoms of meningitis include irritability, somno
lence, fever, headaches, photophobia, nausea, and neck 
stiffness. Assessment should include lumbar puncture and 
CSF analysis. Patients with completely normal CSF findings 
with nuchal rigidity and fever in the setting of otitis should 

also be examined for possible retropharyngeal infection 
or abscess in the setting of petrositis. Head and temporal 
bone CT are utilized to rule out hydrocephalus, other 
intracranial complications such as abscess formation, 
and any anatomic sites of predisposition to this episode 
of meningitis or future recurrent episodes. Evaluation for 
anatomic abnormalities such as tegmen defects, menin
goceles, and anomalies of the inner ear should be comp
leted as these patients would be at risk for recurrent 
meningitis.
 Treatment of bacterial meningitis should be initiated 
without delay to prevent severe neurologic sequelae and 
possible mortality. Blood cultures and CSF sampling prior 
to initial dosing of IV antibiotics with CNS penetration is 
preferred when possible. Antimicrobial treatment can 
then be directed by culture results. For confirmed cases 
of H. influenzae and Neisseria meningitides meningitis, 
prophylactic treatment of close contacts with rifampin may 
be considered, especially when highrisk individuals live 
within the household of the close contacts. Myringotomy 
with or without tympanostomy tube and aspirate culture is 
completed for cases with otitis media. In acute mastoiditis, 
mastoidectomy can be completed once the meningitis is 
well controlled by medical treatment, or if the meningitis 
is not improving. In cases secondary to COM, mastoidectomy 
and clearance of disease is performed once the patient 
is stable enough to tolerate the procedure. Any surgical 
exploration should include careful observation for CSF 
fistulas and abscess formation. Corticosteroids have been 
recommended to reduce neurologic sequelae in bacterial 
meningitis of any etiology, particularly when given at 
the onset of antibiotic therapy in pneumococcal men
ingitis.32 In a recently updated systematic review of the 
literature, evidence for improved neurologic outcomes 
was found, although no reduction in overall mortality was 
seen.33 Subgroup analysis revealed that corticosteroid use 
reduced severe hearing loss in children with meningitis 
due to H. influenza but not in children with meningitis due 
to other infectious species. 

OTOGENIC LATERAL 
SINUS THROMBOSIS

Otologic infections that involve extradural surfaces around  
the sigmoid portion of the lateral venous sinus can lead 
to phlebitis and thrombus formation. This is a rare com
plication of otitis media but can be associated with  
significant morbidity and mortality. Progression of thrombus 

Fig. 13.8: Epidural abscess CT. A coronal CT section of the same 
patient reveals an opacified mastoid with some coalescence (aste
risk) and a tegmen defect (white arrow) corresponding to the site 
of epidural abscess seen on MRI.
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leads to hydrocephalus and cavernous sinus thrombosis. 
In the preantibiotic era, mortality was nearly 100% and has 
ranged from 0% to 25% in the modern era.34–36 Thrombus 
may completely occlude the venous system, become infec
ted, propagate intraluminally, or release septic emboli into 
the blood stream.
 The presentation of lateral sinus thrombosis can vary 
greatly from a relatively asymptomatic patient to florid 
sepsis with emboli. Symptoms include headache, mal
aise, “picket fence” spiking fevers, chills and symptoms 
of increased intracranial pressure such as vision changes, 
nausea, vomiting, and confusion. The manifestation of 
these symptoms differs from patient to patient, and at 
times appears to simply represent otitis media. It has been 
speculated that in locales with good antibiotic availability 
and frequent use for otitis media, the initial otologic 
complaints may fade by the time of presentation and 
neurologic symptoms predominate with just a history of 
resolved otitis.34 Upon examination patients may exhibit 
Griesinger’s sign—edema and tenderness over the posterior 
portion of the mastoid, representing the septic thrombosis 
of the mastoid emissary vein that is in continuity with 
the sigmoid sinus. This should not be confused with the 
more anterior bulging of the postauricular soft tissues and 
posterior–superior external auditory canal seen in cases 
of subperiosteal abscess, which may also cause proptosis 
of the pinna. Queckenstedt’s test (or TobeyAyer test) was 

historically used to confirm suspected sinus thrombosis. 
The test begins with a lumbar puncture and monitoring 
of CSF pressure at baseline. The internal jugular vein on 
the suspected side is then compressed and measurement 
of CSF pressure change recorded, followed by release of 
the vein and repeating the sequence for the contralateral 
internal jugular vein. Occlusion of a patent vein should 
increase CSF pressure and failure to do so on the affected 
side with a good response on the unaffected side would 
be positive, indicating the presence of thrombosis. This 
maneuver has since been avoided as it is unreliable 
and adds unwarranted risks, including possible brain 
herniation.
 Multiple modalities of imaging can detect sinus throm
bosis. CT with contrast may reveal the empty “delta sign,” in 
which triangular high attenuation is seen in the peripheral 
rim of the sinus on axial section, with a low attenuation 
center representing thrombus, though this sign is not 
always present (Fig. 13.9). MRI is a more sensitive modality 
to detect flow and thrombus, with increased T1 and T2 
signal intensity seen at the site of thrombus, and magnetic 
resonance venography (MRV) would be the most accurate 
modality to observe flow deficiency (Fig. 13.10). 
 Treatment for thrombosis with IV antibiotics in com
bination with mastoidectomy, drainage of infection, dis
section and clearance of granulation tissue around the 
affected sinus extradurally has been well described.  

Fig. 13.9: Delta sign. An initial axial CT of the right temporal bone 
reveals opacification of mastoid cells with some decalcification of 
the bone overlying the sigmoid sinus, indicating possible granula-
tion and involvement of the venous sinus. On contrast enhanced 
axial CT view, the right sigmoid sinus displays the class empty 
delta sign: a triangular rim of enhancement with low attenuation 
center corresponding with the thrombus.

Fig. 13.10: Lateral sinus thrombosis MRV. Magnetic resonance 
venography (MRV) can be performed with or without contrast  
administration, and provides excellent visualization of flow within 
the venous sinus system. In this MRV, a lack of flow is noted distal 
to the junction of the transverse and sigmoid sinus in continuity 
with the jugular bulb and internal jugular vein on the right side.
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Surgical management of the thrombosed sinus itself has  
been debated. Conservative management includes needle 
aspiration of the sinus, with consideration for a very small 
opening into the sinus in the absence of flow to drain any 
frank purulence only. Prior recommendations to incise the 
sigmoid sinus and proceed with complete thrombectomy 
have become controversial, with many modern small series 
showing no additional benefit in removing the clot.37,38 
One contemporary series argues that strict conservative 
management may not always apply in the modern era 
of antibiotic resistance, and described a small series 
of tai lored aggressive surgical management with either 
venous sinus resection or Fogarty catheter embolectomy 
of thromboses.39 Antibiotic coverage for at least 4–6 weeks 
is often recommended. 
 Anticoagulation for the thrombosis has been contro
versial within the literature. Anticoagulation is utilized in 
attempts to prevent further thrombosis and obstruction 
with venous infarction, though has associated risks itself 
including bleeding, thrombocytopenia, and interactions 
with other medications. Experience with anticoagulation for 
sinus thrombosis arising from causes other than temporal 
bone infection, such as prothrombotic states or trauma, in 
the medical literature has been extrapolated to otogenic 
cases and has found benefit in the use of anticoagulation. 
In a series of nine patients with otogenic sigmoid sinus 
thrombosis in whom six patients received anticoagulation, 
Bradley and colleagues observed no persistent sepsis 
and embolization, though patients were heterogeneously 
treated and some patients lost to followup.40 The authors 
recommended selective use of anticoagulation rather than 
routinely in these patients. In a case series and review 
of the pediatric literature, Sitton and colleagues found 
19 cases treated with anticoagulation, with 4 patients 
suffering a complication of anticoagulation, which were 
either postoperative bleeding or hematoma formation.41 
All but three of those patients had complete resolution of 
symptoms, although 16 patients had partial thrombus or 
persistent occlusion at followup. Authors have suggested 
selective use in patients with higher risk such as those with 
extensive thrombosis beyond the sigmoid sinus, neuro
logic changes, underlying prothrombotic states, or septic 
emboli. Prevention of thrombus progression and sym pto
matic improvement may be goals of anticoagulation but 
the finding of recanalization is not necessary. Due to the 
rarity of otogenic thrombosis, no clear evidence exists to 
date. Patients should undergo serial imaging to monitor 
thrombus progression or resolution. Initially proposed in 
the preantibiotic era, internal jugular vein ligation for the 

prevention embolization is now rarely required, reserved 
for uncontrolled instances of septic embolization or direct 
spread of suppuration into the neck.

OTITIC HYDROCEPHALUS
Suppurative ear infections can lead to increased intra
cranial pressure in the absence of focal neurologic signs 
and normal CSF analysis without intracranial abscess, 
mass effect, edema, or meningitis. Otitic hydrocephalus 
refers to this uncommon condition when associated 
with any middle ear or mastoid disease. Though pre
viously described, this condition was first referred to 
as otitic hydrocephalus by C.P. Symonds in 1931.42 Its 
pathophysiology is not well understood, but has been 
suspected to be related to decreased CSF absorption from 
arachnoid granulations, and some have argued that a 
degree of thrombosis of the venous sinuses, particularly 
the superior sagittal sinus, must be involved.43,44 Though 
a high correlation of sinus thrombosis with this entity has 
been found, some cases without any signs of thrombosis 
have been reported, and patients with lateral sinus throm
bosis do not necessarily exhibit increased pressures. 
Variations in dominance of venous sinus flow and possible 
biochemical phenomenon related to the sinus epithelium 
rather than mechanical flow obstruction may contribute.
 Generic symptoms of increased intracranial pressure 
including intermittent nausea, headache, somnolence, 
and vision changes can be observed in addition to otologic 
symptoms, though the increased intracranial pressure 
may occur in delayed fashion after the onset of ear disease. 
Physical examination may include papilledema, less com
monly lateral rectus palsy with diplopia, and elevated CSF 
opening pressure on lumbar puncture. Radiologic workup 
is aimed at ruling out the other intracranial complica
tions of otologic disease covered in this text, particularly 
intracranial abscess formation and sinus thrombosis. MRV 
is useful to assess complete or partial thrombosis of the 
sinuses. Close monitoring of the patient and treatment 
of the otologic source should be completed. Visual symp
toms should be carefully monitored in conjunction with 
ophthalmological consultation. Treatment is similar to that 
for lateral sinus thrombosis with additional interventions 
to address increased intracranial pressure medically 
with corticosteroids and diuretics such as acetazolamide 
and dexamethasone. Resolution of increased pressures 
may require months of treatment and in severe cases 
may be required neurosurgical and ophthalmological 
interventions such as CSF shunts or optic nerve sheath 
fenestration.
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SUBDURAL EMPYEMA
Subdural empyema refers to the development of puru
lent fluid within the space between the dura mater 
and arachnoid or pia mater. This is a rare complication 
overall and more commonly associated with infections 
other than otogenic sources, such as sinusitis, trauma, 
or neurosurgical procedures. It is associated with a high 
mortality rate and morbidity from neurologic sequelae.
 Patients may present similarly to the other intracranial 
complications with fever, otorrhea and signs of otogenic 
infection in combination with signs and symptoms of 
increased intracranial pressure, neurological decline, or 
possibly seizures. Contrastenhanced CT scan will reveal a 
rimenhancing lowattenuation collection, though the pus 
is slightly hyperdense to CSF characteristics, in the subdural 
space over a cerebral convexity and possible effacement of 
cerebral sulci. In cases where imaging is obtained early in 
the development of disease, a small fluid collection may be 
subtle and its location relative to the dura not immediately 
clear.45 MRI is superior in delineating the purulent fluid 
from surrounding brain, CSF, and laterally displaced dura. 
MRI with gadolinium contrast reveals intense meningeal 
enhancement around the empyema. 
 Treatment of subdural empyema requires urgent neuro
surgical intervention in addition to IV antibiotics with CNS 
penetration. Typically a craniotomy or burr hole is required 
for drainage of the purulent collection. If the patient is 
stable and can tolerate the procedure, mastoidectomy and 
any associated procedures to clear the otologic infection can 
be undertaken in the same setting.

BRAIN ABSCESS
Abscess formation within the brain parenchyma can 
occur with surrounding encephalitis as a complication of 
temporal bone infections. Spread of infection is suspected 
to be due to retrograde spread in venous thrombophlebitis, 
causing accumulation of purulence and eventual capsule 
formation in either the cerebrum, typically in the temporal 
lobe, or in the cerebellum. Case series in the literature 
conflict as to whether children or adults more com monly 
develop these abscesses.46,47

 The clinical presentation of otogenic brain abscess 
may include fever, neurologic change in mental status, 
headache, seizures, and papilledema. A generalized pro
gression of symptoms may correlate with pathological 
changes: (1) initial cerebritis is related to a clinical ence
phalitic stage with fever, headache, and drowsiness; 

(2) localization and early abscess formation initially may be 
silent; (3) expansion of the initial fluid collection may 
trigger focal neurological deficits, mental status changes, 
and increased intracranial pressure; and (4) rupture of the 
abscess may produce abrupt, rapid neurological deterio
ration and possible mortality. Imaging workup with and 
without contrast should be obtained with CT and MRI, 
which reveal regions of cerebritis in early formation 
and mass effect and rim enhancement for wellformed 
collections. MRI is more sensitive in evaluating for early 
abscess, though CT may be useful for the bony detail in 
assessing the otologic source.
 The classic treatment for brain abscesses involves IV 
antibiotics and neurosurgical drainage, often through an 
open craniotomy or imageguided approach with aspi
ration through a burr hole. Mastoidectomy and clear
ance of the otologic source has been suggested to follow 
either in the same setting or at a second stage. In one 
review from India of 36 patients with intracranial abscess, 
all patients were treated with neurosurgical drainage and 
mastoidectomy during the same setting and the authors 
recommended concurrent procedures as a safe and cost
effective option.48 As with other intracranial complications, 
more conservative or less invasive management trends 
have been found in more modern literature and remain 
controversial. In a pediatric series of patients with intra
cranial abscess formation, one out of seven patients 
with intraparenchymal abscess was treated with masto
idectomy and medical therapy without neurologic sequ
elae, similar to the other six undergoing surgical drai nage 
of the abscess.49 A separate case series of adults and 
children with intracranial complications noted five brain 
abscesses: all of which were treated with IV anti biotics and 
tympanomastoidectomy without the need for neurosurgi
cal intervention.46 In a review of the literature on all brain 
abscesses including those not of otogenic origin, which 
includes only retrospective reviews, patients with smaller 
abscesses (< 2.5 cm), good initial Glasgow Coma Scale 
scores (> 12) and in whom the microorganism is likely 
isolated appeared to be better candidates for medical 
treatment alone.50 In addition to the infection, brain edema 
and control or prophylaxis for seizures should be treated 
medically.
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CHAPTER

INTRODUCTION
Otosclerosis is a disease of abnormal bone remodeling that 
is localized to the otic capsule1 and occurs only in man. 
Most commonly, otosclerosis causes a conductive hearing 
loss, but may also present with mixed or sensorineural 
hearing loss. The bony pathologic changes in otosclerosis 
occur only in the otic capsule, unlike other metabolic bone 
disorders, such as Paget’s disease or osteoporosis. It is 
among the most common causes of acquired conductive 
hearing loss, and the clinical prevalence is approximately 
0.3%2,3 (although a large range has been reported in the 
literature). The incidence of otosclerosis seen on temporal 
bone specimens, however, is significantly higher at 8% 
to 12%.4 The prevalence varies significantly by gender 
and race. The incidence is twofold higher in women 
than in men, suggesting a role of female hormones in its 
development or progression. The disease is much more 
prevalent in Caucasians than in Asians, Native Americans, 
and Africans. Patients typically present between the late 
teen years to 45 years old. Otosclerosis is bilateral in most 
patients, with clinical symptoms ultimately developing 
in both ears in approximately 85%. In about 20–30% of 
patients, a sensorineural component of hearing loss 
develops in addition to the conductive loss. 

PATHOGENESIS

Histopathology
Stapes ankylosis as a cause of deafness was first reported 
by Valsalva in 1704. In 1857, Toynbee reported osseous 

ankylosis of the stapes to be one of the most common 
causes of deafness, and von Troltsch in 1867 described the 
pathologic findings as sclerosis.5 Adam Politzer is credited 
as clearly describing bony proliferation as the cause of 
stapes ankylosis and hearing loss in this condition, which 
stood in contradistinction to previous theories that dry 
catarrhal inflammation of the middle ear led to fixation 
of the stapes.6 In 1893, Politzer began gaining worldwide 
acceptance of this pathologic basis of the condition, and 
in 1901, he coined the term otosclerosis.7

 Since the establishment of otosclerosis as a primary 
disorder of the otic capsule bone, many authors have 
contributed to the description of the pathologic findings 
in otosclerosis. This has been accomplished through the 
study of meticulously prepared and carefully sectioned 
human temporal bones. The histopathologic findings in 
otosclerosis consist of islands of new bone formation, bone 
resorption, and vascular proliferation in characteristic 
locations throughout the otic capsule (Figs. 14.1A and B).  
Lesions begin with resorption of bone around blood ves
sels, creating an enlargement of the perivascular spaces. 
Connective tissue is deposited in these spaces, and there 
may be increased cellularity consisting of fibroblasts, 
histio cytes, and osteoclasts. When this appearance domi
nates, the lesion is referred to as “otospongiotic.” Depo
sition of immature woven bone then proceeds, which 
becomes mature lamellar bone. This causes a thickening 
of structures and often results in very dense mineralized 
bone, which is called “sclerotic.” Frequently, the temporal 
bone from a patient with otosclerosis will contain oto
spongiotic, otosclerotic, and mixed foci, representing the 
various stages of the disease.8
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 The most common site of involvement in the temporal 
bone is the area anterior to the oval window. In fact, 96% 
of temporal bones from patients with clinical otosclerosis 
have a focus of otosclerosis anterior to the oval window.9 
The fissula ante fenestra, which is an embryologic remnant 
of fibrous tissue anterior to the oval window, was initially 
thought to be the site of origin of otosclerosis due to this 
predilection. Identification of specimens in which the foci 
of otosclerosis lies anterior to the oval window, but separate 
from the fissula ante fenestrum, however, does not support 
this theory.2,10 Other sites of involvement for otosclerosis 

include the round window niche in 30%, the area posterior 
to the oval window in 12%, around the cochlea in 12%, the 
posterior and anterior walls of the internal auditory canal 
in 5% each, and around the semicircular canals in 2.4%.8

 The development of otosclerosis at the anterior mar
gin of the oval window may initially result in posterior 
impaction of the footplate at the posterior stapedo vesti
bular joint. This results in a small conductive hearing loss.11  
True bony ankylosis of the stapes footplate may then 
ensue, causing a larger conductive hearing loss, usually 
> 30 dB. 
 Sensorineural hearing loss in otosclerosis may develop 
when foci of otosclerosis invade the endosteal layer of 
the cochlea (Fig. 14.2). This results in hyalin deposition in 
the spiral ligament adjacent to pericochlear otosclerotic 
foci, and has been shown to correlate with sensorineural 
hearing loss.12,13 There are likely additional mechanisms 
for sensorineural hearing loss in otosclerosis, including 
release of toxic cytokines, such as tumor necrosis factor 
alpha.14 Cytokines may reach the fluid spaces within 
the cochlea from a remote lesion of otosclerosis by dif
fusion through a network of interconnected canalicular 
channels.15

Pathophysiology
The normal otic capsule bone is unique in its extremely 
low rate of bone turnover and remodeling, at a rate of 
0.13% per year compared to 10% per year in the general 

Figs. 14.1A and B: Histopathology of otosclerosis in temporal bone specimens. (A) Patient with small foci of otosclerosis both anterior 
to the footplate and posterior to the footplate (arrows). The anterior focus can be seen fixing the footplate. (B) Patient with more exten-
sive otosclerosis. There are areas of otosclerotic bone (*), with more dense bone and small fibrous spaces, and areas of otospongiotic 
bone (#), with larger vascular channels and osteocytes present.

Fig. 14.2: Otosclerosis involving the endosteal layer of the coch-
lea, with associated hyaline deposition in the spiral ligament. 

A B
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skeleton.16 Osteoprotegerin has been identified as a local 
factor that restricts bone remodeling in the otic capsule. 
It is a competitive inhibitor of the receptor activator of 
nuclear factor KB (RANK) ligand. RANK ligand, which is 
located on osteoblasts, stimulates osteoclastmediated 
bone resorption when it binds to RANK receptor on an 
osteoclast.17,18 Osteoprotegerin knockout mice develop 
abnormal bone remodeling in the otic capsule and hearing 
loss, suggesting a role of osteoprotegerin pathway in the 
pathophysiology of otosclerosis.18

Etiology
There is evidence to support both genetic and environ
mental factors in the development of otosclerosis. There is a 
clear hereditary component to the etiology of otosclerosis, 
with about 50% of patients reporting a family member 
who is also affected. Most studies support an autosomal 
dominant transmission with variable penetrance. A null 
mutation in the COL1A1 gene, which codes for type I 
collagen and is also mutated in mild forms of osteogenesis 
imperfect, has been associated with clinical otosclerosis.19 
Ten separate loci, labeled OTSC1 through OTSC10, have 
been identified by genetic linkage analyses.
 There is considerable evidence that the measles virus 
plays a role in the development of otosclerosis, perhaps 
in patients who are genetically susceptible. In specimens 
from patients with otosclerosis, the following evidence 
has been reported: (1) measleslike structures have been 
seen on electron microscopy, (2) measles RNA has been 
isolated with reverse transcription polymerase chain reac
tion amplification, (3) measles antigens have been identi
fied immunohistochemically,20 and (4) elevated levels of 
antimeasles IgG has been found in perilymph.21,22 

CLINICAL FINDINGS:  
SYMPTOMS AND SIGNS

Symptoms
Patients with otosclerosis most commonly present with  
progressive hearing loss, which may be unilateral or bila
teral. Patients with unilateral hearing loss from otoscle
rosis often seek evaluation when they notice difficulty 
in hearing background noise and difficulty that occurs 
when the affected ear is toward the speaker. Patients most 
commonly present when thresholds reach the 30–50 dB  
range in the mid frequencies, but there is variation depend
ing on whether symptoms are unilateral or bilateral and  

the complexity of hearing needs for each patient. Para
doxically, some patients with otosclerosis report imp
roved hearing in noisy environments. This is the result of 
increased signaltonoise ratio with conductive hear ing 
loss and the tendency for raised voices in noisy environ
ments and is termed paracusis of Willis.
 Tinnitus is present in 65% of patients with otoscle
rosis,23 and often resolves with surgical correction of the 
conductive hearing loss.24

 Vestibular symptoms occur in 10% to 30% of patients 
with otosclerosis, and range from unsteadiness to rotatory 
vertigo to benign paroxysmal positional vertigo.25 Vestibular 
symptoms are more common in patients with mixed 
hearing loss and elevated bone thresholds. Vestibular 
nerve degeneration with reduced counts of scarpa’s gang
lion neurons is seen in patients with otosclerosis with 
vestibular symptoms as compared to otosclerosis patients 
without vestibular symptoms or controls.26 In any patient 
with both otosclerosis and vestibular symptoms, the 
clinician should perform a careful history to elicit any 
features suggestive of concomitant Meniere’s syndrome. 
Stapedectomy is contraindicated in otosclerosis patients 
with Meniere’s syndrome due to the significantly increased 
risk of profound sensorineural hearing loss (Fig. 14.3).

Signs
Patients with otosclerosis have normalappearing tym panic 
membranes on otoscopy and otomicroscopic exami nation. 

Fig. 14.3: Temporal bone specimen from a patient with both 
Meniere’s disease and otosclerosis. The red arrow indicates a 
focus of otosclerosis. The saccular membrane (solid arrows) can 
be seen contacting the undersurface of the footplate, which would 
put this ear at risk for sensorineural hearing loss with fenestration 
of the footplate causing disruption of the saccular membrane. 
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Table 14.1: Differential diagnosis for otosclerosis (i.e. causes 
of conductive hearing loss with normal otoscopy)

Malleus head fixation

Chronic otitis media leading to ossicular discontinuity, such 
as incus long process erosion

Tympanosclerosis causing ossicular fixation, including stapes 
footplate fixation

Traumatic subluxation or dislocation of the ossicles

Third window syndrome (e.g. superior semicircular canal 
dehiscence) causing a pseudoconductive hearing loss

In fact, this normal appearance will help eliminate other 
possible causes of progressive conductive hearing loss 
from the differential diagnosis (Table 14.1). The tym panic 
membrane is normally mobile on pneumatic oto scopy. 
A reddish hue to the promontory when viewed through 
the tympanic membrane, called Schwartze’s sign, is 
seen in a minority of patients. Increased blood flow over 
the promontory as measured by Doppler flowmetry has 
been reported in patients with Schwartze’s sign, and may 
suggest more active disease.27

 Tuning fork examination is critical if otosclerosis is 
suspected. The typical conductive hearing loss is con
firmed by the Rinne and Weber tests. The Rinne test 
should demonstrate bone conduction hearing better than 
air conduction hearing, which is referred to as a negative 
Rinne test. The Weber test demonstrates lateralization of 
the sound to the ear with the worse conductive hearing 
loss. Most clinicians use the 512 Hz tuning fork, which 
results in a negative Rinne when there is at least a 25 dB 
conductive hearing loss. The 256Hz tuning fork can be 
used to identify mild conductive hearing loss of 20 dB* 
or more, and may identify early otosclerosis. The 1024 Hz 
tuning fork can confirm a conductive hearing loss of at 
least 30 dB with the Rinne test.
 Although otosclerosis is considered a localized disease 
of the temporal bone, some patients with otosclerosis 
have slightly bluecolored sclera of the eyes on careful 
inspection. Blue sclera is characteristically seen in patients 
with type I osteogenesis imperfecta, which results from 
mutations encoding type I collagen and causes pathologic 
lesions in the temporal bone consistent with otosclerosis.28 
There is also an association between otosclerosis and 
osteoporosis. A retrospective study has shown a nearly 
fourfold higher incidence of osteoporosis in female pati
ents with otosclerosis compared to a control group of 
women without otosclerosis.29

EVALUATION: AUDIOLOGY, 
RADIOLOGY, AND HISTOLOGY

Audiologic Testing
The characteristic audiogram for otosclerosis demons
trates a moderate conductive hearing loss with a Cahart’s 
notch and normal word recognition score (Fig. 14.4). The 
Cahart’s notch refers to an artifactual elevation of the bone 
threshold at 2000 Hz that results from an alteration in the 
resonance of the otic capsule with an ankylosed stapes. The 
notch disappears after stapedectomy. Clinicians estimate 
that 20 to 30% of patients develop a mixed hearing loss, 
although the sensorineural component may not be present 
at the time of initial audiologic evaluation. Presentation 
with pure sensorineural hearing loss, termed cochlear 
otosclerosis, is exceedingly rare.30 Otosclerosis should only 
be considered the cause of pure sensorineural hearing 
loss if other etiologies, such as a retrocochlear lesion, have 
been ruled out and: (1) there is evidence of the typical 
conductive or mixed loss in the contralateral ear, (2) there 
is a convincing family history of otosclerosis, (3) there is a 
strong Schwartze’s sign,31 and/or (4) there is evidence of 

Fig. 14.4: Typical audiogram with Cahart’s notch. In the right ear, 
a large air–bone gap is demonstrated with elevation of the bone 
threshold at 2000 kHz, called the Cahart’s notch. Word recognition 
scores of “pass” in both ears indicate normal speech discrimina-
tion.
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otosclerosis on computed tomography (CT). CT provides 
the most valuable radiographic evidence to confirm that 
otosclerosis is the cause of sensorineural hearing loss. 
 Tympanometry is usually normal, although cases with 
rigid stapes fixation may result in type A

s
 tympanogram, 

indicating stiffness of the ossicular chain. Abnormal tym
panometry, such as type B tympanogram (flat immittance) 
or type C tympanogram (indicating negative pressure in 
the middle ear), suggests another etiology of conductive 
hearing loss or coexistence of otosclerosis with another 
pathology. Acoustic reflex testing is typically abnormal or 
absent, which confirms that the conductive hearing loss 
is of middle ear origin. This is important because patients 
with semicircular canal dehiscence and other third win
dow syndromes may present with conductive hearing 
loss, mimicking otosclerosis.32 Laser Doppler vibrometry 
measurements of umbo velocity may help confirm the 
diagnosis of otosclerosis, but is not routinely performed as 
it does not suffice a definitive diagnostic tool.33

Radiologic Imaging
Highresolution CT of the temporal bone is the most use
ful radiologic imaging test for otosclerosis because of the 
detailed bony structure that can be depicted. Very thin 
slice imaging (0.5–0.6 mm collimation), which is used in 
most modern temporal bone protocols, helps increase 
the sensitivity for detecting pathologic lesions around the 
stapes footplate, cochlea, and labyrinth. An otosclerotic 
focus appears as a lucency, or hypodense area, on CT. 
When this is located anterior to the oval window or around  
the footplate, this is termed fenestral otosclerosis. When 
the area of lucency extends around the cochlea, this is 
termed retrofenestral otosclerosis, and suggests more 
extensive otosclerosis that is often associated with a mixed 
hearing loss. Very advanced otosclerosis that surrounds 
the otic capsule can appear as a double ring sign, in which 
there is a complete circular lucency surrounding the 
cochlea (Figs. 14.5A to C). 

Fig. 14.5A to C: Typical high resolution temporal bone computed 
tomography (CT) findings in otosclerosis demonstrated in three dif-
ferent patients: (A) A hypointense focus, or lucency, is seen anterior 
to the oval window (arrow) demonstrating fenestral otosclerosis. 
(B) A larger lucency is seen extending from the area anterior to 
the oval window around the cochlea (arrow), consistent with ret-
rofenestral otosclerosis. (C) CT from a patient with extensive oto-
sclerosis around the otic capsule and resultant mixed hearing loss 
demonstrates a large lucency extending completely around the 
cochlea in this axial image (arrows). This is called the double ring 
sign.

A

C

B
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 The diagnosis of otosclerosis can be confirmed by CT 
imaging with a high sensitivity. CT is accurate in identifying 
cases of otosclerosis, in which the diagnosis is suggested 
by clinical evaluation and confirmed by intraoperative 
surgical findings, > 90% of the time.34,35 The ability of CT 
to identify small, subtle otosclerotic foci that can be seen 
on histologic sections of temporal bones with otosclerosis 
may be more limited. The extension of an otosclerotic 
foci through the pericochlear bone to the endosteal layer 
of the cochlea can be identified on CT, though CT may 
underestimate extension to the endosteal layer.36 This 
distinction may be important in consideration of medical 
therapy for progressive sensorineural hearing loss related 
to otosclerosis. Direct extension of the otosclerotic focus 
to the cochlear endosteal layer has been associated with 
hyalin deposition in the spiral ligament and sensorineural 
hearing loss12,13 (see Fig. 14.2).
 Active foci of otosclerosis can be appreciated as areas 
of enhancement on magnetic resonance imaging (MRI) 
of the temporal bones with gadolinium contrast. This is 
presumably related to the highly vascular structure of 
active otospongiosis, which allows pooling of the contrast. 
However, given the lack of signal in the normal dense 
temporal bone on both T1 and T2weighted MRI, CT is 
much more sensitive for the diagnosis of otosclerosis.37,38 

Histology
Histologic examination of the removed portion of the 
stapes footplate (when a stapedectomy rather than a 
small fenestra stapedotomy is performed) can confirm the 
diagnosis of otosclerosis. However, a removed stapes foot
plate specimen may fail to demonstrate otosclerosis due to 
fracture of the footplate such that the otosclerotic focus is 
left attached to the otic capsule or lack of direct involvement 
of the stapes footplate. Since otosclerosis is a disease of the 
otic capsule, which is not removed or biopsied during life, 
more complete examination of the extent of otosclerotic 
lesions is performed through histopathologic proces
sing of postmortem donated temporal bone specimens  
(see Fig. 14.1). 

TREATMENT

Medical Management
Medical treatment of otosclerosis remains controversial, 
as highquality evidence to support definite benefit is 
still lacking. There is a wide variation in practice patterns 

with the use of medical therapies. Medications that inhibit 
osteoclast recruitment and activation have been utilized 
in the treatment of otosclerosis. Shambaugh and Scott first 
introduced sodium fluoride as a treatment for otosclerosis 
in the 1960s.39 Since then multiple retrospective studies 
and one blinded prospective study have shown minimal 
reduction in progression of hearing loss due to otosclerosis 
in patients treated with fluoride.40,41 Bisphosphonates 
are more potent inhibitors of bone remodeling and have 
subsequently become a standard treatment for other 
metabolic bone diseases, such as osteoporosis. Bisphos
phonates remain at this time the most promising medical 
treatment for otosclerosis, with several clinical studies 
showing stabilization of progressive hearing loss.42–44 
 Amplification with hearing aids is another option 
for hearing rehabilitation for patients with otosclerosis. 
Speech discrimination is usually well preserved in otoscle
rosis, which enables successful amplification in these 
patients. 

Surgical Management
Surgical management with stapedectomy is a well esta
blished and highly successful procedure for correcting 
the conductive hearing loss due to otosclerosis. Patients 
become candidates for stapedectomy when the conduc
tive hearing loss exceeds approximately 25 dB at multiple 
frequencies. Most surgeons consider a negative Rinne 
tuning fork test (i.e. when bone conduction is better than 
air conduction) with a 512 Hz tuning fork a prerequisite for 
surgical candidacy. Concerns with operating on patients 
with smaller degrees of conductive hearing loss include 
failure to achieve a noticeable benefit to the patient even 
with successful surgery, and creation of a floating footplate 
during surgery due to incomplete fixation of the stapes 
footplate. For patients with bilateral disease, the ear with 
worse hearing should be operated on first. If a successful 
hearing result remains stable postoperatively for at least 6 
months, the patient may choose to undergo stapedectomy 
on the second side. 
 Patients with Meniere’s syndrome in the ear to be 
oper ated on are at significant risk of a severe sensorineural 
hearing loss postoperatively. In Meniere’s syndrome, 
the wall of the saccule may become so distended that it 
adheres to the undersurface of the stapes footplate or 
approaches the footplate (see Fig. 14.5). This increases 
the risk of direct injury to the saccule, which may result 
in sensorineural hearing loss via mechanical trauma or 
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Table 14.2: Contraindications for stapedectomy

Absolute contraindications Relative contraindications

Meniere’s disease in the ear 
to be operated

Meniere’s disease in the  
contralateral ear

Ear to be operated is the 
only hearing ear (unless 
patient has far advanced 
otosclerosis and receives 
minimal benefit from a 
hearing aid) 

Concomitant chronic otitis  
media or severe Eustachian 
tube dysfunction in the ear to  
be operated

Ear to be operated is the 
only balancing ear

Significant concomitant 
sensorineural hearing loss 
that would necessitate the 
use of hearing aids after suc
cessful stapedectomy

Active infection (surgery 
should be delayed until 
resolved)

Occupation in which safety is 
dependent on balance  
(e.g. airplane pilot and roofing 
contractor)

Tympanic membrane 
perforation (perforation 
should be managed first)

Occupation that is dependent 
on tasting skills (e.g. chef and 
sommelier)

mixing of endolymphatic and perilymphatic fluid in the 
vestibule. Operating on an only hearing ear or an only 
balancing ear is contraindicated. Table 14.2 summarizes 
other conditions, in which observation or a hearing aid 
may be a better choice. 
 Outcomes for stapedectomy surgery are impressive, 
with up to 94% of patients achieving closure of the air–
bone gap to within 10 dB.45 Most modern series report 
at least significant hearing improvement (i.e. closure of 
the air bone gap within 20 dB) in 90% of patients, and 
closure within 10 dB in > 80% of patients.46–49 Although the 
stapedectomy technique has evolved over the past several 
decades, including the modern use of small fenestra stap
edotomy with or without tissue grafts and introduction of 
lasers for fenestration, results have remained essentially 
unchanged, though excellent. 
 The immediate potential complications from stap
edectomy include a 1–2 % of anacusis, dysequilibrium 
or vertigo (which rarely persists long term), change in 
taste (due to manipulation of the chorda tympani nerve), 
tympanic membrane perforation, and facial nerve injury 
(which is extremely rare). If there is an initially good 
hearing result, followed by sensorineural hearing loss 
in the week after surgery, the possibility of a granuloma, 
labyrinthitis, or pneumolabyrinth should be considered. 
Long term, there is some risk of recurrent hearing loss, 

most commonly due to lateralization of the prosthesis 
with incus erosion. This can be addressed with revision 
stapedectomy.

Surgical Technique

Stapedectomy can be performed under either local or 
general anesthesia. Local anesthesia has the advantages 
of enabling monitoring of vestibular symptoms and hear
ing improvement with placement of the prosthesis, and 
redu ced postanesthesia recovery time. General anesthesia 
assures the patient will remain still during the critical 
parts of the procedure, and many patients elect this due 
to anxiety about being awake during a surgical procedure. 
 A head holder, rather than standard flat headrest, is 
used to allow positioning of the patient’s head relative 
to the shoulders and body. Positioning the head in a 
headhanging position with an open angle between the 
operative ear and shoulder is helpful. Local injection of 
epinephrine with or without lidocaine in the external ear 
canal improves hemostasis. A triangular tympanomeatal 
flap incision in made in the medial posterior bony 
external canal wall skin, so that longest portion of the skin 
is centered in the area of the scutum where bone will be 
removed. The tympanomeatal flap is elevated from late
ral to medial, until the annulus is encountered, taking 
care not to tear the delicate skin (Fig. 14.6). The annulus 
is elevated in a 180° fashion, so that the tympanomeatal 
flap can be folded anteriorly providing wide exposure of 
the middle ear space. The bony annulus and scutum is 
removed with a stapes curette until the facial nerve can be 
easily identified superiorly and the pyramidal eminence 

Fig. 14.6: A triangular tympanomeatal flap is created, with the 
longest portion of the flap overlying the area of the scutum that will 
be removed for exposure.

Ch-14.indd   237 30-05-2015   15:29:25



Otology/Neurotology/Skull Base Surgery238

can be seen posteriorly. This ensures adequate exposure. 
The ossicular chain is then palpated, confirming fixation 
of the stapes. The malleus and incus should be palpated 
at this time to confirm normal mobility, as rarely malleus 
fixation can coexist with otosclerosis. The round window 
niche is inspected for patency, and any concern for com
plete round window obliteration should be noted in the 
operative note. Given the inability to accurately identify 
complete obliteration with the surgical microscope, the 
stapedectomy may be performed even if concerns for 
round window obliteration exist. This will often still result 
in hearing improvement, but revision stapedectomy 
should not be attempted if there is no improvement in 
such a case. 
 Next, the incudostapedial joint is separated with a 
joint knife (Fig. 14.7). The posterior crus of the stapes is 
transected with a laser, traditionally a potassium titanyl 
phosphate (KTP), argon, or carbon dioxide (CO

2
) laser 

(Fig. 14.8). One advantage of the KTP laser has been its 
convenient application using a handheld fiberoptic cable, 
in which the tip can be precisely directed at a target. 
Recent technology has enabled use of the CO

2
 laser via a 

handheld fiber that utilizes layers of mirrors to propagate 
the CO

2
 laser energy. The CO

2
 wavelength is readily 

absorbed in water, and therefore the CO
2
 laser has the 

theoretical advantages of less thermal energy spread and 
less collateral tissue damage. Improved hearing outcomes 
in stapedectomy with use of the CO

2
 laser compared to 

the KTP laser has been suggested by some studies, but not 
demonstrated definitively.50

 When possible, the anterior crus of the stapes is tran
sected, and the stapes suprastructure is downfractured 
and removed. A measuring stick is used to determine the 
appropriate length of the stapes prosthesis, which should 
extend into the vestibule by 0.2 mm. Next, the footplate is 
fenestrated with the laser by creating a “rosette” pattern 
of laser spots that results in a 0.8 mm diameter fenestra  
(Fig. 14.9). The ash is then gently cleared away with a straight 
pick, typically revealing a completed fenestra. When the  
footplate is thick enough that the laser does not readily 
penetrate it, a microotologic drill with a small hand piece 
can be used at a low speed to complete the fenestration. 
The stapes prosthesis is brought into position, with the 
piston inserted into the fenestra and the “loop” placed 
around the long process of the incus. For most traditional 
stapes prostheses, the loop is then crimped around the 
long process of the incus to hold it securely in position 
(Fig. 14.10). In the last decade, stapes prostheses with a 
loop made from a heatactivated nickel titanium memory 
shape alloy have become more popular. These prostheses 
can be “crimped” into position using the heat of the laser 
at a lower setting, which results in a secure fixation to 

Fig. 14.7: The incudostapedial joint is separated with a joint 
knife. Note that the incudostapedial joint is positioned medial to 
the lenticular process of the incus. The exact joint location can be 
appreciated by gentle palpation of the incus and observation of 
the differential motion of the incus versus the fixed stapes at the 
incudostapedial joint. 

Fig. 14.8: The posterior crus of the stapes is transected with a 
laser. When possible, the anterior crus of the stapes is similarly 
transected with the laser. The stapes suprastructure is then down-
fractured and removed. 
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the incus and avoids the technical challenge of manually 
crimping the prosthesis. Results with the selfcrimping 
memory shape alloy prostheses have been equivalent to 
those with the traditional manually crimped platinum or 
stainless steel prostheses.48

 The tympanomeatal flap is then unfurled and laid back 
into position along the bony posterior canal wall. Packing 
material is left in the medial external auditory canal to 
hold the flap in position, and removed 1 week later. 
 Postoperatively, patients are instructed to refrain from 
autoinsufflation of the ear or Valsalva maneuvers (i.e. 
heavy lifting or straining), to avoid airplane flights, and to 
keep the ear dry for two weeks. Scuba diving and sky diving 
are relatively contraindicated for life after a stapedectomy 
due to the potential development of a perilymph fistula 
with inadequate pressure equalization of the middle ear.

SUMMARY
Otosclerosis is a disease of abnormal bone remodeling of  
the otic capsule, which most commonly presents with 
conductive hearing loss due to fixation of the stapes 
foot plate. Measles virus infection may play a role in the 
pathophysiology of otosclerosis, and there is a clear here
ditary component with multiple genetic loci identified. 
Traditionally, the evaluation includes otoscopy, tuning fork  
examination, and audiometry, but there may be a role for 
CT imaging in diagnosis and management. Treatment 

options include observation, amplification with hear ing 
aids, medical therapies such as fluoride or bispho spho
nates, and surgery. Stapedectomy surgery for otosclerosis 
typically results in excellent hearing outcomes, and is 
generally well tolerated by patients with minimal recovery 
time.
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 Histologically, glomus tumors have a thin capsule 
and are composed of round or polygonal epithelioid cells 
arranged in compact cell nests or trabecular patterns 
(Zellballen appearance) (Fig. 15.1). Spindle-shaped sup-
porting cells are found peripheral to the chief cell nests. 
The chief cells have centrally located nuclei with finely 
clumped chromatin and a moderate amount of eosino-
philic, granular cytoplasm. Glomus tumors appear similar 
histologically to a variety of tumors, including menin-
gioma, nerve sheath tumor, hemangiopericytoma, adult 
rhabdomyoma, melanoma, sarcoma, and metastatic carci-
noma. Immunohistochemical staining typically confirms 
the neuroendocrine nature of the chief cells with diffuse, 
strong positivity for neuron-specific enolase, synaptophy-
sin, and/or chromogranin, and usually negative staining 

INTRODUCTION
Tumors of the middle ear represent a diverse group of 
pathologic entities with widely different pathogenesis, 
biology, and clinical findings. Glomus tumors, or paragan-
gliomas, are the most common tumor of the middle ear 
followed by adenomas. Tumors in the middle ear are not 
necessary confined to the middle ear, and may extend to 
other portions of the temporal bone, skull base, or intra-
cranially. Middle ear tumors can be primary lesions or 
part of a systemic process such as lymphoma or leukemia. 
Systemic processes with middle ear involvement will not 
be discussed in this chapter. Cholesteatomas, commonly 
found as masses in the middle ear, are covered in detail in 
a separate chapter. 

GLOMUS TUMORS
Glomus tumors, also known as paragangliomas, are the 
most common tumor of the middle ear. Glomus tumors 
of the temporal bone arise from glomus bodies, or para-
ganglia, which are small (< 1.5 mm) masses of tissue 
composed of clusters of epithelioid (chief) cells within a 
network of capillary and precapillary caliber vessels. The 
number seems to increase until the fourth decade of life 
and then seems to decline. Glomus bodies develop from 
the neural crest and are believed to function as chemo-
receptors. Based on the presence of catecholamines and 
neuropeptides, glomus bodies are included in the amine 
precursor uptake and decarboxylase system, which has 
more recently been referred to as the diffuse neuroendo-
crine system. They likely play a role as neuromodulators or 
monitors of vascular activity; however, their role is unclear 
in the temporal bone.1 

Alan G Micco, Qiu Zhong

Tumors of the Middle Ear
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CHAPTER

Fig. 15.1: Glomus tumor with Zellballen appearance—round or 
polygonal epithelioid cells arranged in compact cell nests or tra-
becular patterns.
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for keratins. Ultrastructurally, chief cells contain dense 
core neurosecretory granules (100–200 nm), which are the 
sites of catecholamine storage. Supporting cells are nega-
tive for neuroendocrine markers but may be S-100 or glial 
fibrillary acidic protein-positive.2

 Glomus tympanicum tumors originate from the glo-
mus bodies that lie along the Jacobson’s nerve (tym-
panic branch of cranial nerve IX), and the Arnold’s nerve 
(auricular branch of cranial nerve X). In contrast, glomus 
jugulare tumors originate from the glomus bodies located 
in the adventitia of the dome of the jugular bulb or the 
hypotympanum with secondary invasion of the jugular 
bulb. There are several classification systems of glomus 
tumors proposed, but the most widely accepted are the 
one proposed by Fisch and Mattox (Table 15.1) and the 
one developed by Glasscock and Jackson (Table 15.2). 
 Glomus tumors are found more commonly in females 
with a female-to-male ratio of 3-6:1. Glomus jugulare 
tumors have also been noted to be more common on the 
left side. Most tumors occur in patients aged 40–70 years, 
but cases have been reported in patients as young as 
6 months and as old as 88 years. 
 Most cases of glomus tumors are sporadic; however, the 
identification and study of “paraganglioma syn dromes” 
(PGLs) have attracted attention in the last several years. 
There are four different types of PGLs, and to date, three of 
four PGLs have been characterized on a molecular genetic 
basis. PGL 1 is associated with mutations of the succinate 
dehydrogenase subunit D (SDHD) gene, PGL 3 is caused 
by SDHC gene mutations, and PGL 4 is caused by SDHB 
gene mutations. The mitochondrial SDH complex catalyzes 
the oxidation of succinate to fumarate in the Krebs cycle 
and also feeds electrons to the respiratory chain ubichi-
none pool.3 PGL 1 and 4 have been shown to carry high 
risk of head and neck glomus tumors. The role of trans-
mission is autosomal dominant. In patients with mutations 
of the SDHD gene (PGL 1), however, there is maternal 
imprinting. This means that the risk of manifestation of 

the disease phenotype is increased only if the mutation is 
inherited through the paternal line. Maternal transmission 
does not increase the risk of glomus tumor development.3 
Multicentric tumors are found in 3–10% of sporadic cases 
and in 25–50% of familial cases. 
 Although the chief cells of glomus tumors have neuro-
secretory granules that store catecholamines, only a small 
percentage of tumors are actively secreting (1–4%). Glo-
mus jugulare tumors are much more likely than glomus 
tympanicum tumors to secrete catecholamines. In addi-
tion to catecholamines, tumors may also secrete somato-
statin, vasoactive intestinal polypeptide, calcitonin, and 
neuron-specific enolase. Patients who exhibit adrenergic 
or dopaminergic symptoms such as flushing, frequent 
diarrhea, headaches, poorly controlled hypertension, 
orthostasis, palpitations, or excessive diaphoresis should 
have serum catecholamine levels measured and 24-hour 
collection of urine for analysis of vanillylmandelic acid 
and metanephrine.
 Approximately 10% of head and neck glomus tumors 
(including carotid body tumors and glomus vagale in addi-
tion to glomus tympanicum and glomus vagale tumors) 
have been cited as malignant.4 Of the group, glomus tym-
panicum and jugulare tumors have the lowest rate of 
malignancy (2–4%). Interestingly, there are no histopatho-
logic or immunohistochemical features that indicate the 
malignant potential of the primary tumor.5,6 Only the 
presence of local metastases in cervical lymph nodes or 
systemic metastases can confirm the diagnosis of a malig-
nant glomus tumor. Distant metastases are most frequen-
tly detected in the bones, lung, and liver.4 If metastasis is 
present, a node dissection with postopera tive radiation 
therapy is necessary in the absence of sys temic disease. 
The 5-year survival is 72%.7

 Due to their slow rate of growth, the time lapse between 
onset of symptoms and the actual diagnosis of glomus 

Table 15.1: Fisch and Mattox classification of glomus tumors

Type Description

A Tumors limited to the middle ear cleft

B Tumors limited to tympanomastoid compartment of 
the temporal bone

C Tumor extends in the infralabyrinthine region towards 
petrous apex

D Tumor with < 2 cm intracranial extension

Table 15.2: Glasscock and Jackson classification of glomus 
tympanicum tumors

Grade Description

I Tumors limited to the promontory

II Tumors completely filling the middle ear cleft

III Tumors filling the middle ear cleft and extending 
into the mastoid

IV Tumors filling the middle ear cleft, extending into 
the mastoid or filling the external auditory canal, 
and may extend to involve the internal carotid 
artery
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Figs. 15.2A and B: CT images of (A) glomus tympanicum; note the soft tissue mass arising from the cochlear promontory (arrow); and 
(B) glomus jugulare, a large destructive mass involving skull base and extending into the mastoid.

A B

tumor can be years. The most common symptoms are pul-
satile tinnitus and conductive hearing loss when the tumor 
is confined to the middle ear cavity. Additional symptoms 
may vary depending on the extent and location of the 
tumor. Tumors that grow beyond the tympanic membrane 
may present with otorrhea or hemorrhage. Tumor involve-
ment of the inner ear can produce vertigo and sensorineu-
ral hearing loss. Jugular foramen syndrome, also known as 
Vernet syndrome, occurs when tumor growth around the 
jugular foramen affects cranial nerves IX, X, and XI and 
causes symptoms such as dysphonia, dysarthria, aspira-
tion, and dysphagia. Villaret syndrome is a rare combina-
tion of jugular foramen syndrome with Horner syndrome. 
Patients with tumors that involve the carotid canal and the 
sympathetic plexus present with Horner syndrome (mio-
sis, ptosis, anhydrosis, and enophthalmos). Tumors with 
significant erosion of the middle ear and mastoid may 
develop facial nerve weakness or paralysis. Tumors with 
intracranial extension may produce headaches and eleva-
ted intracranial pressure. Ataxia and brain stem symptoms 
may also develop. Involvement of the dural sinuses may 
mimic sinus thrombosis.
 On otoscopic examination of a middle ear glomus 
tumor, a characteristic reddish-blue pulsatile mass can 
frequently be seen medial to the inferior tympanic mem-
brane. The Brown sign refers to blanching of the mass with 
positive pressure during pneumatic otoscopy, correlat-
ing to the highly vascular nature of these tumors. Another 
helpful physical examination finding is the Aquino sign, 
which refers to a reduction in tumor pulsation with ipsilat-
eral carotid artery compression. Tumors that grow through 

the tympanic membrane will appear like a hemorrhagic 
aural polyp on otoscopy. Due to the highly vascular nature 
of these tumors, transcanal biopsy of the apparent polyp 
should be avoided before imaging studies can rule out a 
glomus tumor. Tuning fork and audiometric examination 
will frequently show a conductive hearing loss and, less 
commonly, a sensorineural hearing loss.
 Imaging studies are essential modalities in the diag-
nosis and treatment planning of glomus tumors. High-
resolution CT scans (HRCTs) of the temporal bone with 
contrast should be the first study ordered when a tempo-
ral bone glomus tumor is suspected (Figs. 15.2A and B). 
It provides detailed information on tumor extension and 
relevant anatomy for surgical planning. When the bony 
partition between the jugular fossa and the hypotympa-
num is intact, a HRCT can accurately identify the tumor 
origin. Conversely, when the bony partition is eroded by 
tumor, it may be difficult to differentiate between a glomus 
jugulare tumor and glomus tympanicum tumor. MRI/
MRA can be considered in addition to HRCT, especially in 
cases of large tumors with possible intracranial extension. 
Glomus tumors have a characteristic “salt and pepper” 
appearance on T2-weighted images, reflecting vascular 
flow voids. HRCTs are more sensitive than MRIs in detec-
tion of smaller tumors. More recently 111indium octreotide, 
a radioisotope somatostatin analogue, has been used to 
selectively identify glomus tumors. These highly sensitive 
studies can be used to evaluate for multiple tumors and 
recurrent or metastatic disease.8,9 
 Complete surgical excision is the primary treatment 
modality for glomus jugulare and glomus tympanicum 
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tumors. Patients with secreting tumors can be medically 
treated with adjunctive α- and β-blockade. Large glomus 
tumors should be evaluated preoperatively with four- 
vessel angiography. Angiography is combined with embo-
lization preoperatively to decrease surgical blood loss 
and avoid surgical morbidity. Angiography of the intrac-
ranial circulation evaluates patency of the circle of Willis 
for determining adequate cerebral perfusion if unilateral 
carotid blood flow is interrupted for temporary control 
or for permanent ligation and sacrifice. This is commonly 
done with a balloon occlusion test. Surgical resection of 
glomus tumors frequently results in lower cranial nerve 
dysfunction, requiring anticipation of postoperative reha-
bilitation. Resection of larger-sized tumors frequently 
results in postoperative voice, swallowing, articulation, 
and facial weakness/paralysis problems. 
 Radiation therapy and stereotactic radiosurgery, in 
addi tion to or in place of surgery, sometimes must be con-
sidered in the treatment of glomus tumors. Radiation is 
most often reserved for tumors with extensive intracranial 
or skull base involvement, multiple or bilateral tumors 
with potential postoperative debility from cranial nerve 
dysfunction, and poor risk patients. Radiation therapy 
may result in shrinkage of the tumor, but there is rarely 
total resolution.10 The main advantage of radiation therapy 
is avoidance of the morbidity of surgery for larger tumors 
while offering a high probability (96–100%) of tumor con-
trol.11 Radiation therapy is not favored as a primary treat-
ment by some, because persistent tumor may result in 
sub sequent malignant degeneration and metastases,7 espe-
ci ally in younger patient populations.
 In certain situations, in place of treatment, only obser-
vation with serial imaging studies is used to follow tumor 
growth. This approach may be most appropriate in the 
elderly, in a setting of multiple medical problems, or in 
those patients with multiple tumors who are at risk of 
severe debility due to cranial nerve dysfunction after 
surgery. Rapid tumor enlargement is unlikely, as recent 
studies reveal a relatively slow growth pattern, with a 
median growth rate of 1 mm per year and a median tumor 
doubling time of 4.2 years.12

ADENOMAS
Adenomas are the second most common benign tumor 
of the middle ear, arising from middle ear epithelium. 
Adenomas are infrequently reported in the literature, 
mostly in small case series or case reports, either because 
of low prevalence or low rate of discovery. Previous terms 

used to describe this tumor included ceruminoma, ceru-
minous adenoma, monomorphic adenoma, and carci-
noid tumor.13 The pathogenesis of these benign lesions is 
unknown. Histology reveals benign glandular prolifera-
tion, suggestive of reactive hyperplasia; however, in most 
reported cases there is no prior history of otitis media or 
chronic inflammation (Fig. 15.3). 
 There is no age or sex predilection for middle ear ade-
nomas. The most common presenting symptoms are aural 
fullness, progressive hearing loss, and tinnitus. Vertigo and 
facial paralysis have been occasionally reported in cases 
involving large adenomas. Physical examination usually 
reveals a whitish mass in the middle ear with an intact 
tympanic membrane; however, in rare cases the adenoma 
may extend through the tympanic membrane or into the 
mastoid. Radiographically there is soft tissue mass in the 
middle ear without bony erosion. 
 Surgical excision is the treatment of choice for middle 
ear adenomas, and histological examination is required for 
definitive diagnosis. Adenomas usually peel off the bony 
walls of the middle ear but may entrap and destroy the 
ossicles. Recurrence is uncommon with complete excision. 
Grossly, middle ear adenomas are usually white, gray, or 
reddish-brown in color. They may be grossly vascular and 
relatively well circumscribed, but they are not encapsu-
lated. The histologic architectural patterns of middle ear 
adenomas may be solid, glandular, or trabecular. The 
tumor cells are uniform and may be cuboidal or cylindri-
cal. They have a moderate amount of acidophilic cytoplasm 
and may assume a plasmacytoid appearance. Nuclei are 

Fig. 15.3: Adenoma with benign glandular proliferation. Surround-
ing the epithelial cells are myoepithelial cells with slightly smaller 
nuclei and less conspicuous cytoplasm.
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round to oval with a “salt and pepper” chromatin pattern 
and inconspicuous nucleoli. Moderate to marked nuclear 
pleomorphism can occur. The tumors can produce mucin, 
which is positive on periodic acid–Schiff, Alcian blue, and 
mucicarmine stains. Papillary features are not present in a 
middle ear adenoma and suggest a papillary adenocarci-
noma (aggressive papillary tumor).14 

HEMANGIOMAS
Hemangiomas are benign vascular tumors found comm-
only in the head and neck region. They are the most com-
mon tumors of infancy. Hemangiomas are characterized 
by phases of proliferation and involution as defined by a 
rapid proliferation of blood vessels in the first year of life, 
followed by gradual regression of the vascular component 
with replacement by fibrofatty tissue. This growth pattern 
differentiates these lesions from vascular malformations 
that are always present at birth, grow in proportion to 
the body, and do not have an involution period. Glucose 
transporter isoform 1 and placenta-associated vascular 
antigens (Fc-gamma-receptor II, merosin, and Lewis Y 
antigen) are highly expressed in the endothelial cells of 
infantile hemangiomas during both the proliferative and 
involution phase.15 These markers are not expressed in 
normal dermal or subcutaneous capillaries, nor are they 
expressed in other types of vascular tumors.
 Histopathology varies according to the stage of the 
hemangioma. In early proliferation, hemangiomas are 
characterized by nonencapsulated masses and dense 
cords of mitotically active, plump endothelial cells in close 
association with pericytes (Fig. 15.4). Few, small-caliber 
lumina are present. Special stains reveal well-developed 
basement membranes around primitive vessels. Mast 
cells are present in varying numbers in all stages. As the 
hemangioma proliferates, the vascular lumina enlarge. 
An increase in apoptotic endothelial cells and a decrease 
in plump, mitotically active endothelial cells herald the 
involution phase. As involution progresses, the endothelial 
cells continue to mature and assume a flatter appearance. 
The vascular lumina continue to enlarge until few mature 
ecstatic vessels remain. The proliferating endothelial cell 
mass may be replaced with fibrofatty tissue. Varying degrees 
of epidermal atrophy, scar tissue, and loss of elastic tissue 
can be seen in late involuting lesions. 

 Although hemangiomas of the head and neck involv-
ing the skin and airway are well documented and cha-
racterized in the literature, hemangiomas of the temporal 
bone middle ear are rarely reported. Excluding the middle 

ear, hemangiomas of the temporal bone are most fre-
quently found at the geniculate ganglion, the internal 
auditory meatus, and the origin of the chorda tympani.16,17 
To date there are <15 cases of middle ear hemangiomas 
reported in the literature.16,18,19 Patients may be asymp-
tomatic or may present with aural fullness, conductive 
hearing loss, pulsatile tinnitus, or recurrent otitis media. 
Otologic examination may show a reddish polypoid retro-
tympanic mass that can be confused for a glomus tumor, 
adenoma, or aberrant vasculature. On CT, the hemangio-
mas appear as soft tissue densities with or without bony 
or ossicular erosion and sometimes contain ossifications. 
On MRI, these tumors show moderate or intermediate T1 
signal and as a high T2 signal. Angiography shows a vas-
cular blush similar to glomus tumors; however, the intra-
vascular contrast associated with hemangiomas persists 
late into the venous phase, whereas in glomus tumors 
the contrast dissipates earlier. The radiologic features of 
middle ear hemangiomas, therefore, can resemble many 
other middle ear lesions and are by no means pathogno-
monic.
 Surgical excision is usually the treatment reported 
in the literature; however, this is biased as the definitive 
diagnosis of hemangioma is based on histopathology. 
Surgery may not be necessary in pediatric patients due 
to the natural course of hemangioma involution.16 Once a 
tissue diagnosis is made to exclude malignant lesions, it can 
be treated expectantly or surgically. If growth of a middle 
ear hemangioma appears to be causing complications 
refractory to conservative therapy, then early surgical 
excision may be indicated.

Fig. 15.4: Hemangioma in the proliferative phase with plump 
endothelial cells.
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RHABDOMYOSARCOMA
Sarcomas of the temporal bone are exceedingly rare; how-
ever, they are the most common primary malignancy of the 
temporal bone in children. Rhabdomyosarcoma (RMS) 
is the most common type, accounting for 30% of sarco-
mas of the temporal bone and 4–7% of all temporal bone 
malignancies. It is a neoplasm of primitive mesenchyme 
expressing skeletal muscle differentiation. RMS cells tend 
to have variable differentiation along the myogenesis path-
way and may appear as strap cells or myotubes that some-
times contain muscle cross-striations. RMS cells may 
demonstrate positive immunohistochemical results for 
muscle-specific markers, such as myoglobin, actin, and 
desmin. Soderberg described the first case of middle ear 
RMS in 1933.20

 Ninety percent of patients with middle ear RMS are 
<10 years of age at time of diagnosis, and 5% are <1 year 
old. The median age is 5 years (range, 0–20 years). There is 
a male preponderance with a male:female ratio of 1.7:1.21 
 There are numerous classification schemas of RMS 
based on histology, with great overlap and controversy 
(Table 15.3). Broadly speaking, there are four major types: 
embryonal, botryoid (considered by some to be a variant 
of embryonal), pleomorphic (or anaplastic in some classi-
fication systems such as the International Classification 
of RMS), and alveolar.22 Embryonal RMS tumors contain 
dense condensations of rhabdomyoblasts amid foci with 
a loose myxoid stroma (Fig. 15.5A). The botryoid type is 
so named due to the resemblance of the gross specimen 
to a bunch of grapes (botryos, Greek for cluster of grapes). 
The cambium layer is characteristic of botryoid tumors, 
containing a condensation of loose tumor cells below an 
epithelial surface. Pleomorphic RMS tumors arise almost 
exclusively in the soft tissues of adults and comprise part of 
the spectrum of lesions known as “malignant fibrous his-
tiocytoma”. They form spindle cell lesions with a whorled 
or storiform pattern and contain cells with enlarged, 
hyperchromatic nuclei (Fig. 15.5B). In the rare pleomor-
phic RMS seen in the pediatric age group, there is usually 

another component, so that this category currently is not 
used for pediatric subtyping and has been subsumed into 
the anaplastic and spindle cell subtypes. Lastly, the alveo-
lar type of RMS is defined by the alveolar structure formed 
by the fibrous septa of these neoplasms. These fibrous sep-
ta are composed of collagenous fibrovascular tissue that 
forms a scaffold suspending attached rhabdomyoblasts 
and circumscribing central clusters of tumor cells that 
appear to float in alveolar spaces (Fig. 15.5C). The histo-
pathologic variants of RMS pursue markedly different 
biologic courses. Embryonal subtypes (botryoid, spindle 
cell) are the most common form of RMS (70%) and the 
type most frequently found in the head and neck region 
(83%), as well as the middle ear (93%), with a superior sur-
vival rate (3-year failure-free survival of 83% for all tumor 
locations), whereas alveolar variants are often seen in the 
extremities and metastasize early in the course of disease, 
with a poorer survival rate (3-year failure-free survival of 
66% for all tumor locations).21,23 This stark difference in 
survival makes it critically important to accurately diag-
nose variants of RMS so that the biologic course of disease 
can be predicted and appropriate therapeutic response 
made.
 The clinical presentation of RMS of the middle ear 
and mastoid is similar to that of chronic suppurative oti-
tis media; patients may present with chronic otorrhea and 
otalgia that is refractory to antibiotic therapy. Otologic 
examination findings include purulent and blood-stained 
otorrhea, aural polyps, granulation tissue, and possible 
mastoid swelling. The most common neurologic feature 
of RMS is facial nerve involvement and may indicate a 
malignant process. Radiographic imaging of the temporal 
bone shows a soft tissue mass in the middle ear and mas-
toid cavity with surrounding bony erosion. Tissue biopsy 
analysis is critical to establish the correct diagnosis in a 
timely manner.
 Formed in 1972, the Intergroup Rhabdomyosarcoma 
Study (IRS) Committee [later called the Intergroup Rhab-
domyosarcoma Study Group (IRSG)] designed and con-
ducted four consecutive clinical trials that defined the 

Table 15.3: Characteristics of rhabdomyosarcoma subtypes

RMS subtypes
Prevalence in middle ear 
rhabdomyosarcoma (%)21

Most commonly 
affected age group

Most commonly affected 
anatomic regions Prognosis

Embryonal/botryoid 92 children Head and neck, bladder, vagina, 
prostate and testicles

Intermediate to 
superior

Pleomorphic/anaplastic 6 adults Lower extremities Poor

Alveolar 2 all age groups Trunk and extremities Poor
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Figs. 15.5A to C: (A) Embryonal variant of rhabdomyosarcoma, 
dense condensations of rhabdomyoblasts with loose myxoid stroma. 
(B) Pleomorphic variant of rhabdomyosarcoma, spindle cell lesions 
with a whorled or storiform pattern contain cells with enlarged, 
hyper chromatic nuclei. (C) Alveolar variant of rhabdomyosarcoma, 
fibrous septa composed of collagenous fibrovascular tissue form 
a scaffold that suspends attached rhabdomyoblasts and circum-
scribes central clusters of tumor cells.

A B

C

components of multimodality therapy associated with 
the favorable outcome for pediatric RMS. The anatomic 
diversity of primary sites for RMS has complicated the 
development of treatment. In determining optimal treat-
ment, the IRSG has observed that patients with tumors in 
favorable anatomic sites, including the orbit, genitouri-
nary tract (nonbladder, prostate), and nonparameningeal 
head and neck sites, can be successfully treated with less 
intensive systemic chemotherapy. In addition, the IRSG 
has identified treatment guidelines for each anatomic 
site with regard to local control, including the timing and 
extent of surgery and the timing, dose, and fields for radia-
tion therapy. Tailoring the components of multimodality 
therapy to the anatomic site of RMS has improved survival 
and decreased side effects. Analysis of the extensive data 
collected from the IRSG has also described the clinical 
features, treatment, and outcome of pediatric middle ear 
RMS. A large-scale review of the four IRSG studies to date 
has shown that middle ear RMS commonly presents as an 

invasive, unresectable tumor that rarely metastasizes to 
regional lymph nodes. Survival of patients has improved 
from 33% in IRS-I to 72% in IRS-IV.21 Because < 5% of middle 
ear RMS were grossly resected at diagnosis, improvements 
in surgical techniques were unlikely to have contributed 
to increased local control. Progressively more intensive 
chemotherapy was used during the successive IRSG trials, 
particularly dose escalation of alkylating agent. The IRSG 
trials have also been notable for significant standardiza-
tion in the timing, dose, and fields for radiation therapy. 
Most likely, advances in chemotherapy and radiation 
algorithms as well as supportive services have led to the 
improved survival rates.

TERATOMA AND DERMOID
Teratomas are a group of tumors that contain all three 
germ layers (ectoderm, mesoderm, endoderm). They 
occur in 1:4000 births, with approximately 1–3.5% affect-
ing the head and neck. Three theories have been proposed 

Ch-15.indd   249 30-05-2015   15:30:04



Otology/Neurotology/Skull Base Surgery250

for the origin of teratomas. Acquired implantation sug-
gests that skin or mucous membrane with its associated 
mesodermal component has been traumatically implan-
ted into deeper tissues. Congenital inclusion theorizes that 
incomplete closure of embryogenic fusion lines results in 
the capture of germ layers into ectopic areas. The third 
theory proposes that totipotential rest cells from two or 
three germ layers become isolated and begin independent 
growth in a disorganized manner.
 True teratomas are composed of all three germ lay-
ers with differentiation to the extent of identifying struc-
tures such as teeth and hair within them. Teratomas of the 
middle ear are exceedingly rare, with <10 cases reported 
in the literature.24 While true teratomas are wholly benign 
lesions, there has been at least one report of a middle ear 
teratoma with immature elements,25 thereby posing a 
oncogenic risk. Head and neck teratomas, including those 
of the middle ear, are tumors of neonates and infants. It 
is rare to find these tumors in older children. A cranial 
nerve palsy may lead to the discovery of a middle ear or 
temporal bone teratoma. CT may reveal a soft tissue mass 
with calcifications and both solid and cystic components. 
Complete surgical excision should be the definitive treat-
ment of middle ear teratomas. Surgery will ensure that the 
tumor will not continue to grow and endanger adjacent 
structures and ensure that an unsuspected immature or 
malignant component is not contained within the lesion. 
 Dermoid cysts, a type of teratoma, are composed of 
only ectodermal and mesodermal derivatives. A keratiniz-
ing squamous epithelium is typically present along with 
dermal derivatives including hair follicles, smooth muscle, 
and sweat and sebaceous glands. While they are the most 
common teratoma of the head and neck, dermoids of the 
middle ear and temporal bone have only been reported in 
isolated case reports.26,27 Approximately one-third of der-
moids are diagnosed at birth and many are not discovered 
until the adolescent years. Patients may be asymptomatic 
with an incidental finding of retrotympanic mass or may 
present with otorrhea, serous effusion, and hearing loss. 
Clinically and radiographically, dermoids are difficult to 
distinguish from cholesteatomas. Definitive diagnosis can 
only be made on tissue pathology. Complete surgical exci-
sion will prevent recurrence.

CHORISTOMA
A choristoma is a mass of mature, normal tissue that is 
located in an area where it is not normally found. Middle 
ear choristomas are rare, and when found, usually consist of 
salivary tissue. Neural and sebaceous gland tissue has also 

been reported in the literature.28,29 Salivary choristomas of 
the middle ear show a clear left-sided predominance and 
a higher incidence in females (male-to-female ratio, 1:1.7). 
The age at diagnosis ranges from 3 to 52 years.30,31

 Although the etiology of salivary gland choristoma 
in the middle ear is not well understood, it is believed to 
involve an aberration in embryologic development. The 
major salivary glands develop from oral epithelial buds 
that migrate into the underlying mesenchyme. The minor 
salivary glands, on the other hand, arise from oral endo-
derm and ectoderm that eventually become the ducts and 
acini that are distributed throughout the oropharynx. One 
theory postulates that the development of salivary gland 
choristoma is similar to the development of congenital 
cholesteatoma, with ectodermal cells that are destined to 
develop into salivary tissue becoming trapped in the tem-
poral bone during development and later proliferating in 
the middle ear.32

 Common presenting symptoms of salivary gland 
choristoma in the middle ear include otorrhea, tinnitus, 
and conductive hearing loss. In addition, most patients 
have some degree of ossicular abnormalities, usually 
involv ing both the incus and stapes, followed in frequency 
by the malleus. Our patient displayed all these clinical 
features except for otorrhea and tinnitus. Choristomas 
have been reported to be closely associated with the 
facial nerve and facial nerve abnormalities such as aber-
rant course of the nerve and nerve dehiscence. Close 
association of a choristoma with the facial nerve may make 
complete resection difficult.
 Recurrence is unlikely with complete surgical exci-
sion. Facial nerve monitoring during biopsy and surgi-
cal excision should be utilized to reduce the risk of facial 
nerve damage during exploratory tympanotomy. If com-
plete resection cannot be achieved without significant risk 
to the facial nerve, then biopsy to confirm the diagnosis 
followed by observation is adequate as the mass has very 
little growth potential.
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INTRODUCTION
Sensorineural hearing loss (SNHL), colloquially referred 
to as “nerve deafness,” often may be the result of patho
logy in various proteins of the cochlea, rather than of the 
auditory nerve itself. SNHL affects 28 million Americans, 
and approximately 2–3 infants per 1000 delivered are born 
deaf or hard of hearing. Afflicted individuals range from 
newborns to the elderly. Early identification and rehabi
litation of SNHL is critical for better expressive language 
development in infants,1 and preservation of speech dis
crimination scores2 and recent studies also show that cog
nitive decline and dementia are associated with SNHL.3,4 
Etiologies for SNHL are extensive, and although clear 
identification of the etiology may not be possible in the 
older individual, in children, in many cases, we are able to 
identify the underlying pathology causing the hearing loss. 
Studies on SNHL are published on a daily basis, thus our 
understanding grows exponentially; what we previously 
ascribed to idio pathic etiologies diminish at a similar 
rate. 
 SNHL refers to a defect in the auditory pathway that 
may involve the cochlea, the internal auditory canal (IAC), 
or the central auditory pathway. Defects in any of these 
areas can result in SNHL, as the audiogram alone can not 
distinguish the site of the lesion. Use of ancillary testing, 
as described below, can be particularly useful to distin
guish cochlear from retrocochlear (medial, or behind, the 
cochlea). Identifying whether a SNHL is of cochlear or 
retrocochlear origin is critical, not only in identifying risk 
to the patient, but also in choosing the appropriate reha bi
litative strategy for the patient. 

PATHOGENESIS
SNHL may arise from number of different etiologies. 
Damage of the auditory hair cells, supporting cells, spiral 
ganglion cells, and other cell types may arise from a variety 
of factors. Gene mutations, trauma, inflammation, tumors, 
structural abnormalities, and altered ion homeostasis such 
as in endolymphatic hydrops, all may result in SNHL. 
 SNHL of genetic origin more commonly affects both 
ears, and is divided into nonsyndromic and syndromic 
types. The percentage of SNHL ascribed to genetic causes 
evolved and expanded in the past several decades, in large 
part due to the discovery of nonsyndromic genes that are 
associated with SNHL. Connexin 26, an ion channel of 
the inner ear, represents one of the most common gene 
mutations to cause nonsyndromic SNHL.5 The discovery 
of mutations in connexin 26 shifted our characterization 
of the percent of hearing loss attributed to genetic 
causes, especially because of the high prevalence of car
riers of this gene.6 Although there are clear examples of 
adult onset genetic SNHL, and genetic associations in 
presbycusis, the majority of clinical genetic testing in 
SNHL is performed in children. Inheritance of connexin 
26 and other genes that cause SNHL may be autosomal 
recessive or dominant, although over 90% is inherited by 
autosomal recessive transmission, explaining why the 
majority of deaf infants are born to hearing parents. The 
nomenclature used to distinguish autosomal dominant, 
recessive and sexlinked nonsyndromic genes is DFNA, 
DFNB, and DFN, respectively. To complicate interpretation 
further, some genes may be associated with both non
syndromic and syndromic SNHL. Mutations in the myosin 
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genes may affect hair cell function, as the myosins have 
been characterized to be expressed in the stereocilia of 
the inner and outer hair cells of the cochlea.7 Myosin 7a 
mutations are associated with Usher's syndrome;8 how
ever, nonsyndromic mutations may occur as well. As 
research progresses, it is entirely possible that other 
highly prevalent genes accounting for hearing loss will be 
identified. One significant recent advance in this area is 
development of a panel test of 66 different genes involved 
in nonsyndromic SNHL, Usher's syndrome, and Penred’s 
syndrome, now commercially referred to as the otoscope 
panel9 (Table 16.1). 
 Syndromic SNHL, although less common than nonsyn
dromic, has the particular advantage of having a clinically 
distinguishable phenotype concomitant with the SNHL. 
Prior to the advent of more sophisticated genetic testing, 
the percentage of congenital SNHL ascribed to a genetic 
etiology was largely based on identification of syndromic 
features. Some of the more common, classic syndromic 
SNHL syndromes that we can readily identify clini cally 

include Waardenburg’s syndrome, Usher’s syndrome, 
Alport’s syndrome, Jervell–LangeNielson’s syndrome, 
branchiootorenal syndrome, and Pendred’s syndrome. 
These syndromes, with their clinical manifestations, inheri
tance patterns and responsible genetic mutation, are sum
marized in Table 16.2. Waardenburg’s patients are readily 
identi fiable, with a white forelock, premature gray ing of 
the hair or presence of heterochromic irises. Notably, this 
syndrome is incompletely penetrant, so not all afflicted 
with this autosomal dominant syndrome will demonstrate 
the same clinical features. Usher’s syndrome has come to 
be recognized as comprising half of the “deaf–blind” com
munity of patients. The classic described finding is retinitis 
pigmentosa; however, an electroretinogram may detect 
abnormality as many as 5 years prior to clinical detec
tion. These patients may have vestibular findings as well. 
Minor interventions, such as use of sunglasses, may help 
to delay some of the incurred visual losses.10 Alport’s syn
drome, a type IV collagen disease, is comprised of SNHL 
and progressive glomerulonephritis of the kidneys. The 

Table 16.1: Genes included in the otoscope panel

Autosomal recessive, 
nonsyndromic

Autosomal dominant,  
nonsyndromic

X-linked  
nonsyndromic

Micro-RNA and  
mitochondrial

CDH23 MYO7A ACTG1 KCNQ4 POU3F4 miR96

CLDN14 MYO15A CCDC50 MYH14 PRPS1 miR182

COL11A2 OTOA COCH MYH9 miR183

ESPN OTOF COL11A2 MYO1A MTRNR1

ESRRB PCDH15 CRYM MYO6 MTTS1

GIPC3 PJVK DFNA5 MYO7A

GJB2 PTPRQ DIAPH1 POU4F3

GJB3 RDX DSPP SLC17A3

GJB6 SLC26A4 EYA4 TECTA

GPSM2 SLC26A5 GJB2 TMC1

GRXCR1 STRC GJB6 TJP2

HGF TECTA GRHL2 WFS1

ILDR1 TMC1

LHFPL5 TMIE

LOXHD1 TMPRSS3

LRTOMT TPRN

MARVELD2 TRIOBP

MYO3A US1C

MYO6 WHRN

*Also included are Usher (CDH23, CLRN1, GPR98, MYO7A, PCDH15, USH1C, USH1G, WHRN) and Pendred (SLC26A4) syndrome genes.
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Table 16.2: Genetic sensorineural hearing loss

Syndrome Gene/protein Inheritance
Clinical manifestations in  
addition to SNHL

Waardenburg PAX3, MITF, EDN3,
EDNRB, SOX10, SNAI258

AD Heterochromic Irises, white forelock,  
premature greying

Usher MYO7A, USH1C, USH1G, USH2A, AS Blindness, vestibular 

Alport COL4A3659 AS Glomerulonephritis

Jervell–LangeNielsen KCNQ1, KCNE160, 61 AS Long QT 

Branchiootorenal EYA AS Pits along sternocleidomastoid,
Renal anomalies

Pendreds SLC26A4 AS Enlarged Vestibular Aqueduct

MELAS A3243G tRNA(Leu(UUR)) Mitochondrial Mitochondrial myopathy, encephalopathy, 
lactic acidosis, strokelike episodes

Muckle–Wells NLRP3 AD Periodic fevers, skin rashes, uveitis

site of lesion in Alport’s is the stria vascularis of the coch
lear and glomerular basement membrane in the kidney. 
Symptomatology is worse in affected males than females. 
Jervell–LangeNielsen’s syndrome, an auto somal reces
sive hearing loss syndrome, is important to identify as 
these patients have cardiac conduction delays, manifes
ted by a long Q–T interval. Certain common medications 
can further prolong this interval (i.e. Zofran) and result in 
cardiac arrest. Therefore, for all patients undergoing coch
lear implantation to rehabilitate, their SNHL should have 
a preoperative electrocardiogram if the etio logy of their 
hearing loss is unknown. Branchiootorenal syndrome 
may be associated with either sensorineural or conduc
tive hearing loss. These patients are readily identi fied by 
pits along the anterior border of the ster noclei domastoid, 
and they also have renal abnormalities. Some of the more 
newly described genetic syndromes associated with SNHL 
belong to two areas: mitochondrial disorders and auto
inflammatory disorders. Mitochondrial syndromic SNHL 
includes MELAS syndrome. MELAS syn drome, exclusively 
transmitted by maternal mitochondrial DNA, includes 
findings of short stature, SNHL, blindness, diabetes, car
diac conduction defects, and convulsions.11,12 Temporal 
bone histopathology demonstrates atrophy of both the 
stria vascularis and spiral ganglion cells in these patients.13 
CADASIL, a similar microangiopathy inherited by auto
somal dominant transmission, is even rarer than MELAS, 
but may present as a sudden sensorineural hearing loss 
(SSNHL) in the context of recurrent strokes, migraine, and 
dementia.14 Autoinflammatory disorders are equally rare, 
but would be classified as syndromic SNHL, based on 

clinical findings of SNHL, transient skin rashes, periodic 
fevers, and recurrent uveitis and eventual renal involve
ment. These diseases are part of the cryopyrinassociated 
periodic syndrome (CAPS), which is characterized by 
the dysregulation of Interleukin1 and other related pro
inflammatory cytokines. Muckle–Wells’ syndrome is the 
most common of this family of rare disorders, and is inher
ited in an autosomal dominant fashion.15 NOMID (neona
tal onset multisystem inflammatory dis ease) syndrome is 
part of the CAPS family of diseases; however, as the name 
implies, it is usually identified in infants. For each of these 
syndromes, Table 16.2 shows their inheritance pattern, 
responsible genetic defect, and clinical findings other than 
SNHL. 
 Lesions or altered anatomy anywhere along the central 
auditory pathway can result in a central neural hearing 
loss. Tumors of the IAC, inferior colliculus, and auditory 
cortex all can result in clinical hearing loss, as the central 
auditory pathway courses through all of these areas to 
transmit information from the cochlea to the auditory 
cortex in the contralateral (and a significantly smaller 
percentage of fibers to the ipsilateral) temporal lobe. Axial 
and coronal MRI scans are shown in Figure 16.1, with 
the regions of the central auditory pathway labeled. The 
images shown demonstrate the importance of examining 
the entire auditory pathway, as this patient derived little 
benefit from a left cochlear implant because of gliosis in 
his right auditory cortex. Similarly, congenitally narrow 
IACs cause hearing loss. Rehabilitation of hearing in these 
narrow IAC cases is typically unsuccessful or results in 
limited functional gain with a cochlear implantation. Use 
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of T2 MRI scanning is essential in the assessment for coch
lear implantation of these narrow IACs to demon strate 
the presence of two nerve bundles on axial imaging,16 
although the relative loss of CSF surrounding the neural 
bundles can make visualization difficult and erroneously 
fail to identify the auditory nerve in the IAC. Examples of 
normal IAC anatomy and presumptive absent auditory 
nerve are shown in Figures 16.2A to C. Any lesion affecting 
the central auditory pathway is significantly more difficult 
to manage for several reasons. Interventions targeting the 
central auditory pathway are not appropriate for cochlear 
implantation for rehabilitation. Moreover, the tonotopic 
organization afforded by the cochlea is not present in the 
auditory nerve. 
 Malformations of the inner ear have been shown to 
be clearly associated with the presence of SNHL. Most 
commonly, enlarged vestibular aqueduct is an abnor
mality identified in imaging evaluation of SNHL (as seen 
in Figure 16.3). Although more frequently unilateral and 
sporadic, bilateral cases also exist, and when bilateral, are 
commonly associated with Pendred’s syndrome. Interes
tingly, it has been unclear how this malformation causes 
SNHL, as the abnormality is not within the cochlea. It was 

hypothesized that the hearing loss in Pendred’s results 
from arrested inner ear development, as multiple subtle 
malformations may be detected in these patients.17 We 
now know that enlarged vestibular aqueduct syndrome 
is caused by mutations in SLC26A4, a gene that encodes 
pendrin. This gene is required for homeostasis of hearing, 
and is expressed not only in the endolymphatic sac, but 
in the stria vascularis of the cochlea, and therefore may 
provide some explanation as to why this structural abnor
mality gives rise to SNHL.18

 Enlargement of the vestibular aqueduct results in a 
variable, progressive SNHL. It has long been recognized 
that minor head trauma may result in progression of the 
hearing loss,19 which has resulted in many physicians 
re s tricting patients with enlarged vestibular aqueducts from 
participating in contact sports. In some cases of enlarged 
vestibular aqueduct, concurrent cochlear malformations 
may be identified. Mondini malformations range from the 
more favorable 1.5 turns of the cochlea to the less favorable 
common cavity malformation with incomplete partition 
(Fig. 16.4). In cases where the cochlea is relatively well 
for med, outcomes with cochlear implantation are quite good.  
Conversely, in patients with a common cavity malformation, 

Fig. 16.1: Composite MRI sections and drawing of the central auditory pathway of a patient that received a left cochlear implant. The 
patient had a prior history of multiple cerebrovascular accidents (CVAs). He derived little benefit from his cochlear implant despite nor-
mal cochlear anatomy, normal IAC anatomy, and measurable unaided thresholds of hearing in both ears prior to his implant. His MRI 
demonstrates gliosis of his right auditory cortex at Heschl’s gyrus (white arrow). (IAC, internal auditory canal).
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it is unclear where the neural elements lie within this 
cavity and which areas represent which fre quencies, so 
obviously results with implantation are worse. 
 Immunemediated SNHL is the resultant hearing loss 
in cases where presumptive inflammation exists within the 

inner ear. This disease process preferentially affects adults, 
although pediatric and adolescent disease also exists;  
however, it is significantly more difficult to both identify and 
manage. Three separate types of immunemediated SNHL 
exist: SSNHL, autoimmune inner ear disease (AIED), and 

Figs. 16.2A to C: Composite MRI images and drawing in the axial plane demonstrating that in the normal internal auditory canal (IAC), 
2 nerve bundles should be observed on T2 imaging, the anterior VIIIth nerve, and the posterior vestibular nerves. In the sagittal plane, 
all four nerves in the IAC can be visualized. The upper image shows a congenitally narrow IAC, whereas the lower image shows the 
expected configuration of the IAC. (FN, facial nerve; CN, cochlear nerve; IVN, inferior vestibular nerve; SVN, superior vestibular nerve; 
BB, bill’s bar; TC, transverse crest).

Fig. 16.3: An axial CT scan shows bilateral enlarged vestibular aqueducts in (red arrows). Note the perpendicular orientation to the IAC 
shown in (green arrows). (IAC, internal auditory canal).

A B

C
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Meniere’s disease. SSNHL is defined as a sudden hearing 
loss at three contiguous frequencies evolving in three days 
or less.20 There are 4000 new cases of SSNHL in the United 
States, and 15,000 worldwide per year. The most common 
etiology of a SSNHL is believed to be viral. Despite this, 
several clinical trials have failed to demonstrate any utility of 
antiviral therapy in these patients.21,22 Interestingly, another 
proposed etiology of SSNHL is vascular compromise of 
the inner ear. Recent investigations have suggested that 
SSNHL may be an index event, preceding myocardial 
infarction, and thereby supporting the vascular theory.23 
 The gold standard for treatment of SSNHL has been 
corticosteroids.24,25 Of those treated, approximately 60% 
of those treated are responsive to steroids.24 Unfortun
ately, 40% fail to derive benefit from oral steroids. For this 
reason, and because systemic steroids may have significant 
deleterious side effects, in the past decade many otolar
yngologists began administering corticosteroids intratym
panically. Initially, reports suggested that intratympanic 
steroid therapy may be a salvage therapy for those who did 
not respond to oral steroids.26,27 More recently, however, 
investigators have sought to determine whether intratym
panic steroids were an alternative to oral steroids. In 2011, 
the results of a National Institutes of Health–sponsored 
clinical trial deter mined that intratympanic steroid therapy 
was comparable to oral steroids.28 Several small studies 
have found the combination of oral and intratympanic 
achieved the best benefit over either route alone.29 Further 
studies are neces sary to validate this observation. 

 AIED patients are patients with bilateral fluctuating 
SNHL, triggered by unknown stimuli, which initially 
responds to steroid therapy. The hearing loss may affect 
either ear, sequentially or simultaneously, typically evol
ving in over 3 days but < 90 days.30,31 Thirty percent of 
patients with AIED may have a systemic autoimmune 
disease as well, although there is no enrichment of any one 
systemic autoimmune disease seen with AIED. Main tenance 
of hearing with steroids can be accomplished in the short 
term,31 although of the 60–70% of AIED patients who are 
initially steroid responsive, only 14% remain so after 34 
months.32 Therapy for AIED patients who cannot continue 
on steroids or are refractory to steroids remains limited. 
Methotrexate has been shown to be beneficial in a small 
series of patients; however, a large prospective trial failed 
to confirm these findings.30 Animal studies demonstrated 
the potential efficacy of Etanercept, a tumor necrosis fac
tor (TNF) antagonist, in AIED;33 however, recent human 
clinical trials also failed to confirm a beneficial effect of 
this therapy.34,35 TNF may play a role in steroid sensitive 
AIED, as patients with high plasma levels of TNF are more 
likely to respond to corticosteroid therapy and these levels 
normalize following corticosteroid therapy.36 For patients 
who do not respond to corticosteroids, few therapeutic 
alternatives exist. We recently identified that these steroid 
refractory patients express high levels of interleukin1β, 
which became the rationale for use of an interleukin1 
antagonist in a recent phase I clinical trial.37

Fig. 16.4: An axial CT scan shows the spectrum of Mondini malformations that may be detected: on the left, a well formed, 1.5 turn, 
Mondini malformation is seen (green arrow). On the right, a common cavity malformation with an incomplete partition to the IAC is seen 
(red arrow). (IAC, internal auditory canal).

Ch-16.indd   258 30-05-2015   15:37:00



259Chapter 16: Sensorineural Hearing Loss

 SNHL may also be a manifestation of systemic disease. 
Certain autoimmune diseases deserve special mention. 
Sarcoidosis may manifest with SNHL and uveitis. Sarcoid 
may also cause leptomeningeal or dural enhancement, 
and mimic tumor development.38 Diagnosis may be made 
by an angiotensinconverting enzyme level, and possibly 
by biopsy of the affected area. Cogan’s syndrome is char
acterized by interstitial keratitis, Meniere’slike attacks, 
vasculitis, and in a small percent of patients, aortic insuf
ficiency.39 Given that fever may be included among the 
symptoms during the clinical presentation,40 it is possible 
that Cogan’s syndrome and MuckleWells’ disease may be 
related. Cogan’s syndrome has been reported in a patient 
with familial Mediterranean fever, a disease in the same 
family as MuckleWells.41 In addition to the SNHL asso
ciated with autoimmune dis eases, there are some infec
tious diseases that should not be forgotten. Lyme disease 
has been reported to cause SNHL, tinnitus, and vertigo. In 
addition, other cranial nerves may be affected in Lyme dis
ease, and the patient may report temporomandibular joint 
discomfort, otalgia, and neck pain. Interestingly, elec
trocochleography studies may be positive. 
 Environmental factors may also influence hearing 
thresholds. Noise exposure, allergen exposure, and smok
ing may all influence hearing. The best characterized 
environmental factor provoking hearing loss is noise 
exposure.42 Although occupational noise exposure is the 
risk that most otolaryngologists refer to, use of personal 
listening devices for music also poses significant risk.43 
Allergen exposure may indirectly affect hearing. In atopic 
patients, exposure to the causative allergen can result in 
endolymphatic hydrops, which clearly affects hearing.44,45 
Smoking or secondhand smoke may also adversely affect 
hearing.46 Finally, opiate abuse may also cause an irrever
sible SNHL.47

CLINICAL FINDINGS
One of the most important parameters to establish in the 
clinical evaluation of SNHL is the duration, symmetry, and 
stability of the hearing loss. Stable symmetric SNHL of 
lengthy duration requires amplification, as there is rarely 
opportunity for medical intervention for correction of the 
hearing loss. Conversely, recent onset (sudden) SNHL may  
be ameliorated by rapid medical intervention to reverse the 
hearing loss. New onset tinnitus, aural fullness, or vertigo 
should alert the clinician to a potential change in hearing. 

Asymmetric SNHL should be carefully examined, even if it 
is not sudden in clinical presentation. In these instances, 
the clinician should further investigate the etiology of the 
asymmetry prior to recommendations for rehabilitation. 
 Concomitant symptoms of hyperacusis, depression, 
anxiety, dementia, or auditory hallucinations may be pre
sent. Although not a direct result of the SNHL, these symp
toms are important to identify, as they may adversely affect 
the motivation of the patient to pursue aural rehabilitation. 
Appropriate referrals to neurology and psychiatry may 
ultimately improve the patient’s compliance with auditory 
rehabilitation as well. 

EVALUATION 
Audiometric testing: The majority of older children and 
adults can be tested by a conventional audiogram. By 
convention, red circles are used to demonstrate the right 
ear, and blue “Xs” are used for the left ear. The degree of 
hearing loss may be divided into mild (25–40 dB), mode rate 
(40–60 dB), severe (60–80 dB), and profound (over 80 dB). 
Acoustic reflexes are typically present in SNHL of mild or 
moderate degree; however, they are typically absent once 
the hearing loss is > 60 dB on average, or if the hearing loss 
is conductive. Otoacoustic emissions are typically absent 
in the presence of hearing loss (either conductive or 
SNHL); however, they may still be present in a mild SNHL, 
or in cases of auditory neuropathy. Use of bone conduction 
thresholds and masking can distinguish SNHL from con
ductive hearing loss or mixed hearing loss: marks of “< , >” 
show unmasked bone and “[ , ]” show masked bone. One 
issue to be aware of is in a unilateral profound SNHL, the 
bone line will not be superimposed on the air threshold 
line, as crossover occurs, also referred to as a shadow curve. 
This does not indicate a mixed hearing loss. An example 
of this shadow curve is shown in Figure 16.5. Absence of 
speech discrimination is almost never observed if part of 
the hearing loss is attributed to a conductive pathology. 
Notably, in some young children with unilateral or asym
metric hearing loss, special consideration should be given 
to interpretation of the audiogram. These young children, 
even with mild to moderate SNHL, often are unable to 
understand/comply with masking tasks. As such, some 
audiologists will obtain unmasked bone thresholds. It is 
critically important for the physician to recognize this and 
not draw the conclusion that the observed hearing loss is 
conductive, as shown in Figure 16.6. The CT scan of this 
young child is seen in Figure 16.3. 

Ch-16.indd   259 30-05-2015   15:37:00



Otology/Neurotology/Skull Base Surgery260

Infants, Young Children, and Cognitively 
Impaired Older Children and Adults
Audiometric testing in this cohort presents more diffi
culties and requires audiologists familiar with testing these 
individuals. Young children, ages up to 3 years, typically 
require sound field audiometry. The otolaryngologist must 
be cognizant that this type of testing does not exclude a 
unilateral hearing loss. Although otoacoustic emissions 
(OAEs) are a useful adjunctive test in these children, 
absent OAEs in the context of middle ear pathology do 
not exclude the possibility of a concurrent SNHL. Confir
mation of SNHL or detection of SNHL in infants may be 
accomplished by ABR (automated brainstem response 
testing). In this test, objective thresholds of hearing may 
be obtained in each individual ear, up to approximately 
102 dB. ABR has some limitations however. ABR requires 
sedation in the older infant and young child (typically 
6 months of age and above). ABR does not test higher cor
tical function, or how we process the information. ABR is 
particularly useful in the diagnosis of auditory neuropa
thy. Here, the auditory nerve is the source of patho logy. 
Patients typically have normal otoacoustic emissions; 
however, they have a variable SNHL on an audiogram, 

speech delays, and may have other neurologic or cognitive 
pathology. ABR classically shows an inverted polarity on 
wave I, which is pathognomonic for auditory neuropathy48  

Fig. 16.5: An audiogram of a profound, unilateral, sensorineural hearing loss is seen. Note the absence of measurable speech discrimi-
nation and ‘]’ masked bone marks are not superimposed on the air threshold marks demonstrating the presence of a shadow curve. VT, 
vibrotactile.

Fig. 16.6: An audiogram of a 4-year-old child referred for a con-
ductive hearing loss. On close examination, the audiogram shows 
unmasked bone thresholds. The CT scan of this patient is shown 
in Figure 16.3.
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(Fig. 16.7). Auditory neuropathy is associated with hyper
bilirubinemia and prematurity.49 Some studies suggest 
that in some infants this condition may improve over 
time, and therefore cochlear implantation should be 
approached slowly and cautiously in this population.50 
Presumptive unilateral auditory neuropathy, with present 
OAEs and an absent ABR, is a unique observation that 
requires special attention. In these cases, the most likely 
pathology is a narrow IAC. In these cases, the OAEs may be 
present in the young child and as the child ages, the OAE 
disappears.

EVALUATION 
The type of evaluation undertaken for SNHL is largely 
based on the clinical scenario in which it arises. Here we 
will describe several different patient types with SNHL. 

Congenital Sensorineural Hearing Loss
Congenital SNHL (meaning present at birth) may be divi
ded into bilateral/symmetric or unilateral asymmetric. 
For those with bilateral, symmetric SNHL, it is most pru
dent to investigate genetic etiologies first. The advantage  

to this approach is that in the event a genetic etiology is 
identified, no sedation and no radiation exposure are 
required. Simple blood testing may identify the etiology of 
the SNHL. In the event the etiology is not identified, then 
imaging can be obtained. In the event the hearing loss is 
asymmetric or unilateral, it is more likely that a structural 
or anatomic abnormality of the cochlea may be present. 
For the evaluation of children with an asymmetric SNHL, 
especially if not present at birth or worsening after birth, 
the most common abnormality identified is a structural 
abnormality of the inner ear, such as an enlarged vestibular 
aqueduct. In these instances, earlier identification of an  
enlarged vestibular aqueduct, or other inner ear malfor
mations, may allow parents to take appropriate measures 
to prevent further progression of hearing loss by pre
venting minor head trauma (i.e. use of a bicycle helmet 
to prevent head trauma). Noncontrast CT scan imaging 
of the temporal bone, in the axial and coronal planes, 
can detect enlarged vestibular aqueducts. CT scanning 
of the temporal bones, in slices as close as 0.5 mm, in 
the axial, coronal, and sagittal planes provides superior 
imaging of the inner ear. Criteria to call the vestibular 
aqueduct enlarged are controversial; originally reported 
to be equal to or > 1.5 mm from anterior to posterior,  

Fig. 16.7: An ABR evaluation of a child with auditory neuropathy. The classic finding of a wave I inversion, with inversion of the polarity 
is seen (rarefaction vs. condensation). 
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midfundus by Valvesori, newer criteria suggest > 0.9 mm 
midfundus and 1.9 mm at the operculum.51 Furthermore, 
although historically imaged by CT scan, newer concerns 
over radiation exposure and the risk of developing a 
malignancy52 may eventually change the test of choice to 
MRI. The disadvantage to MRI scanning in children is the 
frequent need for sedation, whereas often CT scans may 
be able to be performed unsedated in the cooperative 
preschooler or schoolaged child. The concern about 
CT scanning will need to be counterbalanced by the 
require ment of sedation, for MRI in particular, as the use 
of NmethylDaspartate receptor antagonists in some 
sedation agents has been linked to longterm neuro
degeneration and impairment of cognition in some infants 
and young children.53 In the event radiographic studies 
demonstrate normal inner ear anatomy; genetic testing 
can be under taken following radiographic studies if the 
etiology of the SNHL is not identified. 
 Since the advent of newborn hearing screening, 
many of the congenital hearing impairments may now be 
identified at birth, rather than the first school screening, 
or first evaluation of delayed speech. Historically, part 
of the evaluation of SNHL was to perform TORCH titers 
to identify perinatal infectious causes of SNHL. TORCH 
titers are comprised of Toxoplasma IgG, Rubella IgG, 
Cytomegalovirus (CMV) IgG, Herpes Simplex IgG, type 
1 and 2. Although all of these congenital infections may 
result in chronic sequelae or fatal infections, testing is of 
limited utility as IgM expression is limited in duration, 
CMV is ubiquitous, and serum IgG to CMV in toddleraged 
children or older is not necessarily indicative of congenital 
infection. Identification of IgM antibodies to CMV in cord 
blood is indicative of congenital CMV infection. Given that 
identification of congenital SNHL is significantly earlier 
because of universal newborn hearing screening initi
atives, early TORCH titer testing in the newborn nursery 
by the neonatologist may have a significantly higher yield 
than later testing by the otolaryngologist. 
 Once an infant or child is identified with a SNHL, it is 
important that the child undergo evaluations of their vision, 
and their kidneys. A high prevalence of ocular abnor
malities has been detected in children with SNHL.54 It was 
originally argued that the inner ear and the kidneys develop 
around the same time, and therefore an in utero insult was 
the most likely explanation for the high concurrence of 
otic and renal involvement, such as in branchiootorenal, 
and Alport’s syndromes, for example. Interestingly, the 

primordia of the ear and kidney do not develop at the 
same time, calling this hypothesis into question. It has 
become obvious, however, that a number of key genes play 
important regulatory functions in the development of both 
the inner ear and kidney, thus explaining the relationship 
of these two organs. Genes involved in branchiootorenal  
and TownesBrock are expressed at different times in the 
developing inner ear and the kidney during morpho
genesis, arguing against a single in utero insult.55 

Adult Onset SSNHL,  
Asymmetric and Progressive SNHL
In patients who present with an SSNHL, an asymmetric 
SNHL, or a rapidly progressive SNHL, imaging studies are 
essential to exclude retrocochlear pathology as the etio
logy of the SNHL. Appropriate imaging for these types 
of hearing loss is an MRI of the IACs with gadolinium. 
Approximately 2% of patients with SSNHL are found to 
have a vestibular schwannoma as the etiology of their 
SSNHL; however, approximately 20% of patients with 
vestibular schwannoma report SSNHL in their clinical 
his tory.56 Additionally, lesions that affect any portion of 
the central auditory pathway may result in either a sudden 
or asymmetric SNHL. Especially in the older adult, stroke 
may result in acute SNHL as well as focal deficits. 

HISTOLOGY 
Unfortunately, one of the greatest limitations to iden ti
fication of the etiology of SNHL is the inability to obtain a 
histopathologic diagnosis. Much of what we have learned 
about etiologies of SNHL has come from histopathology 
of the temporal bone. We are currently in crisis as few 
temporal bone histopathology laboratories and regi s
tries remain. Those still in existence are in jeopardy of 
closure because of fiscal constraints. Although we have 
ente red an age of molecular biology and genetic diagnosis, 
failure to correlate molecular signatures of disease with 
histopathology of the temporal bone will similarly result 
in an incomplete understanding of the etiopathogenesis 
of SNHL.

TREATMENT
The majority of treatment efforts are for rehabilitation rather 
than correction of SNHL. The majority of interventions for 
SNHL are the use of amplification through hearing aids. 
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For newborns who fail the newborn hearing screen, fitting 
an infant with amplification by 6 months of age results in 
better expressive language development than fitting after 
the age of 6 months.1 
 In the classroom setting, additional adjunctive mea
sures are often employed. Preferential classroom seating 
for patients with asymmetries of hearing can position 
the betterhearing ear closer to the teacher. FM systems 
reduce the signaltonoise ratio and preferentially deliver 
the teacher's voice to the hearing impaired student. 
Newer technologies include use of CART (communication 
access realtime translation) captioning technologies for 
older high school and college age students with hearing
impairment. This technology provides realtime captioning 
of not only the teacher’s voice but also of the classmates, 
so the hearingimpaired student may participate in dis
cussions without missing vital information put forth by 
colleagues. 
 Access to rehabilitative technologies has remained 
challenging. Staterun early intervention programs pro
vide hearing aids and services to infants and toddlers 
identified with hearing loss through age 3. If, however, 
a child is identified late or develops a progressive sen
sorineural hearing loss, the onus of paying for hearing 
aids is transferred to the parents. Many insurance carriers 
do not cover hearing aid costs. Although some provide 
limited coverage, this often will not exceed a fraction of 
the cost, despite full coverage for cochlear implants by 
many insurance carriers. As school budgets continue to 
shrink, access to assistive devices such as FM systems, 
CART services, teachers of the deaf and speechlanguage 
pathologists becomes increasingly more challenging. 
 Continued auditory stimulation has remained the 
guiding principle of improved performance with both 
hearing aids and cochlear implants. Adults with symmetric 
and asymmetric SNHL may experience declining speech 
discrimination in the absence of binaural amplification.2,57 
Similarly, cognitive decline in older adults has been linked 
to SNHL.4 These observations provide the rationale for 
rehabilitation of hearing at any age of detection.

PROGNOSIS
The prognosis for SNHL is clearly contingent on the under
lying etiology of the SNHL. Identification of the etiology 
is beneficial for the patient and family to understand 
the stability of the SNHL, whether other organs may be 
affected, and the prognosis with various interventions. 
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within the 2000 to 4000 Hz range earlier in the process. As 
such, individuals tend to experience difficulty with under
standing the voiceless consonants of speech (i.e. c [k], ch 
[t∫], f [f ], k [k], p [p], s [s], sh [∫], t [t], th [q]). For example, 
patients with presbycusis may experience difficulty dis
criminating the words “bash”, “bath”, “bat”, “back”, “batch”, 
and “bass”. Because of this, patients often experience diffi
culty with understanding speech, particularly in ambient 
conditions. The complaints that patients present with 

INTRODUCTION
Presbycusis is one of the most common conditions 
affecting the aging population. Also commonly referred 
to as agerelated hearing loss, presbycusis may be defined 
that occurs as a function of a variety of contributing 
factors that progresses with in the geriatric population. 
The hearing loss associated with agerelated hearing loss 
is characteristically high frequency with deficits in speech 
discrimination. The prevalence of agerelated hearing loss 
increases with age. The etiology of agerelated hearing 
loss is multifactorial with oxidative injury, noise exposure, 
heredity, and otologic injury (i.e. ototoxins and otologic 
disease) as major contributing factors. Presbycusis has a 
wide potential impact not only on the individual but on 
society as a whole, making prevention, early diagnosis and 
treatment of critical importance in circumventing this 
potential impact. This chapter will give an overview of the 
current state of knowledge regarding etiology, diagnosis, 
treatment, and prevention of agerelated hearing loss as 
well as briefly highlight future therapies on the horizon for 
the treatment and prevention of agerelated hearing loss. 

DEFINITION OF PRESBYCUSIS
Presbycusis may be defined as any sum of conditions and 
exposures that lead to the development and progression of 
hearing loss with aging. Agerelated hearing loss is charac
terized by highfrequency sensorineural hearing loss that 
progressively increases with aging. Figure 17.1 depicts an 
audiogram characteristic of moderately advanced age 
related hearing loss. As can be seen in Figure 17.1, individ
uals with agerelated hearing loss tend to develop losses 

Selena E Heman-Ackah, Steven K Juhn

Presbycusis 
17

CHAPTER

Fig. 17.1: Pure tone audiogram characteristic of presbycusis. 
This audiogram depicts the characteristic pattern of hearing loss 
encoun tered in patient with presbycusis. Sensorineural hearing 
loss typically begins in the region at and above 2000 Hz.
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regarding this speech discernment in noise are often seem
ingly out of proportion for the degree of hearing loss noted 
on traditional audiological testing in quiet. In fact, older 
adults with normal hearing have been demonstrated to 
perform worse on speech discrimination tasks, particularly 
in noise, as compared to young normal hearing adults.14 
These findings are dramatically increased with puretone 
shifts in agerelated hearing loss.1,4 This can lead to signi
ficant deficits in communication ability in social, recre
ational, and professional situations, precipitating a sense 
of angst and frustration. 

EPIDEMIOLOGY
Presbycusis or agerelated hearing loss is one of the most 
common conditions affecting the aging population. 
Within the United States, presbycusis is among the top 
three most common condition affecting the aging popu
lation.5,6 It is the most common communication disorder 
affecting the geriatric population.5 Table 17.1 presents 
recently published prevalence rates for agerelated hear
ing loss.69 Within the United States, for individuals over the 
age of 65 years, the prevalence of agerelated hearing loss 
ranges from 35% to 50%.68 By age 75 years, the prevalence 
increases to 40% to 65%. By age 80 years, the prevalence 

increases to approximately 80%, and at 100, the prevalence 
is approximately 90%.69 Similar prevalence rates have 
been reported internationally. 
 In a review of 42 populationbased studies in 2012, 
the World Health Organization (WHO) released estimates 
of disabling hearing loss rates in individuals over the age 
of 65. The WHO defined disabling hearing loss as hearing 
loss > 40 dB in the better hearing ear.10 The estimated 
prevalence of disabling hearing loss in individuals aged 
64 years and older by international region is presented 
in Figure 17.2. With the exception of the Middle East and 
North Africa region, all estimated prevalence rates fall 
between 30% and 50% for individuals 65 years of age and 
over. The highest prevalence rates for disabling hearing 
loss in adults over 65, according to this review, were noted 
in South Asia. Interestingly, on review of United States 
prevalence alone, racial differences in prevalence have 
been reported.11 When comparing individuals who classify 
themselves as black and white, statistically significant 
differences in the rates of hearing loss, defined as pure 
tone average in speech frequencies of >25 dB in the better 
hearing ear were noted. Overall prevalence of hearing 
loss in black males age 70 and older was noted as 48.3% 
(95% confidence interval: 36.3–60.3) versus 71.5% (95% 
confidence interval: 64.8–78.3) in white males (p = 0.002). 
Similar, prevalence differences were found among females 
age 70 years and older (p = 0.03): black females 39.8% 
(95% confidence interval: 20.6–59.1) versus white females 
59.0% (95% confidence interval: 51.3–66.8). These findings 
are consistent with previous reports within the literature 
regarding a decreased prevalence of agerelated hearing 
loss in black individuals.1214 This is believed by some to be 
secondary to a hypothesized protective effect of increased 
melanin, particularly within the stria vascularis.1517 
 Economic status has been noted to be correlated with 
the presentation of agerelated hearing loss. This may be 
related to the multifactorial etiology of agerelated hearing 
loss and the fact that undertreated otologic disease and 
systemic disease may contribute to hearing loss. Thus, indi
viduals with improved socioeconomic status may have 

Fig. 17.2: WHO 2012 estimates of disabling hearing loss in indi-
viduals 65 years and over by region. This graph depicts the esti-
mated prevalence of age-related hearing loss in individuals age 
65 and older. Prevalence is presented in percentage (persons per 
100 population). The highest estimated rate was noted in South 
Asia; the lowest estimated rate was noted in the Middle East and 
North Africa.

Table 17.1: US prevalence of presbycusis with increasing age

Age of population Prevalence

65 years of age or greater 35–50%

75 years of age or greater 40–65%

85 years of age or greater Over 80%

100 years of age or greater Approximately 90%
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access to more preventive care and therapeutic treatment 
preventing the onset or progression of hearing loss. 
According to the WHO study, greater overall increased 
income was correlated with a decreased prevalence of 
agerelated hearing loss.10 Similar findings were reported 
by Lin et al. in a review of presbycusis prevalence in the 
United States.11 
 Genders have been found to impact the presentation 
of presbycusis. The male population appears to be more 
affected by agerelated hearing loss as compared to their 
female counterparts. This has been identified in a number 
studies based both on selfreported subjective measures 
and objective audiometric data.1,1820 In a data analysis of 
the National Health and Nutritional Examination Survey 
2005–2006 cycle hearing assessment among 717 adults 
age 70 and older, a statistically significant difference in 
the rate of presbycusis (defined as speech frequency pure 
tone average of >25 dB in the better hearing ear) was 
noted in males as compared to females (69.8% and 58.2%, 
respectively).11 

Etiology
As presbycusis represents the sum of life influences that 
precipitate the presentation of hearing loss with aging, 
there are a number of factors that have been associated 
with the development of presbycusis. Gates poignantly 
describes presbycusis as “a mixture of acquired audi tory 
stresses, trauma, and otologic diseases superimposed upon 
an intrinsic, genetically controlled, aging process”.21 The 
etiology of presbycusis is influenced by genetics (up to 
50% have significant family history), cardiovascular health 
(in turn influenced by smoking and diabetes), history of 
noise exposure, as well as ototoxic exposure and otologic 
disorders.22 

Aging and Oxidative Injury
In a landmark article by Denham Harman in 1956, the 
freeradical theory of aging was introduced.23 Since that 
time, free radical damage has been implicated as an 
etiologic factor in various organ systems, including the 
ophthalmologic, integumentary, and hepatic systems.2427 
Similarly, oxidative stress has been hypothesized to be an 
integrally involved etiological factor in the development of 
presbycusis via free radical (reactive oxygen species and 
reactive nitrogen species) associated mitochondrial dys
function.28 Various findings have been identified in animal 

studies to support this theory. Increased markers of oxida
tive stress have been noted to be increased in the cochlea of 
aged CBA/J mice.29 Mice missing the gene encoding Cu/Zn 
superoxide dismutase, a critical enzyme in the reduction 
of reactive oxygen species and maintenance of oxidative 
balance show premature presbycusis.30,31 Simila rly, over
expression of mitochondrialocalized catalase that elimi
nates reactive oxygen species has been demonstrated to be 
protective against agerelated threshold shift.32 It is post
ulated that with the accumulation of mitochondrial DNA 
mutation, oxidative phosphorylation is impaired and 
expression of antioxidant enzymes is altered, leading to 
further increase in reactive oxygen species in the cochlea.33 
Human temporal bone studies support these findings. 
Various deletions within the mitochondrial genome have 
been noted in human temporal bone tissue.3438 A correla
tion has been identified between the extent of agerelated 
threshold shifts and mitochondrial DNA deletions. 34,37 

Noise
Noise exposure is a wellestablished risk factor for hear
ing loss.14 Noise exposure not only contributes to oxidative 
stress and the production of reactive oxygen species that 
mediates shortterm injury but also may contribute to 
longterm damage. Hearing loss from noise exposure, also 
known as noiseinduced hearing loss, may take the form of 
transient threshold shifts or longterm acoustic changes. 
Everyday noise exposure can cause hearing loss and may 
accelerate the process that leading to presbycusis. Table 17.2 
presents the current National Institute for Occupation
al Safety and Health (NIOSH) and Occupational Safety 
and Health Administration (OSHA) guidelines for noise 
exposure. To put these noise level exposures into perspec
tive, Table 17.3 provides a list of commonly and less com provides a list of commonly and less com
monly encountered noises with associated noise levels. 
It is interesting to note that listening to high power head
phones on a near maximum level for a period of 1 hour 
in the gym or on a long commute, attending a con
cert, or using the snow blower for over 30 minutes may 
exceed the current NIOSH recommendations for noise 
exposure. It is easy to see how simple life experiences may 
contribute to noise damage over time.
 Remarkably, recent studies have demonstrated that 
the effect of noiseinduced hearing loss may extend long 
after the exposure has stopped.39 Noise damage occurs 
even with temporary or no immediate hearing loss, which 
is believed to contribute to accelerated presbycusis. This 
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Table 17.2: National Institute for Occupational Safety and Health 
(NIOSH) and Occupational Safety and Health Administration 
(OSHA) recommended permissible noise exposure levels

Permissible noise level exposure

Hours per day

Sound level

NIOSH (dB) OSHA (dB)

8 85 90

6 86 92

4 88 95

3 89 97

2 90 100

1.5 92 102

1 94 105

0.5 97 110

0.25 100 115

0 112  

Purple: Within the cautionary range for limited noise exposure.
Gray: Within the cautionary range for immediate noise injury.

Table 17.3: Commonly and less commonly encountered 
environmental sounds

Environmental sounds

Stimulus Sound level (dB)

Rustling leaves 20

Whisper at 6 ft 30

Residential area at night 40

Quiet office 50

Normal conversation 60–65

Car noise 70

City traffic 85

Lawnmower 90

Subway train at 200 ft 95

Hand drill 95–100

Snowmobile 100

Motorcycle 100

Power mower 105

Jackhammer 110

Power saw 110

Sandblaster 115

Maximum volume ear buds 85–115

Ambulance siren 120

Loud concert 100–125

Pneumatic riveter 125

Jet engine 140

0.22 Caliber riffle 145

12 Gauge shotgun 165

0.357 Caliber revolver 170–175

is supported by findings in animal models of hearing loss 
demonstrating permanent neuronal losses in the spiral 
ganglion correlated with accelerated agerelated hearing 
loss4042 and loss of synaptic terminal between inner hair 
cells and spiral ganglion neurons.41,43 In clinical studies, 
presbycusis has been found to be more severe in indi
viduals thought to have suffered cochlear damage in their 
youth from noise exposure.39

 It is important to note that presbycusis can develop 
in patients without a history of excessive noise exposure. 
Additionally, the shape and progression of hearing loss 
may differ in individuals with significant noise exposure. 

Gates et al. found that in subjects with noise induced 
threshold shifts, there is a reduced progression of hearing 
loss at 3, 4, and 6 kHz and accelerated hearing loss at the 
surrounding frequencies, particularly 2 kHz, with age, 
which is the reverse of that seen in individuals without 
previous significant noise exposure.39 Not only does noise 
exposure contribute to the development of presbycusis, it 
also impacts the character of threshold shifts associated 
with presbycusis. 

Hereditary Factors
Heredity is an important factor in agerelated hearing 
loss. A strong familial association has been implicated 
in presbycusis. This familial association implying poten
tial genetic susceptibility to agerelated hearing loss.44,45 
App rox imately 30–50% of variance in presbycusis is attri
buted to the effects of genes.45,46 Various candidate genes 

have been proposed; however, there currently is no widely 
accepted genetic etiology that has been identified. The 
multifactorial nature of the etiology of presbycusis poses 
a challenge in the identification of genetic contribution to 
this disease process in clinical studies. 

Additional Etiological Factors
As presbycusis represents the progression of hearing loss 
with aging, various additional factors have been identified 
that affect the development and progression of presbycu
sis. Table 17.4 describes additional etiological factors that 
have been proposed in the development of agerelated 
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hearing loss.5,7,4043,4770 One major contributing factor is 
otologic disease. In theory, any otologic condition that 
precipitates hearing loss throughout life will contribute to 
the progression of agerelated hearing loss. Studies in the 
literature have highlighted the etiologic contribution of 
otosclerosis, chronic otitis, Meniere’s and temporal bone 
trauma or head trauma to the presentation of agerelated 
hearing loss.54,71,72 In addition to otologic disease, ototoxins 
have been described as a contributing factor in the etiol
ogy of agerelated hearing loss, namely aminoglycosides 
(e.g. gentamicin and streptomycin), platinumbased 
chemotherapeutic agents (e.g. cisplatin and carboplatin), 
highdose loop diuretics, and salicylate and phosphodi
esterase type 5 inhibitors (e.g. sildenafil, vardenafil, and 
tadalafil).6570,73,74 Additionally, toxic exposures to heavy 
metals (e.g. lead and mercury) and solvents (e.g. toluene, 
styrene, and xylene) have been implicated as poten
tial contributing factors for agerelated hearing loss.5962 

Tobacco and alcohol abuse have been proposed as etio
logic factors in presbycusis; how ever, there are conflicting 
reports within the literature in this regard.55,63,64 In multiple 
studies, cardiovascular disease and diabetes have been 
associated with the progression of presbycusis.5,47,49,56,57,75,76 
Additionally, renal failure and impaired immune function 
may play a contributing role.53,58 
 A number of factors have been found to be protective 
against the progression of agerelated threshold shift. 
Hormonal function, including aldosterone and estrogen, 
have been found to protective against agerelated changes 
in hearing.48,77 Higher levels of bone mineral density have 
been correlated with decreased rate of change in hearing 
with age.55 Additionally, caloric restriction may play a 
preventive role.7,52 Further study would be required to fully 
elucidate these effects. 

Impact of Presbycusis 
The impact of agerelated hearing loss is not limited to 
merely the ability of an individual to hearing and com
prehend speech. The impact of presbycusis is far reach
ing. It not only impacts the individual from a psychosocial 
perspective and potentially increases the progression of 
dementia, but it also has a significant public health impact 
internationally. 

Psychosocial Impact
The psychosocial impact of presbycusis has been well 
established. With progression, presbycusis typically pre
cipitates difficulty with speech discrimination and word 
understanding, particularly in ambient situations. This 
translates to difficulty participating in conversation at a 
busy restaurant or understanding the punch line of a joke 
at a family gathering. Although this may seem minor, for 
many individual this can produce significant embarrass
ment and frustration. Social isolation and anxiety in social 
situation have been described in association.78,79 In count
less patients, this progresses to decreased autonomy and 
depression, significantly impacting their activity level and 
social interconnectivity.7985 This has been associated with 
a significant decline in overall quality of life reported by 
individuals affected by presbycusis.86,87 

Association with Dementia
The association between dementia and agerelated hear
ing loss has been described for decades within the lite
rature. However, our understanding of the impact that  

*Conflicting reports in the literature.

Table 17.4: Factors contributing to presbycusis
Factor Exposures

Environmental  • Noise

   • Low socioeconomic status

Chemical exposures  • Toluene

   • Trichloroethylene

   • Styrene

Otologic disease  • Otosclerosis

   • Chronic otomastoiditis

   • Temporal bone trauma

   • Meniere’s

Medications  • Aminoglycosides

   • Platinumbased chemotherapeutic 
agents

   • Loop diuretics

   • Phosphodiesterase type 5 inhibitors 

   • Salicylate

Habitual  • Tobacco*

   • Alcohol abuse*

Systemic disease  • Renal failure

   • Diabetes

   • Cardiovascular disease

   • Immunodeficiency

Protective factors  • Estrogen

   • High bone mineral density

   • Caloric restriction*

   • Aldosterone
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presbycusis plays on the progression of dementia has 
evolved significantly. Within the mid1980s, various pub
lications revealed the significant correlation between 
hearing impairment in the elderly and the progres
sion of dementia.80,88,89 Global functional decline also 
has been noted in association with agerelated hearing 
loss, shy of the clinical diagnosis of dementia within this 
population.78,90,91 A direct positive correlation between 
degree of hearing loss and cognitive decline has been 
noted on both verbal and nonverbal cognitive testing in 
numerous reports in the literature.55,80,9297 More recen
tly, this association has been further quantified. Among 
indivi duals free of prevalent dementia or mild cognitive 
impair ment, impact of degree of hearing loss was quan
titatively associated with decline in cognitive function. It 
was noted that a 25 dB hearing loss produces a decline 
equivalent to an age difference of 6.8 years on test of 
executive function.98,99 Additional study is require to fur
ther investigate this potential causative relationship. 

Public Health Impact
Presbycusis poses a significant public health concern inter
nationally. The percentage of the population over the age 
of 65 is projected to grow internationally over the new few 
decades.100 As such, the prevalence of age relating hear
ing loss will increase precipitously. According to the WHO 
hearing loss is one of the six leading contributors to the 
burden of disease in industrialized countries (WHO, 2000). 
Based upon the WHO 2012 Hearing Loss Estimate, adults 
make up 91% of individuals internationally with disabling 
hearing loss, accounting for 328 million of 360 million total 
individuals internationally affected (disabling hearing loss 
defined as ≥40 dB of hearing loss).10 Adults over the age of 
64 years make up more than half of all adults with hearing 
loss.101 It is projected by 2025 that there will be 1.2 billion 
people over 60 years of age worldwide, with >500 million 
individuals who will suffer significant impairment from 
presbycusis.102 Presbycusis may contribute to early unde
sired retirement and decreased workforce participation, 
creating a significant economic impact. 

Pathophysiology
Pathophysiological changes have been noted in various 
components of the auditory system in association with 
agerelated hearing loss. Traditionally, presbycusis was 
believed to be a disorder of the peripheral auditory sys
tem, namely the cochlea. Schuknecht developed a classi
fication system that highlights the cochlear changes 

that have been noted in association with agerelated 
hearing.103,103a. Figures 17.3A to D depicts audiograms that 
would accompany four of the classic classifications of 
presbycusis proposed by Schuknecht. Sensory presbycu
sis is characterized by slowly progressive, bilateral steep 
downsloping highfrequency hearing loss asso ciated 
with loss of cochlear hair cells, particularly at the basal 
turn of the cochlea. Neural presbycusis is characterized 
by decline in speech discrimination associated with spiral 
ganglion cell loss. Metabolic presbycusis is characterized 
by flat hearing loss attributed to atrophy within the stria 
vascularis. Mechanical presbycusis is associated with a 
gradual descending pattern of hearing loss presumed to 
occur as a function of stiffening of the basilar membrane. 
The most common form encountered is mixed presby
cusis that encompasses flat, sloping, or highfrequency 
hearing loss and is associated with a combination of hair 
cell, spiral ganglion, and strial losses.104 In addition to the 
histopathologic changes described within the Schuknecht 
classification system, various cochlear changes have been 
described in association with aging, including loss of outer 
hair cells and support cells, changes in hair cell stereo
cilia, vascular changes in the stria vascularis, decreased 
synapses, particularly at the basal turn, and loss of nerve 
fibers and ganglion cells.105110 In addition to the previously 
proposed peripheral histopathology related to agerelated 
hearing loss, recent evidence supports a central compo
nent to agerelated hearing loss, citing the fact that audi
tory performance in elderly individuals is largely impacted 
by decreased spiral ganglion cells, decreased central 
plasticity, central auditory processing disorder, as well as 
increased incidence of central nervous system disease and 
cognitive decline.22,111 Central presbycusis likely represents 
a component of the overall presentation of presbycusis 
rather than an isolated entity in and of itself.112 Further 
study is required to better characterize the central compo
nent of presbycusis. 

Clinical Evaluation
The clinical evaluation of patients present with agerelated 
hearing loss often begins with the primary care provider. 
Primary care providers, including gerontologists, are typi
cally charged with the responsibility of coordinating the 
care of elderly patients. Referral for audiometric evalua
tion should be included in the routine evaluation of the 
geriatric patients. This appears as one of the goals of the 
United States National Institutes of Health (NIH) Healthy 
People 2020 (ENTVSL5: increase the number of persons 

Ch-17.indd   272 30-05-2015   15:38:29



273Chapter 17: Presbycusis 

Fig. 17.3A: Pure tone audiogram characteristic of the various classes of presbycusis described by Schuknecht with illustration of pro-
posed region of cochlear involvement. (A) Sensory presbycusis. The audiogram depicts the typical shape of hearing loss associated 
with sensory presbycusis, which is postulated to be secondary to hair cell loss.
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Fig. 17.3B: Neural presbycusis. The audiogram depicts the typical high frequency of hearing loss associated with neural presbycusis 
that is postulated to be secondary to loss of spiral ganglion cells. The key change noted with neural presbycusis is decline in speech 
discrimination.
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Fig. 17.3C: Metabolic presbycusis. The audiogram depicts the typical flat hearing loss associated with metabolic presbycusis that is 
postulated to be secondary to atrophy within the stria vascularis.
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Fig. 17.3D: Mechanical presbycusis. The audiogram depicts the typical gradual sloping shape of hearing loss associated with mechani-
cal presbycusis that is postulated to be secondary to stiffening of the basilar membrane. 
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who are referred by their primary care physician or other 
health care provider for hearing evaluation and treat
ment).113 It is essential to realize that individuals with early 
presbycusis may minimize their symptoms. Patients with 
presbycusis may initially be reluctant to admit that they are 
experiencing hearing loss. Alternatively, some individuals 
view hearing loss as a normal process of aging “like wrin
kles” or perceive it as something that they suffer through. 
Therefore, regardless of patient report among the geriatric 
population, referral for audiometric evaluation should be 
made at least every 5 years. This is in accordance with the 
NIH Healthy People 2020 objective ENTVSL4 that aspires 
to increase the proportion of persons who have had hear
ing examination on schedule, which is suggested as within 
a 5year period.113

  On clinical presentation, patients typically present 
with highfrequency sensorineural hearing loss accom
panied by decline in speech discrimination and speech 
understanding. Patients may report particular difficulty 
understanding conversation in ambient conditions. They 
may report complaints or their family may report that they 
complain that other tend to mumble or slur their words. 
Individuals with presbycusis often report that men’s 
voices are easier to hear and understand than women’s 
and children’s. 
 A major related complaint of patients with presbycusis 
is associated tinnitus. As the hearing loss progresses, 
tinnitus tends to progress as well. The tinnitus may present 
as intermittent, but typically becomes constant with 
progression of hearing loss.
 The clinical evaluation of patient should include a 
complete head and neck examination with cranial nerve 
evaluation and otologic evaluation. Audiometric evalua
tion should be performed, including pure tone audiom
etry, speech discrimination, tympanometry, and acoustic 
reflexes. Typical findings are of highfrequency sensorineu
ral hearing loss that is symmetric. Imaging of the temporal 
bone or skull base is typically not indicated with normal 
otologic examination and characteristic audiometric find
ings. If asymmetric hearing loss or otologic abnormalities, 
are noted, clinical discretion should direct imaging. 

Prevention
The key to prevention of agerelated hearing loss is avoid
ance of factors that can promote or accelerate its pro
gression. Adequate treatment of potentially contributing 
otologic disease should be employed. Ototoxins should be 
avoided when possible. Potential contributing comorbidi
ties should actively and aggressively be managed to pre
vent associated threshold shifts.

 Prevention of noise trauma is a major component of 
prevention of agerelated hearing loss. Patients should 
avoid excessive noise exposure. When noise exposure is 
unavoidable (e.g. occupational requirements or recre
ation), adequate noise protective equipment should be 
utilized to dampen noise exposures. Inserted ear plugs 
provide approximately 15–25 dB of sound attenuation. 
Alternatively, noise protection ear muffs provide approxi
mately 20–30 dB of sound attenuation. For individuals 
with high acoustic professional demand with significant 
noise exposure (i.e. musicians, music teachers, recording 
engineers or sound crew members), high fidelity hear
ing protection or musicians ear plugs are recommended. 
These customized ear plugs reduce sound levels presented 
to the ear while maintaining clear and nature sound with
out a muffled character as experienced with traditional ear 
plugs. The level of attenuation too is customizable. 

MANAGEMENT
The mainstay of management of agerelated hearing loss 
is environmental optimization and auditory rehabilita
tion. Auditory rehabilitation takes many forms, ranging 
from simple assistive devices to cochlear implantation. 
Currently there are no medical therapies available for the 
treatment or prevention of agerelated hearing loss. This 
presents a significant opportunity for future research and 
development. 

Environmental Optimization
Patients with presbycusis, whenever possible, should 
make modifications to their environment to optimize their 
audi tory milieu. This may take the form of turning off tele
visions or decreasing the volume of background music 
during dinner conversations or sitting in a favorable loca
tion to facilitate face to face conversation to allow not only 
lip reading but also the use of nonverbal cues (i.e. facial 
expression and gestures) to augment speech understand
ing. If comfortable, individuals may request speakers to 
speak more slowly as comprehension of rapid speakers is 
commonly impaired in individuals with presbycusis. 

Auditory Assistive Devices
Hearing assistive devices are nonprescription, nonpersonal
ized aids that augment environmental sounds or pro
vide alternatives to challenging acoustic situation. These 
aids include such devices as telephone amplifiers, tele
vision amplifiers, alarm clocks with vibrators, frequency 
modulation transmitters, doorbell signalers, and modified 
smoke detectors. These devices are of great benefit to 
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patient with agerelated hearing loss, but are limited in 
their ability to assist in the most challenging of communi
cation situations. 

Hearing Aids
Hearing aids represent the mainstay of treatment for age
related hearing loss. Hearing aids are typically recom
mended for sound amplification in individuals with 
hearing thresholds within the speech frequencies of 40 dB 
or greater. In selective cases where employment or educa
tional demands are unusually demanding, losses of < 40 dB 
may derive benefit from amplification. 
 Currently available hearing aids are mainly digital, 
although analog devices remain on the market. Recent 
advances in hearing aid technology have leaned to the 
development of enhanced features to improve sound 
app reciation and functionality, including noise suppres
sion technology, telephone coils, and multiple program
ming modes optimized for quiet, noise, or music appre
ciation. These features are accessible manually or in some 
cases with automatic smart technologies. 
 Unfortunately, hearing aids are not covered by many 
healthcare plans and for countless patients the cost of the 
devices is prohibitive. Within the United States, < 25% of 
patients affected by presbycusis who would benefit from 
hearing aids use them.114,115 Amongst individuals with 
presbycusis who do not use hearing aids, 76% indicate 
that the cost is a significant reason for not using hearing 
aids and 64% simply state that they cannot afford hearing 
aids.116 Conversely, in health systems where hearing aids 
are a covered benefit, elder hearingimpaired hearing aid 
use is >60%.117 As hearing aid use has been reported to 
improve quality of life,118 increasing hearing aid availability 
provides a significant opportunity to improve public health 
internationally.
 Hearing aid use does require a period of cognitive ada
ptation. Unfortunately, for some patients intermittent use 
causes dissatisfaction secondary to lack of complete adap
tation to the hearing aid device. In a study of hearing aid 
use among individuals 70 years and older, use of 5 hours 
or greater was reported in only 19.1% of individuals.11 The 
rate of use was noted to be dependent upon the degree of 
hearing loss, with reported use rates of 3.4% for individuals 
with mild hearing loss, 40% for individuals with moderate 
hearing loss, and 76% for individuals with severe hearing 
loss.11 These data are similar to previous reports within 
the literature of underuse or abandonment of hearing 
aids of (25% underuse and 40% abandonment).119,120 The 

most commonly reported reasons for abandoning hear
ing aid use or underusing the technology are problems 
with fit, understanding the operation of the device, and 
unmet expectations.115,119,121124 Thus, adequate education 
and establishment of realistic expectations are critical to 
hearing aid acceptance, adaptation and use. 

Cochlear Implants
For patients with severe to profound bilateral hearing 
loss, cochlear implantation may be an option. Cochlear 
implantation is recommended for patients who do not 
derive benefit from hearing aid use and meet certain 
criteria for speech discrimination testing (i.e. score 50% 
or less on sentence recognition testing in their worse 
hearing ear and 60% or less in the bilateral best aided 
conditions). However, criteria for cochlear implantation 
are continually evolving and broadening to encompass 
individuals with a greater degree of residual hearing. 
Within the geriatric population, the procedure is typically 
performed in the outpatient setting unless precluded 
by medical comorbidities. It is well tolerated with low 
surgical morbidity and high rates of success and with 
noted improvement in quality of life.125130 Interestingly, 
unlike hearing aids, cochlear implantation is covered by 
most healthcare plans. 

CONCLUSION
Presbycusis (or agerelated hearing loss) is a common 
condition affecting the aging population. With the rapidly 
increasing aging population, presbycusis is becoming 
an increasingly important public health concern. It rep
resents the sum of cumulative damage to the auditory 
system that progresses with aging. As such its etiology is 
multifactorial, including oxidative injury associated with 
aging, noise exposure, ototoxin exposure, environmental 
toxin exposures, otologic disease, and injury from systemic 
disease. Various histopathologic changes have been noted 
in association with presbycusis, including diffuse cellular 
loss. The typical clinical presentation of presbycusis is of 
highfrequency sensorineural hearing loss. Difficulty with 
speech understanding in ambient conditions and tinnitus 
are also commonly associated. Audiometric evaluation 
should be performed to confirm diagnosis. Preventive 
actions should be employed to prevent otologic insult 
throughout life. Management options include environ
mental modifications, hearing assistive devices, hearing 
aids, and cochlear implants. 
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reasonable standard that will protect the vast majority of 
exposed workers and will be scientifically and economi-
cally feasible to implement and enforce. 
 Prevention of noise-induced hearing loss is relatively 
simple and inexpensive. Although the obvious and most 
desirable solution is to reduce noise from machinery and 
the environment to intensities below damaging levels, this 
is often impractical, costly, or scientifically impossible. 
However, properly worn personal hearing protection in 
association with audiometric monitoring is inexpensive 
and extremely effective in preventing hearing loss. Many 
major industries now have comprehensive hearing con-
servation programs that include noise surveys to identify 
hazardous noise, audiometric testing programs to detect 
hearing loss from all causes (not just noise), medical 
diag nosis of all abnormal audiograms, follow-up for any 
abnor malities, retraining and monitoring of all testing 
personnel, audiometric monitoring for the effective use 
of ear protection, and medico-legal services. Among the 
many additional benefits of such a program is recogni-
tion of nonnoise-induced, curable hearing loss, such as 
otosclerosis, as well as early diagnosis of serious causes of 
hearing loss such as acoustic neuromas. 
 Physicians are called on to consult in occupational 
otologic problems. When rendering a judgment, it is no 
longer acceptable to conclude that a person has OHL sim-
ply because he/she works in a noisy plant. The differential 
diagnosis is lengthy, and a diagnosis of OHL must be estab-
lished on the basis of positive evidence. Not only are there 
potentially staggering sums of money involved (leading 
to a natural increase in spurious claims of noise-induced 
hearing loss), but there are also many serious causes of 

INTRODUCTION
Hearing loss due to occupational noise exposure is our 
most prevalent industrial malady and has been recognized 
since the Industrial Revolution. There are millions of emp-
loyees with occupational hearing loss (OHL) in American 
industry. Our neglect of hearing loss, especially OHL, 
has resulted in human and economic consequences that 
aff ect virtually every American household. This is espe-
cially regrettable because noise-induced hearing loss is 
almost always preventable at relatively little cost. 
 Although legislative and legal developments over the 
last few decades have catapulted the problem of OHL to 
national prominence, elimination of this occupational dis-
ease has been technologically possible for many years. The 
delay in addressing the issue effectively has been caused 
by legislative, economic, and political resistance, as well 
as by a paucity of scientific information adequate to for-
mulate reasonable standards for hearing conservation and 
noise control programs. Most occupational diseases and 
injuries are covered in workers’ compensation legislation. 
However, OHL has been included only recently in these 
laws, and it is still excluded in some states. The principle 
behind workers’ compensation legislation is reimburse-
ment for lost wages. Because hearing loss is not visible and 
usually does not interfere with earning power, it has been 
neglected despite its impact on living power. 
 Legislation was delayed not only by industrial lobby-
ing from a few companies that did not want to spend 
money for noise control or hearing conservation, but also 
because the relationship between noise and hearing was 
difficult to establish. This information is critical to writing a 
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hearing impairment that may mimic OHL. It is our medi-
cal (and medico-legal) obligation to detect them. In order 
to establish a diagnosis of OHL, one must have at least a 
history of adequate exposure to noise levels sufficient to 
explain the hearing loss, an audiogram, ideally a com-
plete audiogram (air conduction, bone conduction, and 
discrimination), consistent with noise-induced hearing 
loss, relative stability of the hearing level after the subject 
is removed from noise exposure, absence of other causes 
of hearing loss, and other data. The differential diagnosis 
includes many other causes. Even the typical “4000-Hz dip”  
audiogram that shows maximum hearing loss between 
3000 and 6000 Hz can be caused by many conditions other 
than noise. 

FEDERAL REGULATION OF OHL 

Occupational Safety and 
Health Act Legislation 
The federal government showed its concern for the large 
numbers of workers with OHL by establishing the Occu-
pational Safety and Health Act (OSHA) Noise Regulation 
mandating some hearing conservation measures in essen-
tially every plant in the United States that produced 85 
dBA or more of noise for 8 hour daily. The government also 
emphasized its interest in federal workers’ compensation 
regulations for hearing loss, and this has been the impetus 
for many states that have passed legislation to include OHL 
in their workers’ compensation statutes. A conservative 
estimate of the potential cost of compensation for hearing 
loss in workers exceeds 20 billion dollars. This helps make it 
the number one environmental and medico-legal problem 
in the United States. The number of claims remains high, 
spurred by layoffs and economic difficulties. However, 
insurance companies and workers’ com pensation funds 
are not prepared to bare the brunt of this potentially explo-
sive problem. A few companies, such as E.I. DuPont which 
has had a hearing conservation program for > 60 years, 
established voluntary hearing safety programs and have 
virtually no OHL in their employees. 
 The history of the OSHA Noise Regulation and of the 
Hearing Conservation Amendment is complex, as with 
most other important regulations and laws. Compara-
tively little valid and reliable scientific data were available 
on which to base a noise stan dard. Practical measures, 
politics, economics, and numerous other factors played 
important roles in determining the final regulation. Discus-
sion and review of the most important features of OSHA’s 

requirements are detailed elsewhere.1 The most recent 
final OSHA ruling, complete details of which are listed in 
the Federal Register, Vol. 67, No. 126, July 1, 2002, details 
the requirements for recording hearing loss. The register 
contains Occupational Safety and Health Adminis tration 
Regulation 29 CFR 1904, Occu pational Injury and Illness 
Recording and Reporting Requirements, Final Rule, 
which became effective January 1, 2003. It requires the 
reporting of hearing losses that have a minimum of a 10 
dB shift in hearing acuity for the average of 2000, 3000, 
and 4000 Hz when compared with baseline (known as a 
Standard Threshold Shift) resulting in hearing thresholds 
over 25 dB. 

Development of a Noise Standard 
Comprehensive understanding of the nature of OHL has 
been hindered by the difficulties associated with scientific 
studies in an industrial setting. A brief review of old litera-
ture and an in-depth discussion of more comprehensive 
and more recent studies highlights the complexities of the 
problem and the clinical and scientific findings that form 
the basis for the guidelines set forth in this chapter. 
 In 1952, James H. Sterner conducted an opinion poll 
among a large number of individuals working with noise 
and hearing investigating the maximum intensity level 
of industrial noise that they considered safe to hearing2 
(Fig. 18.1). The wide range of estimates demonstrated 
clearly the lack of agreement even among knowledge-
able individuals and the futility of any attempt to establish 
meaningful guidelines by means of such polls. 
 In 1954, the Z24-X-2 Subcommittee of American Stand-
ards Association (now ANSI) published its exploratory 

Fig. 18.1: Estimates of “safe” frequency intensity levels.
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report on the relations of hearing loss to noise exposure.3 
On the basis of available data, they could not establish a 
“line” between safe and unsafe noise exposure. They pre-
sented questions that required answers before criteria 
could be formulated, including: (a) What amount of hear-
ing loss constitutes a sufficient handicap to be considered 
undesirable? (b) What percentage of workers should a 
standard be designed to protect? The report emphasized 
the need for considerably more research before “safe” 
intensity levels could be determined. 
 Many authors between 1950 and 1971 proposed dam-
age risk criteria, only some of which were based on stated 
protection goals. Articles are referenced in Table IX of NI-
OSH’s Criteria for Occupational Exposure to Noise.4 All 
these reports had limitations that precluded the adop-
tion of any one of them as a basis for the establishment of 
standards. In 1973, Baughn5 published an analysis of 6835 
audiograms from employees in an automobile stamping 
plant, with employees divided into three groups on the 
basis of estimated intensity of noise exposure. Its valid-
ity as the basis for a national noise standard was seriously 
questioned by Ward and Glorig6 and others because of 
shortcomings of nonsteady-state noise exposures, vague 
estimates of noise dosage, auditory fatigue, and test room 
noise. Baughn’s raw data were never made available to 
the Secretary of Labor’s Advisory Committee for Noise 
Standard despite a formal request from that group. 
 A study by Burns and Robinson7 avoided many of the 
deficiencies of previous studies but was based on a very 
small number of subjects exposed to continuous steady-
state noise, particularly in the 82–92 dBA range. The study 
included workers who “change position from time to time 
using noisy hand tools for fettling, chipping, burnish ing, 
or welding”—hardly continuous or steady state. Their 
report admitted to the inclusion of workers exposed to 
nonsteady-state levels under 90 dBA. In fact, some workers 
were included whose noise exposures varied by 15 dBA. 
The oft-quoted Passchier-Vermeer report8 was not based 
on an actual field investigation but was rather a review 
of published studies up to 1967. Some of these studies 
addressed the validity of measuring sound levels in dBA; 
none was really designed to be used as the basis for a noise 
standard. 
 As early as 1970, interested individuals from industry, 
labor, government, and scientific organizations discussed 
the concept of an interindustry noise study. The project 
was started in 1974 for the stated purpose of gathering data 
on the effect of steady-state noise in the range of 82–92 
dBA. While the results of such a study would obviously be 

of interest to those involved in noise regulation, the basic 
purpose of the study was scientific rather than regulatory. 
The detailed protocol has been published6 and will not 
be repeated here. Some of the important points were: (a) 
Clear definitions of the temporal and spectral character-
istics of the noise. (b) Noise exposures had to fall between 
82 and 92 dBA, with no subject exceeding a 5-dBA range 
(later modified to a 6-dBA range). (c) Noise environment 
had to be steady state throughout a full shift, with few, if 
any, sharp peaks of impact noise. (d) Subjects, both exper-
imental and control, had to include men and women. (e) 
No prior job exposure to noise over 92 dBA for experimen-
tals and 75 dBA for controls. (f ) Minimum of 3 years on pre-
sent job. (g) All audiometric testing, noise measurement, 
equipment calibration, otological examinations, histories, 
and data handling had to be done in a standardized man-
ner, as detailed in the protocol. (h) The original raw data 
had to be made available to all serious investigators upon 
request at the conclusion of the study. Hearing levels were 
measured in 155 men and 193 women exposed to noise 
levels ranging from 82 to 92 dBA for at least 3 years, with 
a median duration of ~15 years; they were also measured 
in 96 men and 132 women with job exposure that did not 
exceed 75 dBA. Noise exposure was considered steady 
state in that it did not fluctuate >3 dB from the midpoint 
as of the time of the first audiogram. As many subjects 
as possible were re-examined 1 year later and 2 years 
later. 
 Jobs involving some 250,000 employees were exam-
ined to find the 348 experimen tal subjects who met the 
criteria of the inter-industry noise study as of the time of 
entry. Within the range of 82–92 dBA, differences in noise 
intensity had no observable “effect” on hearing level. 
That is, the hearing levels of workers at the upper end of 
the noise intensity exposure were not observably differ-
ent from the hearing levels of workers at the lower end of 
the noise exposure. Age was a more important factor than 
duration on the job in explaining differences in hearing 
level within any group. Comparisons between experimen-
tal and control subjects were made on an age-adjusted 
basis. 
 Differences between women exposed to 82–92 dBA 
and their controls were small and were not statistically 
significant. Differences between men exposed to 82–92 
dBA and their controls were small and were not statisti-
cally significant at 500, 1000, and 2000 Hz. Levels in the 
noise-exposed group significantly exceeded those in the 
control group at 3000, 4000, and 6000 Hz by 6–9 dB. At 8000 
Hz, differences again became not significant. 
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 There was no real evidence of a difference between 
noise-exposed workers and their controls with respect to 
the changes in hearing level during the course of follow-up 
1 and 2 years after initial audiograms. Changes were negli-
gible for both groups. 
 It is important to note that the studies discussed and 
the regulations promulgated to date concern themselves 
with exposure to continuous noise. More recent research 
demonstrated that intermittent exposure to noise results 
in different effects on hearing.9 Although it may produce 
marked, high frequency, sensorineural hearing loss, inter-
mittent noise does not have the same propensity to spread 
to the speech frequencies even after many years of expo-
sure, as happens with continuous noise exposure. 

Disability and Impairment 
Methods for compensating people with OHL vary from 
jurisdiction to jurisdiction.1 An essential part of a compen-
sation act is the manner of calculating how much compen-
sation an employee should receive for a specific amount 
of hearing loss. It is first necessary to distinguish among 
impairment, disability, and handicap. Impairment is a 
medical concept meaning a deviation from normal. Dis-
ability and handicap involve many nonmedical factors 
and include a concept of loss of ability to earn a daily liveli-
hood, “loss of living power” or reduction of the individual’s 
enjoyment of daily living. Hearing impairment contributes 
to a disability, but many other factors are involved. Com-
pensation is awarded for disability. 

CHARACTERISTICS OF OHL 

Audiometric Features 
OHL is a specific disease due to repetitive injury with 
established symptoms and objective findings. The diagno-
sis of OHL cannot be reached reliably solely on the basis 
of an audiogram showing high-frequency sensorineural 
loss and a patient’s history that he/she worked in a noisy 
plant. Accurate diagnosis requires a careful and com-
plete history, physical examination, and often laboratory, 
imaging, and special audiologic studies. Numerous enti-
ties such as acoustic neuroma, labyrinthitis, ototoxicity, 
viral infections, acoustic trauma (explosion), head trauma, 
hereditary hearing loss, diabetes, presbycusis, autoim-
mune and genetic causes must be ruled out, as they are 
responsible for similar hearing loss in millions of people 
who were never employed in noisy industries. 

 The American College of Occupational Medicine Noise 
and Hearing Conservation Committee promulgated a 
position statement on the distinguishing features of occu-
pational noise-induced hearing loss.10,11 This statement 
summarized the accepted opinions of the medical com-
munity regarding diagnosis of OHL. The American Occu-
pational Medicine Association (AOMA) Committee defined 
occupational noise-induced hearing loss as a slowly deve-
loping hearing loss over a long time period (several years) 
as the result of exposure to continuous or intermittent loud 
noise. The committee stated that the diagnosis of noise-
induced hearing loss is made clinically by a physician and 
should include study of the noise exposure history. It is 
also distinguished OHL from acoustic trauma, an immedi-
ate change in hearing resulting from a single exposure to 
a sudden burst of sound, such as an explosive blast. The 
committee recognized that the principle character istics of 
occupational noise-induced hearing loss are as follows: 
 1. It is always sensorineural affecting the hair cells in the 

inner ear 
 2. It is almost always bilateral. Audiometric patterns are 

usually similar bilaterally 
 3. It almost never produces a profound hearing loss. Usu-

ally, low-frequency limits are 40 dB and high-frequency 
limits 75 dB 

 4. Once the exposure to noise is discontinued, there is 
no substantial further progression of hearing loss as a 
result of the noise exposure 

 5. Previous noise-induced hearing loss does not make 
the ear more sensitive to future noise exposure. As the 
hearing threshold increases, the rate of loss decreases 

 6. The earliest damage to the inner ears reflects a loss at 
3000, 4000, and 6000 Hz. There is always far more loss 
at 3000, 4000, and 6000 Hz than at 500, 1000, and 2000 
Hz. The greatest loss usually occurs at 4000 Hz. The 
higher and lower frequencies take longer to be affected 
than the 3000–6000 Hz range 

 7. Given stable exposure conditions, losses at 3000, 4000, 
and 6000 Hz will usually reach a maximal level in 
10–15 years 

 8. Continuous noise exposure over the years is more 
damaging than interrupted exposure to noise, which 
permits the ear to have a rest period. 

 Since that time, the criteria have been updated 
twice.12,13 The most recent guidance statement from the 
American College of Occupational and Environmental 
Medicine is considerably more extensive.13 It includes a list 
of characteristics and additional consideration associated 
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with noise-induced hearing loss. In summary, the cur-
rent list of characteristics of noise-induced hearing loss 
includes the following:
 1. It is always sensorineural, affecting primarily the coch-

lear hair cells
 2. It is typically bilateral
 3. The first audiometric sign is “notching” between 3000 

Hz and 6000 Hz with recovery at 8000 Hz
 4. Noise exposure alone usually does not produce hear-

ing loss >75 dB in the high frequencies and 40 dB in the 
lower frequencies

 5. Hearing loss due to noise increases most rapidly dur-
ing the first 10–15 years of exposure

 6. Ears previously exposed to noise are not more sensi-
tive to future noise exposure

 7. There is no conclusive evidence that hearing loss due 
to noise progresses once the noise exposure has been 
discontinued

 8. The risk of noise-induced hearing loss is low at expo-
sures below 85 dBA TWA but increases as exposures 
rise above this level

 9. Continuous noise exposure is more damaging than 
intermittent noise exposure

10. Hearing protectors provide less attenuation than sug-
gested by the noise reduction rating. Hearing protec-
tors should be selected to reduce exposure to < 85 dBA 
TWA

11. The presence of a temporary threshold shift (TTS) is 
a risk indicator for permanent threshold shift (PTS) if 
hazardous noise exposures continue.

 Additional considerations discussed include the follo-
wing:
 1. Unilateral sources of noise such as sirens and gunshots 

can produce asymmetric hearing loss, as can situa-
tions in which the work involves fixed placement of the 
affected ear relative to a noise source

 2. Exposures to very intense and frequent impulse/ 
impact noise added to steady-state noise may be more 
harmful than steady-state noise of the same A-weighted 
energy exposure alone

 3. Exposure to ototoxic agents may act in synergy with 
noise to cause hearing loss

 4. Individual susceptibility to the auditory effects of noise 
varies widely

 5. Causes of hearing loss other than noise must be con-
sidered

 6. Noise-induced hearing loss may cause “significant 
morbidity” in some workers

 7. Early detection and intervention are essential to pre-
vention of OHL

 8. Age correction of audiograms allows age standardi-
zation, permitting comparison of hearing loss rates 
among working populations. OSHA permits but does 
not require the use of an age correction procedure

 9. Assessment of hearing loss requires review of previous 
audiograms, noise exposure records, hearing protec-
tion data, and clinical history to assist in the diagnosis.

Sensorineural Hearing Loss 

Habitual exposure to occupational noise damages the 
hair cells in the cochlea causing a sensory hearing loss. 
No damage to the outer or middle ear (conductive loss) 
can be caused by routine daily exposure to loud industrial 
noise. Ultimately, some of the nerve fibers supplying the 
damaged hair cells may also become damaged from many 
causes and result in a neural loss of hearing, as well. 

Bilaterality of OHL 

Both ears are equally sensitive to TTS and PTS (hearing 
loss) due to most free-field occupational noise exposure; 
and, therefore, damage is equal or almost equal in both 
ears. If an employee working in a very noisy environment 
develops substantial one-sided sensorineural hearing 
impairment, it is essential to find the cause and to rule out 
an acoustic neuroma, which commonly presents as uni-
lateral sensorineural hearing loss. In weapons and range 
fire, the ear nearest the stock (left ear in a right-handed 
rifle shooter) sustains damage before and to a somewhat 
greater degree than the other ear; however, a loss will gen-
erally be present to some degree bilaterally. 

The 4000-Hz Audiometric Dip 

Occupational noise-induced hearing loss is not only sen-
sorineural and usually bilateral but it also has a charac-
teristic frequency distribution known as the 4000-Hz dip. 
Figure 18.2 shows a composite audiogram of the classic 
progress of many cases of OHL. This pattern is common in 
hearing loss caused by gunfire; and exposure to continu-
ous noise, such as in weaving mills, some metal plants, 
etc., also produces this pattern in which the earliest dam-
age occurs between 3000 and 6000 Hz. Some noise sources, 
such as papermaking machines, can damage the 2000-Hz 
frequency somewhat before the higher frequencies, while 
noise exposures to chipping and jackhammers, for example, 
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characteristically damage the higher frequencies severely 
before affecting the lower ones. However, in general, fre-
quencies below 3000 Hz are almost never damaged by 
occupational noise without earlier damage to the higher 
frequencies. 
 It has been known for many years that prolonged expo-
sure to high-intensity noise results in sensorineural hear-
ing loss that is greatest between 3000 and 6000 Hz. In such 
cases, the classic audiogram shows a 4000-Hz dip in which 
hearing is better at 2000 and 8000 Hz (Fig. 18.3). Unfortu-
nately, the fact that noise produces this 4000-Hz dip has 
led some physicians to assume that any comparable dip is 
produced by noise. This error can lead to misdiagnosis and 
can result in undesirable medical and legal consequences. 
 Although there are numerous hypotheses that atte mpt 
to explain the 4000 Hz dip in noise-induced hearing 
loss,14–17 its pathogenesis remains uncertain. However, 
it is known that in most cases this loss affects hearing 
between 4000 and 6000 Hz initially and then spreads 
to other frequencies.18,19 Frequencies higher than those 
usually measured clinically may be tested on special audio-
meters and are helpful in diagnosing noise-induced hear-
ing loss in selected cases.20 This hearing loss may result from 
steady state or intermittent noise, although the intensities 
required to produce comparable hearing losses differ,21 
and controversy exists as to the nature of the actual 

cochlear damage.21–24 Other types of acoustic trauma, such 
as from blast injuries, may result in other audiometric 
patterns or in a 4000-Hz dip, but they will not be consid-
ered in this discussion. Head trauma may produce the 
same audiometric pattern.

Discrimination Scores 

In almost all cases of OHL in which the high frequencies 
are affected (even severely), the discrimination scores are 
good (>85%) in a quiet room. If patients have much lower 
discrimination scores, another cause in addition to OHL 
should be suspected. 

Gradual Hearing Loss with Early Onset 

In addition to having the characteristics of a bilateral sen-
sorineural hearing loss with a 4000 Hz dip, OHL begins 
early with noise exposure and progresses gradually. Sud-
den deafness is not caused by noise to which a patient 
is exposed regularly at his/her job. There are, of course, 
incidents of unilateral sudden deafness due to acoustic 
trauma from an explosion or similar circumstance. Other 
causes must be sought in sudden deafness in one or both 
ears regardless of occupational noise exposure. 
 OHL characteristically develops during the first few 
years of exposure and may worsen over the next 12–15 years 

Fig. 18.2: Series of audiometric curves showing a “classic” 
progres sive loss that may be found in employees with excessive 
noise exposure.

Fig. 18.3: Typical 400-Hz dip. In this audiogram, and in all other 
audiograms in this chapter, bone conduction equals air conduc-
tion. —, right; X – – X, left.
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of continued exposure, but the damage does not continue 
to progress rapidly or substantially with additional expo-
sure beyond 12–15 years. Rarely, an employee working in 
consistent noise will have good hearing for 4 or 5 years and 
then develop progressive hearing loss from occupational 
causes. Employees who retire after age 60 and develop 
additional hearing loss without continued noise exposure 
generally should not attribute this to their past jobs.25 The 
same pertains to employees who wear hearing protec-
tors effectively and either develop hearing loss or have 
additional hearing loss. Accurate diagnosis is important 
because some such hearing losses occur from etiologies 
that are amenable to treatment.

Asymptotic Hearing Loss 

Another characteristic of OHL is that specific noisy jobs 
produce a maximum degree of hearing loss. This has been 
called asymptotic loss. For example, employees using 
jackhammers develop severe high frequency, but mini-
mal low fre quency, hearing losses. Employees working for 
years in 92 dBA generally do not have > 20-dB losses in the 
low frequencies and once they reach a certain degree of 
high-frequency hearing loss, little additional loss occurs. 
Many employees exposed to weaving looms experience 
a maximum of 40-dB loss in the speech frequencies, but 
they rarely have greater losses. This is believed to be due 
to the hearing impairment itself protecting the ear from 
further damage. For example, if someone with a 35-dB 
hearing loss is exposed to a 95-dB sound, he hears only 
60 dB (in the absence of loudness recruitment), and little 
or no additional noise-induced hair cell damage occurs. 
If an employee shows a loss much greater than is typical 
for similar exposure, the otologist should suspect other 
causes. 

LIMITATIONS OF THE AUDIOGRAM 
We already have noted that an audiogram showing a 
4000-Hz dip is not sufficient evidence to make a diagno-
sis of noise-induced hearing loss. A thorough investigation 
must be considered to establish the true cause of the hear-
ing loss whenever there is any question regarding etiology. 
It is not always possible to ascribe a hearing loss to noise 
or to completely rule out other causes. However, if the 
patient’s noise exposure has been sufficient, and if inves-
tigation fails to reveal other causes of hearing loss, a diag-
nosis of noise-induced hearing loss can be made with 
reasonable certainty in the presence of supportive audio-
metric findings. 

Other Causes of the 4000-Hz Dip 
Viral Infections 

It is well known that viral upper-respiratory infections may 
be associated with hearing loss, tinnitus, and aural fullness. 
This fullness is frequently due to inner-ear involvement 
rather than middle-ear dysfunction. Viral cochleitis also 
may produce either temporary or permanent sensorineu-
ral hearing losses, which can have a variety of audiometric 
patterns, including a 4000-Hz dip (Fig. 18.4).26 In addition 
to viral respiratory infections as causes of sensorineural 
hearing loss, rubella, measles, mumps, cytomegalic inclu-
sion disease, herpes, and other viruses have been impli-
cated (Fig. 18.5). 

Skull Trauma 

Severe head trauma that results in fracture of the coch-
lea usually produces profound hearing loss or total deaf-
ness. However, lesser trauma to the inner ear may produce 
concussion-type injury that may be manifested audio-
metrically as a 4000-Hz dip. Human temporal bone patho-
logy in such cases is similar to that seen in noise-induced 
hearing loss.27 Similar findings can also be produced by 
experimental temporal-bone injury.17 

Fig. 18.4: Audiogram of a 51-year-old woman who developed sud-
den hissing tinnitus and a feeling of fullness in her ears during a 
typical head cold. She had no other ear problems and no noise 
exposure. The audiogram remained unchanged during a 2-year 
observation period. —, right; X – – X, left.
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Hereditary (Genetic) Hearing Loss 
Hereditary sensorineural hearing loss results commonly 
in an audiometric pattern similar to that associated with 
OHL.28–30 This may be particularly difficult to diagnose, 
because hereditary deafness need not have appeared 
in a family member previously; in fact, many cases of 
hereditary hearing loss follow an autosomal recessive 
inheritance pattern. There have been new developments 
in identification of genes associated with hereditary hear-
ing loss, making it possible currently to identify specifically 
some forms of genetic hearing loss. 

Ototoxicity 
The most commonly used ototoxic drugs at present are 
amino glycoside antibiotics, diure tics, chemotherapeutic 
agents, and aspirin (in high doses).1 When toxic effects are 
seen, high-frequency sensorineural hearing loss is most 
common, and profound deafness may result, although a 
4000-Hz dip pattern may also be seen (Fig. 18.6).24 
 Unlike damage caused by the other ototoxic drugs 
listed above, aspirin-induced hearing loss usually is only 
temporary, recovering after cessation of the medication. 

Fig. 18.5: Audiogram of a 24-year-old woman who developed tinni-
tus and a feeling of fulleness in her ears during an attack of her-
petic “cold sores” not associated with an upper-respiratory illness. 
Electronystagmography showed right-sided weakness. Examina-
tion showed decreased sensation in the distribution of the second 
cervical and glossopharyngeal nerves. —, right; X – – X, left.

Fig. 18.6: Audiogram of a 54-year-old woman who developed 
bilateral high-pitched tinnitus 2 weeks after beginning an oral 
diuretic for mild hypertension. Electronystagmography showed 
nght-sided weakness. Examination showed decrease sensation 
in the distribution of the second cervical and glossopharyngeal 
nerves. —, right; X – – X, left.

Acoustic Neuroma 

Eighth-nerve tumors may produce any audiometric pat-
tern, from that of normal hearing to profound deafness, 
and the 4000-Hz dip is not a rare manifestation of this 
lesion (Figs. 18.7 and 18.8).31 In these lesions, low speech 
discrimination scores and patho logical tone decay need 
not be present and cannot be relied on to rule out retro-
cochlear pathology. Nevertheless, asymmetry of hearing 
loss should arouse suspicion even when a history of noise 
exposure exists. There are several cases in which patients 
were exposed to loud noises producing hearing losses that 
recovered in one ear but not in the other because of under-
lying acoustic neuromas. 

Sudden Hearing Loss 

Each year, clinicians see numerous cases of sudden sen-
sorineural hearing loss of unknown origin. Although the 
hearing loss is usually unilateral, it may be bilateral; and 
it may show a 4000-Hz dip. This audiometric pattern may 
also be seen in patients with sudden hearing loss due to 
inner-ear membrane breaks32,33 and barotrauma.34,35 
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Multiple Sclerosis 
Multiple sclerosis can also produce sensorineural hearing 
loss that may show almost any pattern and may fluctuate 
from severe deafness to normal threshold levels. An 
example demonstrating a variable 4000-Hz dip is shown 
in Figure 18.9. 

Other Causes 
A variety of other causes may produce audiograms similar 
to those seen in noise-induced hearing loss. Such condi-
tions include bacterial infections such as meningitis, sys-
temic toxins,36 and neonatal hypoxia and jaundice. Figure 
18.10 illustrates one such sensorineural hearing loss that 
resulted from kernicterus because of Rh incompatibility. 

NOISE EXPOSURE HISTORY 
It is important to recall that sound of a given frequency 
spectrum and intensity requires a certain amount of 
time to produce hearing loss in most subjects. Although 
the necessary exposure varies from person to person, a 
diagnosis of noise-induced hearing loss requires a history 

of sufficient noise exposure. Guidelines for estimating how 
much noise is necessary to cause hearing loss in most peo-
ple have been established by the scientific com munity and 
the federal government and are reviewed in this chapter. 
However, a reason able assessment of a patient’s occupa-
tional noise exposure cannot be obtained solely from his/
her history, especially if compensation is a factor. 
 Patients who have worked for many years without hear-
ing protection with weaving looms, papermaking machi-
nes, boilers, sheet metal, riveters, jackhammers, chippers, 
and the like, nearly always have some degree of OHL. 
However, many other patients have marked hearing losses 
that could not possibly have been caused by their mini-
mal exposures to noise. Many patients working in industry 
can claim that they have been exposed to a great deal of 
noise. It is essential, especially in compensation cases, to 
get more accurate information by obtaining from the emp-
loyer, if possible, a written work history and time-weighted 
average of noise exposure. If a physician does not have 
first-hand knowledge of the noise exposure in a patient’s 
job, definitive diagnosis generally should be delayed until 
such information is made available. 

Fig. 18.7: Audiogram of a 28-year-old male machinery worker with 
a 6-month history of intermittent tinnitus and right-sided hearing 
loss but without vertigo. Speech discrimination in the right ear was 
88%. Electronystagmography showed reduced right-vestibular 
function. A 1-cm neuroma was removed through the right middle 
fossa. —, right; X – – X, left.
Courtesy of: MD Graham.28

Fig. 18.8: Audiogram of a 40-year-old woman with a 1-year his-
tory of tinnitus and right-sided hearing loss that was especially 
apparent when she used the telephone. Speech discrimination in 
the right ear was 88%. Electronystagmography revealed absent 
right caloric responses. A 1.5 cm acoustic neuroma was removed 
through a translabyrinthine approach. —, right; X – – X, left.
Courtesy of: MD Graham.28
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Fig. 18.9: Audiogram of a 20-year-old woman with fluctuating 
sensorineural hearing loss due to multiple sclerosis. Brainstem 
evoked-response audiometry showed conduction slowing between 
the cochlear nucleus and the superior olivary nucleus. —, right; 
X – – X, left.
Courtesy of: MD Graham.28

Fig. 18.10: Audiogram of a 1-year-old boy had sever neonatal 
jaundice with kernicterus as a result of Rh incompatibility, —, 
right; X – – X, left.
Courtesy of: MD Graham.28

 Some publications6,9 have perpetuated the idea that 
exposures to <90 dBA can produce handicapping hearing 
losses in the speech frequencies. A critical review of the 
most quoted publications37–38 reveals that all these reports 
contain serious shortcomings casting considerable doubt 
on their conclusions. The Inter-industry Noise Exposure 
studies are the best conducted and monitored research 
projects relating hearing loss and noise exposure, but even 
these authors emphasize the need for additional valid and 
reliable research. 
 The 85- and 90-dBA noise exposure levels designated 
by OSHA are the levels at which initiation of a hearing con-
servation program and use of hearing protection are rec-
ommended. They are not necessarily the levels at which 
hearing becomes impaired in the speech frequencies 
even after years of exposure. Individuals who have handi-
capping hearing loss in their speech frequencies and are 
habitually exposed to < 90 dBA probably have hearing 
losses from other causes. These losses have developed 
regardless of their jobs. It is important to find the specific 
causes for their hearing losses rather than make mislead-
ing, unjustified, and hasty diagnoses of OHL. 

 The term biological hypersensitivity to noise is often 
misused and requires clarification. Many physicians and 
attorneys have attributed patients’ substantial sensorineu-
ral hearing loss to hypersensitivity to noise, even though 
the exposure was to 85 dBA or less. There is no basis for 
such an opinion. Prolonged exposure to this type of noise 
level will not cause handicapping hearing loss in the 
speech frequencies. Biological hypersensitivity to noise 
does not mean that individuals exposed to mild levels 
< 90 dBA can sustain substantial hearing losses, but rather 
that in a group of employees habitually exposed to very 
loud noise (>95 dBA) without hearing protectors, a few will 
have little or no hearing loss (so-called “hard ears”), most 
will have a fair amount of loss, and a few will sustain sub-
stantially greater losses because they are hypersensitive. 
 Many years of otologic studies and clinical experience 
have demonstrated certain symptoms and findings that are 
characteristic of OHL. For instance, we know that employees 
do not suffer total or very severe sensorineural deafness 
in the speech frequencies even if they work for years in 
the loudest industrial noise areas. Several explanations 
have been proposed for this observation, for example: 
“the nerve-deafened ear acts as a hearing protector” and 
“what you do not hear does not hurt you”. Even when noise 
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exposure is very high and undoubtedly a contributing 
cause, all patients with severely handicapping losses in 
the speech frequencies should be studied carefully to find 
the underlying etiology. 
 Otologic history should include use, duration, and 
effe ctiveness of hearing protection, type of noise exposure 
(including continuous or intermittent), dosage of exposure 
(daily hours and years), and presence of recreational noise 
exposure such as target practice, trap shooting, hunting, 
snow-mobile use, motorcycling, chain saw or power-tool 
use, etc. Rec reational exposure may contribute to noise-
induced hearing loss. Employees should be advised to use 
hearing protectors during recreational exposure to loud 
noise. Infrequent exposures and intermittent exposures 
are far less hazardous than continuous daily exposures. It 
seems that if the ear has sufficient rest periods, damage to 
the speech frequen cies is minimized. 

HISTOPATHOLOGY OF 
NOISE-INDUCED HEARING LOSS 

Histologic studies of human inner ears damaged by noise 
reveal diffuse degeneration of hair cells and nerves in the 
second quadrant of the basal turn of the cochlea – the area 
sen sitive to 3000–6000 Hz sounds (Figs. 18.11 to 18.13).24 
Similar findings have been demonstrated in cochlear 
hair cells and first-order neurons in experimental ani-
mals exposed to loud noises, as discussed subsequently. 
Further experimental studies in rodents have shown 
noise-induced injury to the stria vascularis as well,39 but 
there is some question as to the applicability of this finding 
to clinical medicine. 
 Comprehensive discussion of the histopathology of 
noise-induced hearing loss is beyond the scope of this 
chapter. The subject is controversial, and many questions 
remain unanswered. However, certain recent observations 
are of particular clinical interest and worthwhile review-
ing, particularly those of Spoendlin of Innsbruck, Austria.40 
 The psychophysical effects of sound stimulation at var-
ious intensities include the following: 
 1. Adaptation is an immediate and rapidly reversible 

threshold shift proportional to the sound intensity at 
the frequency of stimulation 

 2. TTS is pathological, metabolically induced fatigue. 
Its development and recovery are proportional to the 
logarithm of exposure time. It reverses slowly over a 
period of hours 

 3. PTS, such as from OHL, develops by exposure to exces-
sive noise for sufficiently long period of time 

 The extended exposure time results in the destruction 
and eventual loss of the cells of the organ of Corti. Two 
mechanisms appear to be involved in this process: 
 1. In high-intensity noise exposure, there may be direct 

mechanical destruction 
 2. In exposure to moderately intense noise, there is a 

metabolic decompensation with subsequent degen-
eration of sensory elements 

 If a cochlea is examined shortly after even short-term 
exposure to extremely intense noise, it may show entire 
absence of the organ of Corti in the epicenter of the injured 
area. Moving laterally from the epicenter, the hair cells are 
swollen and severely distorted with cytoplasmic organelle 
displacement. More laterally, the cells reveal bending 
of sensory hairs. Further from the epicenter, but still in 
the area of damage, one finds only slight distortion of the 
outer hair cells. In addition to sensory damage, dislocation 
of the tympanic lamina cells, disruption of the heads of 
the pillar cells, holes in the basilar membrane, and other 
findings may be seen. 
 After exposure to moderately intense acoustic stimuli, 
the nuclei of outer hair cells become extremely swollen. 
Swelling is also seen in the terminal unmyelinated por-
tion of the afferent nerve fibers to the inner hair cells. 
This pathological condition of afferent nerve fibers may 
be seen in hypoxia, as well. In both instances, it appears 

Fig. 18.11: Anterolateral view of the left cochlea from a 17-year-
old female car accident victim. Most of the vestibular portion of the 
membranous wall of the cochlea. Reissner’s membrane, and the 
tectorial membrane have been removed for surface preparations. 
At 12 o’clock, a part of Reissner’s membrane is still in situ, and at 
9 o’clock, a portion of the spiral ligament is arching over the scala 
vestibule. By courtesy of Lars-Göran Johnsson, Karolinska Insti-
tute, Helsinki, Finland.
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to result from metabolic derangement. Degeneration of 
mitoch ondria and alteration of the synap tic vesicles may 
be observed in the efferent nerve endings of the outer hair 
cells after long exposure.41 
 TTS appears to cause only an increase in number and 
size of lysosomes, primarily in the outer hair cells, a finding 
probably also related to increased metabolic activity. 
 The localization of damage depends on the type of 
noise exposure. Exposure to white noise, multifrequency 
noise encountered under most industrial circumstances, 
usually produces damage in the upper basal turn of the 
cochlea, the 3000–6000-Hz frequency range in humans. 
Narrow-band noise causes damage in different areas 
depen ding on the frequency of the noise; the extent of the 
damage increases with increasing intensity of the center 
frequency. These observations are true for continuous 
noise; impulse noise results in much more variability in 
site of damage. The rise time of the impulse appears to 
be an important factor in the amount of hearing damage. 
Histo logically, square-noise impulses appear to produce 
less damage than impulses with a gradual rising time of 
25 ms.40 The practical implications of this finding remain 
unclear. 
 The histological progression of cochlear injury over 
time is also of interest. Some of the mechanically or meta-
bolically induced structural changes are reversible, where-
as others progress to degeneration. Metabolically induced 
changes such as swollen nuclei in the outer hair cells and 
swollen nerve endings usually reverse, although scattered 

degeneration occurs. Severe distortion of cells often leads 
to degeneration and mem brane ruptures, which may 
result in the disappearance of the organ of Corti in the area 
of injury. In places where the organ of Corti is completely 
destroyed, the cochlear neurons undergo slow, progres-
sive retrograde degeneration over months. Eventually, 90% 
of the cochlear neurons associated with the injured area 
disappear, including their spiral ganglion cells of origin. 
This retrograde neural degeneration usually is not obser-
ved when only outer hair cells are missing.42 No significant 
neural degeneration has been noted in adjacent areas. 
Thus, although histopathological changes progress even 
after acoustic stimulation has stopped, significant degen-
eration occurs only in regions where substantial hair cell 
destruction (hence, substantial hearing loss) has already 
occurred. Consequently, progressive histological changes 
do not imply progress ive clinical hearing deterioration. 
 Histologically, maximal damage to the cochlea second-
ary to noise exposure is never total. Even under laboratory 
circumstances, there are always some sensory elements 
preserved in the cochlea. Moreover, for each exposure 
intensity, a “saturation damage” occurs after a certain 
time.The time interval is short for high-intensity noise 
exposure and longer for low-intensity noise exposure. 
Additional exposure to noise of the same intensity does 
not produce additional observable damage beyond this 
“saturation damage” limit. This histological finding corres-
ponds to asymptotic hearing loss. Moreover, even under 

Fig. 18.12: The left cochlea of a 76-year-old male cancer patient 
with hypertension and generalized arteriosclerosis. Note the 
patchy degeneration of the organ of Corti in the lower basal turn 
and the nerve degeneration. Paraformaldehyde 11-hour post-
mortem, OsO4. By courtesy of Lars-Göran Johnsson, Karolinska 
Institute, Helsinki, Finland.

Fig. 18.13: The left cochlea from a 59-year-old male patient who 
had worked in noisy surroundings and had been an enthusiastic 
hunter. There is a total loss of hair cells and nerve fibers in the 
middle of the basal turn. Note in the upper basal turn the pres-
ence of nerve fibers in an area where no organ of Corti remains. 
Paraformaldehyde 8-hour postmortem, OsO4. By courtesy of Lars-
Göran Johnsson, Karolinska Institute, Helsinki, Finland.
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laboratory conditions, there is a great variability in the 
cochlear damage produced by controlled noise exposure, 
especially following stimulation by moderately intense 
noise or impulse noise. These are the conditions encoun-
tered most commonly in an industrial environment. This 
histo logical and experimental evaluation corresponds to 
the biological variability (hard ears and soft ears) observed 
in industrial populations. 

COFACTORS ASSOCIATED WITH OHL 

Nonoccupational Noise Exposure 
Habitual exposure to loud rock-and-roll and amplified 
music can produce hearing damage between 2000 and 
8000 Hz. Occasional exposure, however, can be annoy-
ing to unaccus tomed listeners, but it does not cause sub-
stantial hearing damage in most cases. Household noises 
such as vacuum cleaners, fans, air conditioners, etc., gene-
rally do not damage hearing even though they may be 
disturbing. 
 Exposure to ultrasonic noise, such as in certain com-
mercial cleaners, does not affect hearing in the usually 
recorded frequencies (up to 8000 Hz). Community noises 
such as trolley cars, airplanes, noises from industrial plants, 
sirens, etc., also usually do not cause hearing damage, 
although very loud noises such as sirens may cause hear-
ing loss to an ear that is close to the sound source. 

Aspirin 
Limited research exists that investigates the interaction 
of aspirin and noise exposure on hearing loss. A study by 
Carson et al.43 explored the interaction of different aspirin 
doses and presence of noise on the hearing of rats. Perma-
nent hearing losses and hair cell damage were noted in all 
animals exposed to the noise condition; however, a greater 
amount of hair cell loss was observed in the animals with 
the highest dose of aspirin. Although some animal studies, 
like the one mentioned earlier, have shown a relationship 
between noise-induced hearing loss and aspirin, its inter-
action on human hair cells and hearing loss is unknown at 
this time. 

Smoking 
Research studies have implicated smoking as a cofactor 
that may affect the degree and risk of OHL. Past experi-
ments investigating the correlation of smoking and high-
frequency noise-induced hearing loss illustrate a higher 

risk of hearing loss.44–48 One study revealed that current 
smokers had an increased rate of hearing loss by a ratio of 
1.39:1 with an increase in the trend based on the number 
of packs smoked per day.44 However, the results of these 
investigations have been inconsistent regarding the exact 
role smoking plays in OHL, in some part because of poor 
controls of noise exposure levels in participants. Some 
studies have suggested that smoking, by itself, does not 
increase the risk of OHL; however, when coupled with ele-
vated blood pressure and other cardio vascular risk factors, 
those workers have a higher risk of hearing loss.49,50 

Industrial Solvents 
Another group of cofactors has been the topic of experi-
mental research in both humans and animals. Industrial 
solvents such as toluene, styrene, xylene, trichloroethy-
lene, and carbon disulfide, by themselves or in mixtures, 
have been implicated in affecting the inner ear both with 
and without the presence of noise. A review of audiograms 
and electronystagmography (ENG) results for workers 
in a paint and varnish plant revealed that 42% of those 
exposed to industrial solvents had high-frequency hear-
ing losses when compared with 5% in the age-matched 
control group; 47.5% of that same group demonstrated 
abnormal ENGs, vs. 5% in the control group.51 In investi-
gating the effects of styrene and styrene plus noise expo-
sure, Sliwinska-Kowalska et al.52 found that exposure to 
the styrene increased the risk of hearing loss in humans; 
in addition, the styrene plus noise exposed group had two 
to three times higher odds of developing hearing loss. Both 
of these studies support the conclusion that exposure to 
some industrial solvents can increase the risk of high- 
frequency hearing loss. More research is needed to inves-
tigate other industrial solvents and their possible effect on 
workers and their hearing. 

NONORGANIC HEARING LOSS 
Owing to the compensation and legal factors involved in 
OHL, some individuals present with nonorganic hearing 
loss in alleged noise-induced loss cases. The diagnos-
ing physician needs to be aware of pos sible nonorganic 
components including functional hearing loss, functional 
overlay, and malingering. 
 Functional or psychogenic hearing loss results from 
the influence of psychological or emotional factors result-
ing in an inability to hear when the peripheral mechanism 
may be essentially normal. Patients with extreme anxiety 
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or emotional conflicts may outwardly manifest their men-
tal disturbances by converting it into hearing loss or other 
conversion disorders. Conversion disorders are an invol-
untary response, escaping from the extreme emotions that 
cannot be faced voluntarily. A component of functional 
hearing loss can also be noted in addition to actual organ-
ic, peripheral hearing loss. When this is evident, it is called 
functional overlay. Careful history taking and accurate 
audiometry will assist in the diag nosis of these nonorganic 
components. 
 Unlike functional hearing loss, malingering is the 
inten tional misrepresentation of one’s hearing, usually for 
monetary or emotional gain. Individuals have been known 
to misrepresent their hearing for financial gain, to avoid 
work environments such as military deployment, to evade 
responsibility, or for purposes of gaining attention. Func-
tional overlay also can exist in malingering hearing losses. 
Most malingerers are revealed by their inconsistent test 
results. In cases of unilateral malingering, the shadow curve 
that should be present due to interaural sound transmis-
sion is often absent. For other cases, the pure tone average 
is not consistent with the speech reception threshold. To 
try to find the malingerer’s true thresholds, a number of 
techniques are useful in audiology. An ascend ing method 
of test presentation decreases people’s ability to estimate 
loudness; this is also reduced if smaller 1–2 dB steps are 
used instead of the traditional 5 dB steps. Physiologi cal 
measures such as otoacoustic emissions and auditory 
brainstem response also can be helpful in determining 
normal hearing, as can other special tests. 

PREVENTION AND HEARING 
PROTECTORS 

When it is not possible to reduce noise levels by treatment 
of the source, the problem may sometimes be solved by 
covering surrounding surfaces with acoustically absor-
bent materials, by the use of noise barriers, or by moving 
either the offending noise source or the persons exposed to 
another location. When it is impractical to attain enough 
noise reduction by these means, personal protective 
devices must be used. All factors considered, hearing pro-
tectors usually provide immediate, effective protection 
against OHL. 
 An effective personal protective device serves as a 
barrier between the noise and the inner ear where noise- 
induced damage to hearing may occur. Hearing protectors 
usually take the form of either earmuffs, which are worn 

over the external ear and provide an acoustical seal against 
the head; canal caps that supply an acoustical seal at the 
entrances of the external ear canal; and earplugs or inserts 
that offer an acoustical seal in the outer most portion of the 
ear canal. Hearing protectors need to be fitted individually 
and chosen expertly. The protection afforded by a hearing 
protector depends on its design and on several physiologi-
cal and physical characteristics of the wearer. Assessing, 
recommend ing, and monitoring effective hearing protec-
tion requires considerable training and skills. 
 The professional responsible for hearing protection 
must be familiar with the various ways sound energy may 
reach the inner ears, different types of hearing protec-
tion, various anatomical configurations of external audi-
tory canals, the real meaning of noise reduction ratings 
for various ear protectors, appropriate hearing protectors 
designed for specific noise environments, the effects of 
ear protectors on communication in noise, ear protector 
management for people with ear infections, and many 
other important factors. These are discussed in details in 
Chapter 17 of Sataloff and Sataloff.1 

CASE REPORTS 
Chiefly because of OSHA requirements and greater emp-
hasis on worker’s compensation for OHL, hundreds of 
thousands of employees will ultimately be referred to 
oto logists for consultations. Physicians must provide 
expert advice on matters such as employing people with 
possible safety and communication problems, managing 
numerous otologic problems and determining whether 
hearing loss is because of occu pational noise or some oth-
er cause. The general characteristics of OHL described can 
help guide physicians to a reasonably accurate diagnosis. 
In order to illustrate some of the numerous problems that 
have arisen in managing claims for OHL, it may be help-
ful to review a series of actual cases that have come to 
workers’ compensation court for adjudication. The histories 
are abstracted and the findings of plaintiff’s and defense’s 
experts are abbreviated, but included in each case are 
important features that illustrate both justified and unjus-
tified contentions. 
 In all these cases, the physical aspects of the otologic 
examination revealed no abnormalities unless specifically 
stated in the case report. Appropriate complete physical 
examination, blood studies, and other examinations were 
performed with no abnormalities found unless specifically 
stated in the report. 
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Case Report 1 
A 63-year-old pipefitter, employed by a shipbuilding com-
pany for 40 years, had 10 years’ exposure to chippers and 
ship “scraping” noise. Hearing loss developed gradually 
over many years, most pronounced after chipping expo-
sure. He denied tinnitus, vertigo, and gunfire exposure. 
Audiometry (Fig. 18.14) showed bilateral sensorineural 
hearing loss with fairly good residual hearing at 10,000 
and 12,000 Hz, discrimination between 82% and 88%, and 
good speech reception. These findings are characteristic 
of OHL due to prolonged exposure to intense noise such 
as chipping, and the history is consistent with the diagno-
sis. If presbycusis or hereditary deafness were factors, the 
highest frequencies would be more seriously involved and 
the discrimi nation score might be worse. 

Case Report 2 
A 67-year-old railroad brakeman had worked for 35 years 
and retired 2 years ago. About 7 years prior to this otologic 
examination, he had been examined for hearing loss by 
an otologist, who concluded, on the basis of the patient’s 
history of working with excessive noise and vibration, 
that the patient had “sensorineural hearing loss due to 
prolonged exposure to noise and vibration”. Only two 
audiograms were available (Fig. 18.15), one taken in 1974, 
5 years prior to retirement, and one in 1981, 2 years after 
retirement. Note the rather late onset of hearing loss and 
the progressive nature of the condition even over the past 
4 or 5 years. This employee had been working in the same 
noise environment for many years, yet he did not notice 
the hearing loss until a few years prior to retirement. These 
factors help indicate that the diagnosis is presbycusis 
rather than OHL. This is further substantiated by the fact 
that measurements revealed that this patient’s exposure 
did not exceed 87 dBA, and he had not been exposed to 
the especially loud noises occasionally found in railroad 
employment. 

Case Report 3 
A 65-year-old railroad machinist worked around diesel 
engines for 25 years. He said he had been exposed to roar-
ing diesel train engines for many years and that his hear-
ing loss started many years ago and gradually got worse. 
He had occasional vertigo but no tinnitus. He denied any 
family history of hearing loss and was in good health. The 
audio-logic studies showed a flat mixed hearing loss in 

both ears of 60 dB, slightly worse in the higher frequencies. 
The bone conduction threshold was reduced but slightly 
better than the air conduction in the lower frequencies. 
 The otologist who first evaluated this patient diagnosed 
nerve deafness due to occu pational exposure to diesel 
engines. 
 A later examination by another otologist showed the 
same audiologic findings but noted excellent bone con-
duction when a 500-Hz tuning fork was applied to the 
upper teeth. Discrimination was excellent. The diagnosis 
was otosclerosis with sensorineural as well as conductive 
hearing loss. In many older patients, bone conduction 
tests on the mastoid are not necessarily good indications 
of actual sensorineural function. Occupational noise did 
not cause this patient’s hearing loss. 

Case Report 4 
A 36-year-old man began work in a paper mill in 1976. 
His occupation often involved exposure to noise levels in 
excess of 95 dBA throughout the workday. He also had a 
history of exposure to firearms, discharging a shotgun 
200–300 times annually. He is left-handed. In addition, he 
listened to loud music daily. Serial audiograms revealed 
development between 1976 and 1984 of an obvious dip 
at 4000 and 6000 Hz. Despite continued exposure to the 
same occupational and extracurricular noise sources, 
there is no evidence of significant deterioration after app-
roximately his first 10 years on the job (Fig. 18.16). This is 
typical of OHL. 

Case Report 5 
A 45-year-old man gave a complex history of having been 
evaluated by four otologists. The patient claimed that he 
had been hit in September 1981 on the right side of his face 
by a landloader. He was not dazed or unconscious, and 
there was no bleeding or visible trauma; but he could not 
hear with his right ear immediately after the inci dent and 
had been unable to hear since. He denied any hearing loss 
prior to the acci dent and also denied any familial hear-
ing loss. In April 1982, an otologist performed a stapedec-
tomy and the patient’s hearing subjectively improved. He 
developed recurrent vertigo postoperatively. However, 
audiograms performed shortly after the surgery showed 
no evidence of hearing improvement compared with pre-
operative thresholds. The otologist stated that surgery was 
for otosclerosis and that, in his opinion, the oto sclerosis 
had no relation to the accident. Another otologist who 
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Fig. 18.14: Audiogram of a 63-year-old pipefitter showing bilateral sensorineural hearing loss with fairly good hearing at 10,000 and 
12,000 Hz (not shown) and discrimination between 82% and 88% and good speech reception.

Fig. 18.15: Audiogram of a 67-year-old railroad brakeman showing late onset of hearing loss and the progressive nature of the condition 
even after the retirement.
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Fig. 18.16: Case 4 shows a typical case of asymptotic occupational hearing loss, reaching maximum level in approximately 10 years.

examined the patient because of his persistent vertigo 
agreed that the vertigo was postoperative and that the 
diagnosis was otosclerosis, not related to the accident. The 
patient underwent unsuccessful right revised stapes sur-
gery in an attempt to resolve his vertigo and restore his 
hearing. At the request of the plaintiff’s attorney, another 
otologist exam ined this patient in March 1983. Remarks 
from his report are as follows: “It is appar ent from review-
ing the records that the patient had a dormant otosclero-
sis which has been activated and aggravated by the head 
injury suffered [in 1981]. It is my opinion that without this 
trauma the otosclerosis would have remained dormant for 
many years”. 
 In April 1984, another otologic evaluation was per-
formed and the audiologic find ings revealed conductive 
hearing loss with no sensorineural involvement on the 
right side, excellent bone conduction and discrimination, 
and a good chance of improving this patient’s hearing and 
clearing up his other symptoms. The difference of inter-
pretation of the etiology of this otosclerotic process is an 
important issue for otologists. There is no question that all 
otologists have seen otosclerosis progress to this degree 

and in this manner without being aggravated by trauma. 
The contention that trauma could produce this sudden 
aggravation of otosclerosis has not been substantiated 
by any valid and reliable otologic study. An otologist may 
form an opinion that this could have happened, but in 
order for such an opinion to carry weight or be defensi-
ble, it is important that it be creditably based on scientific 
studies and accepted by the medical community. 

Case Report 6 
A 65-year-old diabetic man worked in a noisy cannery for 
>40 years, using hearing protectors only in the last 10 years. 
His ears had drained intermittently over a 40-year period, 
most severely in the left ear for the last 7 years. Otologic 
examination revealed a large left perforation, with scarring 
and thickening of the residual tympanic membrane. Audio-
metry of the left ear revealed better bone conduction than 
air conduction. Bone con duction was excellent by Weber’s 
test. Audiometry of the right ear revealed sensorineural 
hearing loss. Discrimination scores were good bilaterally. 
Serial audiograms from 1975 to 1981 showed progressive 
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deterioration of hearing in the left ear. One otologist diag-
nosed right-sided occupational sensorineural hearing 
loss and left-sided mixed hearing loss due to occupational 
exposure with superimposed infection. Another otologist, 
basing his opinion on the most recent (1981) audiogram, 
claimed the entire hearing loss was due to occupational 
noise exposure. At the deposition, it became evident that 
the deterioration of hearing in the left ear between 1975 
and 1981 was not a result of cannery noise, because the 
worker had worn hearing protection and had not been 
exposed to loud noise in that time period. Good discrimi-
nation scores helped indicate that a large portion of the 
hearing loss present before 1978 was attributed to occu-
pational noise exposure, although superimposed chronic 
otitis, tympanosclerosis, and presbycusis were contribu-
tory. It was determined that the actual amount of noise 
exposure that warranted compensation should be deter-
mined by the 1975 audiogram. 

Case Report 7 
A 57-year-old dye caster and screw conveyor operator 
worked in a machine shop for many years. In 1979, while 
working around a screw conveyor, he was subjected to an 
extremely loud sound for ~30 s. He had no discomfort, 
but his wife noted marked hearing loss that evening. His 
physician diagnosed “vascular accident resulting from 
intense noise exposure” and prescribed medication. 
 The consulting otologist noted disparity in hearing 
tests taken before and after the incident and expressed 
the following opinion: “The cause and effect relationship 
between the loud noise exposure and sudden hearing loss 
is real, particularly in view of the fact that he has had nor-
mal hearing previously”. He advised studies to rule out the 
possi bility of other “disease processes”. 
 The employee put in a claim for OHL compensation 
because of deafness produced by loud noise, particularly in 
his left ear. Studies revealed the presence of a left acoustic 
neuroma that was confirmed operatively. It is important to 
note that all studies, including a CT scan, had missed this 
small tumor. It was diagnosed only because of the otolo-
gist’s insistence that the patient undergo a myelogram 
or air-contrast CT scan. Currently, a MR would be used. 
An estimated 11% of acoustic neuromas can present as 
“sudden deafness”.53 

Case Report 8 
A 50-year-old employee had worked since 1969 in a plant 
making tires. His annual audio-grams showed normal 
hearing until 1973, when annual testing of his hearing was 

discon tinued. He gave a vague history of a “press explo-
sion” in 1975 with some ringing in his right ear, but he 
did not complain of hearing loss. The explosion was not 
confirmed either at the plant or in any medical records. In 
1976, he had fullness in his right ear that was diagnosed by 
his otologist as “Eustachian tube blockage due to a tempo-
romandibular joint problem”. In 1976, he developed hear-
ing loss and tinnitus in his right ear, causing the otologist 
to rule out an acoustic neuroma based on normal calor-
ics, tomograms, and posterior fossa myelograms. In 1979, 
a myringotomy was done for right-ear blockage. In 1981, 
he had two vertigo attacks and his otologist diagnosed 
Meniere’s disease. The employee retired in 1981 because 
of physical disabilities. In 1983, he applied for workers’ 
compensation for hearing loss after being examined by his 
otologist and audiologist. His otologist’s report included 
the following. 
 The patient shows a bilateral sensorineural hearing 
loss, which appears to be worse on the right side. The We-
ber test lateralized to the left ear as would be expected 
with this audiometric configuration. Speech discrimina-
tion is reduced in both ears. Based on the long time history 
of noise exposure in his occupation, it is very likely that a 
significant amount of the current hearing loss is probably 
related to noise. 
 The otologist representing the defense during litiga-
tion demonstrated clearly that: 
 1. The employee actually was not exposed to noise ex-

ceeding 88 dBA during his work and generally worked 
at much lower levels, chiefly in the loading department 

 2. He worked for at least 4 years at the same job before 
developing any hearing loss. 

 3. The hearing loss started and became severe in his right 
ear long before the left ear became involved 

 4. The hearing loss continued to get worse even after he 
retired in 1981. 

 The real cause for his hearing loss was probably related 
to his generalized arterio sclerosis, hypertension, periph-
eral vascular disease, and long-standing diabetes. In Feb-
ruary 1981, he had transient cerebral ischemia attacks, ar-
terial insufficiency of the left leg with occlusion of the left 
femoral artery, and stenosis of the common iliac artery, 
treated surgically. The employee’s otologist and audiolo-
gist were apparently unaware of the patient’s diabetes and 
peripheral vascular problems and surgery. Their impres-
sion of his job-related noise exposure, which they obtained 
from his history, was inaccurate. They were not aware that 
his actual noise exposure was not capable of producing his 
hearing loss. There is no question that this hearing loss was 
neither caused nor aggravated by the worker’s job. 
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CALCULATING HEARING IMPAIRMENT 
The ultimate test for determining hearing disability is the 
ability to understand speech; however, speech audiometry 
has certain limitations for practical use, so pure-tone audi-
ometry is used. The most commonly used frequencies for 
calculating hearing impairment used to be 500, 1000, and 
2000 Hz. More recently, 3000 Hz also has been included, 
in accordance with the recommendations of the Ameri-
can Academy of Otolaryngology—Head and Neck Surgery 
(AAO-HNS). A so-called “low fence” has been determined, 
below which a hearing loss is considered insufficient to 
warrant compensation. There is a difference of opinion as 
to precisely where this low fence should be. The Commit-
tee on Hearing and Bio-Acoustics (CHABA) had recomm-
ended that the low fence be placed at 35 dB. The AAO-HNS 
recommends that the low fence be maintained at 25 dB. 
Each state has its own method of paying disability, using 
its own formula and providing a method for measuring 
and calculating binaural hearing impairment. The hearing 
level for each frequency is the number of decibels at which 
the lis tener’s threshold of hearing lies above the standard 
audiometric 0 for that frequency. The hearing level for 
speech is a simple average of the hearing levels at the fre-
quencies 500, 1000, 2000, and 3000 Hz. 
 Despite the OSHA and other legislation enacted to 
help prevent OHL, noise-induced hearing impairment 
still occurs. Otolaryngologists are called upon frequently 
to evaluate claimants who allege that they have suffered 
work-related hearing impairment. Physicians are involved 
not only in confirming or refuting the presence of hear-
ing loss, but also in diagnosing its cause and helping to 
determine the degree to which it may have impacted a 
person’s life or caused disability. Fortunately, for everyone 
concerned, physicians do not have to depend on individ-
ual experience and unsubstantiated opinion to make such 
judgments. The medical and scientific community has 
accepted nationally (and in some cases internationally) 
standards to guide such judgments so that they can be as 
valid, reliable, fair, and consistent as possible across indi-
viduals, geographical locations and even organ systems. 
All physicians involved with evaluations of impairment 
and disability should be familiar with the AMA Guides to 
the Evaluation of Permanent Impairment54 in order to be 
able to comply with the standard of care as reviewed previ-
ously.55

 It is important to understand the Guides in historical 
context in order to appreciate the value of this dynamic 
book and its importance as a scientific compendium. In 
the United States, physicians from all specialties have been 

developing and refining the Guides for more than half a 
century. The AMA established an ad hoc committee in 
1956 that led to a publication in the Journal of the Ameri-
can Medical Association (JAMA) in 1958 called “A Guide to 
the Evaluation of Permanent Impairment of the Extremi-
ties and Back”.56  By 1970, a total of 13 such Guides had 
appeared in JAMA. They were collected as a compendium 
in 1971, and published as the first edition of the Guides.57 
The value and importance of the Guides became appar-
ent, and great effort has been devoted toward revising 
and improving the book. In 1981, the AMA established 12 
expert panels in preparation for the second edition which 
was published in 1984. The third (1988), fourth (1993), fifth 
(2000), and sixth (2008) editions all contained important 
changes, many of which are summarized in the introduc-
tory chapters of each edition. However, the most striking 
changes were promulgated throughout the sixth edition, 
to which I was privileged to be contributing editor for the 
otolaryngology chapter. I had followed the process for 
many years through my father Joseph Sataloff, MD, who 
was a contributor or chapter editor for otolaryngology for 
the second through fifth editions, and I also serve as the 
AAO-HNS’s Advisory Committee Representative to the 
AMA for Evaluation of Permanent Impairment. This edito-
rial reviews some of the perspective gained through these 
activities which has proven valuable. It is hoped that the 
insights summarized briefly herein will assist clinicians, 
attorneys, and others in understanding the genesis of the 
Guides, and the importance of their proper application.
 As scientific knowledge and methodology expand 
and our knowledge base grows, it is essential for physi-
cians and scientists to incorporate new knowledge and 
allow our practices to evolve. The Guides has been strik-
ingly successful in this regard, especially the most re-
cent edition. It warrants discussion because it has some 
fundamental differences from the first five editions with 
which all otolaryngologists should be familiar. Each new 
edition has been changed in order to incorporate the lat-
est scientific research and practice. The first five editions 
provided the best available information for evaluating per-
manent impairment, but they had some shortcomings that 
were acknowledged by most of the scientific community, 
including by those involved in writing the Guides. The sixth 
edition incorporates a radical paradigm shift to a simpli-
fied, function-based, internally consistent model of disa-
blement that has rectified many of the concerns about 
earlier editions. The new approach involves using the inter-
nationally accepted International Classification of Func-
tioning, Disability and Health (ICF).58 The latest edition of 
the Guides also focuses more directly on diagnosis using 
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evidence-based medicine when possible; simplicity to 
optimize inter-rater and intra-rater reliability; function-
ally based ratings percentages; and consistent conceptual 
and methodological approaches and ratings across organ 
systems.
 The ICF model is a comprehensive classification for 
describing and measuring health and disability in indi-
viduals and populations. It assesses bodily functions and 
structures (including impairments), activity (including 
activity limitations), and participation in life situations 
(including participation restrictions). It relates the health 
condition of an individual to environmental and personal 
factors. This internationally accepted approach is new to 
the sixth edition to the Guides, and it represents a major 
improvement toward which contributors to the Guides 
have been striving for many years. Developing the ICF 
model was a complex process, and it was not complete at 
the time of printing the fifth edition. The ICF arose from 
a worldwide consensus process, was endorsed by the 
World Health Assembly in 2001,59 and has been accepted 
as a member of the World Health Organization family of 
international classifications. The AMA Guides has now 
adopted ICF terminology and definitions and used this 
approach to refine evaluation of impairment, disability 
and impairment rating in the Guides. This approach has 
created greater consistency within and between organ 
systems and established impairment and disability classi-
fications based on the latest available evidence and expert 
consensus. Emphasis was placed on precision, accuracy, 
reliability, and validity. However, evaluation of functional 
impact was enhanced using the five-point scale taxonomy 
created by the ICF. The approach allows incorporation of 
information from the history, physical findings, objective 
test results, functional assessment, and determining the 
burden of treatment compliance when appropriate. 
 The revision process for each chapter in the Guides is 
not only rigorous but also multidisciplinary. For example, 
contributors to the otolaryngology chapter included not 
only otolaryngologists but also physicians in other spe-
cialties such as occupational and environmental medicine 
and pulmonology. As an example, all aspects of the otolar-
yngology chapter were re-examined and researched dur-
ing the revision process. Literature was searched for new 
evidence and new consensus opinions, and the content 
of our chapter was compared with overlapping content 
in other chapters in order to optimize consistency across 
organ systems. This revision effort included reviewing the 
formula used for calculating hearing impairment. The 
original approach to this problem was published in 1959.60 

That formula used 500, 1000, and 2000 Hz. Based on addi-
tional study, the formula was revised to include 3000 Hz 
in 1979.61 Higher frequencies are not included because 
they are not necessary to understand speech. For exam-
ple, most early telephones used through the 1960s did 
not transmit through their ear pieces frequencies above 
2800 Hz, and speech comprehension on these devices 
was not problematic. In the 1950s through the early 1970s, 
many physicians believed that higher frequencies were 
not needed to understand speech in quiet environments.
Since 1979, considerable conjecture and opinion have 
been promulgated supporting the formula as it stands62–68 
and advocating changes69 in the formula; and there has 
been vast experience in app lying it for >30 years. After 
reassessment of available data, the relevant committees of 
the AAO-HNS, as well as other expert clinicians and the 
authors of the otolaryngology chapter in the sixth edition 
of the Guides, have found no credible evidence to support 
revising the formula again. In addition, the consensus and 
evidence still indicate that puretone audiometry is the 
most appropriate test in this population for estimating an 
individual’s ability to hear speech. While other audiomet-
ric tests can be used in the diagnostic process, measures 
such as discrimination score can be manipulated so easily 
that they cannot be considered a valid standard for routine 
determination of hearing performance in medical legal 
settings. Consequently, the AAO-HNS formula remains 
the basis for the formula in the AMA Guides. 
 As a result of the exceedingly rigorous scientific pro-
cess through which the Guides were developed and have 
evolved, the publication has been recognized and acce-
pted nationally. In nearly all US territories, states, and 
com monwealths, the AMA Guides is either recommend-
ed or mandated for use by Workers’ Compensation Law. 
It is also used for actions involving the Federal Employ-
ees Compensation Act, Longshore and Harbor Workers’ 
Compensation Act and Federal Employees Compensation 
Laws. The AMA Guides to the Evaluation of Impairment 
is the premier compendium of scientific evidence and 
expert opinion related to the topic and has been accept-
ed as establishing the standard of care by the American 
Medical Association and essentially all major specialty 
societies in the United States (including the AAO-HNS). 
Physicians involved with patients being assessed for possi-
ble noise-induced or other work-related hearing impair-
ment should be not only loosely familiar with the Guides 
from past editions, but also current on the latest scientific 
and methodological advances in the most recent edition of 
this definitive reference.
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 The following is an example of how to calculate hear-
ing impair ment for compensation purposes (AAO-HNS 
Guidelines, 1979, and AMA Guides, 2008): 
 1. The average of the hearing threshold levels at 500, 

1000, 2000, and 3000 Hz should be calculated for each 
ear 

 2. The percent impairment for each ear should be cal-
culated by multiplying by 1.5% the amount by which 
the above average hearing threshold level exceeds 25 
dB (low fence) up to a maximum of 100%, which is 
reached at 92 dB (high fence) 

 3. The hearing handicap, a binaural assessment, should 
then be calculated by multiplying the smaller percent-
age (better ear) by 5, adding this figure to the larger 
percentage (poorer ear), and dividing the total by 6 

Example 1. Mild Hearing Loss
500 Hz 1000 Hz 2000 Hz 3000 Hz

Right ear 15 25 45 55

Left ear 20 30 50 60

AAO/Method: 25-dB Fence 

 1. Right ear: (15 + 25 + 45 + 55)/4 = 140/4 = 35-dB average 
 2. Left ear: (20 + 30 + 50 + 60)/4 = 160/4 = 40-dB average 

Monaural impairment: 

 3. Right ear: 35–25 = 10 dB × 1.5% = 15% 
 4. Left ear: 40–25 = 15 dB × 1.5% = 22.5% 
 5. Better ear: 15 × 5 = 75 
 6. Poorer ear: 22.5% × 1 = 22.5 
 7. Total: 97.5 ÷ 6 = 16.25% 

Model Legislation Method used to calculate the above 
loss: 

 1. Right Ear: (15 + 25 + 45 + 55)/4 = 140/4 = 35-dB average
 2. Left Ear: (20 + 30 + 50 + 60)/4 = 160/4 = 40-dB average 
 3. Better ear threshold = 35 dB = 5%

Example 2. Severe Hearing Loss
500 Hz 1000 Hz 2000 Hz 3000 Hz 

Right ear 80 90 100 110 

Left ear 75 80 90 95 

AAO/Method: Average Hearing Test Level 

 1. Right Ear: (80 + 90 +100 +110)/4 = 95 dB (use 92 maxi-
mum) 

 2. Left Ear: [(75 + 80 + 90 + 95)/4] + (340/4) = 85 dB 

Monaural Impairment: 

 3. Right Ear: 92–25 = 67 dB × 1.5% = 100.5% (use 100%) 
 4. Left Ear: 85–25 = 60 dB ×1.5% = 90% 
 5. Better Ear: 90 × 5 = 450 
 6. Poorer Ear: 100 × 1 = 100 
 7. Total: 550÷6 = 91.7% 

New Jersey method used to calculate the above loss: 

 1. Right Ear: (80 + 90 +100 +110)/4 = 380/4 = 95 dB (use 
92 maximum) 

 2. Left Ear: [(75 + 80 + 90 + 95)/4] + (340/4) = 85 dB 
 3. Better ear > 81 dB = 100% 

SUMMARY 
A diagnosis of OHL must be based on specific criteria. 
Oto logists rendering medical diagnoses or legal opinions 
for patients alleging OHL must be careful to base their 
opinions on facts. The potential medical, legal, and econ-
omic consequences of lesser diligence may be serious. 
OHL is generally preventable. Ideally, noise should be 
reduced. When this is not possible, the use of hearing pro-
tectors generally provides an effective deterrent to noise- 
induced hearing damage. Readers interested in this impor-
tant, complex topic are encouraged to consult additional 
sources.1 
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histological abnormalities in the cochlea despite noting 
30 dB hearing loss in the animals.6

 The earliest aminoglycoside antibiotic, streptomycin, 
was discovered by Schatz in 19437 and was used to treat 
tuberculosis in the first ever randomized clinical trial of a 
drug.8 Soon after its introduction streptomycin was docu
mented to cause permanent hearing loss in tuberculosis 
patients.9 Other aminoglycoside antibiotics—neomycin, 
kanamycin, and gentamicin—were introduced in 1949, 
1956, and 1963.10–12 Unfortunately, all aminoglycoside anti
biotics demonstrated ototoxic effects.
 In 1966, furosemide was the first loop diuretic used in 
the United States. However, the first report of loop diuretic 
ototoxicity was in 1965 by Maher and Schreiner, who 
demonstrated reversible hearing loss in patients with clin
ical edema treated using ethacrynic acid.13 Similar ototoxic 
effects were later noted for furosemide.14 Permanent 
hear ing loss occurred when loop diuretics were given in 
patients having renal failure.15 
 The platinum chemotherapy drugs cisplatin, carbo
platin, and oxaliplatin are used to treat a large variety of 
cancers. Cisplatin received full FDA approval in 1978, 
after the first clinical trial was published in 1972.16 Early 
reports acknowledged cisplatin’s adverse effects on hear
ing, but given its chemotherapeutic efficacy the side effect 
was underemphasized.17

PATHOGENESIS
Ototoxic drugs have their effects on different parts of the 
auditory/vestibular system. The peripheral auditory sys
tem (Fig. 19.1) consists of the outer ear, the middle ear, 

INTRODUCTION/BACKGROUND
This chapter covers the major classes of pharmaceutical 
drugs that have been demonstrated to produce hearing 
loss and/or vestibular loss. Some classes of ototoxic 
drugs such as salicylates, aminoglycosides, and platinum 
chemo therapy drugs have been known to produce adverse 
effects on their inner ear since their discovery but con
tinue to be used because in many clinical settings their 
efficacy outweighs their potential for toxicity. In other 
cases, such as the combination of opioid analgesic Vico
din, macrolide antibiotics erythromycin, clarithromycin 
and azithromycin, the chemotherapy/chemoprevention 
agent αdifluoromethylornithine (DFMO), and the oral 
chemotherapy drug imatinib (Gleevec), the drugs were 
placed into use before their ototoxicities were recognized.
 More than a century ago, aspirin was the first drug 
found to produce hearing loss.1 In the 1940s reversible 
hearing loss and tinnitus were observed in patients treat
ed with large doses of aspirin.2–3 McCabe and Dey studied 
the effects of 925 mg of aspirin given four times daily for 
5 days to volunteers, finding that it produced tinnitus and 
hearing loss (worse for high frequencies) that increased in 
severity each day, but were completely reversible within 
72 hours of stopping its administration.4 In similar experi
ments, Meyers et al. noted that when aspirin was taken 
by patients with rheumatoid arthritis at doses as high as 
6–8 g per day, the hearing loss was flat across frequencies 
and reached severity of as much as 40–50 dBHL.5 Again, 
the hearing loss was completely reversible after discon
tinuing the drug. These same authors administered high 
doses of aspirin subcutaneously to squirrels and found no 
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Fig. 19.1: Peripheral auditory system.

Fig. 19.2: Central auditory system.

the cochlea and auditory nerve, while the central auditory 
system (Fig. 19.2) consists of brainstem and cortical neural 
pathways that convey neural signals. The human periph
eral vestibular system includes the inner ear structures 
(in each ear the utricle, saccule and three semicircular 
canals), vestibular nerves, and central peripheral path
ways. An ototoxic medication can have effects on one or 
more of these components. There has been much inves
tigation of the mechanisms by which different classes of 
ototoxic drugs produce sensorineural hearing loss.

Mechanisms of Aminoglycoside 
Ototoxicity
In aminoglycoside toxicity, aminoglycosides enter hair 
cells through mechanically sensitive ion channels on the 
tips of the stereocilia of hair cells.18 Figures 19.3A and B 
show the molecular structure of gentamicin and strepto
mycin. Aminoglycosides produce their ototoxic effects by 
generation of free radicals within the inner ear, inducing 
apoptosis of outer hair cells in the cochlea19,20 and type 1 
hair cells in the vestibular system.21 Research that demons
trates how depletion of free radicals by antioxidants such 
as glutathione, iron, methionine, and superoxide dis
mutase reduces aminoglycoside ototoxicity supports this 
mechanism.22 

Mechanisms of Cisplatin Ototoxicity
As in aminoglycoside ototoxicity, with cisplatin adminis
tration oxygen radicals are generated, followed by outer 
hair cell apoptosis.23,24 The molecular structure of the 
platinum chemotherapy agents cisplatin, carboplatin, 
and oxaliplatin is shown in Figure 19.4. Outer hair cell loss 

happens first in the basal cochlea and proceeds apically 
as damage increases.25 Damage to supporting cells in the 
organ of Corti26 and atrophy of the stria vascularis27 have 
been reported with cisplatin. Unlike the aminoglycosides, 
the platinum chemotherapy agents cause little altera
tion in the peripheral vestibular system. Pretreatment of 
experi mental animals with the antioxidant Dmethionine 
can prevent some of the loss of inner hair cells that is 
unique to carboplatin ototoxicity.28 

Mechanisms of Salicylate Ototoxicity
Aspirin ototoxicity is completely reversible and does not 
cause gross histopathological changes.6 Stypulchowski 
described the effects of salicylates on cochlear potentials 
in the cat, noting that they decreased the amplitudes of the 
action potential and summating potential, while increas
ing the amplitude of the cochlear microphonic.29 Simi
larly, salicylates can increase levels of distortion product 
otoacoustic emissions.30 However, others have shown 
that salicylates diminish outer hair cell electromotility 
and spontaneous otoacoustic emissions.31–33 Salicylates 
decrease outer hair cell wall stiffness and motility.34,35 
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Figs. 19.3A and B: Chemical structures of gentamicin and streptomycin.

A B

Fig. 19.4: Molecular structures of cisplatin, carboplatin, and oxali
platin.

Figure 19.5 shows aspirin’s molecular structure. Others 
have found evidence that salicylate directly and rever
sibly inhibits chloride anions at the anionbinding site of 
prestin, the motor molecule of the outer hair cells.36 Still 
others have produced evidence that salicylate blocks the 
outer hair cell potassium channel KCNQ4 as an alternate 
mechanism of salicylate ototoxicity.37 Salicylate has mul
tiple effects in the central nervous system, and is believed 
to enhance soundevoked central auditory activity.38 

Mechanisms of Loop Diuretic Ototoxicity
NaK2Cl cotransporter is also found at the basal plasma 
membrane of marginal cells of the stria vascularis and is 

Fig. 19.5: Structure of the aspirin molecule.

inhibited by the loop diuretics39 (Fig. 19.6). In animals, 
administration of loop diuretics reduces the endocochlear 
potential, which is reversible. The hearing loss produced 
by loop diuretics is typically reversible in animals.40

Mechanisms of DFMO Ototoxicity
DFMO is an irreversible blocker of the enzyme ornithine 
decarboxylase, the first step in the synthesis of polya
mines.41 The polyamines putrescine, spermidine, and sper
mine are positively charged molecules that are found in 
nearly every cell (Fig. 19.7).42 Veryhighdose oral adminis
tration of DFMO causes some hair cell damage in animal 
models.43 However, there are no gross histopathological 
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changes in the cochlea when DFMO is given at lower doses 
subcutaneously for a month in the gerbil, even though 
mild hearing loss affecting all frequencies tested occurred 
that was completely reversible after 3 weeks of recovery.44 
Administration of DFMO lowers the endocochlear poten
tial.45 The intermediate cells of the stria vascularis contain 
inwardly rectifying K+ channels (Kir4.1), and similar chan
nels that are found in other tissues such as the heart owe 
their inward rectification properties to voltagedependent 
blockage of these channels by the positively charged 
polyamines.46,47 Nie et al. concluded that the reversible 
hearing loss following administration of DFMO to mice is 
produced by alteration of intermediate cell Kir4.1 channel 
inward rectification.45

Mechanisms of Hydrocodone/ 
Acetaminophen Ototoxicity
When taken at much higher than recommended doses, the 
commonly prescribed combination analgesic hydrocodone 
and acetaminophen (Vicodin) causes a rapidly progres
sive and irreversible sensorineural deafness.48–50 There is 
only one investigation of the possible mechanism of high
dose Vicodin. Neonatal mouse cultures and auditory cell 
lines were exposed in vitro to different concentrations of 

acetaminophen alone, hydromorphone (metabolite of 
hydrocodone) and the combination of the two.51 Aceta
minophen exposure caused cell death that was further 
potentiated when combined with hydromorphone, while 
exposure to hydrocodone or hydromorphone alone failed 
to kill cells. They concluded that acetaminophen was the 
more likely cause of Vicodin ototoxicity, though the com
bination was more damaging.

Mechanisms of Macrolide Ototoxicity
Despite numerous clinical reports of hearing loss due 
to erythromycin and the other macrolide antibiotics, 
there are no journal articles relevant to pathophysiology. 
Brummett et al. published an abstract reporting that when 
erythromycin was infused intravenously in guinea pigs, 
initially there was an increase in the latency of the fourth 
wave of the auditory brainstem response.52 Eventually, 
the fourth wave disappeared, followed by the third and 
the second waves. All peaks returned when the drug was 
discontinued, and there was no change in the action 
potential. They concluded that erythromycin had a central 
auditory system site of ototoxic action.

Vinka Alkaloid Mechanisms of 
Ototoxicity
There are very few cases of ototoxicity related to the use 
of vincristine and vinblastine, anticancer drugs derived 
from the periwinkle plant, Vinca rosea.53–56 Serafy and 

Fig. 19.6: NKCC1 cotransporter on the basal membrane of the 
marginal cell.

Fig. 19.7: DFMO blocks the enzyme ODC and therefore polyam
ine synthesis. (DFMO, α-difluoromethylornithine).
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colleagues published the only animal studies relevant to 
vinca alkaloid ototoxicity.57–58 They found that vinblas
tine damaged organ of Corti hair cells in rabbits, while 
vincristine destroyed hair cells as well as spiral ganglion 
cells.

CLINICAL FINDINGS IN OTOTOXICITY

Aminoglycosides
Aminoglycoside ototoxicity can be identified in one third 
of treated patients who undergo audiological screening.59 
It manifests as a permanent highfrequency sensorineural 
hearing loss that progresses from higher frequencies to 
lower frequencies and is related to the number of doses of 
drug.60 Some authors have reported that streptomycin is 
the most cochleotoxic aminoglycoside, while others have 
found gentamicin to be more cochleotoxic, though kana
mycin and neomycin are usually thought to be the most 
cochleotoxic aminoglycosides.61 Kanamycin and amikacin 
are primarily cochleotoxic, while streptomycin and gen
tamicin have greater vestibulotoxicity.62 Genetic predis
position to aminoglycoside ototoxicity via mitochondrial 
DNA mutations has been discovered due to mutations 
in mitochondrial 12S ribosomal rRNA.63 Because amino
glycosides initially produce a relatively asymptomatic 
highfrequency sensorineural hearing loss and because 
the incidence of hearing loss is unrelated to serum an
tibiotic levels, some authors have proposed screening 
highfrequency audiometric thresholds during treatment 
periods to identify ototoxicity before it becomes severe.64

Cisplatin
Cisplatinum is the most ototoxic drug in that it causes 
irreversible highfrequency sensorineural hearing loss 
in approximately 70% of patients receiving it, which is 
dependent upon cumulative dose of the drug.65 Tinnitus 
typically precedes the hearing loss, and the hearing loss 
first involves the high frequencies but can progress to low
er frequencies as therapy continues. Risk factors include 
young or advanced age, renal insufficiency, coadministra
tion of highdose vincristine, and cranial irradiation. Chil
dren under the age of 5 years are particularly susceptible 
to cisplatin ototoxicity, having a 40% incidence of hearing 
loss.66 Patients with both alleles of ValGSTP1 may have 
more glutathione available to protect against cisplatin and 
are less likely to have the ototoxic hearing loss.67 Vestibulo
toxicity does not typically occur with platinum agents.

Salicylates
Hearing loss due to large doses of salicylates may involve 
the high frequencies but is usually flat across frequencies, 
mild to moderate, and reversible after discontinuance of 
the drug.4,5 Increasing dosage and duration produces a 
greater degree of hearing loss for the frequencies 250–8000 
Hz.68 

Loop Diuretics
In humans, every loop diuretic except torsemide has been 
reported to cause hearing loss, both temporary and per
manent. The patients have usually suffered from renal 
failure and underwent rapid infusion of the diuretic.69 
The hearing loss is often reversible and is typically mild, 
affecting the middle frequency range.70–72 Edema of the 
stria vascularis was found in temporal bone histopatho
logy of patients after loop diuretic ototoxic hearing loss.73,74 

Macrolide Antibiotics
Erythromycin ototoxicity is reported to present as relative
ly mild sensorineural hearing loss, flat across frequencies, 
appearing within days of highdose intravenous adminis
tration, and usually reversible.75,76 There are, however, indi
vidual case reports of irreversible macrolide ototoxicity.77 

DFMO
At high doses (>1 g/m2), DFMO causes hearing loss from 
250 to 8000 Hz that is often reversible.78 At low doses used 
for chemoprevention, DFMO produces at worst a minimal 
hearing loss that is always reversible.79,80 Unlike salicylate 
ototoxicity, the hearing loss from DFMO reverses slowly, 
over days to months.79 

Vicodin
The patients described in case reports of Vicodin oto
toxicity had rapidly progressive, permanent sensorineural 
deafness. Fortunately, the patients benefited from cochle
ar implantation.44–46 The audiograms presented showed 
involvement across frequencies, and the patients had no 
vestibular complaints.46

Imatinib (Gleevec)
Imatinib is an oral tyrosine kinase inhibitor used initially to 
treat chronic myelogenous leukemia that is FDAapproved 
to treat myelodysplastic diseases, lymphoma as well as 
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other tumors. Only three case reports have linked imatinib 
to progressive sensorineural hearing loss, irreversible 
in all cases, moderately severe to severe, and flat across 
frequencies in two of the three patients, with poor word 
discrimination (one patient did not undergo audiological 
evaluation).81–83 The author of this chapter recently saw a 
6yearold child treated for 8 months with oral imatinib 
for nonHodgkin's lymphoma who developed profound 
deafness during the course of treatment (unpublished 
observation). The mechanism for the hearing loss associ
ated with Gleevec has not been studied, though tyrosine 
kinases are present in mammalian auditory neurons and 
could be the ototoxic target.83 

Vincristine/Vinblastine
Only a few cases of vinblastine or vincristine ototoxicity 
have been reported, two of which were at least partially 
reversible.53–56 

PREVENTION OF OTOTOXICITY
Because both aminoglycoside and platinum chemothe
rapy drugs seem to generate reactive oxygen species in the 
cochlea that lead to killing of outer hair cells via caspase 
dependent or caspaseindependent cell death mecha
nisms, a great deal of work has been dedicated to preventing 
toxicity by administration of antioxidants or chelators to 
decrease reactive oxygen species.62 Several antioxidant 
sulfurcontaining compounds (methionine, lipoic acid, 
Nacetylcysteine, and amifostine) have been shown in 
animals to protect from cisplatin ototoxicity; their applica
tion in human trials is still uncertain because of concerns 
that these compounds may interfere with the tumoricidal 
effects of the platinum drugs.84 One clinical trial has been 
performed in China, showing that administration of aspi
rin, an iron chelator and free radical scavenger, reduces 
gentamicin ototoxicity from 13% to 3%.85

 Other authors have proposed protection of hair cells 
by inoculating an adenoviral vector encoding human 
neurotrophic factor.86 In vivo inoculation of adenovirus 
with the Math1 gene inserted into guinea pig cochlear 
endolymph results in Math1 overexpression in the 
organ of Corti , new hair cells, and axons extended from 
the auditory nerve bundle toward the new hair cells.87 

In aminoglycosidetreated mice, delivery of Math1 via 
adenovirus vector induced recovery of the vestibular 
neuroepithelium within 8 weeks after treatment.88 

 Another method proposed to prevent ototoxic hair 
cell damage is to prevent the aminoglycoside molecule 
from entering the hair cell through the mechanoelectri
cal transducer channels.89 Huth et al. point out that one 
could modify the chemical structure of aminoglycosides to 
widen their diameters by binding inert molecules on sites 
irrelevant for antimicrobial activity to prevent passage of 
aminoglycoside molecules through the channel into the 
hair cells, while ensuring that the molecules could still 
pass into the bacterial ribosome.90 

CONCLUSION
In this chapter, we have reviewed the classes of pharma
ceutical agents known to confer varying degrees of revers
ible or permanent hearing loss or vestibular damage in 
humans. New compounds are constantly being intro
duced, as well as biological agents for treatment of can
cers and inflammatory diseases, some of which may be 
ototoxic.91 Clinicians should acquaint themselves with 
these adverse side effects, and scientists should investigate 
these agents to identify ways to cure or prevent ototoxicity, 
and to discover more about the workings of the auditory 
system.
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physician, a thorough assessment and good information 
about their symptom. The general goals for the evalua-
tion and treatment of a patient with tinnitus are: identify 
and treat associated pathology causing the tinnitus, iden-
tify exacerbating and mitigating factors that modulate 
tinnitus, provide education that improves the patient’s 
understanding of tinnitus, and provide or arrange access 
to therapies that improve coping skills. It is important to 
provide reassurance and hope. Current research is making 
unprecedented strides toward unraveling tinnitus mecha-
nisms and this ultimately will translate into more effective 
treatments. 

Incidence and Prevalence
The prevalence of tinnitus in the adult population is esti-
mated to range from 6% to 19% of adults, depending on 
the population sampled and the definition of tinnitus used 
in the survey.1 The most conservative estimate of tinnitus 
would indicate that 24 million people in the United States 
experience tinnitus.2 Risk factors for tinnitus have been 
identified from large epidemiological surveys and include 
nonmodifiable factors of gender (male) and ethnicity 
(non-Hispanic Whites), and modifiable factors including 
body mass index (≥ 30 kg/m2), hypertension, diabetes 
mellitus, dyslipidemia, anxiety disorder, noise exposure, 
and smoking.3 
 Estimates of the range of tinnitus severity vary with 
the definition used, the survey instrument and the demo-
graphic population sampled. Population studies that 
assess the severity and impact of tinnitus are significantly 

INTRODUCTION/BACKGROUND
Subjective tinnitus is an auditory perception without an 
external acoustic source. The sensation is not a modern 
malady, and references to tinnitus are found in some of the 
earliest medical manuscripts. 
 Tinnitus is a symptom associated with a wide range 
of etiologies and pathologic mechanisms, from conduc-
tive hearing loss secondary to cerumen impaction and 
otosclerosis, from turbulent blood flow in an intracranial 
vessel or enhanced blood flow in a glomus jugulare tumor, 
from acute acoustic trauma with temporary threshold 
shift to age-related sensorineural hearing loss, from audi-
tory hallucinations to hearing loss secondary to vestibular 
schwannomas. Tinnitus that occurs in association with 
sensorineural hearing loss (age-related, noise-induced, 
related to ototoxins, or otherwise idiopathic) is termed 
primary tinnitus. Tinnitus that can be linked to a specific 
cause or organic condition is termed secondary tinnitus. 
The wide range of causative pathology dictates a thorough 
evaluation of the tinnitus complaint. 
 The experience of tinnitus and the impact of tinnitus 
on daily life is highly individual, and can range from mini-
mal to severe. Fortunately, severely disturbing tinnitus 
affects <5% of people with tinnitus. The variable nature 
of the symptom requires all physicians to have a practi-
cal plan for evaluation and cost-effective treatment of the 
patient presenting with tinnitus. Patients that seek treat-
ment for their tinnitus are concerned about what they are 
hearing, why they hear it and how can it be eliminated or 
controlled. They benefit the most from a knowledgeable 
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affected by questionnaire wording and individual varia-
tion in subjective tinnitus ratings. The definitions of mild, 
moderate, or severe tinnitus may not be comparable 
between different studies. Severe tinnitus is estimated to 
affect 1–3% of the adult population.2,4 In the Blue Moun-
tain study, 82% of the study population rated their tinni-
tus as not annoying to mildly annoying, and 16% as very 
annoying.5 The British National Study of Hearing reported 
tinnitus prevalence of 35%, with 8% rating their tinnitus 
as moderately to severely annoying and 0.5% reporting 
tinnitus with a severe negative impact on their ability to 
lead a normal life.6 
 There are two population-based estimates of the inci-
dence of tinnitus.2,7 The Beaver Dam study established the 
overall prevalence at baseline in adults between the ages 
of 48 and 92 as 8.2%. The tinnitus was rated as moderate in 
74% and severe in 18%. A 5-year follow-up examination of 
the original participants documented a 5-year incidence 
of tinnitus as 5.7%. In the Blue Mountain study, the 5-year 
incidence of tinnitus was 18%. Longitudinal studies sug-
gest that for many people tinnitus becomes less bother-
some over time. A large longitudinal study reported that 
nearly 40% of adults with mild tinnitus on initial evalu-
ation had no tinnitus on 5-year follow-up, and only 20% 
reported progression to moderate/severe tinnitus. Forty-
five percent of participants with tinnitus rated as signifi-
cant at baseline reported no tinnitus at follow-up (43%) or 
improvement to mild tinnitus (57%).2 In the Blue Moun-
tain study, 20% of people with tinnitus at baseline reported 
resolution of the symptom at 5-year follow-up.7 It is very 
beneficial to include these data on spontaneous tinnitus 
improvement when counseling patients with tinnitus. 
Patients with new onset tinnitus often experience anxiety 

and distress; reassurance regarding the natural improve-
ment of tinnitus impact over time is an important feature 
of the tinnitus education and counseling. The observed 
spontaneous improvement of tinnitus also has significant 
implications for clinical trials assessing efficacy of tinnitus 
interventions. 

PATHOGENESIS 
Objective tinnitus (OT) results from an internal active pro-
cess that is either mechanical, vascular, or musculoskele-
tal in origin. OT can be continuous or episodic, pulsatile or 
nonpulsatile, and variable in character and duration. OT is, 
by definition, detectable, with or without amplification or 
auscultation, by an observer. Some internal active physi-
ological processes that generate acoustic percepts are not 
easily detected by an observer; these are termed somato-
sounds. Examples of somatosounds include the sounds 
generated by swallowing, air movement in the presence of 
a patulous Eustachian tube, and the pulsatile flow of in-
tracranial blood with intracranial hypertension. Examples 
of mechanical sources of OT include the pulsatile blood 
flow of a dural arteriovenous fistula and spontaneous 
otoacoustic emissions. Table 20.1 outlines the causes of 
pulsatile and nonpulsatile tinnitus. Subjective tinnitus, by 
definition, cannot be detected or perceived by another 
person. Subjective tinnitus is the topic of this chapter. 

CLINICAL FINDINGS: 
SYMPTOMS AND SIGNS

Subjective tinnitus is a symptom of a range of otologic 
and occasionally nonotologic disorders. Evaluation of the 

Table 20.1: Tinnitus features 

 Feature Options Implications

Onset Sudden vs. gradual May identify a precipitating factor, such as sudden 
sensorineural hearing loss

Duration Less than 3–6 months vs 
greater than 6 months

Resolution may occur for acute tinnitus; natural habituation 
occurs over time

Severity Minimal, mild, moderate, 
severe, maximal

Management options and extent of intervention linked to severity of 
tinnitus impact

Laterality/ 
location

Lateralized vs. central May implicate a treatable otologic process such as otosclerosis, effu-
sion, or retrocochlear lesion

Pitch Low vs. high vs. tonal vs. static/white noise May implicate hydrops (low pitch tinnitus), acoustic trauma (tonal) 

Exacerbating 
factors

Sleep, diet (alcohol, caffeine), 
allergies, stress

Modulators Somatic (temporomandibular joint (TMJ), 
neck manipulation)
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patient with tinnitus begins with a history and physical 
examination. Important features of the history include 
descriptive features of the tinnitus and associated symp-
toms and sensory deficits (Table 20.2). It is important 
to recognize the signs and symptoms of specific disor-
ders that can cause tinnitus. Asymmetry of thresholds or 
speech discrimination, for example, would trigger investi-
gation for a retrocochlear process. Associated symptoms 
of otalgia, otorrhea and ear fullness would suggest chronic 
inflammation or infection in the middle ear or mastoid. 
Tinnitus that occurs in the setting of sudden hearing loss, 
with or without vertigo, warrants further evaluation with 
imaging.8–9 
 Descriptive features of the tinnitus will guide further 
investigation and the subsequent treatment course. The 
descriptive features discriminate tinnitus that arises from 
otologic and nonotologic sources. Two critical features 
that guide treatment are the duration and the severity of 
the tinnitus. 

OTOLOGIC DISORDERS AND TINNITUS
Conductive hearing loss from any etiology (e.g. cerumen 
impaction, ossicular chain fixation, middle ear effusion) 
can cause subjective tinnitus that is pulsatile or nonpulsa-
tile in character. Identifying and treating these causes will 
usually resolve the tinnitus and leave the clinician with a 
grateful patient. 
 Sensorineural hearing loss of any magnitude and pat-
tern can cause subjective tinnitus. Interestingly, only 30% 
of people with age-related sensorineural hearing loss and 
50% of people with noise-induced hearing loss have asso-
ciated tinnitus. It is a rare occurrence to have tinnitus with-
out some auditory deficit or asymmetry. High-frequency 
audiometry and outer hair cell assessment with otoacous-
tic emissions will usually detect a functional deficit in 
patients with “normal” audiograms and tinnitus. Sudden 
sensorineural hearing loss and Meniere’s disease are dis-
orders that nearly always have concomitant tinnitus as a 
presenting feature.

Nonotologic Disorders and Tinnitus
Vascular causes of tinnitus include dural arteriovenous 
malformations, arteriovenous fistulas of the head and 
neck, increased cardiac output with high blood flow, and 
turbulent blood flow in the cranial venous drainage sys-
tem.
 Muscular causes of tinnitus include myoclonus of the 
stapedius muscle, the tensor tympani muscle, and the ten-
sor palatine muscles. Rare mechanical causes of acoustic 
percepts that can be disturbing to patients are the audible 
breath sounds associated with patulous Eustachian tube 
and the normal sounds of the Eustachian tube opening 
and closing with swallowing.

Somatic Tinnitus and 
Somatic Modulation 
Somatic tinnitus is a unique form of tinnitus in which 
the loudness, laterality, or tonality of the tinnitus can by 
modulated by somatic manipulation. This form of tinnitus 
was originally observed in a small group of patients after 
surgical removal of large vestibular schwannomas. Post-
operatively, these patients had the ability to modulate the 
loudness or tonal character of their chronic tinnitus by 
exaggerated eye movements, leg motion, or cutaneous 
stimulation of the hands or face. The presumed mecha-
nism of action for this unusual form of tinnitus is neural 

Table 20.2: Objective tinnitus

•	 Pulsatile	

•	 Synchronous	with	pulse

 – Arterial etiologies

 – Arteriovenous fistula or malformation

 – Paraganglioma (glomus tympanicum or jugulare)

 – Carotid artery stenosis

 – Other atherosclerotic disease (subclavian, external carotid)

 – Arterial dissection (carotid, vertebral)

 – Persistent stapedial artery

 – Intratympanic carotid artery

 – Vascular compression of cranial nerve VIII

 – Increased cardiac output (pregnancy, thyrotoxicosis)

 – Intraosseous (Paget’s disease, otosclerosis) 

•	 Venous	etiologies

 – Pseudotumor cerebri

 – Venous hum

 – Sigmoid sinus and Jugular bulb anomalies

•	 Asynchronous	with	pulse

 – Palatal myoclonus

 – Tensor tympani or stapedius muscle myoclonus

•	 Nonpulsatile

 – Spontaneous otoacoustic emission

 – Patulous Eustachian tube 
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sprouting or aberrant reinnervation after auditory deaff-
erentation. Subsequent to these observations, however, a 
more general form of somatosensory modulation of tin-
nitus has been recognized in some patients with primary 
tinnitus, that is, tinnitus not associated with a retroco-
chlear tumor. In these cases, tinnitus pitch and loudness 
can be modulated by forceful isometric contraction of the 
head and neck muscles. 
 A systematic review of treatments that target somato-
sensory systems suggests that somatic tinnitus may be a 
unique subtype that responds to targeted intervention. 
Levine and colleagues defined somatic tinnitus syndrome 
as tinnitus that is (1) perceived in the ear and (2) occurs 
ipsilateral to a somatic trigger and (3) is not associated 
with any new hearing complaints. Tinnitus that is strongly 
lateralized to one ear in the presence of symmetric hear-
ing (including symmetric hearing loss) would theoretically 
have a somatic component by the definition of Levine and 
colleagues. The authors concluded that somatic tinnitus 
is often responsive to acupuncture, electric stimulation of 
the scalp and auricle, trigger point treatment, and treat-
ment of temporomandibular joint dysfunction (TMD). 

Typewriter Tinnitus 
Typewriter tinnitus is defined by a characteristic sensation. 
The tinnitus has a staccato quality, similar to a typewriter 
tapping, popcorn popping, or a Morse code signal. The 
tinnitus is intermittent and chronic. The percept is often 
triggered by specific head movements or sounds. Type-
writer tinnitus may be confused with tinnitus arising from 
a muscular source, such as spasm of the tensor tympani 
or stapedius muscle, or palatal myoclonus. Evidence that 
typewriter tinnitus is not generated by a myogenic source 
is illustrated by the history of a patient with typewriter tin-
nitus that failed to respond to tensor tympani and stape-
dius muscle transection. Tinnitus resolution was achieved, 
however, with carbamazepine (Tegretol).10 Two small case 
series reported successful treatment with carbamazepine 
suggesting that typewriter tinnitus may be caused by vas-
cular compression of the auditory nerve ipsilateral to the 
tinnitus.11–12

Temporomandibular Joint 
Disorders and Tinnitus
The association between TMD and tinnitus is well recog-
nized. Large clinical surveys document an increased 
prevalence of TMD symptoms in patients with tinnitus 
compared with the general population, and a higher 

incidence of tinnitus in individuals with TMD and normal 
audiometric thresholds compared with controls.13 The 
causative relationship, if present, for tinnitus and TMD is 
speculative at present. Somatic modulation of qualitative 
features of tinnitus such as loudness, location, and tonality 
with craniomandibular manipulation is well-documen ted, 
although the prevalence of this form of tinnitus is not pre-
cisely known. 
 One third of patients with symptoms of TMD can 
modulate their tinnitus with jaw movement or pressure to 
the TMJ.14 Selected patients with tinnitus and TMD have 
symptom improvement when the TMD is treated with an 
occlusal splint.15 Tinnitus associated with specific head 
and neck pathology, such as TMD, unilateral facial pain, 
otalgia, occipital or temporal headaches, may be amen-
able to interventions that target the somatic dysfunction. 

Tinnitus and Comorbid Conditions
People who are bothered by their tinnitus report difficul-
ties with concentration, sleep, daily activities, and social 
interaction.16 It is well recognized that affective disorders 
exacerbate chronic medical illnesses, and the associa-
tion of tinnitus with depression and anxiety supports this 
observation. There is some debate, however, regarding the 
true prevalence of psychologic distress related to tinnitus, 
and it is unclear if the psychological distress is directly 
related to the tinnitus or the disruption of activities of daily 
life.17–19 Recent National Health Survey data suggest that 
people who perceive their tinnitus to be at least a moder-
ate problem are more likely to be depressed. Furthermore, 
being bothered by tinnitus at bedtime increases the odds 
of depression 2.44 times.20 Disrupted sleep exacerbates 
depressive symptoms, impairing coping ability with addi-
tional bidirectional interaction with bothersome tinnitus. 
Clinicians should be aware of these comorbid conditions 
and query tinnitus patients accordingly. 

EVALUATION: LABORATORY, 
OTOLOGIC, AND NEUROTOLOGIC 
TESTING

Complete audiometric assessment has primary impor-
tance for evaluating the patient with tinnitus. Testing 
should include pure-tone threshold assessment by air and 
bone conduction, speech discrimination, and tympano-
metry. Distortion product otoacoustic emissions are use-
ful when evaluating patients with tinnitus and a normal 
audiogram with pure tone thresholds < 25 dBHL. 

Ch-20.indd   320 30-05-2015   15:39:38



321Chapter 20: Tinnitus

 Demographic studies have shown the association 
between tinnitus and systemic diseases (diabetes, hyper-
tension, hypercholesterolemia, and thyroid dysfunction).3 
Tinnitus may occur as one of a constellation of presenting 
symptoms of systemic infections such as Lyme disease 
and syphilis and systemic illnesses such as autoimmune 
disease. Despite the association, the universal underly-
ing cause of tinnitus is hearing loss. Laboratory testing for 
specific metabolic, infectious, or inflammatory markers is 
indicated only if there are signs and symptoms that raise 
suspicions for specific primary causes associated with 
tinnitus. Routine testing for thyroid dysfunction, autoim-
mune markers, and viral infections is not indicated. The 
diagnostic yield of a battery of blood tests when evaluating 
tinnitus is very low and not justified.
 Standardized questionnaires are useful in the primary 
assessment and follow-up of tinnitus patients (Table 20.3). 
Most questionnaires assess the functional, emotional, and 
cognitive factors impacted by tinnitus. Tinnitus can have 
negative consequences on daily activities such as sleep, 
concentration ability, and social enjoyment.16 In some 
patients, the impairments are related to the underlying 
hearing loss. Identifying and distinguishing the impact 
of hearing loss from the associated tinnitus is important 
for counseling and treatment decisions. It is important to 
remain cognizant of the potential for serious psychological 
distress associated with tinnitus. Depression and anxiety 

are not uncommon comorbid conditions, although preva-
lence of these psychiatric disorders within the general 
population of people with nonbothersome tinnitus is not 
known. 

EVALUATION: RADIOLOGIC IMAGING: 
CT, MRI, PET, ANGIOGRAPHY, ETC.

In the absence of any hearing loss, vertigo or other neu-
ral deficits, incidental discovery of a treatable cause such 
as schwannoma, CNS disease or middle ear and mastoid 
disease is unusual. Vestibular schwannoma or other inci-
dental pathology was detected on MRI in <2% of cases 
presenting with the isolated symptom of nonpulsatile tin-
nitus or tinnitus in combination with hearing loss.21 The 
diagnostic yield of CT and MRI for patients with primary 
tinnitus is low and therefore these studies are not indi-
cated as part of the routine clinical evaluation. Imaging is 
appropriate when there are signs and/or symptoms that 
raise suspicions for a specific abnormality, such as unilat-
eral tinnitus, pulsatile tinnitus, asymmetric hearing loss, 
vertigo, or cranial neuropathy.

Tinnitus Duration
It is important to ascertain the duration that tinnitus has 
been present and persistent for an individual. Counseling 
and treatment management strategies should be tailored 

Table 20.3: Partial list of validated tinnitus questionnaires with utility for clinical application

Questionnaire Author (year) Items Response options
Cronback’s alpha (a)
test retest (r)

Tinnitus questionnaire Hallam et al.69 (1988) 52 3: true, partly true, not true a: 0.91–0.95
r: 0.91–0.94
(6–8 weeks)

Tinnitus severity 
questionnaire

Axelsson et al.70 (1989) 10 a: ?
r: 0.62–0.79
 (18 months)

Tinnitus handicap  
questionnaire

Kuk et al.71 (1990) 27 100: 0 = strongly disagree, 
100 = strongly agree 

a: 0.95
r: 0.89 
(6–8 weeks)

Tinnitus reaction 
questionnaire 

Wilson et al.72 (1991) 26 5: not at all, a little of the time,…, 
almost all of the time 

a: 0.96
r: 0.88

Tinnitus severity index Meikle et al.73 (1995) 12 5: never, rarely, sometimes, 
usually, always 

a: > 0.87
r: na

Tinnitus handicap inventory Newman et al.74 (1996) 25 3: yes, sometimes, no a: = 0.93
r: 0.92 
(20 days)

Tinnitus functional index Meikle et al.75 (2012) 25 10 a: 0.97
r: 0.78
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as a function of tinnitus duration. At present, there are 
no widely accepted definitions that delineate acute or 
new onset tinnitus from chronic, persisting tinnitus. The 
NHIS-specified time period for a chronic condition is 
3 months. Data from clinical trials that include wait-
list controls suggest that spontaneous improvement in 
the intrusiveness or bothersomeness of tinnitus occurs 
within the first 6 months of onset.22 The most improvement 
is seen in younger people with short duration tinnitus.23 
Clinical experience is consistent with these data, with 
observed improvement in tinnitus distress occurring 
within the first year of onset. Epidemiological studies 
report similar time frames for symptom improvement. In the 
Blue Mountain Study, over half the people reporting severe 
annoyance from tinnitus at baseline reported only mode-
rate annoyance on follow-up, and 18% with moderate 
annoyance at baseline reported only mild annoyance on 
follow-up.7 Similar findings were reported from the Beaver 
Dam study surveying 2500 adults over age 48 at baseline 
and on 5-year follow-up.2 Tinnitus was defined as signifi-
cant if it was rated as moderate severity, impacted sleep, or 
both. Tinnitus was not counted as significant if it was rated 
as mild in severity and did not interfere with sleep. Nearly 
half the respondents with significant tinnitus at baseline 
reported improvement on 5-year follow-up. In the group 
with improved tinnitus on follow-up, 43% reported no 
tinnitus and 57% reported only mild tinnitus. These data 
provide some benchmarks regarding the natural progres-
sion (and regression) of tinnitus over time. The factors that 
promote habituation and adaptation to new onset tinni-
tus are not known but are important topics that deserve 
thoughtful investigation. 

Tinnitus Severity
The impact of tinnitus on the individual can range from 
mild or no impact to severe with significant negative  
impact on daily functioning and emotional well-being. 
The degree of severity and impact can be assessed using 
standardized questionnaires, of which several are avail-
able that are validated, have good test-retest reliability and 
are easy to administer (Table 20.3). Questionnaires are 
useful for organizing tinnitus impact into the domains of 
emotional, cognitive, and functional distress. Question-
naires facilitate understanding how tinnitus impacts the 
individual and are an effective way to monitor treatment 
progress.

PATHOPHYSIOLOGY 
Most current theories on the mechanisms responsible for 
tinnitus hypothesize that the sensation results from central 
compensation in response to peripheral deafferentation. 
Variations on this theme involve the specific sites involved 
in central compensation, ranging from the cerebellum24 
to the auditory cortex,25 with primary auditory pathway 
involvement26 to critical input from nonauditory path-
ways.27 Debate is ongoing regarding the neural mecha-
nisms, neurotransmitters, and cell types that are critical to 
the pathology of tinnitus. Challenges in sorting out these 
basic science questions have included the heterogeneity of 
patients with tinnitus and the confounding factor of asso-
ciated hearing loss. How does one control for genetic fac-
tors (there may be a “susceptibility” gene for tinnitus) and 
acoustic history (accurate historical information on sound 
exposure is rarely available) that impact the onset, sever-
ity, and persistence of tinnitus? Animal models of tinnitus 
have allowed investigation of tinnitus mechanisms that 
otherwise would have been impossible.28

TREATMENT: MEDICAL AND SURGICAL
Historically, medical treatments for tinnitus were based 
on empiricism and anecdotal evidence. The earliest 
records of the pharmacologic treatments for tinnitus are 
from Egyptian papyrus dating from the sixteenth century 
BC, recommending treatment of a bewitched ear with 
infusing a mixture of frankincense and balanites oil. In first 
century Mesopotamia, tinnitus treatments were organized 
on the basis of specific characteristics of the tinnitus. There 
were remedies for left ear tinnitus, right ear tinnitus, and 
tinnitus that was singing, whispering, or speaking. Mask-
ing tinnitus with external sounds dates back millenia, 
when Hippocrates pondered “why one sound can drive 
out another sound”.29 Modern pharmacologic treatments 
typically begun with serendipitous observations of tinni-
tus improvement, such as the temporary reduction of tin-
nitus after intravenous injection of lidocaine. 30 Advances 
in neuroscience, availability of tools for assessing neural 
correlates of tinnitus, and the development of models for 
testing tinnitus theories have led to theory-driven clinical 
trials and treatments. 
 Current medical treatments for tinnitus include phar-
macologic therapy, acoustic-based therapy, counseling 
and education, cognitive behavioral therapy (CBT), and 
treatments based on complementary and alternative 
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medicine. Standardized guidelines for the management 
of tinnitus have recently been developed. The Agency for 
Healthcare Research and Quality (AHRQ) and the United 
States Department of Health and Human Services com-
missioned the McMaster University Evidence-Based Prac-
tice Center (EPC) to conduct a comparative effectiveness 
review of tinnitus evaluation and management.31 The EPC 
search strategy yielded nearly 10,000 citations of which 
834 (8.6%) passed initial screening. Fifty-one publica-
tions of tinnitus treatments were deemed appropriate for 
inclusion in the review and guideline recommendations. 
Treatments were categorized as pharmacologic and food 
supplements, medical therapy, sound (acoustic)-based 
therapy, and psychological (behavioral) therapies. Included 
in the analysis were clinical trials evaluating therapies not 
based on accepted physiology of the ear or tinnitus patho-
physiology, detracting from the merit and face validity of 
the review. Guideline endorsement of specific treatment 
recommendations were withheld citing various limitations 
of the selected clinical trials, including insufficient evi-
dence, inconsistent effect sizes, small sample sizes, levels 
of bias, etc. Two key questions were identified by the EPC 
as important factors in tinnitus management. First, what 
are the effective methods that identify patients in need of 
further evaluation and treatment? Second, what are the 
prognostic factors, patient characteristics, and symptoms 
that impact treatment outcomes? No studies were identi-
fied that addressed triage strategies for patients with tin-
nitus. No studies were identified investigating prognostic 
factors that illuminate the natural history, progression, 
and regression of tinnitus. 
 Effective surgical treatments for tinnitus are those that 
address a specific underlying disorder. Tinnitus that occurs 
with middle ear effusion and tympanic membrane perfo-
ration resolves with treatment of the conductive hearing 
loss. Curiously, elimination of tinnitus with stapes surgery 
is successful in only 50% of patients.32 Tinnitus related to 
acoustic neuroma will frequently resolve if hearing is pre-
served after tumor resection.33 
 Surgical treatment for primary tinnitus is limited. His-
torically, the cochlea and eighth nerve were thought to 
be the source of tinnitus, and cochlear nerve section for 
severely disturbing tinnitus was a treatment option. Out-
comes were disappointing, with worsening tinnitus in 
a significant portion of patients. Nearly 50% of patients 
report unchanged or worse tinnitus after labyrinthectomy 
performed for vestibular symptoms.32

MEDICATIONS FOR TINNITUS
A wide range of drug classes have been investigated for 
efficacy in modulating tinnitus (Table 20.4). There are 
currently no medications approved by the Federal Drug 
Administration to treat tinnitus, and the medications 
and supplements listed in Table 20.4 have all been used 
off-label. The majority of clinical trials have not shown 
any benefit of antidepressants or anxiolytics on the loud-
ness of tinnitus. However, there is evidence that modest 
improvement in the annoyance and bothersomeness of 
tinnitus can occur with these medications when the asso-
ciated depression and anxiety is addressed. High doses of 
paroxetine may be effective in reducing tinnitus loudness, 
severity, and impact in patients without major depres-
sion or anxiety disorders.34 Sertraline was more effective 
than placebo in decreasing tinnitus severity and perceived 
tinnitus loudness in patients with severe tinnitus.35 Inter-
estingly, correlation analysis suggested that the clinical 
improvement was largely related to a direct effect on tin-
nitus and only 20% of the improvement was attributed to a 
reduction in depression and anxiety. 
 There is no role for intratympanic medications in the 
treatment of tinnitus. There are only three published ran-
domized control trials that have investigated the effect 
of intratympanic steroids on tinnitus.36–38 No benefit was 
demonstrated over placebo. There are no controlled trials 
investigating intratympanic lidocaine for tinnitus treat-
ment. 

GABAERGIC MEDICATIONS 
FOR TINNITUS

Several lines of scientific evidence and clinical observa-
tions suggest that chronic tinnitus may develop because 
of pathological loss of central inhibition triggered by 
peripheral deafferentation.28,39-40 Gamma-aminobutyric 
acid (GABA) is one of two major inhibitory neurotransmit-
ters widely distributed throughout the auditory pathway. 
If tinnitus is the result of downregulation of GABA, then 
potentially GABA-enhancing drugs may be useful to 
re store homeostasis and alleviate tinnitus. Benzodiaze-
pines are GABA receptor modulators that may improve tin-
nitus by reducing the perceptual loudness of tinnitus and 
decreasing distress through anxiolytic action. Although 
nearly all clinical trials investigating benzodiazepines 
for tinnitus have been criticized for flawed experimental 
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(THI, tinnitus handicap index; VAS, visual Analog Scale).

Table 20.4: Pharmacologic treatments for tinnitus and evidence for efficacy
Class Drug Evidence base Dose Outcome Side effects
Tricyclic antide-
pressants

Nortriptyl-
ine

Placebo-controlled, double-
blind trial
(Dobie et al.76 1993)

100 mg 
qhS

Global benefit (0.008)
Tinnitus severity (ns)
Significant predictors of 
benefit: female gender, 
insomnia, absence of 
cervical muskuloskeletal 
complaints

Dry mouth, sedation, 
dizziness, headache, 
weight gain

Cycloben-
zaprine

Open label pilot study 
(Coelho et al.77 2012)
Active vs. wait list control 
(Vanneste et al.78 2012)

30 mg qD Reduction in THI after 3 
months (p < 0.001)

Sedation, headache, 
dizziness, dry mouth

SSRI Sertraline Randomized, placebo- 
controlled, double-blind 
trail (Zoger et al. 35)

50 mg qD Improved subjective rat-
ing of tinnitus loudness 
and severity, in patients 
with depression

Fatigue, dry mouth, 
increased tinnitus, 
lightheadedness

Paroxetine Randomized, placebo- 
controlled, double-blind 
trial (Robinson et al.34)

10–50 mg 
qD

Improved tinnitus sever-
ity and distress; reduc-
tion in tinnitus loudness 
match (in the 50 mg qD 
dose group only)

Sedation, dry mouth, 
sexual dysfunction

Anticonvulsants/
GABA or gluta-
mate modulators

Gabapen-
tin

Single-blind, crossover, placebo-
controlled, multidose trial 
(Bauer and Brozoski46)
Double-blind, placebo- 
controlled, single-dose trail 
(Witsell et al.79 2007)
Randomized, double-blind, 
placebo-controlled, single–dose 
trial (Piccirillo et al.80 2007)
Randomized, double-blind, 
placebo-controlled, single-dose 
trial (Dehkordi et al.81 2011)

300–2400 
mg

Improved loudness and 
annoyance in subjects 
with noise-induced hear-
ing loss1

Improved severity2

Improved THI in subjects 
with normal hearing3

Improved severity in sub-
jects with hypertension, 
diabetes, hyperlipidemia4

Sedation, nausea, 
weight gain, sleep 
disturbance, dizziness, 
depression

Carbamaz-
epine

Case reports for paroxysmal 
staccato tinnitus 
(Brantberg82 2010)

100–400 
mg BID

Sedation, dizziness, 
nausea, dry mouth, 
anxiety

Acampro-
sate

Randomized, double-blind 
trial (Azevedo et al.83 2005;
Sharma et al.84 2012)

333 mg 
TID

Tinnitus improvement 
(NOS) (p = 0.012)

Depression, diarrhea, 
anxiety, lethargy

Anxiolytics Alpra-
zolam

Crossover, randomized, blinded, 
placebo-controlled trial 
(Jalali et al.42)
Prospective, randomized, 
placebo controlled, double-
blind trial (Johnson et al.41)

1.5 mg qD Significant improvement 
in VAS tinnitus loudness 
and severity; change in 
THI (ns)

Sedation, dizziness, 
tinnitus

Vasodilator/ 
vasoactive 

Cyclande-
late

Randomized, blinded, placebo-
controlled trail (Oma Hester 
et al.85 1998)

400 mg 
TID

No significant change in 
objective loudness match; 
decreased subjective 
loudness rating (p < 0.01)

Dizziness, headache, 
nausea, gastric distress

Herbal and 
supplement

Melatonin Prospective, randomized, 
double-blind, crossover trail 
(Hurtuk et al.86 2011)
Prospective open-label trail 
(Megwalu et al.87 2006)

3 mg qHS Improved tinnitus loud-
ness and severity 
(p < 0.05); most effec-
tive in men with severe 
bilateral tinnitus, a history 
of noise exposure and 
without depression

Headache, depression, 
drowsiness, dizziness, 
irritability

Gingko 
biloba

Cochrane Database Systematic 
Review of three trials (1143 
patients) (Hilton et al.88 2013)

120– 240 
mg qD

Evidence for efficacy is 
mixed

Headache, gastrointes-
tinal distress, medica-
tion interactions
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design, most of the trials do report some level of tinnitus 
improvement using global assessment ratings.41–42 There 
are potential risks associated with chronic benzodiazepine 
use and caution is warranted when using these drugs in 
the elderly. 
 Gabapentin is a chemical analog of GABA. Although 
chemically similar to GABA, the drug does not significantly 
interact with GABA receptors nor does it appreciably 
modu late endogenous GABA levels.43 Nevertheless, it is 
used effectively as an adjunctive anti-epileptic to enhance 
inhibition of neural activity associated with seizures and 
has also been used to treat other medical conditions simi-
lar to tinnitus such as neuropathic pain.44 Gabapentin was 
first reported to reduce the loudness of tinnitus is a case 
report of new onset tinnitus of unknown etiology.45 
 Three controlled trials have investigated the efficacy of 
gabapentin on tinnitus. Two studies used only a single tar-
get dose, did not stratify subjects for tinnitus etiology and 
included subjects with a range of tinnitus duration. Both 
studies reported improvement for a subset of subjects. 
Witsell reported a significant difference (p = 0.026) in the 
number of subjects with improved global tinnitus severity 
ratings treated with gabapentin compared with placebo. 
 Piccirillo et al. reported a significant improvement in 
tinnitus handicap index (THI) score in subjects with nor-
mal hearing treated with gabapentin (p = 0.005). 
 A prospective single-blind study of gabapentin enrol-
led only subjects with moderate to severe chronic tinnitus. 
Subjects were stratified by etiology of hearing loss, his-
tory of acoustic trauma and evidence of acoustic trauma 
on audiometric testing.46 The drug was most effective 
in reduc ing the loudness and the annoyance of tinnitus in 
subjects with tinnitus related to acoustic trauma. A signifi-
cant improvement in tinnitus annoyance was obtained at 
a drug dose of 900 mg per day in the subjects with tinni-
tus related to acoustic trauma (p = 0.015). There was also 
a significant improvement in the objective measurement 
of tinnitus loudness in half the subjects on the 1800 mg 
and 2400 mg dose. This effect was not seen in the subjects 
with tinnitus not related to acoustic trauma. These results 
suggest that gabapentin may be a useful drug for tinni-
tus treatment in a specific population of patients, and the 
effective drug dose must be individualized. 

Transcranial Magnetic Stimulation
Transcranial magnetic stimulation (TMS) is a noninvasive 
neuromodulation technique that has been adapted from 

the neuropsychiatric field and applied to the treatment 
of acute and chronic tinnitus. Pulsed current is passed 
through a coiled wire held over the cranium. The current 
generates a strong magnetic field inducing an electric field 
which painlessly stimulates the underlying brain area of 
interest. The affected brain area is either hyperpolarized 
(excited) or inhibited, depending on the coil size, shape, 
skull orientation, current pulse characteristics, and stimu-
lation frequency. Low-frequency (<1 Hz) TMS decreases 
cortical excitation and high frequency (5–20 Hz) increases 
cortical excitation. The accuracy of targeting the brain area 
of interest is influenced by the brain size and shape. The 
depth of penetration of the magnetic field is limited to a 
few centimeters, although neural changes in subcortical 
structures may be achieved through interconnected neural 
circuitry. 
 Interest in applying TMS to modulate auditory symp-
toms was sparked after low-frequency stimulation of the left 
temporoparietal cortex using repeated TMS (rTMS) redu-
ced auditory hallucinations in schizophrenic patients.47 
The treatment subsequently was applied to patients with 
idiopathic new onset and chronic tinnitus. Although ini-
tial reports of rTMS therapeutic efficacy were promising, 
evidence for clinically significant, long-term improve-
ment in tinnitus distress has not yet emerged. Utilization 
of app ropriate controls has been particularly challenging 
for trials investigating rTMS as a tinnitus treatment. The 
placebo effect can be significant and clearly has an impact 
on clinical trials involving tinnitus.48,49 It is well known that 
the placebo response increases with the invasiveness of 
the intervention, further emphasizing the importance of 
including appropriate controls in studies of rTMS efficacy 
for tinnitus management. Development of adequate con-
trol conditions in rTMS studies is challenging because the  
coil stimulation results in audible, tactile, and motor stimu-
lation during activation. The optimum control or sham 
stimulation parameters have not yet been established.50 
 The optimum site of stimulation for treatment of tin-
nitus is currently not known. Targets for stimulation have 
included auditory cortex contralateral to the tinnitus, ipsi-
lateral to the tinnitus, the left temporoparietal cortex, and 
the association cortex. Techniques for accurately locat-
ing the site of coil placement vary between studies and 
include neuronavigation combined with functional or struc-
tural imaging studies, anatomical landmarks, or physio-
logic markers from electroencephalography. Successful 
targeting of specific brain loci of interest is consequently 
influenced by intersubject variability. 
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Acoustic Therapy
Environmental sounds have been used to mask tinnitus 
and decrease subjective awareness of the sensation for 
millennia. Hippocrates is credited with the observation 
that an external sound can mask or inhibit tinnitus.29 Itard 
recognized the value of matching tinnitus with specific 
masking sounds to obtain relief and improve disturbed 
sleep.51 Environmental sounds can also facilitate the 
natural process of habituation to the tinnitus perception. 
Habituation is a form of learning in which repeated 
exposure to a stimulus no longer evokes a response. Most 
people habituate to meaningless sounds and sensations, 
including tinnitus. This natural habituation is experienced 
by over 90% of people with persisting tinnitus; the percep-
tion is essentially nonbothersome and does not impact 
daily life.6 Emotional reactions to a sensation prevent the 
normal habituation process. When habituation fails to 
occur, tinnitus becomes bothersome and disruptive. The 
negative reaction or response that some people develop 
to their tinnitus may occur therefore, in part, because of 
failure to habituate.52 
 Sound therapy has a positive impact on tinnitus for 
several reasons. Sound therapy provides a mechanism 
for patients to control their tinnitus. Specific sounds are 
perceived as soothing and provide tinnitus relief through 
stress reduction. The strategic selection of sounds that are 
nonintrusive and blend into the background is critical for 
decreasing the contrast between perceived tinnitus and 
the surrounding acoustic environment, thereby fostering 
a shift of attention away from the tinnitus.
 Many tinnitus therapies use sound stimuli as primary 
or adjunctive treatment. Methods of acoustic stimula-
tion range from broadband environmental enrichment 
with free-field sound generators to ear level devices that 
deliver constant low level customized modulated frequen-
cies adapted to the individual’s hearing threshold profile. 
Sound stimulation devices marketed for tinnitus relief 
range from off-the-shelf white-noise generators to custom 
devices generating complex amplitude modulated sounds 
or spectrally modified music. Although the rationale for 
acoustic stimulation as a tinnitus intervention is suppor-
ted by current theories of tinnitus mechanisms, there 
are limited objective data demonstrating positive effects 
of these devices on tinnitus loudness, intrusiveness, or 
bother someness.
 Hearing aids are an ideal technology for providing 
sound therapy when treating tinnitus associated with hear-
ing loss.53–54 Amplification improves communication, and 

consequently reduces the straining to hear phenomenon. 
Enhancement of ambient sound also provides low-level 
tinnitus masking and concomitantly reduces awareness 
of the tinnitus. The consistent stimulation may reverse 
central auditory pathway changes that occur in response 
to hearing loss and auditory deprivation. Clinically signifi-
cant improvement in tinnitus severity has been reported 
in the large majority of patients fitted with bilateral digital 
hearing aids.54–55 The benefit of hearing aids combined with 
counseling over counseling alone has been demonstrated 
in a group of chronic tinnitus sufferers.56 The hearing aid 
plus counseling group had a 37% improvement in total 
tinnitus handicap questionnaire (THQ), compared with a 
13% improvement in THQ in subjects receiving counseling 
alone. 
 Tinnitus retraining therapy (TRT) uses acoustic stim-
ulation combined with directive counseling to facilitate 
habituation to the tinnitus perception and decrease the 
emotional reaction to the tinnitus. Acoustic stimulation 
can be achieved with enrichment of environmental sounds, 
hearing aids, combination instruments, or most com-
monly, white noise generators. A prospective randomized 
trial compared the long-term efficacy of TRT with a control 
treatment of general counseling and placebo noise gener-
ators in subjects with moderate to severe chronic tinnitus 
for at least 1 year without associated hearing loss.57 The 
THI improved for both groups at the 6, 12, and 18 month 
assessment points compared with baseline. However, the 
effect size for the improvement with TRT was large (1.13) 
compared with the moderate effect size (0.78) for the con-
trol group. There was a greater improvement in the TRT 
group for the global assessment of total time distressed, 
annoyed, or irritated by tinnitus compared with the control 
group from entry to study completion at 18 months (46% 
vs. 22%). Finally, on multiple measures of global severity 
(THI) and intrusiveness, more subjects treated with TRT 
achieved the benchmark of 50% or better improvement 
compared to subjects who received the control treatment 
at the 18 month assessment point. This study demonstra-
ted that general counseling on healthy living and general 
education about tinnitus results in long-lasting reductions 
in the global severity of tinnitus and that directive counsel-
ing combined with sound therapy results in even greater 
improvements in these same measures.
 A variation of the technique of counseling combined 
with sound therapy to treat tinnitus uses customized 
sound therapy to promote habituation, relaxation, and 
desen sitization. Neuromonics is a proprietary structured 
6 month tinnitus treatment protocol designed to reduce 
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tinnitus severity and annoyance 60. The protocol treat-
ment involves listening 2–4 hours a day to a broadband 
auditory stimulus that is spectrally contoured to the indi-
vidual’s hearing loss profile including frequencies up 
to 12.5 kHz. In theory, the customized high-frequency 
stimulation is more effective than low- or mid-frequency 
broadband white noise in reversing the tonotopic central 
auditory reorganization that occurs in response to hearing 
loss and auditory deprivation. The stimulus is embedded 
in music that promotes relaxation, with decreasing audi-
bility of a masking sound to promote desensitization to 
the tinnitus percept. The sound stimulation device is not 
combined with amplification and therefore the underlying 
hearing loss is not addressed. 
 The promising results of this treatment approach are 
noteworthy. Large, unbiased, controlled studies examin-
ing treatment efficacy for chronic tinnitus with compari-
son to hearing aid benefits combined with counseling are 
in order. 

Electrical Stimulation 
Nonauditory Electric Stimulation
Early attempts to improve tinnitus using electrical stimula-
tion of the face, ear, or neck met with mixed results.58 Sub-
sequent investigations of somatic modulation have shown 
promising results in some people. Herraiz et al. hypothe-
sized that transcutaneous electrical stimulation (TENS) 
of the periauricular region could augment the inhibition 
of the dorsal cochlear nucleus through somatosensory 
inputs.59 Subject selection was restricted to people with 
an identified somatic trigger that initiated the tinnitus and 
the ability to modulate the tinnitus with either orofacial 
movements or postural changes. Subjects were evalu-
ated using a visual analog scale before and after 2 weeks 
of daily TENS applied to the head or neck area. Nearly half 
the subjects reported improvement in their tinnitus: 23% 
reported complete suppression and 23% reported reduced 
intensity of the sensation. Notably, 59% of subjects with 
isolated somatic tinnitus improved, compared with only 
14% of patients with somatic tinnitus with an associated 
otologic disorder. In a recent controlled study, Vanneste et 
al. reported similar improvement.60 TENS was applied to 
the C2 region in 240 patients with tinnitus that could be 
somatically modulated. There was an 18% response rate, 
with 43% improvement in most and complete suppres-
sion of tinnitus in 6%. These studies illustrate the need for 
further work addressing specific subtypes of tinnitus and 
tailoring treatments accordingly.

Auditory Electric Stimulation (Cochlear Implants)

Cochlear implantation for rehabilitation of bilateral 
hearing loss with either single-channel or multichannel 
devi ces improves tinnitus in the majority of patients, with 
a small percentage of patients reporting worse tinnitus 
after implantation.32,61 Electrical stimulation of the cochlea 
for tinnitus control is less effective when the primary indi-
cation is for tinnitus, not hearing loss. Outcomes for a 
series of five patients implanted with a single channel 
device solely for relief of tinnitus ranged from complete 
success with elimination of tinnitus to total failure.62 
 Cochlear implantation has recently been investigated 
for treatment of tinnitus in the challenging clinical setting 
of sudden hearing loss resulting in single-sided deafness. 
Traditional options for acoustic stimulation to promote 
habituation are limited in this situation. Most people with 
bothersome tinnitus after sudden hearing loss have nor-
mal hearing in the contralateral ear. Acoustic stimulation 
necessarily must be delivered to the “good ear”, and this 
is poorly tolerated in general. Several trials have reported 
moderate to significant improvement in tinnitus distress 
with cochlear implantation in the deafened ear.63 The 
relative importance of improved communication in this 
situation is unknown, but likely is significant.64 Novel map-
ping and stimulation strategies may be critical for these 
patients. Recent data on outcomes of implantation for tin-
nitus related to single-sided deafness suggest that tinnitus 
suppression is maximal with use of full-length multichan-
nel electrode arrays that access a broader region of the 
tonotopic map.65

Counseling Strategies
Counseling is a well-established tinnitus treatment strat-
egy that has been utilized alone and in combination with 
other therapies. Counseling can encompass a wide range 
of approaches, including individual or group-based edu-
cation, activities-based therapy and CBT. Significant 
impro ve ments in tinnitus related distress have been dem-
onstrated with CBT. CBT is a form of psychotherapy that 
helps patients identify and modify maladaptive thoughts 
and behaviors related to tinnitus and tinnitus distress. 
CBT includes education, relaxation training, cognitive 
restructuring, controlled stimulus exposure, and mindful-
ness-based training. CBT does not modify tinnitus loud-
ness. Comparing CBT to active control treatments (rather 
than wait list controls) showed a small to moderate effect 
size. 
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General Health Strategies
Demographic studies have established tinnitus risk fac-
tors that include systemic diseases amenable to modi-
fication. These are the same risk factors associated with 
hearing loss.66–67 Successful control of hypertension, hyper-
lipidemia and diabetes likely impacts tinnitus through 
optimized tissue perfusion and cochlear function. The 
benefits of general physical activity for decreasing tinnitus 
also support the approach of maximizing general health 
status.68 The association between bothersome tinnitus and 
psychological distress presents an important opportunity 
to modify tinnitus distress through effective management 
of depression and anxiety. Finally, clinical experience 
suggests that specific ailments such as chronic sinusitis, 
environmental allergies, and uncontrolled sleep apnea can 
exacerbate tinnitus loudness and impair an individual’s 
ability to cope with their tinnitus. Clinical investigations 
of the interaction between tinnitus and other common 
illnesses are needed. 

PROGNOSIS
The prognosis for the majority of people with tinni-
tus is excellent. There are many effective interventions 
that decrease the negative impact of tinnitus. Significant 
advances in auditory neuroscience have advanced the 
treatment of tinnitus beyond the traditional recommenda-
tion instructing the patient to “learn to live with it”.
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PATHOGENESIS, HISTOLOGY, 
AND GENETICS

Even today, over 150 years since Meniere first described 
the now eponymous disorder, MD continues to be incomp
letely understood, and the true etiology and pathophy
siology of this entity remain elusive. Histologically, the 
hallmark of MD is endolymphatic hydrops on postmor
tem temporal bone specimens, which was first demon
strated in simultaneous work by Hallpike and Cairns and 
Yamakawa in 1938.2 This finding is characterized by 
dilation and distention of the membranous labyrinth and 
classic depictions demonstrate bulging of Reissner mem
brane encroaching upon the scala vestibuli in cross
sectional slides (Fig. 21.1). Dilation can be severe with 
membranes contacting the bony walls with near total 
obliteration of perilymphatic space. Similar distention of 
the utricle and saccule can also be seen. 
 Presumably aberrant fluid homeostasis causes these 
pathologic findings as well as the accompanying inner 
ear dysfunction, but the etiology of hydrops and precise 
mechanisms to account for the symptom complex remain 
unknown. An early theory was that disruption or block
age of longitudinal endolymphatic flow from the cochlea 
to the endolymphatic sac resulted in hydrops. This theory 
was supported by Kimura’s guinea pig model, in which 
endolymphatic hydrops could be experimentally induced 
by surgical ablation of the endolymphatic sac.3 
 The rupture theory proposed by Schuknecht then 
atte mpted to account for how hydrops might result in the 

INTRODUCTION
When Prospere Meniere presented his landmark paper 
to the French Imperial Academy of Medicine in Janu
ary 1861, the suggestion that hearing and balance were 
both controlled by labyrinthine organs was considered 
extremely controversial and therefore poorly received. It 
would take 40 years before Hallpike and Portman histo
logically confirmed endolymphatic dilation in patients 
with episodic vertigo, fluctuating hearing, and lowpitched 
tinnitus. 
 The capricious nature of the disease has made it diffi
cult to prospectively determine the efficacy of therapeutic 
intervention, and thus the treatment of Meniere’s disease 
(MD) is primarily empiric. Absence of robust prospec
tive, randomized, placebocontrolled studies has led to a 
vari ety of medical and surgical therapeutic interventions of 
uncertain value.1,14 Given the therapeutic void, the aims of 
management of MD are limited to (1) reducing the num
ber and severity of acute attacks of vertigo; (2) aborting 
or ameliorating hearing loss (HL) and tinnitus associated 
with such attacks; (3) alleviating any chronic symptoms 
(e.g. tinnitus and imbalance); and (4) preventing progres
sion of the disease, in particular, the loss of hearing and 
balance that characterizes the disorder.34 The authors pre
fer the term “management” in lieu of “treatment” because 
currently there is no known treatment option that ade
quately addresses all four of the above criteria. 
 This chapter serves to thoroughly review current under
standing of MD, including pathogenesis, clinical presenta
tion, evaluation, management, and prognosis.

Daniel H Coelho, Richard A Goldman
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characteristic symptoms. In histologic studies Schuknecht 
demonstrated evidence of prior rupture and healing in 
Reissner membrane leading to the hypothesis that rup
tures in the distended membrane allowed for mixing of 
perilymph and endolymph, thereby resulting in nerve 
paralysis and the characteristic episodic symptoms. Verti
go subsequently improved with healing of the rupture and 
restoration of the normal electrochemical gradient.4 Other 
theories of endolymph or potassium leakage have also 
been proposed to cause symptoms in a similar fashion. 
 Although intuitive and appealing, the above theories 
are likely drastic oversimplifications and belie the com
plexity of inner ear physiology. Studies of endolymphatic 
fluid dynamics indicate that there is very little longitudi
nal endolymphatic flow, suggesting that radial flow in the 
endolymphatic space largely regulates endolymphatic 
volume.5 The ionic composition is maintained by the stria 
vascularis with the movement of water largely following 
osmotic gradients. 
 Additional research has called into question the 
presumed causal relationship between endolymphatic 
hyd rops and Meniere’s symptoms. In a large series of tem
poral bone studies, endolymphatic hydrops was seen in all 
patients with MD but all cases of endolymphatic hydrops 

did not have MD.6 In reviewing the above and related basic 
science research, Semaan et al. suggest that more subtle 
and yet undetermined cellular and biochemical pertur
bations may result in the cochleovestibular dysfunction 
characteristic of MD and endolymphatic hydrops could be 
a related epiphenomenon.7 
 Whether endolymphatic hydrops causes MD or whether 
it arises secondarily, the nature of the aberrant homeo
static mechanisms at work remains an area of conjecture 
and a variety of potentially contributing factors have been 
implicated including immunogenic, infectious, hormonal, 
and genetic. A subset of patients with a familial form of 
MD representing up to 15% of the patient population has 
been described and led to a variety of genetic studies that 
have yet to convincingly identify candidate gene associa
tions.8 Some of the genes investigated have included the 
COCH gene, KCNE gene family which relates to potassium 
channels, and AQP2, an aquaporin gene. Other interesting 
associations, including the high prevalence of allergy and 
migraine among MD patients have also been described.9 
 A common supposition is that a variety of genetic poly
morphisms may predispose patients to development of 
the disease state when combined with a variety of enviro
nmental factors. Such a complex mechanism of disease 

Fig. 21.1: Mid-modiolar sections through the normal guinea pig cochlea (left) and from a cochlea in which endolymphatic hydrops was 
induced by surgical ablation of the endolymphatic duct and sac (right). The endolymphatic space has been colored blue to highlight the 
endolymph enlargement into the perilymphatic space of scala vestibuli resulting from the distension of Reissner’s membrane. Histology 
of these specimens was performed in the laboratory of Dr R Kimura as part of a collaborative study. From Salt AN, Plontke SK. Endo-
lymphatic hydrops: pathophysiology and experimental models. Otolaryngol Clin North Am. 2010;43(5):971-83.
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could certainly account for the clinical heterogeneity of 
MD, as well as the scientific difficulty in determining a sin
gle etiology.
 Research in MD has focused on what Semaan et al. 
des cribed as five principal areas: genetics and autoim
munity, intralabyrinthine fluid dynamics, cellular and mole 
cular alterations, electrophysiologic tests in diagnosis, and 
creat ing ideal animal models.7 With recent adva nces in 
molecular biology and molecular genetics, great strides 
have been made in understanding MD, although no one 
single theory of pathogenesis has yet to become univer
sally accepted. This inability to provide a unifying explana
tion for the clinical picture of MD prevents any significant 
translational application for more targeted and effective 
treatments. Lack of a unifying or single etiology likely 
reflects the clinically and genetically heterogeneous nature 
of MD and thus the lack of efficacy of any single treatment. 
Perhaps the most important result of ongoing research will 
be the earlier identification of patients with MD so that 
possible preventative measures can be taken. 

CLINICAL FINDINGS
The prevalence of MD varies widely according to pub
lished literature, ranging from 15 to 157 per 100,000.10 It is 
unlikely that these differences are the results of geographic 
distributions of disease, but rather due to reporting biases. 
Bilateral disease is found in 10% of patients with MD at ini
tial diagnosis; with disease progression, it may be found in 
more than 40%.11

 The typical onset of disease is middle age, though MD 
has been reported in children as young as 4 and as old as 
the 90s.12 The peak incidence of MD is in the 40 to 60year
old age group.10 The mean age among treatment groups in 
some studies ranged from 49 to 67 years. These data sug
gest there is generally a fairly long lagtime of several years 
between the onset of symptoms and diagnosis/manage
ment. MD appears to be more common in women (1.3:1 
to 1.8:1) and whites, though reporting biases might exist 
as these two populations are more likely to seek medical 
care.13 For most patients, MD remains symptomatic for a 
limited duration of time, approximately 5 to 15 years. Once 
the period of “active” MD has passed, patients can still be 
left with significant hearing loss and disabling vestibular 
hypofunction that can last for the remainder of their lives. 
 Although the classic presentation of MD is marked by 
episodes of recurrent vertigo, fluctuating lowfrequency 
sensorineural hearing loss, aural fullness, and roaring tin
nitus, in reality the presentation can be highly variable 

and its clinical course characterized by acute exacerba
tion and spontaneous remission. The diagnosis is based 
on clinical presentation because there is no definitive 
objective test available. To define the certainty of diagno
sis of MD, the American Academy of Otolaryngology—
Head and Neck Surgery (AAOHNS) promulgated diag
nostic and reporting guidelines, published in 1972, 1985, 
and 1995, but these remain poorly or incorrectly used 
(Tables 21.1 to 21.4).1 Although nearly 80% of the 128 
papers on MD published from 1988 to 1999 used the 
AAOHNS Committee on Hearing and Equilibrium (CHE) 
criteria, only 50% did so correctly.14

 The vertigo attacks associated with MD are usually 
severe and can last from 30 min to 5 or more hours. They 
can be associated with nystagmus (horizontal or rota
tory) and frequently involve nausea and/or vomiting. In 
approximately 10% of cases, vertigo attacks are accom
panied by sudden drop attacks without loss of conscious
ness. This variant, often referred to as “Crisis of Tumarkin”, 
can be quite dramatic. Following an attack patients gene
rally feel unsteady and fatigued for hours to days. Many 

*In all cases, other causes must be excluded.

From Coelho DH, Lalwani AK. Medical management of Meniere’s 
disease. Laryngoscope. 2008;118:1100.

Originally from Committee on Hearing and Equilibrium guide
lines for the diagnosis and evaluation of therapy in Meniere’s 
disease. American Academy of Otolaryngology—Head and Neck 
Foundation, Inc. Otolaryngol Head Neck Surg. 1995;113:1815.

Table 21.1: Diagnostic Scale of Meniere’s Disease of Ameri-
can Academy of Otolaryngology—Head and Neck Surgery 
Committee on Hearing and Equilibrium* 

•	 Certain	Meniere’s	disease

 –  Definitive Meniere’s disease, plus histopathologic 
confirmation

•	 Definitive	Meniere’s	disease

 –  Two or more episodes of vertigo of at least 20 minutes

 –  Audiometrically documented hearing loss on at least one 
occasion

 –  Tinnitus and aural fullness

•	 Probable	Meniere’s	disease

 –  One definite episode of vertigo

 –  Audiometrically documented hearing loss on at least one 
occasion

 –  Tinnitus and aural fullness

•	 Possible	Meniere’s	disease

 –  Episodic vertigo without documented hearing loss

 –  Sensorineural hearing loss, fluctuating or fixed, with 
disequilibrium, but without definitive episodes
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From Coelho DH, Lalwani AK. Medical management of Meniere’s 
disease. Laryngoscope. 2008;118:1100.

Originally from Committee on Hearing and Equilibrium guide
lines for the diagnosis and evaluation of therapy in Meniere’s 
disease. American Academy of Otolaryngology—Head and Neck 
Foundation, Inc. Otolaryngol Head Neck Surg. 1995;113:1815.

Staging is based on fourtone average (arithmetic mean rounded 
to, nearest whole number) of puretone thresholds at 0.5, 1, 2, 
and 3 kHz of worst audiogram during interval 6 months before 
treatment. This is same audiogram that is used as baseline evalu
ation to determine hearing outcome from treatment. Staging 
should be applied only to cases of definite or certain Meniere’s 
disease.

Table 21.2: American Academy of Otolaryngology—Head and 
Neck Surgery Committee on Hearing and Equilibrium Criteria 
for Reporting Hearing in Meniere’s Disease

Stage Four-tone average (dB)

1 ≤ 25

2 26–40

3 41–70

4 > 70

From Coelho DH, Lalwani AK. Medical management of Meniere’s disease. Laryngoscope. 2008;118:1100.

Originally from Committee on Hearing and Equilibrium guidelines for the diagnosis and evaluation of therapy in Meniere’s disease. 
American Academy of Otolaryngology—Head and Neck Foundation, Inc. Otolaryngol Head Neck Surg. 1995;113:1815.

Table 21.3: American Academy of Otolaryngology—Head and Neck Surgery Committee on Hearing and Equilibrium Criteria for 
Reporting Function in Meniere’s Disease: Functional Level Scale

Regarding my current state of overall function, not just during attacks (check the ONE that best applies)

1 My dizziness has no effect on my activities at all

2 When I am dizzy I have to stop what I am doing for a while, but it soon passes and I can resume activities. I continue to work, 
drive, and engage in any activity I choose without restriction. I have not changed any plans or activities to accommodate my 
dizziness

3 When I am dizzy I have to stop what I am doing for a while, but it does pass and I can resume activities. I continue to work, 
drive, and engage in most activities I choose, but I have had to change some plans and make some allowance for my dizziness

4 I am able to work, drive, travel, take care of a family, or engage in most activities, but I must exert a great deal of effort to do so. 
I must constantly make adjustments in my activities and budget my energies. I am barely making it

5 I am unable to work, drive, or take care of a family. I am unable to do most of the active things that I used to. Even essential 
activities must be limited. I am disabled

6 I have been disabled for 1 year or longer and/or I receive compensation (money) because of my dizziness or balance problem

patients are afflicted “out of the blue”, whereas other 
patients can predict their attacks based on weather, time of 
year, psychosocial stressors, or menstrual cycle. Another 
rare variant, known as Lermoyez syndrome, is character
ized by improvement in hearing during the peak of vertigo 
symptoms.
 During attacks, patients will report hearing loss, aural 
fullness, and tinnitus. When documented, audiograms 
will display lowfrequency sensorineural loss. The low 
frequency loss is what accounts for complaints of nonpul
satile “roaring” or “oceanlike” tinnitus, rather than the 

more common highpitched ringing. Between attacks 
the hearing returns to baseline and the aural fullness and 
tinnitus resolve. Nonetheless, the trend over time often 
results in progressive sensorineural hearing loss. 
 Of note, the terms MD, Meniere’s syndrome, and endo
lymphatic hydrops are frequently and incorrectly used 
interchangeably. They are in fact separate and distinct 
entities. All patients have endolymphatic hydrops—when 
due to a known cause (allergic, autoimmune, familial, 
posttraumatic, etc.), the associated constellation of symp
toms are referred to as Meniere’s syndrome. Idiopathic 
endolymphatic hydrops is referred to as MD. Since defini
tive diagnosis requires histologic confirmation, we prefer 
the term MD.

EVALUATION 
A variety of diagnostic tests are available to help in the 
differentiation of MD from other, similar conditions. 
Although no one test is specific enough to definitively 
diagnose MD, laboratory, genetic, electrophysiologic, and 
radiographic testing can be helpful when the etiology is in 
question.
 Blood tests are generally not used in the diagnosis of 
MD, but can be helpful in excluding similar conditions. 
Thyroid stimulating hormones (hypothyroidism), Lyme 
titres (Lyme disease), fluorescent treponemal antibodies 
(syphilis), complete blood cell counts (leukemia), and glu
cose levels (diabetes) can all be helpful in ruling out other 
causes of fluctuating hearing or imbalance. Erythrocyte 
sedimentation rate, antinuclear antibodies, and other 
indicators of potential autoimmune inner ear disease can 

Ch-21.indd   334 10-06-2015   16:31:15



335Chapter 21: Meniere’s Disease

From Coelho DH, Lalwani AK. Medical management of Meniere’s 
disease. Laryngoscope. 2008;118:1100.

Originally from Committee on Hearing and Equilibrium guide
lines for the diagnosis and evaluation of therapy in Meniere’s 
disease. American Academy of Otolaryngology – Head and Neck 
Foundation, Inc. Otolaryngol Head Neck Surg. 1995;113:1815.

Numerical value = (X/Y) �100, rounded to nearest whole num�100, rounded to nearest whole num100, rounded to nearest whole num
ber, where X is average number of definitive spells per month for 
6 months 18–24 months after therapy and Y is average number of 
definitive spells per month for 6 months before therapy.

Table 21.4: American Academy of Otolaryngology—Head and 
Neck Surgery Committee on Hearing and Equilibrium Sum-
mary of Reporting Guidelines in Meniere’s Disease

Numerical value Class

0 (complete control of definitive spells) A

1–40 B

41–80 C

81–120 D

>120 E

Secondary treatment initiated because of disability 
from vertigo

F

also be helpful. Along those lines, allergy testing should 
be considered in patients with allergic components by 
history.
 Audiograms are essential in the diagnosis and man
agement of patients with MD. Although a wide range of 
hearing acuity can be seen, ranging from normal to pro
found sensorineural hearing loss, the classic pattern is that 
of fluctuating lowfrequency sensorineural hearing loss. 
This is due to the fact that hydrops affects the cochlear 
apex more than the base. Interestingly, patients with mild 
lowfrequency hearing loss often times do not complain 
of hearing impairment. Note that for some patients, use of 
inserts during the hearing test can give a false mild low 
frequency hearing loss or exaggerate existing lowfrequency 
hearing loss. We recommend using headphones for all 
patients with the potential diagnosis of MD. Ultimately, 
serial audiograms may play the most important diagnos
tic role, as fluctuation and/or progression can be seen over 
time.
 Electrocochleography (ECoG) is another test that can 
be helpful in confirming suspicions of endolymphatic 
hydrops. ECoG measures and compares the summating 
potential with the action potential of the auditory nerve in 
response to auditory stimuli. A ratio of 40% or more may sug
gest elevated endolymphatic pressure, though this test has 
limited sensitivity and in our practice, when used, is more 
confirmatory than diagnostic. Generally, ECoG is most 
sensitive during an active episode or in advanced disease.

 Electronystagmography or videonystagmography can 
be used to differentiate central from peripheral vestibu
lopathies. In MD, the caloric component can be particular 
helpful. Although this subtest only quantifies the function 
of the horizontal semicircular canals, it can be helpful in 
determining laterality. During the acute phase, inner ear 
irritation may result in ipsilateral fastphase nystagmus, 
whereas chronic hypofunction typically results in dimini
shed responses or contralateral fastphase nystagmus. In 
addition to laterality, calorics can be helpful in guiding 
decisions to proceed with vestibular ablation (chemical or 
surgical) by giving information on the presumably unaffe
cted ear.
 Vestibular evoked myogenic potentials (VEMP) can 
be recorded when boneconduction stimulates the sac
cule, causing contraction of contralateral neck muscles 
(cervical or cVEMP) or the extraocular muscles (ocular 
or oVEMP). Frequency specific VEMPs can be helpful in 
determining laterality in early stage, audiometrically nor
mal MD, or may indicate the potential for the development 
of bilateral MD.15 VEMPs can also be helpful in monitoring 
the progress of lowdose gentamicin injections.16 The use 
of VEMPs in clinical practice has been well described but 
as of yet is not widely accepted.17 

RADIOLOGY 
Historically imaging has had no role in confirming diag
nosis of MD. Traditionally, CT, and later MRI were used 
to rule out other causes of asymmetric hearing loss and 
vertigo that could mimic MD.18 Advances in MRI resolu
tion and sequencing, however, have allowed for improved 
evalu ation of the microscopic anatomy of the inner ear 
and the possibility of visualizing endolymphatic hydrops 
in vivo. 
 This capability is made possible by the selective dif
fusion of gadolinium contrast agents into perilymph and 
not endolymph. Endolymphatic hydrops can thus be vis
ualized as an enlarged signal void from the scala media 
which is bounded by the enhancing scalae vestibuli and 
tympani and this was first demonstrated by Niyazov et al 
in 2001 in the guinea pig model.18a A key experimental 
advance has been the use of intratympanic gadolinium 
which aff ords higher concentrations of contrast in peri
lymph and in 2007 Nakashima et al. reported successful 
visualization of endolymphatic hydrops in human patients 
with MD following intratympanic gadolinium injection.19 
While no adverse effects of dilute intratympanic gado
linium have been reported, more rigorous safety trials are 
required prior to wide adoption of this technique in 
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clinical practice. Hydrops has since been demonstrated 
in humans using intravenous gadolinium as well, but 
despite advan ced MRI technology, double doses of con
trast were required.20 
 The potential value of imaging in MD was demonstra
ted by a study that showed much higher sensitivity of MRI 
with intratympanic contrast (95%) versus combined gly
cerol test and ECoG (75%) in the diagnosis of MD.21 Further 
advances in technology and standardization of protocols 
may allow for more quantitative and objective measure
ment of endolymphatic hydrops. With this possibility, MRI 
visualization of the in vivo human ear may come to play a 
key role in the future diagnosis of MD, as well as provide 
new insights into the pathophysiology, natural history, 
and efficacy of therapeutic interventions.

MANAGEMENT
MD should be considered a chronic condition for which 
interventions do not eliminate the underlying cause 
of disease. Moreover, no medical treatments appear to 
result in longterm preservation of hearing.22 Nonetheless, 
despite the relative paucity of evidencebased research, 
current medical regimens can control disease (as defined 
by vertiginous attacks) in approximately 80% of patients 
(Flowchart 21.1).

ACUTE MANAGEMENT 
In the acute setting, vestibular suppressants and antieme
tic medication have been used to control acute spells of 
vertigo. They can be divided into different classes, includ
ing benzodiazepines, antihistamines, anticholinergics, 
and antidopaminergics. Benzodiazepines act on the cere
bellar GABAergic system that inhibits vestibular nuclei 
response. In the United States, benzodiazepines are favo
red for their vestibular suppression as well as anxiolytic 
properties. However, because benzodiazepines may impair 
vestibular compensation, their use beyond acute vertigi
nous episodes should be limited. Antihistamines, potent 
antivertiginous, and antiemetic medications, including 
meclizine and dimenhydrinate, have demonstrated effi
cacy in MD when compared with placebo.23,24 However, 
care must be taken in patients with glaucoma or prostate 
disease because antihistamines can have excessive anti
cholinergic effects. Scopolamine is a naturally occurr
ing belladonna alkaloid with anticholinergic properties 
that is commonly used to prevent nausea and vomiting 

associated with motion sickness. For the nausea asso
ciated with vertigo, a variety of antiemetics including 
metoclopramide, promethazine, prochlorperazine, and 
ondansetron can be used. Many of these medications are 
available as a suppository making them especially useful 
for patients unable to tolerate oral intake. 
 In lending some credence to the immunogenic theory 
of MD, some authors promote the use of oral or intratym
panic steroids in the acute setting to lessen the severity 
of attacks and possibly even promote earlier recovery of 
hearing, though this remains controversial.1,25 Severe epi
sodes can be treated with burst courses of oral steroids 
tapered over 5–14 days. The administration of all these 
and other medications, alone or in combination, have all 
been described and tried in the management of acute MD, 
although, to date, little to no strong evidence exists for any 
of these practices. In addition to medication, it is impor
tant to remember the role of rest and hydration (especially 
with emesis) as a therapeutic adjuvant in the acute setting. 

CHRONIC MANAGEMENT

Lifestyle Adjustment, 
Avoidance of Triggers
Some patients with MD note acute exacerbations of their 
condition with certain triggers. Offending agents include 
high salt intake, caffeine, alcohol, nicotine, stress, fatigue, 
monosodium glutamate, and allergy. Avoidance of these 
triggers can play a crucial role in the prevention of Meniere’s 
attacks. A normal hormonal milieu has also been implica
ted in MD; an association between MD and menstruation 
has been suggested, although the clinical relevance of 
such a correlation remains to be elucidated.26 Emotional 
stress has been associated with increased frequency and 
severity of attacks.27 The true relationship between stress, 
vertigo, and MD remains to be elucidated. Nonetheless, 
structured psychological support has been recommended 
in the management of MD.28,29 According to Kinney et al.28 
encouragement by family support systems, social support 
systems, and MD support groups may significantly relieve 
some emotional stresses caused by MD. Thus, identifica
tion and avoidance of environmental or psychological 
triggers can play an important role in the management of 
MD. Unfortunately, for the majority of patients, no such 
specific trigger can be identified, and further intervention 
is usually necessary. 

Ch-21.indd   336 10-06-2015   16:31:16



337Chapter 21: Meniere’s Disease

Flowchart 21.1: Algorithm for the treatment of Meniere’s disease. From Coelho DH, Lalwani AK. Medical management of Meniere’s 
disease. Laryngoscope. 2008;118:1105. 

Salt Restriction

Anecdotally, some patients have described acute symp
toms after high salt exposure, and treatment protocols 
based on sodium restriction have been a foundation of 
the management of MD since the 1930s.30 Recent evidence 

has suggested that the effects of sodium on endolymphatic 
hydrops are far more complex than mere fluctuations in 
endolymphatic levels.31 Despite the incomplete under
standing of its role in developing hydrops, sodium res
triction continues to be widely supported in both the 
literature and clinical practice. Claes and Van de Heyning 
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have suggested that all patients should observe a lowsalt 
diet with an intake of no more than 1 g of NaClenhanced 
salt per day, although no evidence for the benefit of this 
regimen was reviewed.32 Various other regimens have 
been proposed, most restricting daily dietary sodium 
intake to < 2000 mg, though to date not one published study 
supports the efficacy of sodium restriction alone in the 
management of MD. Patients are advised to eliminate 
the use of salt at the table and limit its use in cooking and 
baking. Herbs and spices can be used for taste enhance
ment. Patients must be counseled to carefully inspect 
product nutritional information labels not only for sodium 
content but also for serving size. Many highsodium prod
ucts show low listings based on a small serving size. Input 
of a nutritionist should be suggested in diet modifica
tion, as other dietary factors have been implicated in MD 
as well.33

Pharmacologic Therapy
For some patients with MD, avoidance of certain triggers 
and dietary modification will result in adequate con
trol of the disease. However, a significant proportion will 
require additional therapeutic intervention. Diuretics are 
frequently used along with or as an alternative to dietary 
salt restriction to reduce total body salt and consequently 
total body fluid. By decreasing the overall volume status 
of a patient, diuretics are believed to decrease the endo
lymphatic pressure and volume, or hydrops, of the inner 
ear. Other proposed mechanisms include the reduction in 
endolymph production at the stria vascularis. Although 
the use of diuretics is commonplace, strong evidence 
to support their use is limited. A recent metaanalysis 
of diuretics in MD found “no trials of high enough qual
ity” to meet the standard set for review.34 Many clinicians 
refer to the early studies of Klockhoff and Lindblom, which 
showed significant improvement in vertigo, HL, and overall 
quality of life when hydrochlorothiazide was compared 
with placebo.35 However, Ruckenstein et al.’s reevaluation 
of Klockhoff and Linblom’s data found no statistical differ
ence in measures of hearing, tinnitus, vertigo, or general 
condition between diuretic and placebo groups.36 The only 
published randomized controlled trial (RCT) on the sub
ject showed that after 17 weeks of Dyazide (triamterene 
and hydrochlorothiazide) treatment, patients had signifi
cantly improved vestibular symptoms but no change in HL 
or tinnitus.37 Some clinicians have promoted the simulta
neous use of diuretics together with salt restriction. With 
stabilization of the disease (marked by a symptomfree 

period of 6–12 months), patients can be slowly weaned 
off their particular regimen. If necessary, therapy can be 
restarted.
 Microcirculation changes leading to ischemia of the 
stria vascularis has been thought to contribute to MD. 
Vaso dilators have been used by some to relieve ischemia, 
with improved cochlear microcirculation leading to redu
ced endolymphatic pressure or possible inhibition of 
vestibular nuclei activity.38 Nonetheless, not one RCT of 
histamine was found, and only a few RCTs of betahistine 
have been published. Fraysse et al. reported reduction in 
vertigo frequency, severity, and duration of vertigo after 60 
days of betahistine treatment compared with flunarizine, 
a cerebrally active calcium antagonist.39 However, other 
studies have shown no significant improvement in verti
go over the longterm (> 3 months) setting. No significant 
improvement, either short or long term, was seen in hear
ing, tinnitus, or aural fullness.40 Most likely, any bene
ficial effects of vasodilators result from nonspecific central 
nervous system suppression rather than a direct effect on 
cochlear blood flow. 

Aminoglycoside Ablation 
The aminoglycosides are toxic to the inner ear; strepto
mycin and gentamicin are selectively vestibulotoxic and 
destroy the endolymphproducing dark cells in the ampul
lary crista.41 These properties of aminoglycosides have 
been harnessed to treat vertigo associated with MD. In 
1956, Schuknecht described middle ear perfusion with an 
aminoglycoside antibiotic for the treatment of MD. Over 
the past two decades, intratympanic gentamicin (ITG) has 
become a common weapon in the arsenal addressing the 
approximately 10% of patients with MD refractive to maxi
mal medical treatment. 
 ITG is a means to perform chemical labyrinthecto
my that essentially exploits the vestibulotoxic properties 
of gentamicin. It can be delivered to the middle ear via 
myringotomy, tympanostomy tube, microwick, or micro
catheter. The exact method of introduction to the inner 
ear may come through the round window membrane 
itself, the annular ligament, or vascular channels.42 Once in 
the inner ear, the mechanism of vestibulotoxicity remains 
incompletely understood. Only one published report of 
histopathologic examination of the vestibular end organs 
in a patient with MD exists, which showed severe atrophy 
of the neuroepithelium of the semicircular canal cris
tae ampullares with undifferentiated cells, fibrosis, and 
edema of the stroma.43
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 The large number of published reports on the efficacy 
of ITG has led to widespread adoption of its use and a rela
tive abandonment of surgical ablation. However, a note 
of caution was raised by CohenKerem and colleagues 
in their metaanalysis of published studies using ITG as 
a sole treatment modality and using American Academy 
of Otolaryngology—Head and Neck Surgery (AAOHNS) 
reporting guidelines for MD: not a single acceptable dou
bleblind or blinded prospective control trial was identi
fied.44 Variations in concentration, dose, frequency, and 
duration all limit standardization and comparison of 
results. Therefore, little consensus exists for the optimal 
protocols for delivery, even in the rare occurrence when 
outcomes measures are standardized. Hopefully, ongoing 
clinical trials will address this shortcoming.
 In patients with unilateral MD, the authors prefer to 
use the lowdose method described by Harner et al.45 The 
procedure is officebased using either lidocaine injection 
or topical phenol for tympanic membrane anesthesia. 
Unbuffered gentamicin sulfate at a concentration of 40 
mg/cc is drawn into a 1mL tuberculin syringe. A 31/2 
inch, 25gauge needle is attached, and approximately 
0.5–0.75 mL are injected into the middle ear space. A sec
ond needle hole is necessary to release middle ear air to 
allow for adequate injection (Fig. 21.2). Patients are then 
left supine for 30 min and instructed to keep water out of 
their ear for 2 weeks. Patients return in 1 month when an 
audiogram is obtained. Such intervention resulted in a 
76% improvement in vertigo and no change in hearing at 
4 years postinjection. Approximately, 15–20% of patients 
require a second ITG injection usually at 1month interval; 
a third injection is rarely required. This lowdose method 
is rarely associated with hearing loss.

 While easy to use, ITG should be used with caution. 
Given that 20% of patients develop bilateral disease, the 
risk of bilateral labyrinthine hypofunction during patient’s 
lifetime is high. The resultant disequilibrium and oscillop
sia can be incapacitating and irreversible. VEMP testing 
may be useful in identifying patients with unilateral symp
toms that actually have subclinical contralateral (bilateral) 
disease. In patients with bilateral MD, we favor the use of 
intratympanic steroids or nonablative surgery (e.g. endo
lymphatic sac decompression). 

Steroids
The concept of MD as an inflammatory or immune 
mediated disease has led to the use of corticosteroids in 
the management of its symptoms. In addition to immune 
and inflammatory regulation, corticosteroids are known 
to affect carbohydrate, electrolyte, protein, and lipid meta
bolism, making exact physiologic effects impossible to 
gauge. Furthermore, the discovery of glucocorticoid recep
tors in the inner ear suggests that steroids may also aff ect 
fluid homeostasis.46 Nonetheless, the use of steroids in MD 
is largely empiric, based on successes of this technique 
in patients with sudden sensorineural HL, autoimmune 
HL, and tinnitus. More recently, despite the absence of 
strong evidence, intratympanic steroids have gained pop
ularity both in the treatment of sudden sensorineural HL 
and in MD. Similar to ITG, the advantages are numerous, 
including ease of administration, avoidance of surgery, 
contraindications to systemic therapy (e.g. patients with 
hypertension and diabetes), intolerance of systemic ther
apy (insomnia, gastrointestinal disturbances, etc.), salvage 
therapy when systemic treatment fails, and selection of 
the active ear for treatment. Concentrations of steroids 
in the inner ear after intratympanic administration far 
exceed those seen in systemic administrations.47,48 Compli
cations include pain, shortlasting vertigo, otitis media, 
tympanic membrane perforation, vertigo (temporary or 
permanent), and HL. Optimal drug doses, schedule, dura
tion, and means of delivery to the inner ear have yet to be 
standardized, and reporting of complications has been 
inconsistent. The relatively few prospective studies that 
have been conducted suggest that although vertigo symp
toms may improve, hearing and tinnitus do not signi
ficantly change. Silverstein et al. reported a 72% rate of 
substantial or complete vertigo control at 18 months, 
although this is not significantly different from ITG or 
endolymphatic sac decompression.49 Lack of effect on 
hearing is in contrast with the anecdotal evidence that Fig. 21.2: Transtympanic perfusion technique, right ear.
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intratympanic steroids are effective in reversing HL in sud
den sensorineural HL suggest different pathophysiologies 
for these two disorders. In MD patients in whom hearing 
improvement/preservation is not of primary concern or in 
those who have failed other medical therapies, intratym
panic steroid injection may provide substantial benefit 
prior to more aggressive surgical options. Clearly, more 
prospective and controlled studies are needed to fully 
understand and use this treatment option. 

Complementary and 
Alternative Medicines 
Patients with suboptimal improvement, as well as patients 
who have responded to allopathic treatment, are increas
ingly turning to complementary and alternative medi
cines (CAM) as both adjunct and alternative to traditional 
management. Anecdotal evidence abounds attesting to 
benefits of gingko biloba, niacin, bioflavonoids, lipoflavo
noids, ginger root, and a host of other herbal supplements. 
Acupuncture, acupressure, yoga, and Tai Chi have long 
been used in the management of vertigo, nausea, and dys
equilibrium. Although no evidence exists on the efficacy of 
these modalities or for the existence of these associations, 
the otolaryngologist must be aware that many patients 
with MD have investigated or are using these options. As 
early as 1998, Eisenberg et al. showed that 42% of patients 
have used or are using CAM, and 75% of them do not tell 
their physician.50 It is therefore imperative that the clini
cian asks his or her patients regarding the use of CAM and 
attempts to integrate viable CAM strategies with proven 
therapeutic options to create a treatment plan that is effec
tive, safe, and meaningful to the patient.

Devices
A common complaint of patients with MD is that symp
toms can wax and wane depending on ambient pressure 
changes. Early investigators of this phenomenon postu
lated that inducement of positive pressure changes to the 
inner ear could lead to increased exchange of inner ear flu
ids via the different communication routes. In 1986, Dens
ert et al. created a placebo controlled, randomized clinical 
study of 39 definitive MD patients in whom they showed 
electrocochleographic parameters were improved by the 
application of positive pressure pulses of low amplitude in 
the middle ear.51 These and similar findings laid the foun
dation for the development of a portable lowintensity 

alternating pressure generator worn in the external audi
tory canal. The first such device was designed in Sweden 
and, since 2000, is now marketed in the United States as 
the Meniett device (Medtronic Xomed, Jacksonville, FL). 
In 2006, Gates et al. reported their results of a longterm 
followup clinical trial of the Meniett device for patients 
with classic, unilateral MD unresponsive to traditional 
medical treatment.52 For the long term, the authors found 
a gradual improvement in vertigo for most but not all 
participants. The Meniett offers an attractive option to 
patients with MD who have failed medical treatment, 
although there are a few shortcomings. The device requires 
the insertion of a longterm tympanostomy tube, which 
itself has attendant complications, including middle 
and external ear infections. Moreover, use of the device 
without a patent tube can actually exacerbate symptoms 
because of middle ear pressure mechanics. No objective 
measurement of hearing has been performed, and sub
jective reports by patients suggest that hearing invariably 
does not improve in either the short or long term with the 
use of the Meniett device. The device is also expensive and 
rarely covered by insurers. In 2005, a manually operated 
device, the P100 (Enttex, Hannover, Germany) debuted as 
a lessexpensive alternative to the Meniett. However, little 
has been written about its efficacy. 

Rehabilitation Therapy
There has been increasing interest in the use of vestibular 
rehabilitation in the management of vestibular dysfunc
tion. The therapy, an exercisebased group of activities 
aimed at maximizing central nervous system compensa
tion, relies on plasticity, formation of internal models, 
learning of limits, and sensory weighting, so that patients 
can “recalibrate” their balance mechanisms. Traditionally, 
vestibular rehabilitation had not been frequently used in 
the acute management of MD owing to the intermittent 
nature of the disease. The patients originally referred for 
vestibular rehabilitation therapy were those who by medi
cal or surgical ablation were cured of their vertiginous 
attacks but were left with persistent dysequilibrium. Yet, 
many patients with MD suffer from imbalance and dise
quilibrium between acute vertiginous spells and therefore 
could benefit from vestibular rehabilitation.53 Further
more, for those patients with MD who have exhausted the 
medical (or surgical) armamentarium or for those wishing 
to avoid it, vestibular rehabilitation provides an attractive 
option.
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SURGICAL MANAGEMENT
When considering surgical intervention for MD, one must 
realize that the goal is primarily to improve quality of life 
because none of the surgical options result in significan tly 
changed longterm hearing outcome. Simply, surgery does 
not address the underlying disease process, and there fore 
a “cure” is not possible. Using questionnaires, Soderman 
et al. found no difference in overall quality between 
patients treated conservatively, surgically, or with ITG.54 
Nonetheless, surgical intervention can play a valuable 
role in the management of patients with MD who fail to 
adequately respond to initial measures. Surgery is gene
rally only considered after an adequate trial of medical 
management and then additional individual patient con
siderations must be taken into account when selecting 
appropriate surgical interventions—be they nondestruc
tive (vestibular function preserving) or destructive (vesti
bular and/or hearing functioned sacrificed).

Nondestructive Surgery
Endolymphatic Sac Surgery 

Endolymphatic sac surgeries, both decompression and 
shunting procedures, can be categorized as nondestruc
tive interventions in that they are likely to preserve hear
ing and vestibular function and are generally considered 
as firstline surgical interventions. They may be consid
ered in patients for whom destructive procedures may be 
ill advised, including those who continue to have service
able hearing and those with bilateral disease. These pro
cedures are performed via transmastoid approach that is 
extended to skeletonize the posterior semicircular canal 
and sigmoid sinus and expose the posterior fossa dura 
(Fig. 21.3). The endolymphatic sac is then identified and 
broadly exposed (decompression) and can be opened with 
placement of a shunting device, such as silastic sheeting. 
Theoretically, the shunt would allow excess endolymph to 
drain to the mastoid or subarachnoid space, depending on 
the nature of shunt placement. The previously discussed 
basic science research may suggest that such a theory sup
porting the rationale for these procedures is flawed. Addi
tionally, a postmortem histological study of patients who 
had undergone endolymphatic sac surgery showed that 
the sac was not exposed or the shunt did not reach the 
lumen in 13 of 15 cases; interestingly 8 of these experi
enced relief from vertigo whereas the 2 in which the sur
gery appeared successful histologically did not experience 
relief.55 

 Endolymphatic surgery remains among the more con
troversial topics in otology. While numerous series claim 
high success rates, a recent Cochrane review only iden
tified two RCTs, both of which failed to demonstrate a 
benefit over control arms.56 This review included the 
famous Danish sham study in which a simple mastoidec
tomy was performed in the control group and suggested 
that the significant improvement in both groups was large
ly due to a placebo effect. Other authors have claimed that 
errors in methodology and data analysis account for the 
failure to demonstrate benefit. 
 Given the paucity of evidence to suggest any longterm 
benefit in hearing and balance and the complexities of 
endolymphatic physiology, one possibility is that endo
lymphatic sac surgery hastens progression to a patient’s 
natural endpoint.57 If that is the case, then these proce
dures may still have a role in the management of vertigo in 
MD but that benefit remains unproven to modern stand
ards of evidencebased medicine. 

Novel Approaches
Additional nondestructive procedures aimed at symp
tomatic improvement in patients with refractory vertigo 
and MD have also been reported. Charpiot et al. reported 
a vertigo control rate of 75% and a hearing preservation 
rate of 82% following lateral canal plugging procedures.58 
In a retrospective review of 42 patients, Loader et al. repor
ted statistically significant improvements in Dizziness 
Handicap Inventory postoperatively following stapedius 
and tensor tympani tenotomy.59 It should also be noted 
that, while not a novel technique, tympanostomy tube 

Fig. 21.3: Surgical anatomy of the endolymphatic sac, right ear. 
(EAC, external auditory canal; 7, facial nerve; JB, jugular bulb; 
ELS; endolymphatic sac; SSCC, superior semicircular canal; 
LSCC, lateral semicircular canal; PSCC, posterior semicircular 
canal; SS, sigmoid sinus).
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Fig. 21.4: Middle fossa approach to vestibular nerve section, right 
ear. (SV, superior vestibular nerve; IV, inferior vestibular nerve; 7, 
facial nerve).

placement has also been employed in the management 
of MD. The natural history of improvement in vertigo seen 
over time in MD, however, calls into question the benefit 
demonstrated by any uncontrolled study. 

Destructive Surgery
Labyrinthectomy 

With the advent of ITG, the role of ablative inner ear 
surgeries in the management of MD has diminished. 
Destructive procedures remain an option for patients with 
refractory vertigo who have failed gentamicin therapy or 
endolymphatic sac surgery. The goal of labyrinthectomy 
is the elimination of all vestibular function on the oper
ated side at the expense of remaining hearing, if any. It can 
be performed with relatively little morbidity and is highly 
successful in controlling vertiginous episodes. It is gener
ally not recommended in patients with serviceable hear
ing or in cases of bilateral disease due to the potential for 
bilateral vestibular loss. Transmastoid labyrinthectomy 
provides adequate access for the surgical ablation of the 
entirety of the bony and membranous labyrinth, while 
a transcanal approach requires blind probing and risks 
incomplete removal of all neuroepithelium and has gener
ally fallen out of favor. 

Vestibular Nerve Section

Vestibular neurectomy or nerve sectioning surgery is an 
additional option in the management of refractory vertigo 
in patients who continue to have serviceable hearing and 
have failed more conservative therapies (Fig. 21.4). This 
procedure may be performed by a middle fossa, retro
labyrinthine, or most commonly a retrosigmoid approach. 
While 98% vertigo control rates have been reported with 
82% hearing preservation, these procedures have signifi
cantly higher morbidity when compared with labyrinthec
tomy. Higher rates of hearing preservation have also been 
reported. This procedure generally requires a craniotomy 
with subsequent intensive care monitoring and compli
cations include facial nerve injury, CSF leak, and menin
gitis. Longer length of stay and period of disability, as well 
as higher cost have also been reported when compared to 
labyrinthectomy.60 

Cochleosacculotomy

The indications for cochleosacculotomy are similar to 
those for labyrinthectomy and may be considered in 

patients deemed unfit for general anesthesia. In this pro
cedure, a tympanomeatal flap is elevated and a right angle 
pick is introduced through the round window and toward 
the oval window. This maneuver is intended to disrupt 
the spiral lamina and fistulize the cochlear duct. While 
the procedure is simple to perform, it carries a high risk 
of hearing loss and its longterm efficacy is uncertain. 
As with transcanal labyrinthectomy, this technique has 
largely fallen out of favor.

PROGNOSIS
Although the management of vertigo is successful in most 
cases, hearing loss and tinnitus still represent a significant 
challenge for the patient and practitioner alike. Hearing 
aids are an important part of rehabilitation and should be 
considered for any patient with severe impairment and 
good compliance. However, given the fluctuating nature 
of HL in MD, compliance may be limited before hearing 
deterioration has stabilized. For patients with severe to 
profound loss, cochlear implants play an important role in 
the restoration of hearing.
 Hearing aids may also prove beneficial when severe 
tinnitus is present, though Feenstra concluded that > 95% 
of tinnitus in MD patients can be successfully managed 
with simple directive counseling.61 Many other modalities 
have been proposed, none can be recommended because 
of lack of compelling medical evidence.

Ch-21.indd   342 10-06-2015   16:31:17



343Chapter 21: Meniere’s Disease

CONCLUSION
In the absence of relevant clinical studies, the management 
of MD remains empirical, with the use of lifestyle changes, 
pharmacotherapy, officebased procedures, and surgery. 
The development of transtympanic therapies represents a 
true advance in therapeutics that has largely supplanted 
surgical intervention. Only with increasing understanding 
through continued highquality basic, translational, and 
clinical research can we shift our management paradigm 
from that of control to that of cure. 
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INTRODUCTION
The complex structure of the temporal bone reflects its 
functional importance. Occupying the majority of the late
ral skull base, the temporal bone is composed of multiple 
bony subunits, the contents of which are crucial to our 
interactions with the surrounding world. It houses major 
arterial and venous structures, serves as a rigid bound
ary of the middle and posterior cranial fossae, acts as an 
important gateway between the intracranial contents and 
the head and neck, and acts as a receiver for information 
essential to proper hearing and balance. Undoubtedly, 
temporal bone injury can be catastrophic in many ways. 
 The development of the temporal bone is important 
to consider in the setting of traumatic injury. In utero, 
the temporal bone develops as a hybrid of intramembra
nous (squamous and tympanic) and intracartilaginous 
(petrous and mastoid) bone formation.1 Ossification in  
these different locations progresses at varying rates, and  
the end result is bony fusion along planes that are pre
served as suture lines in the adult temporal bone. As the 
temporal bone grows, it begins to aerate from within. 
Pneumatization begins as a consequence of prenatal 
expansion within the tympanic cavity, and it can con
tinue for years following birth.2,3 The developed temporal  
bone thus may have intrinsic weaknesses along suture 
lines and its more aerated portions.4

 Anatomically, the temporal bone can be divided into 
four subunits: petrous, squamous, tympanic, and mastoid. 
These divisions are most relevant in terms of the struc
tures contained within each portion. The petrous portion 
of the temporal bone is located medially and anteriorly 

J Caleb Simmons, Alex D Sweeney, Marc-Elie Nader, Robert A Williamson

Temporal Bone Trauma
22

CHAPTER

and contains the carotid artery, cochlea,  labyrinth and the 
labyrinthine segment of the facial nerve, which includes 
the geniculate ganglion. It also comprises the bony por tion 
of the internal auditory canal. The tympanic segment of the 
temporal bone contains the tympanic membrane (TM), 
ossicles, and the horizontal segment of the facial nerve. 
The mastoid segment contains the vertical segment of 
the facial nerve, the transverse/sigmoid sinus and jugular 
bulb. Additionally, the inferiormost aspect of the mastoid 
portion—the mastoid tip—is an insertion point for neck 
musculature such as the posterior belly of the digastric, the 
sternocleidomastoid, and splenius capitus. The squamous 
portion of the temporal bone serves as a shield over the 
temporal lobe of the brain.

PATHOGENESIS
Temporal bone fractures are relatively common in the 
setting of closed head trauma across all age groups. Can
non and Jahrsdoerfer demonstrated in a series of 1300 
consecutive head trauma patients that approximately 22% 
of skull fractures included a fracture of the temporal bone.5 
Additionally, upwards of 40% of patients with basilar skull  
fractures have been reported to have a temporal bone 
fracture.6 These rates may differ based on age. Previous 
reports have identified temporal bone fractures following 
head trauma in 3075% of adults7,8 versus 614% of pedia
tric patients.9 These differences may be explained by the 
relative elasticity of the lesspneumatized and lessfused 
pediatric temporal bone versus that of the adult, though 
evidence does suggest that even the adult skull retains 
the ability to deform before fracturing occurs.10 Both 
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populations appear to have a bimodal age distribution. 
Pediatric temporal bone trauma occurs more often 
around the ages 3 and 12,11 while adult trauma in the adult 
population occurs more commonly in the 20s and 50s.4 
There is a male preponderance in both adults and chil
dren, though there appears to be less of a signi ficant 
gender difference in the pediatric population (62.5% males 
in children versus 81.7% in adults).4 In both age groups, 
fractures are unilateral in > 90% of cases.4

 The common mechanisms of temporal bone trauma 
depend somewhat on the patient population. In Cannon 
and Jarsdoerfer’s series of 1300 consecutive head trauma 
patients, 44% occurred as a result of automobile collisi ons. 
Automobile and bicycle accidents account for a signifi
cant portion of pediatric injuries, as well.5 Children under 
the age of 4 may be just as likely to have trauma due to 
falls.4,11 Penetrating trauma in the form of gunshot wounds 
represents a smaller percentage of temporal bone injuries, 
though some reports suggest that there are trends toward 
increased penetrating temporal bone trauma due to gun 
violence in urban areas of the United States.12

 Two of the most important considerations in the eval
uation of temporal bone trauma are the mechanism of 
the trauma and the distribution of the trauma within the 
temporal bone. Whether penetrating or blunt, all trauma  
is the result of force and energy transfer from one struc
ture to another. The degree of trauma, therefore, should 
be directly proportional to the mass of the object striking 
the temporal bone, directly proportional to the change in 
acceleration of that object as it strikes the temporal bone  
and exponentially proportional to the velocity of that  
object. As such, knowledge of the specific trauma mecha
n ism can be critical in predicting the extent of injury, 
especially when considering the differences between 
trau matic forces such as a rifle round and an automobile  
windshield. Specifically in cases of penetrating gunshot 
wounds, considerations of muzzle velocity and ammu
nition caliber could prove helpful. 
 The location of temporal bone trauma may correlate 
with posttraumatic functional deficits. When blunt force  
is applied to the temporal bone, it is thought to dissipate 
along vectors that are predictable based on the orienta
tion of the trauma. Blunt occipital trauma, where force 
is deli vered perpendicular to the long access of the tem
poral bone, is generally associated with transverse frac
tures. Furthermore, longitudinal fractures are more 
frequently seen when the lateral aspect of the temporal 
bone absorbs a forceful blow.13 Traditionally, temporal 
bone fractures have been characterized in terms of their 

orientation to the long axis of the petrous pyramid as 
longitudinal or transverse, the former being identified in  
approximately 80% of cases. However, newer studies have  
suggested that as many as 75% of fractures are actually 
oblique,14 and characterization of fractures as oblique, 
lon gitudinal, and transverse nomenclature does not corre
late well with clinical findings other than sensorineural 
hearing loss (SNHL).4,15 This has led to the introduction 
of different classification systems that may have better 
clinical correlation, including oticcapsulesparing versus  
oticcapsuleviolating,6,16,1718 petrous versus nonpetrous,15 
and another system based on the four parts of the tempo
ral bone (squama, tympanic, mastoid, and petrous)4. For 
example, describing fractures based on their involvement 
of the otic capsule or the petrous bone may be more pre
dictive of facial nerve injury, cerebrospinal fluid (CSF)  
leak, and type of hearing loss (Table 22.1). No system has 
gained widespread acceptance as yet, though clinical 
correlation and utility seem to be highest with the otic 
capsule sparing/nonsparing classification. Otic violation 
resulted in complete ipsilateral SNHL in Figures 22.1 and 
22.2, as well as facial nerve weakness that resolved in 
the case of Figures 22.1A to D and did not in the case of 
Figures 22.2A to C. A CSF leak was a sequela of the otic
violating fracture in Figures 22.3A and B; the leak resolved 
with conservative manage ment. Oticsparing fractures 
are demonstrated in Figures 22.4 and 22.5, resulting in 
conductive hearing loss (CHL) that resolved in Figures 
22.4A and B and did not in Figures 22.5A and B. 

CLINICAL FINDINGS:  
SYMPTOMS AND SIGNS

As discussed above, the findings associated with tempo
ral bone trauma can vary widely depending on the 
mechanism and location of trauma. In general, an initial 
evaluation should begin with an indepth history that can 
elicit the specific circumstances surrounding an injury 
(including ballistics information, when applicable) and 
functional deficits immediately following injury. The initial  
physical examination should identify associated soft tissue 
injury, realizing that some findings, such as an auricular 
hematoma, require immediate attention. Additionally, 
given the frequency with which temporal bone injuries  
can involve the carotid canal (52%) and jugular bulb 
(21%)19, massive bleeding should be quickly recognized  
and stabilized. Ecchymosis along the skull base is com
monly seen in basilar skull fractures. Battle’s sign (occipital 
ecchymosis) and the socalled “raccoon eyes” (periorbi tal 
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(SNHL, sensorineural hearing loss; CHL, conductive hearing loss; CSF, cerebrospinal fluid).
*Data and statistical analysis by Little et al.18 
**Data and statistical analysis by Ishman et al.15 
Highlighted value indicates a comparison between petrous category and nonpetrous “middle ear subgroup” that showed a signifi
cant difference in CHL.

Table 22.1: Three systems of classification of pattern of temporal bone fractures and their functional relevance

Incidence SNHL CHL Facial nerve injury CSF leak Overall
Longitudinal* 50% 20 46.7 20 20
Transverse 27% 25 37.5 25% 25
Oblique 23% 28.6 14 28.6 28.6
pvalue Not (p=0.34) Not (p=0.33) Not (p>0.99) Not (p=0.64) p=0.48
Oticcapsule sparing* 80% 4 33.3 12 8.3
Oticcapsule violating 20% 100 50 67 67
pvalue p<0.001 Not (p=0.64) p<0.05 p<0.005 p<0.001
Petrous** 11.6 70 20 22.2 33.3
Nonpetrous 99.4 37.8 55.6 7.2 3.6
pvalue Not (p=0.06) p=0.0022 p=0.022 p<0.000001

Figs. 22.1A to D: Patient with right temporal bone fracture after motor vehicle accident, resulting in traumatic brain injury. The temporal 
bone fracture is transverse, violating the otic capsule in the petrous bone. The patient had ipsilateral facial nerve weakness of unknown 
onset after his injury, likely due to injury in tympanic segment. The facial weakness resolved with conservative management. He had 
total ipsilateral sensorineural hearing loss on post-injury audiogram.
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Figs. 22.2A to C: Patient with right temporal bone fracture after  
motor vehicle accident. The fracture line is transverse, violating the 
otic capsule in the petrous bone. It involves the vestibule, basal 
turn of the cochlea and semicircular canals. The patient had ipsi-
lateral immediate facial weakness, sensorineural hearing loss, and 
vestibular weakness after her injury. Early exploration and repair 
was not performed for medical reasons; her facial weakness did 
not improve, and she is being considered for delayed exploration 
and repair. 

Figs. 22.3A and B: Patient with right temporal bone fracture after motor vehicle accident. The transverse fracture violates the otic cap-
sule in the petrous bone. Patient had multiple other facial fractures and traumatic brain injury. Ipsilateral cerebrospinal fluid leak through 
a tegmen defect resolved with conservative treatment.
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ecchymosis) are two welldescribed examination findings. 
In the case of penetrating trauma, an effort should be 
made to identify “entry” and “exit” wounds, which allow 
for an assessment of trajectory and the probability of a 
retained foreign body. Irrigation is contraindicated as  
this may flush contaminated debris into the intracranial 
space. Packing is also avoided except in the rare case with  
severe hemorrhage, because if a CSF leak is present, pack
ing will lead to stagnation of fluid and may increase the 
risk of meningitis.

 After assessing soft tissue and potential vascular inju
ries, a prudent examination following temporal bone 
trauma should be concerned with any external auditory 
canal (EAC) disruption, intracranial injury with or without 
CSF leak, facial nerve injury, and cochleovestibular injury.  
Intracranial injury is frequently associated with temporal 
bone fractures. In a 1998 review of 43 patients with tem
poral bone trauma from an urban hospital, 84% of patients 
had one or more radiographically abnormal intracranial 
findings, which may be suspected based on depressed 

Figs. 22.4A and B: Patient with left temporal bone fracture after motorcycle accident. The longitudinal fracture spares the otic capsule 
and extends through the tympanic and mastoid sections of the temporal bone as well as the external auditory canal. The patient had 
con ductive hearing loss after his injury that improved with time, indicating his ossicular chain was not involved.

Figs. 22.5A and B: Patient with right temporal bone after motor vehicle accident. The longitudinal fracture extends through the foramina 
rotundum and ovale, middle ear, mastoid air cells, external auditory canal, and squamous portion of the temporal bone. There is sub-
luxation of the malleoincudal joint on CT imaging. 
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mental status (49%).12 Cerebrospinal fluid leaks are also 
not uncommon. A review of complications from 820 
temporal bone fractures seen at a single institution over  
5 years identified an 18% incidence of CSF leak.16 Suspi
cion should arise with the persistent passage of clear fluid 
through the external auditory meatus, the nose, or an 
associated soft tissue injury.
 Facial nerve injuries are also commonly seen in 
association with temporal bone fractures. In fact, as many 
as 10% of fractures may have a concomitant facial nerve 
injury15, though this number may be less in the more 
flexible pediatric temporal bone (3%).11 Of paramount 
importance when facial nerve weakness is identified are 
efforts to distinguish between complete and incomplete 
paralysis and to determine the time of onset of the weak
ness (immediate versus delayed). The presence of an 
immediate, complete paralysis should arouse suspicion of 
injury that may require a timesensitive repair. 
 Hearing loss is reported in up to 26% of temporal bone 
fractures, though fulminant cochleovestibular injury is 
relatively less common.16 Hearing loss patterns can be con
ductive, sensorineural, or mixed depending on the nature 
of the injury. Tuning fork interrogation at 256Hz, 512Hz, 
and 1024Hz can be helpful to gauge the extent of the 
injury if the patient is alert and cooperative. Conductive 
losses can occur though external canal disruption, TM 
perforation, ossicular disruption, and the presence of fluid  
or blood in the middle ear. Partial SNHLs can occur as 
the result of concussive injury to the cochlea. Complete 
SNHL can be suggestive of disruption in the membra
nous labyrinth, which may also be associated with stimu
lation or deprivation of vestibuloocular pathways in the 
form of nystagmus. Horizontal nystagmus with the fast 
phase oriented away from the injury would be expected in 
vestibulocochlear injury. 

EVALUATION: LABORATORY,  
OTOLOGIC, AND  
NEUROTOLOGIC TESTING 

Audiogram 
Bedside testing, with the use of tuning forks, may allow 
initial gross evaluation of the patient’s hearing. A baseline 
audiogram is then obtained once the patient’s condition 
is stabilized. The baseline audiogram frequently shows 
CHL secondary to hemotympanum, but may establish a  
baseline SNHL. A formal audiogram obtained 3–6 weeks  

after injury allows the quantitative assessment of conduc
tive, mixed, and SNHL. A significant airbone gap may 
signify ossicular chain disruption, indicating the need 
for ossiculoplasty. Severe SNHL or anacusis may dictate 
which surgical approach should be used in patients who 
require facial nerve decompression or CSF fistula repair.  
A translabyrinthine approach may be used in patients  
with nonserviceable hearing who need surgery. In very 
young patients, patients with traumatic brain injury, or 
those otherwise uncooperative with testing, auditory brain  
stem response may be used to obtain a baseline level of 
auditory function.20 

Vestibular Testing
Electro or videonystagmography (ENG or VNG), though  
not commonly necessary in the acute phase, may be 
obtained in patients who complain of vertigo following 
trauma to the temporal bone. VNG testing helps differen
tiate between central and peripheral vertigo and helps 
quantify the loss of vestibular function. Complete vesti
bular deficit may be seen with transverse or capsule
disrupting fractures. In these cases, VNG testing shows 
a spontaneous nystagmus with the fast phase beating 
toward the contralateral side and absent caloric responses 
on the affected side. 
 Benign positional vertigo may also occur following 
trauma to the temporal bone.21 VNG usually shows a rota
tional nystagmus following the Hallpike maneuver. The 
nystagmus shows the classical characteristics of latency 
with onset, limited and short duration, and fatigability 
upon repeated stimulating head movements. 

Electrodiagnostic Testing of Facial Nerve
Electrodiagnostic testing of the facial nerve is performed 
in patients with complete facial paralysis following trauma 
to the temporal bone. Electrical testing of the facial 
nerve includes the minimal nerve excitability test (NET), 
maximal stimulation test (MST), electroneuronography 
(ENoG), and standard electromyography (EMG). Of these 
tests, the MST and ENoG are the most commonly used 
ones. Electrical testing of the facial nerve helps differentiate 
a neuropraxic injury from neural degeneration. It allows 
objective measurement of the percentage of neural injury 
or degeneration. In turn, it helps the clinician determine 
the prognosis for recovery of facial function and the 
necessity for facial nerve surgery. 
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 Electrical testing of the facial nerve should be per formed 
no sooner than 3 days following the onset of paralysis 
to allow Wallerian degeneration to take place. The MST  
compares the strength of facial twitching between the  
paralyzed and unaffected sides in response to the strong
est stimulus tolerated by the patient. The facial nerve is 
stimulated transcutaneously at the level of the stylomas
toid foramen with a Hilger facial nerve stimulator. The 
strength of facial contraction is subjectively evaluated 
between the two sides and described as equal, mildly 
dec reased, significantly decreased, or absent. 
 If electrical testing of the facial nerve is abnormal, 
then ENoG is performed thereafter. ENoG allows a more 
objective evaluation of the amplitude of the muscle com
pound action potential (CAP) in response to facial nerve  
stimulation. The facial nerve is stimulated near the stylo
mastoid foramen and the CAP is measured at the naso
labial fold by cutaneous electrodes. The decrease in the  
amplitude of the CAP is directly proportional to the per
centage of degenerated nerve fibers. A degeneration of 
90% of nerve fibers was determined by Fisch to be the 
threshold beyond which chances of spontaneous re covery 
are poor and, therefore, the threshold at which patients 
should undergo facial nerve decompression. 22

 If delayed intervention is being considered, EMG can  
be performed 10 days after injury and can be used to 
establish whether recovering axons are present. This is 
particularly helpful when ENoG shows absent respon ses. 
Voluntary motor units and polyphasic potentials indi
cate that regeneration is in progress. The lack of these 
and the presence of fibrillation potentials indicate a fully 
degenerated nerve (or a complete injury, e.g. transection) 
without evidence of ongoing recovery. 

Laboratory
In patients with temporal bone trauma, laboratory testing 
may help establish the diagnosis of CSF leak. Traditionally, 
the appearance of a halo sign when a drop of bloody 
discharge is instilled on filter paper or bed linen has 
been associated with the presence of CSF in the sample. 
However, the value of this sign has been debated by some 
authors. Dula and Fales determined that this sign was 
not specific for CSF as halos would also be produced by 
mixtures of blood with saline, tears, or nasal secretions.23 
High glucose levels (> 50 mg/100 mL) are considered to  
be indicative of CSF.24

 b2transferrin is a protein found in CSF, perilymph, 
and aqueous humor. It can be measured in samples of 

otorrhea or rhinorrhea to detect the presence of CSF. It 
is a noninvasive technique that requires only 50 µL of 
fluid. However, the prolonged time for laboratory analysis 
may limit the usefulness of this test. Contrastenhanced 
computed tomography (CT), radioisotope dye instilla
tion, and intrathecal dye methods may help in localizing  
the site of the leak if not evident. The use of intrathecal 
fluorescein may also be considered when laboratory tes
ting or imaging fails to identify a suspected leak, but this 
is not without the potential for adverse reactions. In most 
cases, highresolution CT (HRCT) imaging of the tempo
ral bone with thin slices (1 mm or less) is adequate to  
visualize the likely source of leak.

Radiologic Imaging 
Patients who sustain temporal bone trauma undergo a  
primary evaluation for lifethreatening medical emer
gencies. Initial radiologic workup usually includes a chest 
Xray, cervical spine Xrays, and brain CT. 
 Highresolution CT is the study of choice to evaluate 
temporal bone fractures. It consists of thin slices of 1.0 
or 1.5 mm taken in both axial and direct coronal planes. 
HRCT is virtually 100% sensitive for the detection of 
temporal bone fractures.25 However, brain CT with 10 mm 
cuts was found to miss 50% of the temporal bone fractures  
detected on HRCT.26 HRCT allows for the accurate evalu
ation of ossicular chain integrity, fallopian canal, and 
teg men tympani. Some authors argue that HRCT should 
not be performed in the context of isolated SNHL without 
any other neurologic symptoms since determining the 
presence a fracture through the otic capsule does not 
alter the treatment. Indications to obtain a HRCT include 
facial paralysis, CSF leak, fracture of the EAC, or suspected 
vascular injury. 27

 Magnetic resonance imaging (MRI) is the study of 
choice to evaluate intracranial complications that may 
otherwise be missed on CT. However, it cannot replace 
HRCT when evaluating the integrity of the ossicular chain  
or facial nerve. Air in the middle ear may mimic the 
appearance of the ossicles28 and blood in the mastoid 
may produce a hyperintense signal that masks the facial 
nerve.29 MRI is indicated when HRCT suggests a defect  
> 2 cm, as MRI will rule out potential herniation of intra
c ranial contents into the mastoid/middle ear space. The 
presence of herniation may dictate surgical approach. 
Temporal lobe parenchymal injury or intracranial bleed
ing/hematoma noted on MRI may also influence surgical 
decision making.
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 Carotid angiography is not routinely performed in  
patients with temporal bone trauma. It should be consi
dered in patients who have a displaced fracture through 
the carotid canal, penetrating trauma involving the pet
rous segment, neurologic findings that are not explained 
by the brain CT, lateralizing neurologic deficits, Horner’s 
syndrome, or cervical bruit.30 CT angiography can be used 
in select cases to assess vascular injury, but sensitivity 
and the option of endovascular intervention are inferior 
compared to standard angiography. 

TREATMENT AND PROGNOSIS
Initial treatment should be guided by general trauma 
principles, with special attention given to any associated 
intracranial and/or cervical spinal injuries. Possible carotid  
injury or significant hemorrhage should also be assessed 
and managed in the acute phase, particularly in pene
trating trauma. Treatment decision making should then 
be guided by clinical and radiographic assessment. Audio
metry should be conducted as early as possible, and facial  
nerve functional assessment by initial clinical evaluation 
and electrical testing will also guide treatment. In this  
section are discussed the sequelae of a temporal bone 
fracture that will require conservative or surgical inter
vention. 

Facial Nerve Injury
Prevalence of facial nerve paralysis with temporal bone 
fractures from all etiologies has been estimated to be 
7–10%.31 Posttraumatic facial nerve injury is classically 
addressed in view of two factors: (1) the timing of onset 
of paresis or paralysis and (2) the suspected location 
of the lesion. The first factor has been disputed by a few 
authors who claim that electrophysiological testing has 
largely subsumed clinical onset of paralysis as the primary 
indication for surgical exploration and intervention.32 The 
second factor is helpful in establishing an algorithm for 
surgical approach.
 First, regarding the indications for surgical interven
tion, the classic dictum has been to intervene sooner in 
cases that demonstrated immediate facial paralysis after 
injury and to observe with electrophysiological testing 
in cases with delayed onset of paralysis. Certainly, if a 
patient’s facial nerve is documented to be immediately 
paralyzed after injury, then the pretest probability of tran
section is high. In one study of 65 nerve explorations, 80%  
had immediate onset of facial paralysis.33 The patient’s 

best chance at recovery is then dependent on exploration 
and attempted anastomosis.3435 However, a patient who  
initially has intact facial function after injury but then 
develops significant clinical dysfunction in a delayed 
fashion is the most difficult to prognosticate. In Darrouzet’s  
study, 17% of operated nerves were delayed in onset or  
time of onset was unknown.33 Particularly in this cate
gory, a few authors have moved toward regarding electro
physiological testing as the most convincing indication  
for intervention, independent of history of clinical onset.32 
In support of this, often the patient with a temporal bone 
fracture has been paralyzed, intubated, and sedated as 
part of the primary survey. Eyewitness accounts and glan
cing observations obtained while stabilizing the patient 
can be erroneous. Thus, the time to manifesting the facial 
nerve injury can be difficult to ascertain. Every effort 
should be made to elicit facial movement by physical 
examination in the early hours after presentation, and if 
some movement is seen then often these patients can be 
managed conservatively. However, electrophysiological 
testing affords important measurable data points in the 
event of a nebulous history, a confounded examination, 
or deteriorating facial movement on clinical examination. 
 Second, the location of the suspected lesion largely 
guides the surgical approach. The suspected location may 
be evident to the neurotologist if the patient has an exter
nal wound in the parotid region or CT imaging demons
trating a fracture line approximating the course of the  
facial nerve. However, at times, the patient may have multi
ple injuries, significant intracranial trauma, or complex 
fracture pattern. At such a time, a systematic approach to 
the facial nerve may be helpful. The course of the nerve 
from the brain stem to the facial musculature is divided 
into three segments, including intracranial, intratempo ral, 
and extratemporal/peripheral.24

 The intracranial facial nerve includes that segment 
from the brain stem to the fundus of the internal auditory 
canal. This segment is rarely the site of injury except in 
cases of severe trauma where stretch and shockwave 
type injuries occur. The segment is largely protected from 
penetrating trauma by the petrous bone and cranial vault, 
but if the area is violated by such an injury, it is often in  
the midst of extensive central nervous system pathology. 
At such a time, the patient’s central nervous system patho
logy takes precedent and should be managed first.
 The intratemporal facial nerve includes that segment 
extending from the internal auditory canal fundus to the 
stylomastoid foramen. This is often the segment of inter
est to the otolaryngologist/neurotologist, as it includes 
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the areas most frequently damaged in blunt trauma to  
the skull, as demonstrated in Figures 22.2A to C. Regardless 
of fracture pattern, the facial nerve is involved at the peri
geniculate region in 66–93% of cases.33,36 Fisch et al. demons
trated that the area of the fallopian canal in the region of 
the meatal foramen is the point on the facial nerve’s course 
through the temporal bone with the narrowest diameter 
and thus the least room for expansion in the event of 
neural swelling.36 When significant edema occurs, this 
can prevent axoplasmic flow and thus cause neural injury, 
manifesting as delayed onset of facial nerve weakness. 
Penetrating injury such as a gunshot wound often causes  
more severely complex and comminuted lines of fracture  
and can cause lesions in the nerve in multiple locations 
within the bone. The rate of facial nerve injury is approxi
mately 50% with gunshot wounds to the temporal bone  
with the vertical segment being the most frequently 
injured.3738 Interestingly, one series of 66 patients showed 
no significant difference in rate of recovery to HB 1 or 2 
based on location of the nerve lesion within the temporal 
bone.39

 The extratemporal facial nerve is that segment distal 
to the stylomastoid foramen. Injuries to this segment are 
often accompanied by facial injuries and lacerations. 
Laceration to the nerve in this area is best repaired by 
direct anastomosis as soon as the patient’s condition per
mits. If segmental loss has occurred, an interpositional 
graft should be used. In the first 48 hours after injury, 
intraoperative electric nerve stimulation may be useful in 
order to identify the distal stump within the wound bed.24

 In all patients, the timing of surgery is largely based 
on both clinical examination and electrophysiological 
testing. As described previously, in patients with delayed 
or unknown onset or incomplete paralysis, surgical inter
vention is indicated when > 90% degeneration has been 
demonstrated on ENoG in order to prevent conversion 
of neural injury from Sunderland class II (axonotmesis) 
to class III (neurotmesis). Sunderland class III entails 
significant synkinesis in a large percentage of cases.24 
Patients in this category are typically first treated with 
highdose corticosteroids during expectant management, 
beginning at 1mg/kg/day of prednisone for 1–3 weeks  
and then tapering off.6,33 The goal of this therapy is to 
reduce neural edema, improve axoplasmic flow, and 
prevent advancement of Sunderland class. In two series, 
84–93% of patients had delayed onset and met criteria 
for conservative management, and both series showed 
100% rate of recovery to HouseBrackmann (HB) grade I 

or II.6,16 One of these studies demonstrated 59% of patients 
in this category gained spontaneous recovery by 1 month 
and 88% of patients showed recovery by 3 months.16 
Alternatively, one recent case series of 66 patients showed 
a significant difference in the rate of good recovery (HB  
1 or 2) in patients who underwent surgical decompres
sion within 2 weeks compared to those treated at 2 weeks  
to 2 months, suggesting there may be an optimal time 
period for facial nerve rescue in the event of neural 
swel ling.39 The question of how long is too long after the  
event for surgical intervention is controversial, as there 
have been one case series and one case study of patients 
recovering facial nerve function after decompression 
several months after the initial event. In one series of nine 
patients with persistent facial paralysis 3 months after 
injury, decompression resulted in recovery to grade I or II 
in seven of nine patients at 1 year followup.40 Sofferman 
reported delayed nerve decompression in one patient that 
subsequently resulted in good recovery 14 months after 
injury, despite poor prognosis suggested by neuromuscular 
tests.41 The outcomes on late decompression of the facial 
nerve are decidedly limited, and thus late decompression 
may not yield significant benefit. 
 Clear goals for surgery must be outlined when under
taking surgical exploration and intervention in the case of  
intratemporal facial nerve injury. The pathology of pene
t rating trauma (gunshot) appears to be primarily tran
section37, found in twothirds to threefourths of patients.  
In blunt trauma, the injury is due to intraneural hemor
rhage, bony fragment impingement, and/or nerve tran
section, in decreasing order of occurrence.24 CT imaging 
is often useful in ascertaining the precise area of injury.  
In cases where transection is suspected, the objective is  
to fully expose the area of transection and to reanasta
mose the transected ends—either primarily or with inter
position grafts—in a tensionfree manner. In cases of  
delayed facial nerve dysfunction or degenerative ENoG 
testing, the objective is to relieve pressure on the nerve to 
allow it to expand and to decrease damage to endoneural 
tubules from external constriction.24 As mentioned pre
viously, the area where the nerve is most anatomically 
prone to constriction is in the fallopian canal, and this area 
must be exposed. 
 Some surgeons advocate beginning with a transmas
toid approach with a view to convert to middle cranial 
fossa approach if needed.6,16,39,42 In cases of mixed and 
comminuted fractures (and intact cochleovestibular func
tion), both transmastoid and middle fossa approaches 
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may be needed in order to fully expose the nerve for 
re anastamosis or decompression. In cases of comminuted 
gunshot wounds or fractures involving the otic capsule, 
a resultant dead ear on audiometry may permit a tran s
labyrinthine approach to expose the entire facial nerve 
without a middle fossa approach. If the results of ENoG 
show < 100% degeneration, facial nerve monitoring may  
have some value intraoperatively and should be considered. 
 The approaches to the facial nerve are delineated 
else where. Iatrogenic trauma to a vulnerable facial nerve  
should be minimized by leaving a thin shell of bone over 
the nerve throughout decompression. When drilling is 
finished and the exposure is finished, a dissector may be 
used to lift the thin roof of bone atraumatically. When  
the facial nerve has been unroofed, bone fragments may 
be seen compressing the facial nerve directly, and if so, 
should be removed gently. If the bone fragments are in 
good reduction or if fragments are removed, the facial  
nerve may be observed to be blood stained or diffusely 
enlarged; either may signify intraneural hematoma with in 
the intact epineurium. The nerve sheath should be  
incised sharply with atraumatic technique until nonede
matous nerve is encountered, careful to preserve the 
underlying nerve fascicles. The degree of nerve loss should 
be assessed. If the nerve loss extends out of the surgical 
field, the surgeon should be prepared for an additional 
approach in order to fully expose the injured segment of 
the nerve. 
 If complete transection is observed, then the surgeon 
must prepare the nerve for anastomosis. If the fibers have 
been partially but significantly avulsed, then the nerve 
can likely be classified to be within Sunderland classes 
III–V and experiencing neurotmesis; the surgeon must 
consider clean division of the remaining trunk followed 
by interposition graft placement. In either case, these 
maneuvers may require nerve rerouting through a created 
bony channel or interposition grafting. In select cases 
involving the mastoid segment, the nerve can be dissected 
from the stylomastoid foramen into the parotid area and 
mobilized proximally to anastomose primarily.24 The goal 
should be to provide a tensionfree endtoend anastomo
sis with reliable reapproximation of nerve ends. In one 
case series, a nerve gap was observed in 13.8% of cases.33 
When an interposition graft is required, the great auricular 
nerve provides up to 7–8 cm of useable length, while the 
sural nerve offers greater versatility with a potential length 
of 30cm.24 Previously, monofilament 90 or 100 suture has 
been used for anastomosis43, but more recently there have 

been studies demonstrating the efficacy of fibrin glue.44 
Animal studies have demonstrated less inflammatory and 
fibrotic response as well as improved axonal regeneration 
with the use of fibrin glue on rat nerve transection models 
when compared to microsuture technique.45 In one pro
spective human study of 11 explored nerves, 78% of patients  
undergoing nerve suturing recovered to at least HB III46, 
while another human study showed 84% longterm 
reco very to grade III or better using fibrin glue for both 
primary reapproximation and interposition grafting.44 
 The prognosis of patients with facial paralysis under
going indicated nerve exploration has been demonstrated 
to be quite hopeful. The best prognosis is obtained with  
early intervention during the acute phase of degeneration, 
and a correlation was demonstrated between longer 
duration of nerve interruption and worse outcome after 
repair.44 One study found that 2 weeks were the optimal 
period for intervention for recovery to HB 1 or 2.39 
Reco very of facial function after repair averaged 7 months 
in  one study.44 In one series of 115 patients, 94–100% of 
patients  showed at least a grade III recovery, 45% had 
grade I recovery, and no patients had worse than grade IV 
reco very at 2 years followup.33 In another prospective 
series of 11 explored facial nerves, 5 showed recovery to 
HB I, 4 to HB II, and 2 to HB III.46 Patients with transection 
or severe injuries requiring grafting should be counseled 
that HB grade III function represents the best outcome 
possible. 
 There are patients with delayed or unknown onset  
who do not meet the > 90% degeneration on ENoG who  
then have persistent facial paralysis or paresis even 3–4  
months after injury. Reanimation or reinnervation proce
dures should not be offered until the patient has had 1  
year to show any spontaneous recovery, for fear of disrup
ting a slowly but spontaneously healing nerve. Preserving 
eye function must be the priority during this period, and 
may entail gold weight lid implants, tarsorrhaphy, or other 
procedures to promote eye closure and prevent dryness. 
If at 1 year there has been no recovery, then discussion 
with the patient about possible interventions should 
proceed. Patients with HB grade I or II may be satisfied 
with their functional or cosmetic outcome and desire no 
intervention. Patients with HB grade III or IV may require 
various ancillary procedures or botulinum toxin injection 
for hyperfunction or synkinesis. Patients with grade V or  
VI may require various reanimation or reinnervation pro
cedures to restore facial function, oral competence, and 
appearance.
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CSF Leak
Incidence of CSF leak in temporal bone fracture ranges 
from 15% to 45%.16,45,47 CSF otorrhea or rhinorrhea signifies 
an additional defect in the dural layer enveloping the 
brain. An injury to the skull base into the posterior or 
middle fossa may permit CSF to drain into the mastoid 
and middle ear, through the Eustachian tube, and into the 
nose or oropharynx. Otorrhea signifies a defect in the TM 
or the external ear canal. Collection of the fluid in a sterile 
container permits laboratory testing as outlined above. 
 Many imaging and radioisotope studies exist to assist 
in pinpointing the site of CSF egress. Often noncontrast 
HRCT is enough to suggest a defect in the skull base along 
the fracture line. However, when the site is more subtle, 
contrastenhanced CT, radioisotope studies, or intrathecal 
dye instillation can be considered. Intrathecal dye methods 
are no longer in favor due to potential adverse reactions 
and the improvement of other methods. Radioisotope 
studies are useful in studies of the anterior skull base. If 
HRCT demonstrates a defect >2 cm, then MRI should be 
performed to rule out potential herniation of intracra
nial contents into the mastoid or middle ear, which may 
change surgical approach.48

 Complications may occur in the presence of a CSF 
leak. The rate of meningitis in patients with temporal 
bone fractures and CSF leak has been demonstrated to  
be 7–10%16,49; the most significant risk factors were a leak  
persisting >7 days and the presence of a concurrent 
infection elsewhere. However, prophylactic antibiotics 
effec tive against the most common pathogen causing 
meningitis, Pneumococcus spp., have led to a significant 
reduction in its incidence.50 Routine use in trauma cases 
is controversial, however. Pneumocephalus may occur 
when air is introduced into the cranial cavity and sealed 
within by a ballvalve defect in the dura. The development 
of air within the dura is a potentially lethal complication, 
possibly resulting in intracranial hypertension and possi ble 
brain herniation.51 If neurologic examination changes or 
if pneumocephalus is persistent, then aggressive mana ge
ment with the assistance of a neurosurgeon is indicated. 
 Initially, CSF leak can be managed with conservative 
measures as the majority of leaks will close spontaneously. 
Patients are instructed to maintain bed rest, elevate the 
head of the bed, and avoid straining with the use of stool 
softeners.16 Spontaneous resolution with conservative 
management occurred in 95–100% of patients, with 
clo sure occurring in the first 7 days in 78% and between 8 
and 14 days in 95%.16,47 Placement of a lumbar drain can 

also be useful for persistent cases lasting 5–7 days after 
injury. The catheter is inserted into the subarachnoid 
space by aseptic lumbar puncture and left in place under 
sterile dressing. CSF is released through the catheter in 
a controlled fashion and at a defined rate to lessen the 
pressure differential across the dural defect and allow 
more expedient spontaneous closure. 
 CSF leaks that persist beyond the first 7 days despite 
these conservative methods, patients with recurrent 
meningitis, or patients with persistent pneumocephalus, 
will likely require surgical repair.52 The proportion of 
patients with persistent CSF leak who require surgical 
repair appears to be approximately 5%.16,47 Based on CT 
imaging and localization and extent of the defect, the 
approaches may include middle ear, mastoid, or middle 
fossa exposure. Depending on the size and shape of the  
defect, soft tissue or cartilage may be obtained for multi
layer closure, usually reinforced by bone pate or free 
frag ments or grafts taken from the mastoid in order to 
stabi lize the repair against continuous CSF pulsation pres
sure and gravity. Depending on extent and persistence of 
the leak, temporal bone obliteration with abdominal fat 
grafting may be considered, possibly including removal of 
the TM and squamous elements of the EAC, with closure 
of the EAC. This latter option will result in a maximal CHL, 
and thus is particularly useful when sensorineural func
tion has already been lost.

Hearing Loss
Audiometry should be performed on every patient with 
temporal bone fracture due to the risk of SNHL and CHL. 
If performed early, audiometry will likely show a compo
nent of CHL due to hemotympanum. A full audiometric  
workup should be obtained 3–6 weeks after injury to 
assess the existing level of SNHL and to examine for evi
dence of TM disruption or ossicular chain dislocation. At  
times there is total loss of one ear due to fracture, and 
standard otologic precautions should be taken when con
sidering operating on the only hearing ear, including the 
consideration of amplification alone. 

Conductive Hearing Loss

Conductive hearing loss is demonstrated more often 
in temporal bone fracture lines involving the attic and 
posterosuperior EAC wall. Associations of CHL with classi
fications of fracture lines may be seen in Table 22.1. 
Dislocation of the ossicles is frequently suggested on 
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audiometry with a persistent airbone gap of >20 dB, and 
may be seen on CT imaging as in Figures 22.5A and B. On 
middle ear exploration, incudostapedial dislocation is the 
most common finding (11–14%), followed by dislocation 
of the incudomallear joint, fracture of the stapes supra
structure (7%), and last malleus fracture (1%).5,19 Children 
appear to have an increased incidence of stapes fracture, 
possibly secondary to increased deformity of the pediatric 
skull.53

 Initial management is typically conservative, allowing 
for recovery from injury and clearance of blood products 
from the middle ear, TM injury and blood products in the 
EAC. However, if surgery is indicated for other reasons 
(e.g. facial nerve decompression or CSF leak repair), it may 
be appropriate to perform ossiculoplasty at that time.39

 Fractures of the distal long process of the malleus 
near the umbo may be treated by excision of the fractured 
segment and tympanoplasty with temporalis fascia. More  
proximal malleus fractures may require removal of the 
malleus and either incus transposition or placement of  
prosthesis. Dislocation of the incus may be treated with 
either incus transposition, placement of prosthesis, or more  
conservatively with careful reduction of the dislocation 
and packing of the mastoid and middle ear. 
 Rarely, in patients with large skull base defects or 
after middle cranial fossa surgery, CHL can occur due to 
dura contacting the heads of the ossicles, resulting in a 
dampening of transmission. The hearing loss is generally 
minimal but may require skull base repair to correct, 
particularly with large defects or herniation.48

 Prognosis for CHL is generally good, with closure of 
airbone gap in most studies to within 10dB.45 

Sensorineural Hearing Loss

Sensorineural hearing loss can occur after temporal bone 
trauma due to five proposed mechanisms: (1) direct injury 
to the acoustic nerve; (2) direct injury to the otic capsule 
with disruption of the membranous labyrinth, vascular 
vasospasm, thrombosis, or hemorrhage into the inner ear; 
(3) perilymphatic fistula; (4) occlusion of the vestibular 
aqueduct by the fracture line, followed by endolymphatic 
hydrops; and (5) pressure waves transmitted directly the 
cochlea, resulting in damage to the organ of Corti and 
concussion of the temporal bone without appreciable 
fracture lines.54 Examples of oticviolating fractures result
ing in complete SNHL may be seen in Figures 22.1 to 22.3. 
 Any sensorineural component evident on audiometry 
at 4–6 weeks is typically permanent and is not expected  

to improve with surgery. Patients with mild to moderate 
SNHL are treated with standard amplification. In patients  
with unilateral profound SNHL, boneanchored hearing  
aids have traditionally been the best option for rehabi
litation and to decrease the headshadow effect. Temporal 
bone fracture may result in bilateral severe to profound 
SNHL however, and these patients may be candidates for  
cochlear implantation. Patients must be properly selected: 
there must be no significant bony discontinuity or coch
lear ossification.5556 If a transverse temporal bone fracture  
occurs through the internal auditory canal, the postgan
glionic cochlear nerve may be injured, rendering cochlear 
implantation useless. If this type of injury is bilateral, 
an auditory brain stem implant (ABI) may be the only 
option for auditory rehabilitation, but these injuries are 
typically severe and often not survivable. Some surgeons 
recommend promontory testing to demonstrate an intact 
cochlear nerve (VIII) before implantation, though this 
test does not have high enough negative predictive value 
to preclude confidence interval (CI). Highresolution CT  
or heavily T2weighted MRI sequences may be useful for 
establishing cochlear anatomy and patency, but shortly,  
the only method by which one may be sure a patient will 
not tolerate or benefit from CI is a CI trial.63 Cochlear 
implantation in the ipsilateral ear in patients deafened 
by temporal bone fracture has resulted in 70100% open
set sentence recognition. These results were found to be 
superior to ABI results in similar patients.54 One study 
demonstrated a complication of facial nerve stimulation 
by CI through fracture lines in 2 of 7 patients with deaf
ness due to temporal bone implantation. These two CIs 
required explantation, but the patients were able to be 
implanted in the contralateral ear with good hearing 
rehabilitation and no facial nerve stimulation.55 Auditory 
brain stem implantation has been proposed as a second
line treatment for patients who fail CI.

Vestibular Injury/Dysfunction
Vertigo may be a complication of temporal bone fracture 
and must be fully investigated to determine etiology and 
help guide treatment. Shortterm vestibular suppressants 
may be used to manage acute symptoms but chronic use 
prevents vestibular adaptation and rehabilitation, and 
should be avoided. Vestibular function testing may be 
helpful in analyzing the vestibular system and discerning 
the etiology of newonset, postinjury vertigo. 
 Benign paroxysmal positional vertigo (BPPV) is cer
tainly the most common etiology of vertigo after head  
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trauma, usually developing days to weeks after the initial  
injury. BPPV symptoms are caused by traumatic displace
ment of otoconia into the ampulla of the semicircular 
canals, typically the posterior canal. Treatment is by stan
dard repositioning maneuvers and rehabilitation. The 
prognosis is excellent with this therapy. 
 Perilymph fistula may occur at the oval or round win
dow and may involve subluxation of the stapes footplate. 
This is typically treated with either repair or obliteration 
of niches during middle ear exploration.5 Preservation 
of residual auditory and vestibular function, as well as 
resolution of symptoms, has been reported with surgical 
repair.5,57

 When perilymph fistula has been ruled out, post
traumatic endolymphatic hydrops may be considered as  
an etiology for a trauma patient’s vertigo. This is likely to 
occur in a delayed fashion after temporal bone injury, 
possibly secondary to occlusion of the vestibular aque
duct by the fracture line or healing process.57 This com
plication is typically ongoing and chronic, with a similar 
prognosis to Meniere’s disease. These patients usually 
first undergo medical management similar to Meniere’s 
disease with lowsalt diet, steroids, and diuretics. Usually 
the indications for intervention or surgical management 
follow the indications for management of Meniere’s 
disease after failed trials of medical therapy.

Associated Lower Cranial Nerve Injury
Rarely, temporal bone fractures may present with palsies 
of other cranial nerves, usually V through XI. Penetra
ting injuries to the temporal bone may be extensive and 
comminuted, involving multiple foramina. Longitudinal 
fractures may extend to foramen ovale, while transverse 
may extend to foramen spinosum or lacerum.24 The ratio
nale for the timing of surgical intervention follows that  
of the facial nerve. If there was immediate onset of paraly
sis after injury, some authors advocate exploration. In the 
cases of delayed onset, expectant monitoring is usually  
advised and spontaneous recovery is the usual out
come.5859 Ongoing lower cranial nerve functional deficits, 
though unusual, can typically be rehabilitated according 
to current clinical guidelines for nontraumatic causes.

OTHER SEQUELAE
Various other rare sequelae of temporal bone trauma have 
been reported, and can be quite delayed. Meningocele or 
encephalocele may present from 1 to 21 years after the 

initial temporal bone trauma.60 Presentation is generally 
with onset of CSF otorrhea, unilateral clear middle ear 
effusion, or recurrent meningitis. HRCT and MRI imaging 
may be required for proper diagnosis and surgical plan
ning, and a combined mastoid and middle cranial fossa  
may be required for repair, similar to the previous dis
cussion on CSF leaks.
 Cholesteatoma attributable to a history of temporal 
bone trauma is rare with fewer than 20 reported cases.61 
Presentation may be 2–24 years after the initial injury.  
The development of this sequela may be due to a penetra
ting injury or fracture line seeding epithelial elements  
from the skin or EAC canal into the temporal bone. In one 
case series, 15% of patients surviving gunshot wounds to  
the temporal bone later developed secondary cholestea
toma requiring mastoidectomy.16 Cholesteatomas from 
this mechanism are frequently extensive since the mastoid 
is typically well pneumatized and allows for uninhibited 
spread of the squamous elements. There have been case  
reports of otogenic brain abscesses due to infected choles
teatomas within fracture lines.61 Mastoidectomy, includ ing 
possible canalwalldown or radical techniques, has been 
advocated as the primary treatment for penetrating gun
shot wounds, as residual bullet fragments may remain 
lodged in the bone and become a nidus for infection as 
well.24 
 Patients with temporal bone fracture, particularly those  
violating the otic capsule, should be informed that they  
have an increased longterm risk for meningitis, estimated  
to be as high as 15%.54 This is hypothesized to be secondary 
to the fibrous nature of the endochondral bone of the otic  
capsule, which is more porous than the native bone.50,62 
One case report illustrated the seriousness of this com
p lication with a patient with remote history of temporal 
bone fracture who progressed from acute otitis media to 
lethal meningitis. Histopathologic analysis of the tempo
ral bone after death showed acute purulent labyrinthitis 
within an old fracture line filled with fibrous tissue. The 
fracture line extended into the internal auditory canal and 
thus provided acquired access to the meningeal space.62  
In the event of such a complication, the meningitis should 
be treated per normal protocol. When resolved, the patient 
should be treated with labyrinthectomy and fat graft 
obliteration with closure of the EAC. 
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Incidence and Epidemiology
The most commonly quoted incidence rate of vestibular 
schwannoma in the United States is 10 per million per 
year, amounting to almost 3200 newly diagnosed tumors 
annually.8 This incidence rate is similar to the incidence 
found in other countries, ranging from 10 to 20 per million 
people per year.9-15 A recent review of the Denmark patient 
database over the last four decades reports a significant 
increase in incidence, from 3 per million per year in 1976, 
to almost 23 per million per year in 2004 and leveling off at 
19 per million per year in 2008.16 The increase in incidence 
is almost entirely due to improved diagnostic methods, but 
increased physician and patient symptom awareness cer-
tainly play a role. 
 Incidentally discovered vestibular schwannomas, 
those found in patients who had MRI scans performed for 
other reasons and either had no symptoms or were not 
pursuing the cause of their symptoms, may be as high as 
2 in 10,000 adults.17 Some older histopathologic studies 
have found incidental vestibular schwannomas in up to 
2.7% of autopsy specimens.18 There appears to be no gen-
der prevalence, although men may have a higher rate of 
incidentally discovered schwannomas.17The mean age of 
diagnosis continues to be in the 5th decade of life for spo-
radic unilateral tumors.16,19 In patients with neurofibroma-
tosis type 2 (NF2), the initial presentation is in the 20s 
and 30s.20

Etiology and Pathology
Vestibular schwannomas arise from the vestibular division 
of cranial nerve VIII (CN VIII). Their common misnomer 

INTRODUCTION

Historical Background
Vestibular schwannomas were described in the 18th and 
19th century, but the first attempt at surgical removal was 
performed by Charles McBurney in 1891, followed by Sir 
Charles Balance and Thomas Annandale in the subse-
quent decade.1,2 These early surgical efforts were largely 
unsafe and carried up to 78% mortality rates. The stage 
for modern principles of surgical removal of vestibular 
schwannomas was set by Harvey Cushing in the early 20th 
century, who with meticulous hemostasis and gentle dis-
section brought the mortality rate down to 20% in 1917. He 
utilized a bilateral suboccipital approach for removal of 
tumors, allowing for adequate herniation of the cerebel-
lum, which was routinely partially resected in an effort to 
improve patient survival.3 One should keep in mind that 
before imaging, in this era, patients presented with late, 
life-threatening brain stem compressing symptoms from 
large tumors. It was Cushing’s trainee, Walter Dandy who 
further refined the technique with a unilateral suboccipi-
tal approach, in wide use today.4

 The true modern era in surgical resection of vestibular 
schwannoma was marked by William House in the 1960s, 
who perfected the translabyrinthine and middle cranial 
fossa (MCF) approach utilizing the operating microscope 
and surgical drills.5-7 By the mid-1980s, mortality rates of 
vestibular schwannomas were consistently under 1%.8 
Once mortality was in the background of complications 
of vestibular schwannoma resection, refinements in tech-
nique such as those utilized for facial nerve preservation 
and, more recently, hearing took precedence.

Sean McMenomey, Maja Svrakic

Vestibular Schwannoma
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is acoustic neuromas, although the NIH consensus dis-
courages its use. While some groups have shown an 
equal prevalence in origin between the superior and 
inferior vestibular nerve (IVN) divisions,21 others report 
a strong predilection for the IVN.22 Most vestibular nerve 
schwannomas originate lateral to the glial-schwannian 
junction.23 The myelin sheath of CN VIII is produced proxi-
mally by the oligodendroglial cells, and distally by the 
Schwann cells; the switch in the type of myelin-producing 
cells can vary, which can account for the variable site of 
origin of the schwannomas along the vestibular nerve. 
However, most occur in the vicinity of the vestibular gan-
glion, where the density of Schwann cells is the highest.24 
 On gross examination, vestibular schwannomas are 
yellow-white or yellow-gray heterogeneous masses, with 
frequent cystic components covered in a smooth and 
regular surface. Despite the smooth surface that is distinct 
from the core, there is no true capsule to this tumor. Histo-
pathologic studies have shown two morphologically dis-
tinct cells comprising vestibular schwannomas: Antoni 
A and Antoni B cells. Antoni A cells are small, densely packed, 
spindle-shaped cells, while Antoni B cells are pleomor-
phic, looser, and contain a vacuolated cytoplasm.25,26 
 The molecular sequence of events that leads to forma-
tion of vestibular schwannomas is still under research. 
The NF2 tumor suppressor gene found on chromosome 
22 has been shown to be inactivated in both familial and 
sporadic cases. The product of the NF2 gene (merlin) regu-
lates Schwann cell division; mutations in both copies are 
necessary for the phenotype of unregulated growth and 
resultant vestibular schwannomas.27,28 Estrogen and pro-
gesterone hormones,29-31 repeated radiation from diag-
nostic studies32,33 and even cell phone use34 have all been 
investigated as environmental factors that may contribute 
to the development of vestibular schwannomas, although 
their role is still uncertain.

Growth Characteristics
The stereotypical pattern of growth of vestibular schwan-
nomas consists of an intracanalicular (IAC) component 
that later expands medially to the cisternal, followed by 
brain stem compressive and hydrocephalic in its late 
stages.8 The symptoms of these four classically described 
stages are progressively more severe, starting with tinnitus 
or mild hearing loss and progressing to visual loss, lower 
CN dysfunction, and even death from tonsillar herni-
ation. The late stages of growth are rarely encountered 

today owing to earlier diagnoses. The rate of growth rarely 
exceeds 2 mm per year, and is further discussed in the sec-
tion on conservative management (“watchful waiting”) of 
vestibular schwannomas.
 Measurement of size of vestibular schwannomas is 
not consistent in the literature. Radiation treatment-based 
studies report on volumetric dimensions, while studies on 
surgical treatment or meta-analyses report most frequently 
the largest axial dimension. The morphologic feature of 
vestibular schwannomas is distinguished by a spherical 
component (the cisternal portion) and a tongue-like pro-
trusion into the IAC portion. Thus, calculating a spheri-
cal volume from the largest axial diameter (traversing 
both the cisternal and IAC portion) will overestimate the 
true volume of tumor. As radiologic diagnostic methods 
become more sophisticated, a volumetric calculation will 
likely replace diameter-based estimates. Although there 
is no universally accepted terminology to describe small 
versus large tumors, most authors utilize the following 
classification: 
 1. Intracanalicular
 2. Small: <1 cm (see Fig. 23.1)
 3. Medium: <2.5 cm (see Figs. 23.2A and B)
 4. Large: >2.5 cm (see Fig. 23.3) 
 5. Giant: >4 cm (see Fig. 23.4) 

CLINICAL MANIFESTATIONS
The typical clinical presentation of an early (IAC) vestibu-
lar schwannoma consists of symptoms related to CNVIII— 

Fig. 23.1: Small vestibular schwannoma. Axial Gd-enhanced T1 
MRI sequence shows a small left-sided vestibular schwannoma 
with both a cisternal and intracanalicular component.
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Figs. 23.2A and B: Medium-sized vestibular schwannoma. Axial and coronal Gd-enhanced T1 MRI sequence shows a medium right-
sided vestibular schwannoma with both a cisternal and intracanalicular component.

Fig. 23.3: Large vestibular schwannoma. Axial Gd-enhanced T1 
MRI sequence shows a large left vestibular schwannoma with 
both a cisternal and intracanalicular component.

hearing loss, tinnitus, and vestibular dysfunction. As the 
tumor grows medially, in its cisternal stage, hearing loss 
typically worsens and vertigo progresses to disequilibrium. 
Further growth with brain stem compression is accompa-
nied with trigeminal symptoms. It is rare to encounter a 
patient with late brain stem compressive symptoms and 
hydrocephalus, although large tumors were the norm in 
the Cushing era, along with visual loss and headaches 
associated with increased intracranial pressure (ICP).
 Hearing loss is a symptom found in over 95% of patients. 
The most likely reason is interruption of the blood supply 
to the inner ear and cochlear nerve by tumor compression, 
but also from tumor infiltration of the auditory fibers. The 

hearing loss is typically unilateral and asymmetric, involv-
ing preferentially high frequencies. Patients will notice a 
difficulty with phone use on the affected side. In up to a 
quarter of patients with vestibular schwannomas, a sud-
den decrease in hearing occurs, similar to an acute viral 
infection or vascular occlusion, and can be attributed to 
idiopathic sudden sensorineural hearing loss (SNHL) only 
if the presence of a vestibular schwannoma is ruled out 
with imaging.19,35 The clinician should keep in mind that 
even in patients who have tumors the sudden loss may 
recover, and they should be diligent in their search for 
retro cochlear pathology.36

A B

Fig. 23.4: Giant vestibular schwannoma. Coronal Gd-enhanced 
T1 MRI sequence shows a giant right vestibular schwannoma 
measuring 4.1 cm in the anteroposterior and 3.5 cm in the cranio-
caudal dimension. Note the resulting hydrocephalus from brain 
stem and fourth ventricle compression.
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 Normal or symmetric hearing does not rule out a 
vestibular schwannoma. In fact, up to 15% of patients 
can have subjectively normal hearing, and up to 4% can 
be audiometrically normal [stereotactic radiotherapy 
(SRT)<25dB, speech discrimination score (SDS) > 85%].19,37 
Tinnitus is seen in up to 70% of patients, vertigo in 19%, 
and disequilibrium is reported by up to 70% of patients 
with large tumors.19,35,37 Other associated symptoms, espe-
cially with larger tumors, are a result of trigeminal nerve 
involvement. Altered facial sensation, most commonly 
hypoesthesia, can occur in up to 50% of patients with 
tumor > 2 cm.19 In these patients, the ipsilateral corneal 
reflex will likely be diminished. 
 Weakness of either the facial or the trigeminal nerve 
is a rare symptom and occurs with larger tumors. Facial 
twitching occurs in no >10% of patients.19 If facial nerve 
function is electroneurographically impaired, the clini-
cian should suspect an alternate diagnosis such as facial 
nerve neurinomas, malignant tumors of the cerebello-
pontine angle (CPA), or metastases.38 Large and compres-
sive tumors can manifest with headache and papilledema 
from resultant hydrocephalus, which occurs in < 4% of 
patients.19 Lower CN deficits and long tract signs are very 
rarely seen today. Sudden neurologic deterioration can 
occur secondary to intratumoral hemorrhage, with acute 
symptoms of hearing loss, facial spasm or weakness, 
facial sensory disturbance, hoarseness, and altered mental 
status.39,40 An emergent surgical intervention, usually with 
a ventriculostomy, is required. Fortunately, this poten-
tially life-threatening event is seldom encountered. Table 
23.1 demonstrates the changing trends in presentation of 
vestibular schwannomas over the past 100 years. 

WORKUP

Auditory and Vestibular Studies
Conventional pure tone and speech audiometry is the 
workhorse of diagnostic studies in the initial evaluation 
of vestibular schwannomas. Classically, patients present 
with unilateral asymmetric, preferentially high frequency, 
gradual loss along with decreased SDS that are out of 
proportion to the pure tone loss. These two cost-effective 
audiometric tests are a screening tool used to identify 
those patients who should undergo an MRI imaging study. 
The advantage of pure tone and speech audiometry is that 
it is relatively inexpensive and readily available across 
centers and around the world. 
 The prevalence of vestibular schwannoma in patients 
with asymmetrical hearing loss has been estimated as 
high as 7.7%.45-48 There is still no consensus as to what con-
stitutes asymmetric hearing. Methods used include the 
pure-tone average (PTA) approach (average asymmetry 
across several specified frequencies), the single-frequency 
approach (hearing asymmetry is only calculated at one 
frequency), and multiple frequency pure-tone asymmetry 
approach (single frequency hearing asymmetries must be 
present at two or more frequencies and exceed a specified 
asymmetry criterion). See Table 23.2 for examples of these 
approaches.
 The patient’s history should always be considered, 
especially when hearing loss can be explained by other 
causes, such as significant head trauma, noise trauma, 
radiation therapy to the head and neck, chemotherapy, or 
immuno suppression. These patients may not warrant fur-
ther workup for retrocochlear pathology. While trigeminal 

(CN, cranial nerve).

Table 23.1: Changing trends in presentation of vestibular schwannoma

Author
Group 
(year) N

Hearing 
loss Tinnitus Disequilibrium Vertigo CN V

CN 
VII

Low 
CN

Visual 
symptoms Acute

Cushing41 Hopkins and 
Harvard (1917)

30 100% 77% 90% vestibular 
symptoms

87% 77% 70% 23% 
crisis

Mathew 
et al.42

Mayo Clinic 
(1978)

225 97% 66% 46% 5% 33% 22% 15%

Selesnick 
et al.43

UCSF (1993) 126 85% 56% 48% 19% 20% 10% 0% 3%

Matthies 
and Samii35

Hannover 
(1997)

1,000 95% 63% 61% 61% 17% 17% 3% 2%

Harun 
et al.44

Hopkins 
(2012)

1,269 91% 69% 61% dizziness 4%
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(SNHL, sensorineural heart loss; CN, cranial nerve; ABR, auditory brainstem response; PTA, pure-tone average; WRS: word recogni-
tion score). 

Table 23.2: Auditory testing thresholds for further workup of asymmetric SNHL

Author (year) (ref) Frequencies (kHz) Threshold criteria Additional factors

Welling et al.49 0.5, 1, 2, 4 ≥15 dB WRS >20% difference
Vertigo
Sudden SNHL
Other CN

Mangham50 PTA (1, 2, 4, 8) ≥5 dB: ABR
≥20 dB: MRI

Ruckenstein et al.51

Cueva47

0.25, 0.5, 1, 2, 4, 8 ≥15 dB at 2+ freq WRS >15% difference

Robinette et al.52 PTA (0.5, 1, 2, 3) ≥15 dB WRS <30%
Vertigo
Aural fullness
Headache
Other CN

Obholzer et al.53 0.25, 0.5, 1, 2, 4, 8 If PTA ≤ 30 dB
15 dB at 2 adj freq
If PTA > 30 dB
20 dB at 2 adj freq

Unilateral tinnitus
Sudden SNHL

nerve dysfunction is highly suspicious for CPA lesions, 
fluctuant, low-frequency SNHL associated with aural full-
ness is rarely concerning for vestibular schwannomas. 
Patients who develop sudden SNHL, even if it later recovers, 
should undergo further testing as up to 15% of vestibular 
schwannomas present in this manner.54,55 What constitutes 
asymmetric hearing loss that is medically significant con-
tinues to vary and is based on clinician’s intuition.56

 Asymmetric pure tone and speech audiometry can 
also be followed up with an auditory brainstem response 
(ABR). The ABR pattern most specific for presence of a vesti-
bular schwannoma is presence of wave I only, but wave V 
latency is found in up to 60% of abnormal diagnostic ABRs. 
In the era of MRIs, the ABR test, once thought of as highly 
specific and sensitive, has significant false negative and 
false positive rates. An overall false negative rate may be 
as high as 15% and up to 33% in IAC tumors.47,57 In larger 
tumors, however, only 4% of schwannomas had normal 
ABRs. The false positive rate of ABRs is also surprisingly 
high, and can exceed 80% in standard, nonsophisticated 
settings.8 The specificity and sensitivity of ABR, especia lly 
in small tumors, can be improved upon with a stacked 
ABR. Stacked ABRs are composed of neural activity initi-
ated across the whole cochlea and are able to detect by 
reduction in wave amplitude even IAC tumors with speci-
ficity and sensitivity in the 90% range.58 

 The role of OAEs is currently limited. OAEs can be used 
as a risk stratifying method in patients in whom hearing 
preservation is considered.59-61 Specifically, patients with 
Class C or D hearing, in whom ABR is undetectable, may 
suffer from purely retrocochlear conduction but normal 
cochlear function, which would be detected with good 
OAEs. Unfortunately, this is not commonly the case, as 
vestibular schwannomas frequently disrupt cochlear hair 
cell function, likely by limiting the blood supply to the 
cochlea.62

 Vestibular tests are infrequently used in the diagnosis 
for vestibular schwannomas. Most commonly this is due to 
high false positive rates, i.e. many patients who are found 
to have an abnormal vestibular test will not have a tumor 
when subjected to an MRI. Although up to 90% of patients 
with vestibular schwannoma will have an electronystag-
mography test battery abnormality,63-65 the specificity 
rate is quite low. Caloric responses can be used to predict 
the origin of tumor. Since the lateral semicircular canal is 
sensitive to external warm or cool irrigation, the superior 
vestibular nerve (SVN) generates the response. Thus, if 
caloric response is diminished, the SVN is likely affected, 
and if the caloric response is normal, the IVN could be the 
nerve of tumor origin. In fact, 98% of SVN tumors show 
diminished caloric responses, compared to 60% of IVN 
tumors.65 
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Imaging Studies
Current diagnostic methods for radiologically detecting 
vestibular schwannomas almost exclusively rely on MRI. 
Plain films of the IAC and polytomography are of histo r i-
cal interest only. Computed tomography (CT) scans were 
utilized in the 1970s, and when contrast enhanced can 
detect tumors >1.5 cm. At present, a contrast-enhanced CT 
can be of value in patients who cannot undergo an MRI 
or in the elderly when detecting a small tumor would not 
change management and the study is done to rule out a 
larger, brain stem–compressing lesion.
 The characteristic profile of vestibular schwannomas 
on gadolinium (Gd)-enhanced MRIs is a brightly enhanc-
ing lesion on T1 imaging. Lesions as small as 1 mm can be 
seen with thin-sectioned sequences targeted to the IAC. In 
gradient echo T2-weighted high-resolution images such 
as the constructive interference in the steady state (CISS) 
sequence, the individual nerves coursing through the 
IAC appear as hypointense linear structures surrounded 
by T2 hyperintense cerebrospinal fluid (CSF). Vestibular 
schwannoma can be seen as a hypointense mass, displac-
ing CSF or distorting adjacent nerves. This sequence is 
particularly useful in detecting fluid between the lateral 
end of the vestibular schwannomas and the internal audi-
tory canal fundus, absence of which can have a negative 
influence on hearing outcome as well as facial nerve func-
tion.66

 Meningiomas at the CPA can have a similar MRI profile 
as the vestibular schwannomas. They can be distinguished 
by their sessile, eccentrically placed base, dural tail, solid 
consistency (as opposed to cystic), as well as by other mor-
phological factors. Enhancements of the 8th nerve or within 
the IAC from a viral or immune-mediated neuritis have 
been reported as false-positive cases of vestibular schwan-
nomas. However, Gd-enhanced MRIs remain a diagnostic 
gold standard, especially in the age of early detection of 
small tumors.67,68 

 The major downside of MRIs is their cost and rela-
tively low yield. They can be burdensome in terms of time, 
expense, and inefficient utilization of health-care capacity. 
In screening asymmetric hearing loss, the average cost for 
identifying a positive patient based on MRI was $61,650.69

 However, early detection and management of vesti-
bular schwannomas may result in reduced morbidity, 
especially since hearing preservation surgery is now a 
realistic goal if schwannomas are diagnosed and treated 
before they are >2 cm. Carrier et al. have proposed one 
way in decreasing the cost of MRI imaging with a focused 
enhanced sequence.70 Their protocol is of comparable cost 
to ABRs, and is able to detect small tumors with anatomi-
cal detail needed for planning surgical approach.

NF2 Testing 
A definitive diagnosis of NF2 requires the presence of 
bilateral vestibular schwannomas or developing a unila-
teral vestibular schwannoma by 30 years and a first-degree 
blood relative with NF2, or the presence of a unilateral 
vestibular schwannoma and developing at least two of the 
following conditions known to be associated with NF2: 
meningioma, glioma, schwannoma, or juvenile posterior 
subcapsular lenticular opacity/juvenile cortical cataract71; 
see Figures 23.5A and B. Patients with probable NF2 should 
undergo further evaluation with MRI of the IAC if not 
already performed, as well as a complete spinal series to 
evaluate the spine and stage the disease.
 Genetic counseling should be offered to patients with 
NF2. Blood screening for the specific mutation of the NF2 
gene on chromosome 22 can be performed in patients 
who have diagnosed NF2, as the defect may be identified 
in up to 75% of patients, and subsequently used to screen 
family members. The use of blood screening for patients 
without a diagnosis of NF2 or with a suspected diagnosis 
of NF2 is not recommended. 

Figs. 23.5A and B: (A) Definite NF2. (B) Probable NF2 (should evaluate). *Manifestations include meningioma, glioma, schwannoma, 
or juvenile posterior subcapsular lenticular opacities/juvenile cortical cataract.

A B
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Delayed Diagnosis
As MRI imaging became more widespread in the use of 
ruling out retrocochlear pathology in those patients with 
asymmetric hearing loss, the delay in diagnosis from onset 
of symptoms to confirmation of lesion in the CPA became 
shorter. In 1989, Traquina et al. reported on their vesti-
bular schwannoma patient population who experienced 
diminished auditory function for over 2 years in 60% of 
cases, and the mean duration of hearing loss prior to diag-
nosis was over 4 years.72 Clear superiority of the MRI to 
aid in timely diagnosis was also demonstrated in a Danish 
study in 1990 where the use of this imaging modality was 
still limited at the time and a large percentage of tumors 
were discovered by CT scans, measuring 4 cm in size.73 
Reasons for delay may include both patient and physician 
factors, and are likely to diminish with increased aware-
ness. Because there are no specific clinical findings that 
clearly distinguish those patients with vestibular schwan-
nomas from other patients with sudden hearing loss,19 an 
evaluation with ABR or Gd-enhanced MRI for any patient 
with sudden hearing loss even when hearing normalizes74 
is recommended. 

MANAGEMENT STRATEGIES

Patient Counseling
Management of patients with vestibular schwannoma 
consists of three main strategies: 
 1. Observation (watchful waiting)
 2. Surgical resection
 3. Radiation therapy
 It is especially important that the patient receives 
counseling with respect to all three of these strategies 
and that the clinician is familiar with expected outcomes, 
risks and benefits of observation, surgery, and radiation. 
This may indeed involve more than one clinician, such as 
a neurotologist, skull base surgeon, neurosurgeon, and 
radiation oncologist. Each of the management options is 
discussed separately below.
 Choice of management strategy is based on predicted 
natural course of the tumor and the neurologic sequelae 
(such as CN deficits and brain stem compression), the 
ability to either surgically remove the tumor with minimal 
postoperative complications, or radiate the tumor with 
least adverse effects. Preservation of hearing, if present at 
diagnosis, strongly guides management. Patient-specific 
factors such as age, medical condition, patient’s desire, 
their ability for follow-up, and social and economical 

support influence treatment options. Finally, the surgeon’s 
operative skill and familiarity with pitfalls and their avoid-
ance for each surgical approach may dictate the specific 
intervention chosen (Table 23.3).

Contemporary Treatment Trends 
and Expected Outcomes
A recent meta-analysis of outcomes of all three manage-
ment strategies compared large studies published since 
2004, with a pooled total of over 5,000 patients.75They 
summarized that observation of patients with vestibular 
schwannomas offers the least risk, but that growth occurs 
in 29–54% of the cases and about a half of those patients 
will require additional treatment. Risks of surgery are 
avoided with radiation-based treatment, but additional 
treatment may be required in up to 10% of cases, and 
radiation-induced risks are not negligible. While surgical 
resection offers the best control rates and most cytoreduc-
tive therapy and very rarely requires additional treatment, 
it poses risks such as facial nerve neuropathy in about a 
quarter of the cases. Hearing preservation is comparable 
in observation and radiation in 3 and 6 years of follow-up, 
respectively, and can be expected in about half of the 
cases. With hearing-preservation attempts in microsurgi-
cal resection, the chance of hearing preservation falls to 
about a third of the patients.
 The most recent patient polling conducted by the 
Acoustic Neuroma Association in 2008 compiled data 
from over 2000 respondents, and compared them to the 
1983 and 1998 surveys. These are the trends observed by 
the survey76,77:
 1. Tumor size at diagnosis has decreased significantly
 a. Before 1998, 23.8% tumors were <1.5 cm, compared 

to after 1998, where 45.3% of newly diagnosed 
tumors are <1.5 cm

 2. More patients with smaller tumors are being treated
 a. For tumors < 1.5 cm, treatment has increased from 

17% in 1983 to 38% in 2008
 b. 50% of tumors treated now are >2 cm in diameter 
 3. Fewer patients are undergoing surgical treatment
 a. 100% of patients underwent surgical treatment in 

1983; this has fallen to 85% in 1998 and 61% in 2008
 4. Radiation therapy has become more common
 a. 20% of patients are treated with radiation in 2008, 

up from 5% in 1998 and 0% in 1983
 5. Observation is playing a more significant role in 

manage ment 
 a. 4% of patients were followed with watchful waiting 

in 1998 and 20% in 2008
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Table 23.3: Summary of advantages and disadvantages of management strategies

Management strategy

Observation Radiation Surgery

Consideration Advantages Disadvantages Advantages Disadvantages Advantages Disadvantages

Level of inter-
vention

Noninvasive Serial MRIs 
needed

Nonsurgi-
cal, minimally 
invasive (one day 
intervention for 
stereotactic)

Weekly interven-
tion (for fraction-
ated RT)
Postintervention 
MRIs

Highly invasive
Postoperative 
hospital stay
Long recovery 
time

Hearing Hearing-sparing 
(initially)

Unpredictable 
time to hear-
ing loss

Can be hearing-
sparing

Unpredictable time 
to hearing loss

Up-front hearing 
outcome

Higher risk of 
hearing loss 
(approach-
dependent)

Balance Unpredictable 
level of bal-
ance distur-
bance

Unpredictable level 
of balance distur-
bance

Nonaffected side 
compensates
Predictable bal-
ance outcome

Immediate 
postoperative 
balance distur-
bance

Facial nerve 
function

Preserves facial 
nerve function

Mostly preserves 
facial nerve 
function

Facial nerve 
function at risk 
(approach and 
size-dependent)

Recurrence Lesion per-
sists/grows
May ulti-
mately require 
intervention

May involute Lesion persists
May require salvage 
surgery (higher 
risk)

Goal is eradica-
tion of disease
Low recurrence 
rate
In case of recur-
rence or subtotal 
resection, leaves 
radiation as 
option

Sequelae Avoids surgical 
and radiation 
risks

Unpredictable 
growth rate/ 
behavior

Avoids surgical 
risks

Rare malignant 
transformation
Rare hydrocephalus
Rare trigeminal 
nerve symptoms 

Avoids radiation 
risks

Surgical risks: 
CSF leak, men-
ingitis, wound 
infection

Limitations Good for elderly
Good for 
patients with 
medical comor-
bidities

Cystic and 
compressive 
tumors not 
amenable 

Good for 
patients with 
medical comor-
bidities

Poor choice for 
younger patients
Large tumors 
(> 3 cm) not 
amenable

Only choice for 
large/cystic/
compressive 
tumors

Poor choice 
for patients 
with significant 
medical comor-
bidities

 While these trends may continue in the same direction, 
the pendulum may also swing in favor of one over another 
strategy as it becomes more refined, available technology 
becomes more sophisticated and more precise, and as 
effectiveness is maximized and risk reduced. At present, 
microsurgery continues to be the primary method of treat-
ment across tumor sizes in the United States and observa-
tion remains the least common management modality.

Cost
Awareness of cost of treatment is practical for the clini-
cian. In the United States, data from 2008 showed that 

the mean cost of microsurgery for patients with tumors 
> 3 cm was $23,788 compared with $16,143 for radia-
tion treatment. Although the upfront cost of surgery 
was higher, cumulative cost of radiation and follow-up 
remained lower only if the rate of tumor progression was 
<3%.78,79 In a similar Canadian study on small (<1.5 cm) 
tumors, conservative management was least costly (app-
roximately CAN$10,000) compared to microsurgical 
removal (CAN$22,000) and Gamma Knife radiotherapy 
(CAN$28,000). Thirty-five percent of patients in the con-
servative arm of this study progressed to surgery or 
radiation.80
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Quality of Life
Quality of life (QOL) in patients with vestibular schwan-
noma can be difficult to measure, and disease-specific 
QOL surveys rather than the generic Short Form 36 Health 
Survey (SF-36) may be able to provide more information 
in the future.81 The few studies conducted show conflicting 
results. Interestingly, cochleovestibular symptoms did not 
correlate with the QOL score, and there was no significant 
difference in QOL scores between management options of 
observation, radiation, and surgical treatment in 2 years 
of prospective follow-up.81 Another prospective study on 
small-to-medium size tumors found that baseline QOL 
was similar in all three treatment arms, and unexpect-
edly improved in the surgical resection group at 2 years of 
follow-up.82 Overall QOL in the surgical resection group 
was not significantly different between age groups and 
diff erent operative approaches.83

Watchful Waiting
When considering the most conservative management 
modality, the natural course of the benign vestibular 
sch wannoma and the possible neurologic sequelae and 
their impact on the patient’s QOL must be taken into 
account. Additionally, the need and length of radiologic 
follow-up as well as the likelihood of future treatment 
(failure of conservative management) must also be con-
sidered. 
 Watchful waiting may be appropriate in elderly 
patients with an estimated lifespan shorter than the esti-
mated growth leading to symptom progression, in those 
patients with significant medical comorbidities, in patients 
who have minimal symptoms, or those whose vesti-
bular tumor is on the side of their only hearing ear.84-93 
Table 23.4 demonstrates some changing trends in the 
reasons clinicians and patients have opted for conserva-
tive management over the past 25 years.

Natural History of Untreated 
Vestibular Schwannomas
Growth Rate

Vestibular schwannomas are by and large slow grow-
ing tumors. The most commonly reported growth rate is 
1–2 mm/year.75,85,95-97 A couple of important considerations 
should be taken into account when describing growth rate.
 1. Growth rate is usually measured in linear dimensions, 

even though more recent studies advocate for volume-
tric and doubling growth rate analysis, as linear meas-
urements may underestimate the three-dimensional 
(3D) increase in tumor size. Varughese et al. found that 
in their 6-year radiologic follow-up of untreated acoustic 
tumors in 178 patients, 77% were larger by volume-
tric analysis compared to only 29% by standard linear 
analysis.98 

 2. Most data on natural history of untreated vestibular 
schwannomas are retrospective in nature and usu-
ally describe those tumors that are most amenable to 
watchful waiting at time of diagnosis, and will thus 
underestimate true growth rates (Table 23.5).

 From the summary table above, there is relatively 
wide variability of tumors that become larger over time 
(29–54%). Spontaneous regression may occur in 1–26% 
of the cases. Tumors that are large (> 2.5 cm) at presenta-
tion increase the odds of future tumor growth.101,103 Cystic 
tumors are more likely to enlarge and do so at a faster 
rate.104 Extracanalicular tumors grow faster than IAC 
ones.105,106 A study from Johns Hopkins looking at 180 
patients who were conservatively managed over 10 years 
found that a reported symptom of tinnitus increases the 
odds of future tumor growth.101

Radiologic Follow-Up
Growth is usually seen in the first 3 years after presenta-
tion. Most groups recommend obtaining an MRI scan at 

Table 23.4: Reasons for management with watchful waiting

Reason for observation
Bakkouri et al.94

(n=386)
Tschudi et al.93 
(n=74)

Glasscock et al.90

(n=34)

Tumor size 67% 32% 68%

Risk deterioration of hearing 51% 27%

Advanced age 42% 4% 53%

Poor general health 5% 4% 24%

Patient preference 54%

Minimal symptoms 20%

Only hearing ear 1% 6%
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*By linear analysis.

Table 23.5: Meta-analyses and large studies of observation management: tumor growth and rate

Report (ref) Year
Number of 
patients

Mean Follow-up 
(years)

Average growth 
rate (mm/year) Stable Smaller Larger

Huet et al.97 1998 558 3 1.8 – – 54%

Yamakami et al.99 2003 903 3 1.9 47% 4% 51%

Smouha et al.85 2005 1,345 3 1.9 51% 6% 43%

Yoshimoto100 2005 1,340 3 1.2 46% 8% 46%

Stoquart-Elsankari et al.81 2009 70 2 – 63% 1% 36%

Agrawal et al.101 2010 180 10 1.1 – – 37%

Pennings et al.102 2011 47 4 – 51% 9% 40%

Varughese et al.98* 2012 178 6 0.6 45% 26% 29%

6 months after presentation, followed by an annual MR for 
at least another 2 and up to 5 years, with lifelong MRI scans 
every 5 years.104 Of the tumors that grow, 53% are detected 
by the initial follow-up in 6 months. More indolent tumors 
may take more time to manifest, but all do by the 6-year 
period. The yield of follow-up scans in identifying growing 
tumors falls considerably after the first 3 scans.107

Symptoms

Hearing: A not uncommon reason why patients and clini-
cians choose to observe and scan newly diagnosed vesti-
bular schwannomas and why patients are reluctant to 
undergo treatment is the fear of hearing loss when hearing 
is intact at presentation (see Table 23.2). Both the clinician 
and the patient should be realistic in their expectations of 
the natural progression of hearing loss in cases of untrea-
ted vestibular schwannomas. 
 When it comes to hearing outcomes in the observation 
treatment arm, the initial tumor size does not impact hear-
ing preservation rates.79,95,102,103,108 Also, the growth pattern, 
i.e. IAC versus extrameatal tumors, does not appear to be 
correlated to the probability of hearing preservation.79,102 
Even IAC tumors and tumors that do not grow, when 
followed for 7 years, have caused some hearing to deterio-
rate in up to 89% of the cases at the conclusion of follow-
up.102 Deterioration that concludes with nonserviceable 
hearing usually occurs in the first 2 years of conservative 
management.102 Hearing deterioration independent of size 
change can also be a reason for patients to ultimately 
undergo treatment (Table 23.5).
 There is, however, a strong correlation between hearing 
preservation in fast versus slow growing tumors.93,109,103,105 A 
recent meta-analysis of 612 patients in 34 pooled studies 

found that hearing preservation rate was markedly higher 
for patients in the group who had tumors with an average 
annual growth rate of ≤ 2.5 mm/year, compared with those 
with higher growth rates (75 vs. 32%, respectively). The 
follow-up range for these studies was 2–4 years, and the 
overall hearing preservation rate was 54% for all tumors 
combined. The definition of hearing preservation in this 
meta-analysis was having AAO-HNS class A or B hearing 
or Gardner-Robertson Class II or better hearing at the end 
of the follow-up period.103 

Vertigo and disequilibrium: Up to three quarters of patients 
who are being managed by observation have complaints of 
either vertigo or disequilibrium.110 In a study of 186 patients 
followed over 2 years, only symptoms of vertigo negatively 
impacted their QOL, while hearing had no effect on QOL 
score.110 In another study of 241 patients over 5 years, pre-
sence of dizziness was the most significant audiovestibu-
lar predictor of low QOL scores in patients with vestibular 
schwannomas; similarly, hearing loss did not influence 
QOL.111 For this subgroup of patients, use of intratympanic 
gentamicin is a viable option to control symptoms with-
out a surgical or radiation-based intervention.112 Disabling 
vertigo has been cited steadily as the sole reason for decid-
ing to undergo active management after a period of obser-
vation in 9–14% of patients (Table 23.6).
 In those cases where there is a delay in diagnosis of 
vestibular schwannoma, the lack of management also 
constitutes a “conservative” approach, albeit this was 
not a treating clinician or patient-driven choice. Once 
discovered, however, the projected time of tumor pre-
sence should be taken into account—i.e. for the patient 
who had symptoms for 3 years prior to the discovery of 
the benign lesion, they are close to their third year of 
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conservative “management”. However, the vast majority of 
patients opt for active management strategies once the 
delay has been suspected. 

Failure Rates of 
Conservative Management
When talking about failure of conservative manage-
ment, the focus is mainly on patients who subsequently 
seek active treatment and not on those patients who are 
lost to follow-up. Tumor growth was the most important 
predictor of a change in strategy from conservative to either 
microsurgical or radiation management.101,103 Reasons 
for failure of conservative management include most com-
monly tumor growth, worsening vertigo, progression of 
hearing loss, and patient decision in absence of changing 
clinical or radiologic status.85,101 These are summarized in 
Table 23.6. Evidently, the reasons for pursuing treatment 
have changed over the past 30 years of follow-up, likely 
owing to the increase in the use of radiologic studies and 
the introduction of radiation-based treatments.
 Table 23.7 summarizes the overall failure rate and the 
proportion of treatments pursued.
 Most failures (75–90%) occur within the first 5 years of 
follow-up.101,105 The patients who changed their treatment 

strategy were significantly more likely to have larger 
tumors at presentation, tumors located in the CPA, and 
they were more likely to subsequently display tumor 
growth at faster rates than individuals who were managed 
conservatively throughout the study period.101

 Incidence of postoperative complications is not higher 
in patients undergoing secondary surgery than in patients 
undergoing primary surgery.94,115-119 In other words, delay-
ing the surgical decision does not seem to worsen disease 
treatment outcomes. Good facial nerve outcome with 
tumors <2 cm was found in 87% of patients operated on at 
diagnosis and in 84% of patients operated on after estab-
lished tumor growth. In this case study, of almost 1400 
patients when patients who were primarily allocated to 
conservative management (959 cases) were pooled, good 
facial function was found in 97% of them at 5 years of 
follow-up. This outcome was significantly better than for 
the 419 patients who underwent primary operation (87%), 
pointing to the advantage of the observation strategy for 
small-to-medium-sized schwannomas.120

Special Considerations
In certain situations, the three options for management of 
vestibular schwannomas do not weigh in the same—i.e. 

Table 23.6: Reasons for pursuing active treatment after a period of observation 

Reason for treatment
Agrawal et al.101

(n=180)101

Bakkouri et al.94

 (n= 386)
Godefroy et al.111

(n=70)111

Flint et al.113

 (n=100)
Tschudi et al.93

 (n=74)

Tumor growth 83% 43% 89% 91% 22%

Disabling vertigo 13% 14% 11% 9% 11%

Hearing deterioration 3% 38%

Patient choice 1% 8%

Corneal hypoesthesia 44%

Facial weakness 22%

Table 23.7: Failure of conservative management

Report (ref) Year
Number of 
patients Years follow-up 

Ultimately 
treated Radiation Surgery Time to treatment

Tschudi et al.93 2000 74 3 (mean) 12% 0% 100% –

Flint et al.113 2005 100 11 11% 0% 100% –

Hajioff et al.105 2007 70 10 30% 67% 33% 3 years (mean)

Bakkouri et al.94 2009 386 9 24% 22% 78% >50% in first year

Godefroy et al.111 2009 70 4 (mean) 39% 19% 81% 3 years (mean)

Agrawal et al.101 2010 180 10 35% – – 2.6 years (mean)

Lloyd et al.114 2010 481 5 50% – – –

Breivik et al.110 2012 193 4 (mean) 38% 77% 23% 2 years (mean)
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for very small or asymptomatic tumors, the risks of surgery 
may initially outweigh the benefits, while for very large 
tumors, observation or radiation are inappropriate 
management strategies.

Intracanalicular Tumors
At present, treating clinicians are more often managing 
small and IAC schwannomas compared to prior decades, 
which is likely due to improved imaging and increased 
awareness.121 These smaller tumors are less likely to be 
symptomatic and do not carry a risk of impending com-
plications. Watchful waiting is a relatively safe approach, 
with the only significant risk being progression of SNHL. 
A more proactive approach advocates for early interven-
tion, with the intention of preserving the hearing status at 
time of diagnosis for these small tumors.122 However, hear-
ing preservation rates for either radiation or microsurgical 
resection have not been consistently better than the natural 
history of hearing loss progression with conservatively 
managed IAC schwannomas. Thus, an increasing num-
ber of study groups have advocated for observation-based 
management.123 In fact, quality-adjusted-life-year totals 
for all three management strategies in patients with small 
vestibular schwannomas are highest in patients who 
undergo a period of observation compared to those 
who undergo immediate surgery or radiation treatment.124

 A recent review of over 3000 patients found that the 
management of small (<2 cm) vestibular schwannomas 
in the United States between 2004 and 2007 has seen 
a decrease in microsurgical resection, an increase in 
radiation-based treatment and a steady but low (25%) 
rate of observation. In light of findings that the major-
ity of these small tumors do not grow, the authors con-
cluded that vestibular schwannomas are overtreated in 
the United States.125

Very Large Tumors
When confronted with a patient with a large (> 3 cm) vesti-
bular schwannoma, observation rarely plays a role in 
management, owing mostly to the fact that these tumors 
are symptomatic, exhibit some brain stem compression, 
and risk neurologic compromise. In certain cases, how-
ever, observation may play a role:
 1. When the vestibular schwannoma is in the only hear-

ing ear; in these cases, management is usually under-
taken once all hearing is compromised; a contralateral 
cochlear implant (CI) is an option in these patients126

 2. When the patient has bilateral vestibular schwan-
nomas and the one in question is smaller of the two 
(in cases of NF2); in a recent review of NF2 patients 

with bilateral brain stem compressing schwannoma, 
the time range between first and second surgery was 
1.5–7.7 years127

 3. When the patient refuses treatment
 4. When the patient is terminally ill 
 Similarly, radiation rarely plays a role as there is a risk 
of transient increase in the size of the tumor, and in large 
masses even the small increase could bring upon a catas-
trophic outcome with hydrocephalus. Very large tumors 
are almost always treated with surgical resection, total or 
partial; this is discussed in the following section.

Microsurgical Resection
Microsurgical resection has historically had three prim-
ary goals in decreasing priority: preserve the patient’s life, 
maintain the patient’s facial nerve function, and preserve 
any useful hearing in the operated side. With multiple 
centers developing standardized resection procedures 
utilizing operating microscopes, electrophysiological moni-
toring including CN monitoring, precision instruments, 
and expertise of neurological and neurosurgical teams, 
mortality has significantly decreased. Therefore, avoidance 
of significant postoperative morbidity (CSF leak, menin-
gitis, neurovascular compromise) becomes the focus over 
simply preserving the patient’s life.128

 There are three basic and most commonly utilized 
approaches in microsurgical removal: retrosigmoid (sub-
occipital), MCF, and translabyrinthine. The first two ap-
p roaches are hearing-sparing while the last sacrifices 
any residual hearing. All three approaches involve bony 
removal via a craniotomy, craniectomy or both, and 
microdissection of tumor away from the brain, CNS, and 
adjacent vascular structures. 

Decision of Surgical Approach
Choice of the approach depends on multiple factors 
including level of serviceable hearing, depth of tumor 
extension into the IAC, the size of the tumor, and the 
experience and familiarity of the surgeon with the various 
approaches.129 In general, patients with poor hearing 
undergo a translabyrinthine approach; patients with 
good hearing and small or IAC tumors are suitable for 
MCF approach; and for patients with good hearing and 
tumors that do not extend too far lateral into the IAC the 
retrosigmoid approach is best (Fig. 23.6). For patients 
with large tumors, even in the case of good hearing, the 
translabyrinthine approach offers the best exposure of the 
entire IAC to aid in tumor removal as likelihood of preserv-
ing hearing with large tumors is low. There is debate across 

Ch-23.indd   372 01-06-2015   11:56:04

UnitedVRG



373Chapter 23: Vestibular Schwannoma

centers over what constitutes good and poor hearing, and 
even in the cases of good hearing a translabyrinthine 
approach is utilized when the chance of hearing preserva-
tion is low. 
 Table 23.8 summarizes advantages and disadvantages 
of all three major approaches to microsurgical vestibular 
schwannoma removal. Choice of approach is also largely 
influenced by the availability and experience of the neuro-
surgical and neurotologic teams. In fact, one study found 
that when comparing 11 different institutions, surgical 
team accounted for more variability in hearing and facial 
nerve outcome than did approach.132 As an example, the 
ability to preserve hearing with the MCF approach has 
very high variability among institutions, and its perceived 
advantage in hearing outcomes may never reach statistical 
significance.
 Theoretically, the choice of approach may change 
based on the most recent imaging, such as a planned 
retrosigmoid approach converted to a translabyrinthine 
with the latest MRI showing substantial lateral growth 
(Figs. 23.7A and B). However, a Canadian study showed 

that even tumors with documented growth do not extend 
laterally into the IAC within a year of surgery. Thus, it  
appears to be unnecessary to obtain imaging that is more 
recent than a year for concerns of lateral growth only, 
although it may be required for other clinical reasons.133 

Hearing Status: Hearing Conservation Candidacy

Expectations of both patient and physician need to be 
realistic when it comes to hearing preservation in surgical 
treatment of vestibular schwannomas. Goals and defini-
tions of a “successful” result should be clearly outlined; if 
a patient discerns little benefit from what the surgeon per-
ceived as a successful hearing outcome, they will likely be 
disappointed.

Hearing classification: The American Academy of Otolaryn-
gology—Head and Neck Surgery (AAO-HNS) has esta-
b lished a classification system for reporting the hearing 
class of patients both at presentation and after any thera-
peutic intervention. Figure 23.8A is a schematic for the 
definition of A-D hearing class. An alternative classifi-
cation, frequently used in the radiation treatment litera-
ture, is the Gardner-Robertson classification,134 which uses 
descriptive terms for the assigned grades: good, servicea-
ble, nonserviceable and poor hearing and deaf for patients 
with profound loss (Fig. 23.8B).

Hearing conservation candidacy: For a patient to be con-
sidered a candidate for hearing conservation, they must 
have both good hearing at baseline and, importantly, carry 
a good prognosis of preserving their good hearing. Both of 
these factors lead to some controversy. 

(MCF, middle cranial fossa; RSIG, retrosigmoid; TLAB, translabyrinthine; IAC, intracanalicular portion; ABI, auditory brainstem 
implementation; CPA, cerebellopontine angle; IVN, inferior vestibular nerve).

Table 23.8: Summary of advantages and disadvantages of surgical approaches130,131

Advantages Disadvantages 

MCF Hearing sparing 
Better hearing outcome 
No intradural drilling

Worse facial nerve outcome especially with tumors 10–18 mm 
CPA and IVN tumors
Temporal lobe retraction
Limited exposure of posterior fossa

RSIG Can be hearing sparing 
Better facial nerve outcome 
Can address large tumors 
Placement of ABI possible

Worse hearing outcome 
Blind lateral dissection into IAC limit is lateral 3rd of IAC
Cerebellar retraction
Headaches and vertigo 

TLAB Facial nerve outcome best 
Early identification of facial nerve in IAC
Can address large tumors 
Less neurological complications 
Extradural drill dissection
Exposure of entire IAC, fundus to porus
Placement of ABI possible

Destroys hearing
Limits: high jugular bulb 
Longer time of dissection 
Largest bony defect: reconstruction needed
More CSF leaks 

Fig. 23.6: General algorithm for surgical approach.
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Figs. 23.7A and B: Vestibular schwannoma with primarily cisternal involvement. For this patient with large left cisternal vestibular 
schwannoma and limited lateral extension, retrosigmoid approach proved suitable for removal. The constructive interference in steady 
state gradient-echo T2 MRI sequence shows spinal fluid separating the lateral extension of the tumor from the cochlea and labyrinth.

A B

Figs. 23.8A and B: (A) The American Academy of Otolaryngology—Head and Neck Surgery classification for hearing. The horizontal 
axis represents the word recognition scores in percentages (%) and the vertical axis the average of pure tone dB at 500, 1000, 2000 
and 3000 Hz. (B) Gardner-Robertson hearing scale.

 As a general rule, the better the patient’s baseline hear-
ing, the better the chance of preserving hearing. Many 
authors use the “50/50” rule to define good hearing, in line 
with the AAO-HNS classification A and B category hear-
ing: at least a 50% SDS AND an at least 50 dB SRT of 4 tone 
PTAs (500, 1k, 2k, 4k). An important distinction is that 
this is a good rule of thumb only if contralateral hearing is 
normal. Further, due to Stenger’s effect, patients will gain 
little benefit if the postoperative side has 30 dB or greater 
SRT and 30% or less SDS compared to the contralateral, 
nonoperated side. Therefore, for a patient with normal 
hearing on the uninvolved side, such as 10 dB SRT and 
100% SDS, even if the postoperative hearing result is 45dB 
SRT and 60% SDS (category B), the benefit may not be per-
ceptible as that patient will likely be preferentially using 
the uninvolved side for auditory information. 
 The strictest criteria for useful hearing then utilize 
the AAO-HNS category A classification (70% SDS and 
30 dB SRT) with the assumption that the contralateral ear 
is normal. Ultimately, few patients who opt for surgery fall 

into this category of good hearing, and thus few patients 
should expect hearing preservation. The argument can 
then certainly be made for early surgery before hearing 
deterioration sets in.135 The specific outcomes of surgical 
approaches with respect to preservation of auditory func-
tion are discussed below in the surgical outcomes section. 
Table 23.9 outlines unfavorable prognostic factors of hear-
ing preservation and the diagnostic method used to iden-
tify these factors.
 When the surgeon is confronted with a patient who 
has a large tumor with minimal IAC penetration and 
excellent hearing with a near normal ABR, other CPA 
tumors (such as a meningioma) should be considered.

Size and Location
Size and location of the tumor play a significant role when 
choosing the surgical approach. Very large tumors are 
appropriately dealt with utilizing a retrosigmoid, trans-
labyrinthine, or extended translabyrinthine approach. 
A review of close to 1700 vestibular schwannomas >2.5 cm 

A B
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(ABR, auditory brainstem response; IAC, intracanalicular; RSIG, retrosigmoid; PTA, pure-tone average; VN, vestibular nerve).

Table 23.9: Unfavorable preoperative prognostic factors for hearing preservation

Unfavorable preoperative hearing 
Preservation factor Diagnostic method

Absent or distorted ABR
 Even if the hearing level by PTA is good

Auditory function test: ABR

Unaffected caloric response
 Suggests inferior VN origin
 (adjacent cochlear nerve in the inferior compartment of the IAC is at risk)136

Vestibular function test: calorics

Deep IAC penetration
  RSIG approach exposes only proximal two-thirds of IAC; complete resection of tumor in 

distal one-third requires partial removal of inner ear structures129,137

Imaging: MRI

Tumor size > 2 cm (cisternal component)
 With the RSIG approach useful hearing may be obtained in <25% of patients138,139

Imaging: MRI

Filling of IAC
 Less than 1 mm room between tumor and IAC fundus140,141

 Substantial IAC erosion predicts greater compression of 8th nerve8

Imaging: MRI

found that 65.2% robotic surgery implementation group 
(RSIG) versus 62.5% TLAB resections preserved good 
facial nerve function (HB 1-2) and only 27.4% via the 
extended TLAB.142 An earlier review of 54 tumors >3 cm 
in size, 84% of which were resected via a TLAB ap proach, 
good facial nerve function was preserved in 84% of 
cases.143 Given that size of tumor significantly affects facial 
nerve outcome, consideration should be given to subto-
tal or planned staged resection or postoperative radiation 
when dealing with tumors >3.5 cm.144

 Conversely, entirely IAC tumors (Fig. 23.9) are prob-
ably best treated with an MCF or RS approach. In a litera-
ture review comparing outcomes of surgical resection of 
IAC tumors with retrosigmoid versus a MCF approach, the 
retrosigmoid resection maintained 58% hearing preserva-
tion rates (compared to 62% via MCF) but improved facial 
nerve outcomes and fewer other complications.145

 Tumors with a lateral extension into the distal IAC 
(Fig. 23.10) are not suitable for a retrosigmoid resection 
and tumors with a large cisternal component have an unfa-
vorable location for a standard MCF resection (see Table 
23.8). Clearly, patient priorities (facial nerve function versus 
hearing function) and surgeon expertise play a large role in 
selection. Surgical teams with expertise in one over another 
resection method may preferentially choose the method 
they have the most favorable results with, irrespective of the 
reported data from other centers and compiled studies.

Surgical Techniques
Much of the operative setup, equipment, surgical site 
preparation, and postoperative care are common to all 

major surgical approaches to vestibular schwannoma 
removal; these are summarized in Table 23.10.
 Surgical removal of vestibular schwannoma carries 
a risk of intraoperative and postoperative complications, 
which is the major drawback of surgery over observation 
or radiation. Discussed below are some basic surgical 
principles that we follow for all approaches to minimize 
intraoperative complications and also some not uncom-
mon postoperative complications and suggestions for 
their avoidance.

Fig. 23.9: Vestibular schwannoma with proximal intracanalicular 
involvement. The constructive interference in steady state gra-
dient-echo T2 MRI sequence shows spinal fluid separating the 
lateral extension of the right-sided tumor from the cochlea and 
labyrinth. We chose a hearing-sparing middle cranial fossa 
approach for this patient.
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Surgical Principles
The following basic surgical principles are followed for all 
three approaches:
Appropriate patient selection
•	 Careful anatomical review of the preoperative MRI is 

conducted. Anatomical variants, such as a high riding 
jugular bulb, may limit dissection extent.

•	 Older patients may have thinner and more adher-
ent dura than younger patients that is more prone to 
injury, increasing the chance of hematoma or CSF 
leak; thus approaches that necessitate more dural dis-
section such as the MCF route may be contraindicated.

•	 As hearing significantly influences the choice of surgi-
cal approach, functional hearing should be assessed 
with a most up-to-date preoperative test.

Maximizing exposure
For any surgery to be performed safely and effectively, 
good exposure of the surgical field is crucial. The tips on 
achieving optimum exposure for each of the three major 
surgical approaches are discussed under the specific app-
roach; general principles are as follows:
•	 Brain retraction, crucial for RSIG and MCF approaches 

as well as large tumors, can be facilitated with medica-
tions (Mannitol, Lasix) and monitoring for appropriate 
urinary response; patient positioning with head down 
and also with hyperventilation in order to lower car-
bon dioxide to 27–28 mm Hg. 

•	 Meticulous hemostasis allows superior visualization 
of the surgical field; care should be taken when using 

bipolar cautery; gentle pressure with Gelfoam, pledgets, 
utilization of thrombin to promote clotting as well as 
oxidized cellulose (Oxacyl or Surgicel) are safe and 
effective hemostatic agents.

Safe dissection and maximization of functional outcome
•	 Facial nerve and cochlear nerve function monitoring 

[ABR or cochlear nerve action potential (CNAP)] are 
routinely used.

•	 Obtain a baseline ABR once the patient is asleep.
•	 Resist blunt dissection and removing the tumor en 

bloc.
•	 The IAC portion is debulked with CUSA and then 

sharply dissected off the facial and cochlear nerves 
that are identified laterally; the IAC portion is removed 
laterally to medially toward the porus.

•	 The intracranial portion is debulked and the facial 
and audiovestibular root entry zones are identified 
on the pons; sharp dissection is utilized to remove the 
remaining capsule, medially to laterally toward the 
porus.

•	 Prass probe is used to positively identify the facial 
nerve and can assist in dissection off of the tumor.

•	 The course of the facial nerve between the brain stem, 
where it is just slightly inferior to the 8th nerve entry 
zone, and its entry into the porus where it assumes 
the anterosuperior location is variable as the tumor 
can splay the nerve and distort its fibers in almost any 
direction. The most difficult part of the dissection is 
removal of the capsule from the thinned facial nerve, 
just proximal to the anterior edge of the porus acus-
ticus.

•	 Take care to preserve the labyrinthine artery if attempt-
ing hearing preservation surgery.

•	 Any maneuver that results in deterioration in the brain-
stem auditory-evoked responses or abnormal firing of 
the facial nerve requires immediate cessation to allow 
recovery. Irrigation with warm saline frequently quiets 
the facial nerve. Deterioration secondary to surgically 
induced vasospasm may be managed by local applica-
tion of papaverine.

•	 Consider subtotal resection if hearing preservation is 
strongly desired or facial nerve function will be com-
promised.

•	 Similar principles to those outlined for 7th and 8th 
CNs should be followed for larger tumors that involve 
CNs V and IX–XI that can also be monitored intra-
operatively; subtotal resection should also be consi-
dered in cases where lower CNs are involved as their 

Fig. 23.10: Vestibular schwannoma involving the distal intracana-
licular. The constructive interference in steady state gradient-echo 
T2 MRI sequence shows no spinal fluid separating the lateral 
extension of the left-sided tumor from the cochlea and labyrinth. 
We chose a TLAB approach for this patient who presented with 
class C hearing.
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(RSIG, retrosigmoid; CN, cranial nerve; ABR, auditory brainstem response; TLAB, translabyrinthine; MCF, middle cranial fossa; 
TLAB, translabyrinthine).

Table 23.10: Perioperative considerations

Preoperative Intraoperative Postoperative

Anesthesia

General endotracheal anesthesia

Direct (arterial) blood pressure, heart rate, 
oxygen saturation, carbon dioxide concen-
tration continuous monitoring

Foley catheter for urinary output monitoring

Short-acting neuromuscular blockade only 
(such as with succinylcholine)

Medications

24-hour perioperative antibiotics: Ancef or 
vancomycin for PCN allergy

Preoperative IV Decadron

Mannitol (20% at 1 g/kg)

RSIG and MCF

TLAB if large tumor

Equipment

Operating microscope with assistant head

High-speed drill (cutting and diamond burs)

Suction-irrigation system

Two suction lines

Monopolar and bipolar (micro and macro) 
cautery

Electrophysiologic monitoring 

Performed by the EP team

Facial nerve: direct and transcranial

Earphones for far-field ABR

RSIG and MCF

Motor and somatosensory (electrodes in up-
per and lower extremities)

Other cranial nerves (CN V, IX, X, XI)

RSIG and TLAB if large tumors 

Positioning

Operating table turned to 180°

Supine position

MCF: ipsilateral shoulder elevated; 
head rotated to 45°opposite tumor; neck 
slightly extended

RSIG: head rotated to the opposite side 
of tumor as far as neck mobility allows; 
ipsilateral shoulder taped down 

TLAB: head rotated to the opposite side 
of tumor

External head fixation per team prefer-
ence

Patient secured to bed with three straps 
and operating table allows inclination in 
all planes

Preparation

Pinna 

MCF: taped down over earphone with 
tegaderm

RSIG: taped anteriorly over earphone 
with tegaderm

TLAB: prepped into the field and 
retracted anteriorly

Shave to at least 1 cm behind incision line

Incision injected with subcutaneous 1% 
lidocaine with 1:100,000 epinephrine

Abdominal site prepared for fat graft

Triple iodine scrub for both the crani-
otomy and abdominal graft site

Wound closure

Bacitracin irrigation and meticulous 
hemostasis

Muscle or periosteal flap and subcuta-
neous tissue is approximated in staggered 
separate layers with interrupted Vicryl 
stitches

Skin is closed with a 3-0 nylon running 
interlocking stitch

Compressive (mastoid) dressing is 
applied

Abdominal closure with interrupted 
Vicryl, subcutaneous monocryl and 
JP drain

Postoperative care (standard proto-
col without any complications)

Admitted to NSICU × 24 hours, then 
floor care with appropriate clinical 
neurologic monitoring

DVT and PUD prophylaxis

Dexamethasone × 48 hours, then taper

Reglan, Zofran for nausea and vomit-
ing

Analgesia with acetaminophen and 
codeine

Postoperative nimodipine can assist 
in promoting blood flow to the inner 
ear and maximizing hearing preserva-
tion146

Antivirals directed at the herpes virus 
can be used in delayed facial palsy

PO day 1

Arterial line, Foley catheter removed

Patient mobilized to chair

Clear liquid diet, advanced as toler-
ated

PO day 2

JP drain removed from abdomen

Patient mobilized to ambulation with 
assistance

PO day 3

Compressive dressing removed, 
wound inspected

Discharge to home

PO day 10

Stitches removed
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compromise could significantly affect the patient’s 
ability to swallow and expose them to a risk of aspira-
tion pneumonia.

•	 Facial nerve function can be compromised by direct 
traction, blunt trauma, cautery, and rarely transec-
tion. Positive probe stimulation at the brainstem root 
exit zone portends a good prognosis. Lack of response 
to stimulation at elevated current levels suggests poor 
recovery.

Avoiding and Managing Postoperative 
Complications

These are some postoperative complications and tips on 
minimizing their occurrence as well as recommended 
management for all surgical approaches to vestibular 
schwannoma removal:
 CSF leaks are a relatively common postoperative com-
plication of vestibular schwannoma resection. CSF leak 
occurs either through the skin at the incision line or the 
fluid makes its way down the mastoid air cells, the mid-
dle ear, and the Eustachian tube manifesting as rhinorrhea 
or a postnasal drip. The risk of CSF leak extension through 
the air cells versus the skin incision is slightly higher, with 
app roximately 60% occurring via the mastoid temporal 
bone air cell route.147-149 
 These general preventative measures should be under-
taken:
•	 Use bone wax or autologous fat with TISSEEL (Fibrin 

Sealant) to obliterate all fat cells; apical petrous peri-
IAC air cells are a common culprit.

•	 Pressure bandage should be applied postoperatively to 
minimize wound leaks.

•	 In patients in whom BIH is suspected, consider placing 
a perioperative lumbar drain.

 For management of CSF leaks, we employ a graded 
approach.150 Subcutaneous CSF collections (“pseudo-
meningoceles”), if not tense or leaking through the inci-
sion line, may be amenable to several days of pressure 
dressing as they typically resolve. Sterile aspiration of the 
wound collection can also be attempted. 
 Once leaking through the wound, bedside oversowing 
with mattress sutures, application of pressure dressing and 
medical measures such as bed rest, head of bed elevation, 
and avoidance of Valsalva maneuvers can be attempted. 
Indeed, conservative management has been shown to be 
successful in up to 53% of cases.151 If unsuccessful, a lum-
bar drain can be applied for 3–5 days, clamped for 24 hours 
to test integrity of seal, and removed. More aggressive 

management with wound revision may also be indicated; 
in this case, additional fat, muscle, fascia can be packed 
and all levels of closure should be carefully inspected 
and revised as needed. The reported rates of success in 
the management of CSF leak with lumbar drain place-
ment range from 31% to 83% in the recent literature, and 
reoperation rates have been reported to range from 21% to 
61%.147,149,152-155

 CSF rhinorrhea may respond to medical measures as 
well, acetazolamide can be added, and a lumbar drain can 
be applied for several days. If revision surgery is needed, 
a subtotal petrosectomy (in the case of no hearing) with 
obliteration of the extracanalicular (EAC) and ET block 
under direct vision with bone wax followed by muscle 
prevents further leaking. In the case of preserved hear-
ing, an intact wall mastoidectomy can be performed with 
obstruction of the fossa incudis with fat, muscle or fascia, 
and TISSEEL.
 In cases of refractory CSF leaks and where a distur-
bance in CSF production or absorption is suspected, a 
permanent (lumbar-peritoneal or ventriculoperitoneal) 
shunt should be considered.
 A rare complication of CSF leak, in cases where there 
is a ball-valve wound effect, is a tension pneumocepha-
lus with signs and symptoms of progressive increase ICP; 
these should be recognized and treated appropriately. 
Pneumocephalus can also occur with excessive CSF drain-
age via placed shunt. A more common complication of 
CSF leaks is meningitis, discussed below.
 Postoperative meningitis can be either aseptic (chemi-
cal) from meningeal inflammation induced by blood or 
irritants such as bone dust or cotton wool lint entering 
the subarachnoid space, or it can be infectious, frequently 
occurring in conjunction with a CSF leak. Aseptic men-
ingitis is usually associated with headaches, malaise, and 
a low-grade fever, while infectious meningitis frequently 
manifests with high fevers, stiff neck, excruciating head-
ache, photophobia, and various degrees of obtundation. 
Head CT and lumbar puncture or analysis of CSF in cases 
where LD has been already been placed are diagnostic. In 
cases of bacterial meningitis, the most common pathogens 
involved are Staphylococcus species, Enterobacter, and 
Propionibacterium acnes.156 
 If the clinical presentation is highly suggestive of 
bacte rial meningitis, intravenous antibiotics with good 
CSF penetration (vancomycin and ceftriaxone) are initi-
ated immediately as disease progression may be rapid. In 
addi tion, corticosteroids and analgesics are used for both 
bacterial and aseptic meningitis. Because most patients 
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presenting with meningitis present with associated CSF 
leak, management of CSF leak as described earlier is 
essen tial. For aseptic meningitis, not only anti-inflamma-
tory corticosteroids but also nonsteroidal anti-inflamma-
tory medications such as Celebrex can be tried. Of note, 
symptoms may recur after steroid withdrawal. 
 During surgery, avoidance of postoperative meningitis 
is achieved with the following:
•	 Minimize blood and debris from entering once dura is 

opened. This is especially important with the retrosig-
moid approach as the dura is opened early in the pro-
cedure.

•	 Maintain a sterile field and irrigate wound with an 
anti biotic solution to minimize wound infections that 
can lead to bacterial meningitis. 

 Epidural hematoma can be suspected in patients 
with signs of increased ICP (increased BP, bradycardia, 
decreased level of consciousness, and/or dilation of 
pupils). A noncontrast CT scan is indicated in these cases 
if time allows, but if the onset of symptoms is rapid and the 
patient becomes unstable, opening the incision for removal 
of the cranioplasty, abdominal fat, and blood clot at the 
bedside may be necessary. CPA hematoma is a potentially 
fatal complication that leads to increased ICP and brain 
stem compression. 
 These potentially devastating intracranial complica-
tions can be minimized with:
•	 Careful observation for bleeding after irrigation of the 

operative bed after the tumor has been dissected; this 
is imperative to decrease the likelihood of postop-
erative compressive CPA hematoma. Anesthesia may 
be asked to apply Valsalva maneuver or temporarily 
elevate blood pressure to allow potential bleeders to 
declare themselves

•	 Careful elevation of the bone flap during craniotomy; 
some patients may have thinner or more adherent 
dura 

•	 Control postoperative hypertension.
 Venous infarction from injury to the sigmoid sinus 
or transverse sinus can occur with TLAB and RSIG app-
roaches during the craniotomy. Some theories proposed to 
explain dural sinus thrombosis in vestibular schwannoma 
microsurgery include retraction on the sinus intraopera-
tively, desiccation of the sinus during tumor resection, and 
even propagation of bone wax used for control of emissary 
veins.
 Venous congestion can be asymptomatic or can 
manifest with speech disturbance as it will usually affect 
the temporoparietal region. Rarely, cerebral edema or 

papilledema with progressive vision loss can occur, lead-
ing to headaches, visual obscuration, or blindness. The 
onset of symptoms may range from days to weeks after 
surgery; Keiper et al. found an onset range from 1 to 35 
days postoperatively, with a mean onset of 15.6 days post-
operatively.157 Most importantly, signs of venous conges-
tion should be recognized early (CT scan can be used for 
screening, but a magnetic resonance venography is a more 
definitive diagnostic tool) and treated with appropriate 
measures. Treatment of dural sinus thrombosis can range 
from supportive (steroids, volume repletion, carbonic 
anhydrase inhibitors) to thrombolytic, including medical 
anticoagulation, direct endovascular thrombolysis, and 
even surgical thrombectomy.
 However, they are best avoided with the following:
•	 Review preoperative films for dominant venous out-

flow side
•	 Minimize intraoperative mechanical retraction of the 

sigmoid sinus
•	 Smaller venous tears can be controlled with layering 

of Gelfoam (thrombin-soaked) and neural patties for 
gentle pressure. An alternative method is with oxidi-
zed cellulose and gentle bipolar cautery just over the 
cellulose material

•	 Larger tears may necessitate primary repair with 
6-0 Prolene suture with or without addition of mus-
cle; larger tears increase the likelihood of ipsilateral 
venous outflow compromise

•	 Packing with Surgicel or bone wax should be avoided 
as this may cause sinus occlusion

•	 Emissary veins can usually be controlled at their root 
at the sinus with bipolar cautery

•	 Petrosal vein (Dandy’s vein) is frequently ligated in 
larger tumors; very rarely it can lead to papilledema or 
cerebellar infarction, but the surgeon should be aware 
of this potentially devastating complication.

 The cerebellum, pons, or temporal lobe is vulnerable 
to traumatic parenchymal injury either from retraction 
or violation of the pial lining during dissection. Temporal 
lobe injury from retraction during the MCF approach can 
be suspected in the case of postoperative seizures, aphasia, 
and auditory hallucinations. These should be treated 
medically with ICP-lowering agents and antiseizure medi-
cations. The cerebellum can be injured during a RSIG 
approach and this can manifest with prolonged ataxia 
and dysmetria. If more significant cerebellar injury has 
occurred and swelling occurs, surgical evacuation of any 
associated clots and even resection of the contused cere-
bellum may be necessary. Approximately one-third of the 
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cerebellum can be resected without producing a perma-
nent cerebellar deficit. In some cases, it may be necessary 
to decompress the posterior fossa including the foramen 
magnum.
During surgery:
•	 Employ all necessary medical measures to achieve 

appropriate “shrinking” of the temporal lobe or the 
cerebellum so as to avoid excessive mechanical retrac-
tion

•	 During the translabyrinthine approach, avoid injur-
ing the dural covering over the temporal lobe during 
skele tonization of the tegmen

•	 Dissection should occur in the arachnoid plane as 
much as possible

•	 Larger tumors can obscure the arachnoid plane and 
some dissection occurs in the subpial plane, which 
exposes the brain to parenchymal injury

•	 Consider leaving a thin capsule of tumor if injury can-
not be safely prevented 

 Intracranial vascular complications can be devastat-
ing and stem from interruption of the anterior inferior 
cerebellar artery (AICA) or one of its branches to the brain 
stem. Partial AICA syndrome in the postoperative period 
can not only be apparent with ataxia and dysmetria (cer-
ebellar symptoms) but also hemiparesis or hemisensory 
disturbance (long tract signs). A postoperative MRI is 
diagnostic. Treatment is rehabilitative.
 Measures to help with avoiding injury to AICA and its 
branches:
•	 These vessels are at risk even with small tumor removal 

as AICA can loop in the vicinity of the porus
•	 The surgeon should be familiar with anatomical vari-

ants
•	 Intraoperative motor and somatosensory EP monitor-

ing alerts the surgeon of any impending compromise
•	 If bleeding occurs during tumor dissection, careful 

identification and isolation of vessels with mobiliza-
tion away from the tumor are preferred

•	 Vessels are cauterized only if necessary and as to close 
their entrance to tumor as possible

•	 Bipolar cautery should be used with judiciously; only 
vessels that feed the tumor should be cauterized; oth-
erwise, use topical hemostatic agent

Middle Cranial Fossa Approach
Background/Indication: The MCF approach was used as 
early as 1892 as a surgical method for the treatment of 
trigeminal neuralgia and later for infections and lesions 
of the petrous apex, facial nerve exposure, and grafting 
and repair of semicircular canal dehiscence.158-160 It was 

popularized by House for microsurgical exposure of the 
internal auditory canal in the late 1950s.5 Kawase elabo-
rated on the extended MCF approach in the 1980s with 
the dissection of the petrous apex, which was used for 
exposure of aneurysms of the basilar artery and petroclival 
tumors.161

 Today, the MCF approach to the IAC for the purpose 
of resection of vestibular schwannomas is most suitable 
for IAC tumors that have a minor CPA component (< 1 cm) 
and for patients with good hearing [(better than or near 30 
dB PTA and 70% word recognition score (WRS)]. Tumors 
that contact the brain stem are not suitable for the stand-
ard MCF approach. Contraindications for a supratentorial 
craniotomy include age >69 years, ASA (American Society 
of Anesthesiologists) class >II, and Karnofsky performance 
scale score <60.160

 In patients with an only hearing ear or with bilateral 
tumors in the case of NF2, there is a role for early proac-
tive surgical management via an MCF approach in an 
at tempt to prevent hearing deterioration.162 Brackmann et al. 
have reported good hearing results in patients with NF2 in 
whom the MCF approach was used, maintaining hearing 
within 15 dB of preoperative levels in 48% of patients.162 
Decompression of the IAC (as opposed to tumor removal) 
can also be considered in patients with progressive hear-
ing loss in an only hearing ear as a therapeutic option.163

Technical steps
Craniotomy:
•	 Incision is planned as a reverse question mark with 

the lower limb passing anterior to the pinna, the hori-
zontal limb following the top of the EAC, and the semi-
circular limb following the curve of the temporalis 
muscle (green line in Fig. 23.11).

•	 Skin and subcutaneous tissue are incised down but not 
through the temporalis muscle fascia with a #15 blade.

Fig. 23.11: Middle cranial fossa skin incision and craniotomy from 
the surgeon’s view. 
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•	 Cautery is used to control bleeding of the branches of 
the superficial temporal artery.

•	 Temporalis muscle is incised with a monopolar Bovie 
knife leaving a cuff of muscle attached to the fascial 
coalescence at it inserts into the cranium.

•	 Muscle and soft tissue flaps are anteroinferiorly based 
and held out of the way with fish hooks.

•	 Squamous portion of the temporal bone, root of the 
zygoma, and temporoparietal suture line are identified 
as bony landmarks.

•	 The craniotomy is marked approximately 6 cm in 
height and 4.5 cm in width, centered at the one-third 
and two-third of the width line (1.5 cm posterior, 3 cm 
anterior) (red line, Fig. 23.11).

•	 The inferior most edge of the craniotomy should be as 
close to the root of the zygoma as possible to avoid an 
overhang limiting exposure of the MCF floor.

•	 The inferior aspect of the craniotomy is drilled with 
a 3-0 cutting diamond burr, making burr-hole type 
openings to the level of dura at the two inferior corners 
that will allow footplate attachment placement.

•	 The dura is identified and separated from the medial 
aspect of the cranium with a curved blunt periosteal 
elevator.

•	 The other three craniotomy edges are completed with 
a craniotome footplate.

•	 The bone flap is set aside wrapped in saline gauze.

Dural elevation and exposure of the floor of the middle 
cranial fossa:
•	 Operating microscope is brought into the field.
•	 Dura is circumferentially elevated from the bone edges 

with a blunt elevator, in an anterior to posterior direc-
tion.

•	 The middle meningeal artery is identified as it exits 
from the foramen spinosum (anterior most point of 
dissection).

•	 Any venous bleeding can be controlled with oxidized 
cellulose.

•	 As dura is elevated, the next landmark is the arcuate 
eminence, which marks the elevation of bone overly-
ing the superior semicircular canal.

•	 The greater superficial petrosal nerve (GSPN) is identi-
fied; this marks the lateral margin of dissection (Fig. 
23.12).

•	 Medially, the petrous ridge is identified and the supe-
rior petrosal sinus passing within its ridge.

•	 A House-Urban retractor is positioned such that the 
blade is caught under (just medial to) the petrous ridge 
and under the anticipated position of the IAC.

•	 The IAC is reliably found between the long axis of the 
arcuate eminence (squamous cell carcinoma, SCC) 
and the GSPN at approximately 60° posterior from the 
GSPN.164,165

•	 Drilling is initiated on the petrous ridge medially, 
where there is most bone to remove.

•	 The cochlea is located anteriorly, the vestibule poste-
rolaterally, marking the limits of drill dissection.

Dissection of the IAC and tumor removal:
•	 The bony IAC is outlined with increasingly smaller dia-

mond burrs until only a bony eggshell remains.
•	 Ideally, the IAC is circumferentially skeletonized, 270°.
•	 The dura of the IAC is opened with a microsurgical 

blade.
•	 The separation between the facial nerve and the SVN 

(Bill’s bar) is identified.
•	 Facial nerve stimulating probe (Prass probe) is used to 

positively identify the facial nerve.
•	 The tumor is identified and separated from the facial 

nerve starting at the fundus to the level of the porus 
using sharp microdissection.

•	 SVN can be sectioned at the level of the fundus to allow 
slack for tumor mobilization.

•	 Extrameatal portions of tumor and larger tumors can 
be debulked with CUSA.

Wound closure:
•	 The IAC is packed with an abdominal fat graft that is 

harvested once tumor is removed and covered with tis-
sue sealant such as TISSEEL.

•	 The craniotomy plate is secured with miniplates; two 
tie-down holes for dural lateralization are made with 

Fig. 23.12: Surgical view of middle cranial fossa floor (left side).
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1-mm diamond burrs in the middle of the craniotomy 
plate, separated by 2–3 mm and a 4-0 Neurolon stitch 
is used.

Specific Issues and Avoiding Pitfalls
Maximize exposure:
•	 Common pitfall is insufficient anterior exposure (while 

making the craniotomy) and leaving the inferior over-
hanging edge of the craniotomy, which obstructs the 
view of the MCF floor (this can be accomplished with 
additional careful drilling once the plate is removed, or 
with a rongeur).

•	 The surgeon should be familiar with anatomical vari-
ants (such as an absent arcuate eminence, prominent 
bony undulations of the MCF floor, dehiscent genicu-
late ganglion, petrous carotid artery, superior semi-
circular canal, and tegmen tympani) in order to avoid 
injury to these structures.

•	 The surgeon should also be familiar with alterna-
tive approaches to identifying the IAC such as those 
described by House,5 Fisch,166 and Garcia-Ibanez 
(outlined above).165 

•	 Be able to expand approach in tumors with a larger 
CPA involvement.167-169

Maximize outcome:
•	 Minimize traction of GSPN that can be transmitted to 

facial nerve trunk via geniculate ganglion
•	 Decompress the meatal foramen for optimal facial 

nerve exposure.

Minimize complications:
•	 Close the IAC with fat and cover TISSEEL.
•	 Consider a split calvarial graft if skull base defect is 

large.
•	 Use fat with TISSEEL or bone was to occlude any peri-

IAC air cells of the petrous bone.
•	 Total time of temporal lobe retraction should be kept 

at a minimum. 
•	 Be aware and attempt to avoid bleeding into the poste-

rior fossa with removal of the extrameatal portion as 
this area is poorly exposed with MCF approach.

Suboccipital Approach (Retrosigmoid)
Background/Indication: The first known attempted surgi-
cal removal of a vestibular schwannoma was performed 
by McBurney in 1891 who utilized a suboccipital (retro-
sigmoid) approach: “after opening the suboccipital plate 
with a mallet and gouge, the cerebellum swelled mas-
sively, so much so that it became necessary to shave off the 
excess”. In his early attempt, no tumor was removed and 

the patient expired 12 days later.170 Successful attempts 
were pioneered by Cushing in 1905 and later his resident 
trainee Dandy; while Cushing advocated for a bilateral 
craniotomy,41 Dandy favored a unilateral suboccipital 
app roach.171 Further modifications involved placing the 
patient in a sitting position rather than prone, which was 
supplanted by the three-quarter prone (park bench) and 
supine posi tions in more recent years.172 As with the MCF 
app roach, introduction of the surgical microscope in the 
late 1950s revolutionized the surgical technique.
 The retrosigmoid approach is suitable for tumors of 
all sizes. When hearing preservation is the goal, tumors 
that do not penetrate the lateral-most third of the IAC are 
best suited. This approach offers excellent exposure of the 
brainstem and CNs IV through XII. If hearing preservation 
is not the goal, lateral drilling into the vestibular aqueduct 
and posterior semicircular canal exposes the distal third of 
the IAC. Contraindications to the retrosigmoid approach 
are patients with medical conditions who cannot tolerate 
general endotracheal anesthesia and evidence of invasion 
of the labyrinth by the tumor, in which case a translabyrin-
thine approach would be more appropriate.173

 Surgical centers vary in how the specific steps of the 
approach are allocated among neurotologists and neuro-
surgeons. Commonly, the neurosurgical team performs a 
craniotomy after skeletonization of the sigmoid sinus and 
exposes the surgical field. The neurosurgical team also 
debulks the majority of the tumor. Once this is accomp-
lished, the otolaryngologist (neurotologist) performs the 
IAC drillout laterally, avoiding injury to the inner ear struc-
tures.

Technical steps: We have utilized the following modifi-
cations.174

Craniotomy:
•	 Incision is planned approximately 4–5 cm behind pinna 

(3 fingerbreadths) and is mostly vertical with slight 
curve anteriorly and posteriorly (green line in Figure 
23.13).

•	 Anteriorly based periosteal (Palva flap) is made.
•	 Palva flap and skin flap incision should be staggered 

and approximated with interrupted Vicryl stitches.
•	 Soft tissue is retracted with fish hooks (anteriorly and 

inferiorly).
•	 Bony landmarks (the EAC anteriorly, mastoid tip, tem-

poral line and the osterion) are identified and the pre-
sumed relationship to the sigmoid sinus.

•	 Drilling is initiated without the use of a microscope 
with cutting and then diamond burrs once the bony 
plate over the sigmoid sinus is sufficiently thinned.

Ch-23.indd   382 01-06-2015   11:56:06

UnitedVRG



383Chapter 23: Vestibular Schwannoma

•	 The sigmoid sinus is skeletonized from the lateral 
sinus superiorly to the horizontal curve of the occipital 
bone; the sinus can be completely decompressed if 
additional anterior exposure into the IAC is needed 
(red dotted line in Figure 23.13).

•	 Craniectomy is then made, with the superior limb par-
allel to the lateral sinus, and anterior edge parallel to 
the sigmoid sinus, making an approximately 2.5 × 2cm 
window.

•	 Bone flap is placed in saline soaked gauze.

Opening of dura and exposure of brain stem and IAC:
•	 The dura is opened sharply with a surgical blade and 

Metzenbaum scissors.
•	 The dural flap is anteriorly based and is secured with 

stitches.
•	 The cerebellum is gently retracted with Telfa.
•	 Lateral medullary cistern is rapidly identified to allow 

for decompression of CSF and for relaxation of the 
cerebellum. It is crucial to perform this step rapidly 
and with the use of the surgical microscope as needed 
since larger tumors may create significant pressure in 
the posterior fossa and may cause the cerebellum to 
herniate through the small dural opening. 

•	 The brainstem and the CNs are identified starting from 
the occipital floor and moving superiorly.

•	 The 7th and 8th CNs are seen exiting the brain stem 
and penetrating into the porus acusticus with the 
associated tumor.

•	 Debulking of the cisternal portion commences.

IAC drillout and tumor removal:
•	 Dura over the posterior face of the temporal bone that 

is overlying the IAC is opened in a saloon-door fashion 
with a sickle beaver blade.

•	 The posterior aspect of the IAC is drilled to allow for 
lateral exposure, around 180°.

•	 Bony landmarks, the operculum at the entrance of the 
vestibular aqueduct serve as delineation of the ante-
rior most dissection.

•	 Tumor is dissected laterally to medially using sharp 
dissection techniques.

Closure:
•	 Hemostasis is achieved and Telfa strips are removed 

under constant irrigation.
•	 Fat from the abdominal fat graft is placed in the drilled 

IAC and sealed with fibrin glue.
•	 Dura is closed in a watertight fashion.
•	 Mastoid and temporal bone air cells are plugged with 

fat, fibrin glue and bone wax as needed.
•	 Tie-down holes are made in the bone for dural latera-

lization.
•	 Craniotomy plate is secured at three ends with mini-

plates.
•	 Soft tissue closure is in two layers with an anteriorly 

based periosteal flap followed by cutaneous flap.

Specific Issues and Avoiding Pitfalls

Maximize exposure:
•	 Adequate anterior exposure can be achieved with 

complete sigmoid sinus decompression, allowing the 
anterior dural flap to decompress it.

•	 Superior aspect of craniotomy should be as close to the 
lateral sinus as possible.

•	 Inferior aspect of craniotomy should be as close to the 
horizontal curve of the occipital bone with minimal 
overhang (this can be modified with a rongeur).

•	 Passive retraction of cerebellum should be optimized.
•	 Rapid identification of the lateral medullary cistern 

space and decompression of CSF is key.

Maximize outcome:
•	 Preserve AICA loop and labyrinthine artery; the sur-

geon should be aware of the anatomical variants of the 
AICA and its branches.

•	 In the event that a semicircular canal is entered, it 
should be immediately closed with bone wax in hopes 
of preserving hearing.

Fig. 23.13: Retrosigmoid approach incision and craniotomy.
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•	 Superior aspect of the IAC should be drilled with cau-
tion to avoid injury to the facial nerve as it runs in the 
anterosuperior quadrant of the IAC.

•	 The most difficult part of the tumor to dissect is the 
transitional or junction zone. This is a 1 cm long area 
along the ventrolateral portion of the tumor just prox-
imal to the porus acusticus. In this region the tumor 
capsule and nerves are extremely adherent as a result 
of tumor invasion of the arachnoid. Facial nerve stimu-
lation is vital as it facilitates identification of the facial 
nerve fibers that may be difficult, despite high magni-
fication, to distinguish from arachnoidal adhesions or 
filaments of the eighth CN.

Minimize complications: 
•	 Prevention of bone dust contamination of the CSF 

space may be accomplished with materials commonly 
used for hemostasis or neural protection.

•	 Obliteration of IAC with fat and TISSEEL, held in posi-
tion by a “saloon-door” dural flap.

•	 Use bone wax to block perimeatal cells in all cases. 
•	 Meticulous obliteration of the mastoid and temporal 

bone air cells with bone wax, fat and TISSEEL.
•	 Dura should be tested for watertight closure and allo-

graft can be used if the edges cannot approximate.
•	 Replacement of the bone flap or placement of adipose 

graft within the craniotomy defect has been associated 
with decreased rates of long-term postoperative head-
ache (from 12% down to 1%).175,176

•	 Bone flap should be elevated carefully.
•	 Before dura is open all measures to promote brain 

retraction should be employed (hyperventilation, 
Mannitol, Lasix, corticosteroids, head elevation).

•	 Cisternal drainage of the CSF should occur promptly 
after the dura is opened.

•	 In large tumors, consider placing EMG ET tubes to 
monitor 9/10; also 5 and 11.

•	 Cerebellum should only be retracted with Telfa (no 
retractors).

•	 Excessive head turning or flexion can compromise 
venous sinus drainage and should be avoided.

•	 Sigmoid sinus should be carefully skeletonized to 
avoid injury.

Postoperative and Long-Term Headache

Headaches are a common postoperative complaint; 
up to 65% patients report headache beyond the imme-
diate postoperative period after vestibular schwannoma 

resection.175,177,178 Patients undergoing the retrosigmoid 
approach to resection of vestibular schwannoma may be 
particularly vulnerable to postoperative headaches.175,177,178 
In a meta-analysis of 1653 patients who underwent retro-
sigmoid, translabyrinthine, or middle fossa approach for 
resection of vestibular schwannoma, long-term signifi-
cant headache was reported in 36% of the patients who 
underwent retrosigmoid approach as compared with 16% 
and 1% of those who underwent translabyrinthine and 
middle fossa app roaches, respectively.178 Specifically, with 
a retrosigmoid craniectomy, dural adhesion to nuchal 
musculature has been associated with dural stretch and 
headache; for this reason we advocate utilizing a crani-
otomy plate instead.131,150,174

 Headache within the immediate postoperative period 
may be caused by incisional pain, slight reduction in CSF 
pressure, dural irritation, dural stretch, spasm of nuchal 
musculature and irritating substances within the sub-
arachnoid space.131,178 Immediate postoperative headache 
may be reduced by minimizing retraction, decreasing ten-
sion of dural closure, and the use of lactated ringers for 
irrigation.131 Prevention of desiccation of dural flaps may 
facilitate dural closure minimizing dural stretch and irri-
tation.178 In addition, placement of absorbable gelatin 
sponge (Gelfoam), Telfa, or cottonoids during IAC drillout 
helps to prevent the collection of bone dust in the poste-
rior fossa, which has been associated with postoperative 
headache and chemical meningitis.131,178 Most often, head-
aches within the immediate postoperative period may be 
managed with acetaminophen and opioid analgesia.

Translabyrinthine Approach

Background/Indication: The translabyrinthine cranio-
tomy as an approach to the CPA was first described by and 
performed by otologists at the beginning of the 20th cen-
tury. However, due to the difficulty of dissection and poor 
hemostatic control the approach was deemed “a wholly 
impractical suggestion” by Dandy in 1925; in 1928 Cushing 
said of the translabyrinthine approach: “If the otologist has 
ambitions to treat these lesions there is no possible route 
more dangerous or difficult than this one… a pro posal of 
this sort I am sure would never occur to an otologist who 
has general surgical training before he engaged in the par-
ticular surgery of his specialty”.179

 William F. House reintroduced this approach in 
the 1960s, and it has since been routinely used in every 
surgical center worldwide for removal of vestibular 
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schwannomas. Although hearing is sacrificed, the trans-
labyrinthine craniotomy allows the most direct access to 
the CPA, as well as exposure of the facial nerve from brain-
stem to stylomastoid foramen. All drilling is extradural, 
and this minimizes intracranial complications and bone 
dust entering the cranial cavity. The entire length of the 
internal auditory canal (IAC) from fundus to porus, as well 
as the CPA, is routinely exposed.180

 The translabyrinthine approach is suitable for patients 
with preoperative loss of functional hearing with either 
small IAC tumors or large tumors. For any tumor > 2–2.5 cm 
this approach should be utilized, as chance of hearing 
preservation is low. For patients who can tolerate general 
endotracheal anesthesia, special consideration should be 
given for patients who have active chronic ear disease, for 
patients who have the tumor in an only hearing ear and 
for whom a subtotal resection via a retrosigmoid approach 
is considered, and for patients who have a high-riding 
jugular bulb.173 

Technical steps

Craniotomy:
•	 Incision is planned approximately 3 cm behind pinna 

(2 fingerbreadths) and is C-shaped.
•	 Anteriorly based periosteal (Palva flap) is made.
•	 Palva flap and skin flap incision should be staggered 

and approximated with interrupted Vicryl stitches.
•	 Soft tissue is retracted with fish hooks (anteriorly).
•	 Bony landmarks (the EAC anteriorly, spine of Henle, 

mastoid tip, temporal line) are identified.
•	 Drilling is initiated without the use of a microscope 

with cutting and then diamond burrs.
•	 Standard landmarks are identified: tegmen plate, sig-

moid sinus and sinodural angle, antrum, incus, lateral 
SCC.

•	 Facial nerve is identified with thinning the bone over it 
with a 4 diamond burr from its 2nd genu and inferior 
toward the stylomastoid foramen.

•	 Bony plates over the middle fossa, sigmoid sinus, and 
posterior fossa are thinned, egg-shelled, and removed.

•	 The larger the tumor, the more the retrosigmoid dura 
needs to be exposed to allow access, and the further 
posterior an incision is needed.

•	 Bipolar cautery is used to shrink the dura and facilitate 
further dural separation from bone and further bone 
removal.

•	 Labyrinthectomy with preserving the inferior half of 
the lateral SCC in order to protect the facial nerve.

•	 Inferior extent of dissection: jugular bulb.

•	 Cochlear aqueduct is encountered in this location, 
parallel and inferior to the IAC, which may lead to CSF 
leakage.

IAC:
•	 Ampullae of lateral SCC and superior SCC followed 

into the vestibule and this marks the entrance of the 
SVN and the superior and most lateral edge of the IAC.

•	 Troughs are made superiorly and inferiorly around the 
IAC allowing for 180–270° of removed bone.

•	 Dura over the IAC is incised with a sickle knife.
•	 Tumor is debulked; resection is in lateral to medial 

direction.

Closure:
•	 Remove incus; scar mucosa and place fat followed by 

TISSEEL into antrum.
•	 Dura over IAC approximated in a “girdle” fashion.
•	 Fat “corks” placed in between the girdle stitches and 

covered with TISSEEL.
•	 Fat strips packed into the remainder of cavity with 

TISSEEL.

Specific Issues and Avoiding Pitfalls

Maximize exposure:
•	 In cases of anteriorly based sigmoid sinus or a con-

tracted mastoid, full bony removal and decompres-
sion of the sigmoid sinus and the temporal lobe may 
be necessary before further dissection commences.

•	 Inferior dissection should be carried down all the way 
to the jugular bulb, especially in larger tumors.

Maximize outcome:
•	 Counsel patients appropriately with respect to expec-

ted facial nerve outcome: with larger tumors (>3.5cm) 
about 50% of patients will have a HB1 or 2 1 year post-
operatively.144

•	 Facial nerve should be quickly identified in its descen-
ding portion in the mastoid.

•	 The inferior bony half of the lateral semicircular 
canal should be left up as long as possible to protect 
the nerve at its 2nd genu.

•	 If making a trough at the superior aspect of the IAC, 
avoid drilling in the anterior direction as the labyrin-
thine portion of the facial nerve. 

Minimize complications:
•	 Avoid drilling the facial recess; if any facial recess cells 

are opened, they should be sealed to prevent CSF leak.
•	 The antrum should always be packed off as described 

above to prevent CSF rhinorrhea.
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•	 Avoid injury to the sigmoid sinus, especially if domi-
nant.

•	 More medial drilling along the sinodural angle raises 
the risk of tearing the superior petrosal sinus. This 
angle of intersection of the posterior fossa dura and 
tentorium makes the sinodural intersection a difficult 
area to achieve full bony decompression and places 
the superior petrosal sinus at greater risk.

•	 Bleeding from the superior petrosal sinus also can 
be controlled with topical hemostatic agents, but one 
must be aware of the anatomic variant where the vein 
of Labbé drains into this sinus.

•	 Drilling along the inferior trough of the IAC can place 
the dome of the jugular bulb at risk, particularly 
when the bulb is elevated. Jugular bulb tears can be 
controlled similarly to those of sigmoid sinus tears, 
although in rare instances ligation of the jugular vein 
in the neck with extraluminal packing of the sigmoid 
sinus may be required.

CSF Leaks and Cranioplasty after a 
Translabyrinthine App roach

Translabyrinthine resection, compared to the other two 
approaches, leaves the largest cranial defect. The highest 
rates of reoperation for CSF leak repair have been reported 
with the translabyrinthine approach.153 Special attention 
should be given to wound closure and also reconstruction 
of the bony defect. The rates of CSF leak after translabyrin-
thine craniotomy have dropped over the past few decades.
 Some centers perform a cranioplasty with hydroxy-
apatite cement recontouring with or without titanium 
mesh, which secures the autologous fat packing; this type 
of reconstruction has dropped the incidence of postope-
rative CSF leak to <4%.181 However, while hydroxyapa-
tite and titanium mesh reconstruction is associated with 
improved outcome, they increase the cost of surgery; for 
this reason some advocate a vascularized cranioplasty 
bone flap instead.182 Wu et al. reported a decrease in CSF 
leak rates from 28 to 7% with the use of musculoperiosteal 
flap closure, although the soft tissue may complicate 
follow-up imaging.149 There are also reports of <1% leak 
rates without the use of cranioplasty and relying on metic-
ulous closure techniques.183,184 Leaks through the wound 
are very rare with carefully layered, watertight closures.
 We favor closure with autologous adipose tissue grafts 
(see Figs. 23.14A to C). Fat grafting assists in the imaging 
follow-up of patients with vestibular schwannoma. In 
addition, fat grafting has been found to decrease the 

rate of CSF leak from 5.7% to 2.2% when compared with 
muscle flap reconstruction.185 With limited facial recess 
dissection, minimal dissection of the incus buttress, and 
packing of temporalis fascia around the incus to obstruct 
the mastoid antrum in addition to fat obliteration of the 
mastoid cavity, no CSF leaks were encountered in 61 
patients after translabyrinthine approach vestibular sch-
wannoma resection.183

Extended and Modified Approaches

The three standard approaches described above may need 
to be extended in cases of large tumors or unfavorable 
anatomy. For the translabyrinthine approach, when the 
vestibular schwannoma extends anteriorly or when the 
jugular bulb is high (especially in the case of a dominant 
sinus) a transotic/transcochlear approach may be neces-
sary. Usually, the surgeon plans the extended approach 
based on preoperative imaging, but sometimes the deci-
sion to expand the surgical field happens intraopera-
tively. With this extension, the content of the middle ear is  
removed, the wall of the EAC is taken down, and the EAC 
and the Eustachian tube are obliterated. The facial nerve 
can either be left in its bony canal between the geniculate 
ganglion and the stylomastoid foramen186,187 or it can be 
rerouted. Facial nerve rerouting can interrupt the deep 
petrosal artery supply of the perigeniculate segment and 
lead to ischemia. This technique requires additional surgi-
cal time and expertise and carries a more significant risk 
of paresis, in some cases of up to 74%.188 Posterior rerout-
ing of the facial nerve can be indicated in cases of residual 
tumor and preoperative facial nerve deficit.187

 Apart from the transcochlear extension, the trans-
labyrinthine approach can be extended via a transapical 
approach. The main principle of this extension is an 
increase of bone removal around the IAC from 270° to up to 
320°, in addition to a broad mastoidectomy in which bone 
anterior and posterior to the sigmoid sinus and around the 
middle fossa is completely removed and inferior dissec-
tion and decompression of the jugular bulb is achieved. In 
a review of 100 tumors that were >4 cm and an enlarged 
translabyrinthine transapical approach was used, total 
removal was achieved in 92% of cases; facial nerve func-
tion was a HB1-3 in 75% of cases and CSF leaks occurred 
1.8% of the time.189

 The retrosigmoid approach can be extended anterolat-
erally for large tumors with a significant IAC component 
by drilling through the posterior aspect of the petrous 
bone and sacrificing vestibular organs and hearing. The 
MCF approach can be extended posteriorly by dividing 
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Figs. 23.14A to C: Postoperative appearance of translabyrinthine 
resection of vestibular schwannoma. Preoperative Gd-enhanced 
T2 MRI sequence shows a medium-sized right-sided tumor (2.1 cm 
in anteroposterior dimension). Postoperative Gd-enhanced T2 
MRI shows the autologous fat filling the bony defect. The axial CT 
image shows the extent of bony removal.

A B

C

the superior petrosal sinus to reach tumors in the CPA. 
This maneuver, however, does increase the risk of injury to 
the facial nerve applying more traction via the GSPN to the 
geniculate area.
 In an attempt to preserve hearing with medium to large 
tumors with a significant lateral IAC component, a pre-
sigmoid retrolabyrinthine approach has been described. 
The patient’s anatomy needs to be favorable such that the 
space between the sigmoid sinus and the posterior semi-
circular canal, once the sinus has been decompressed, 
allows for adequate exposure and dissection. In more 
recent years, the addition of surgical endoscopes can assist 
in total tumor resection with this technique.190 In a review 
of 10 patients who underwent a presigmoid retrolaby-
rin thine endoscopy assisted dissection, 8 patients had 
complete removal of tumor, the facial nerve was postop-
eratively impaired in two patients, and one patient experi-
ence a deterioration in hearing.191 

 Another strategy for hearing preservation and maxi-
mized exposure is the transcrusal approach. After a wide 
mastoidectomy and skeletonization of the sigmoid sinus, 
the superior and inferior canals from the ampullae to 
the common crus are sacrificed by drilling and then are 
occluded with bone wax and bone dust. In the six patients 
presented, who almost all had tumors >3 cm in size, hear-
ing preservation was achieved 100% of the time.192

 The terminology and extent of the approaches dis-
cussed above were been defined previously (Table 23.11).192

Surgical Outcomes
When discussing the surgical options with a patient, 
expec ted outcomes with respect to preservation of hear-
ing, preservation of facial function, extent of tumor remov-
al and any possible complications as well as options for 
rehabilitation, need for adjunctive treatment and follow-
up must be thoroughly discussed. This section compares 
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(SCC, squamous cell carcinoma; IAC, intracanalicular; EAC, 
extracanalicular).

Table 23.11: Transpetrosal approaches

Approach Resection

Retrolabyrinthine Semicircular canals remain intact

Transcrusal Superior and posterior SCCs are removed 
from the ampullae to the common crus

Translabyrin-
thine

Horizontal canal and vestibule are ente-
red; the IAC is opened laterally

Transotic Complete removal of SCCs and skeleton-
ization of the facial nerve; EAC obliteration 

Transcochlear Includes transotic, with posterior mobi-
lization of the facial nerve, removal of 
cochlea, and exposure of the petrous 
carotid artery

the outcomes and complications of the three major surgi-
cal approaches with respect to VII and VIII CNs and those 
related to other factors.

VII and VIII Cranial Nerves
Hearing preservation: As described above, not all patients 
are candidates for hearing preservation approaches. 
Once their adequate candidacy has been determined, 
they usually undergo either the MCF or the retrosigmoid 
resection. The success of hearing preservation varies signi-
ficantly among centers. Also, definition of “success” is not 
always consistent; the clinician should keep these report-
ing inconsistencies in mind when reviewing studies. 
Tables 23.12 A to C outline hearing preservation outcomes 
in studies published in the past decade.
 A recent meta-analysis of 49 articles and 998 patients 
with 6 months to 7 years of follow-up revealed an overall 
hearing preservation rate of 52% for the RSIG and MCF 
approach combined.193 Hearing preservation was defined 
as the percentage of patients who postoperatively had 
class A or B hearing out of the total number of patients 
with preoperative class A or B hearing. When separated 
by approach, 63% out of the total 286 MCF cases and 47% 
out of the total 702 RSIG cases achieved successful hear-
ing preservation. The advantage that the MCF approach 
has over the RSIG approach was shown to be significant 
even when controlling for the size of tumors addressed 
by the RSIG route. This meta-analysis also confirmed that 
hearing preservation declines with increasing tumor size. 
A literature review of only IAC vestibular schwannomas 
found similar results with an overall hearing preserva-
tion rate for the RSIG and MCF approach of 58% and 62%, 
respectively.145

 There are a few centers that perform comparable num-
ber of both MCF and RSIG approaches. More typically, 
one surgical team prefers one approach over the other 
and achieves better results with the preferred method. 
There is large variability between centers in hearing 
preservation rates for both the RSIG and MCF approach 
(Tables 23.12A and 23.12B). Interestingly, within one center, 
when tumors are controlled for size, data show similar 
hearing outcomes (Table 23.12C). This is probably due to 
reporting bias.132

 With MCF resections, the long-term results of hear-
ing preservation are good even after 5 years. One study 
showed that the initial postoperative class A hearing was 
preserved in class A or B in 95% of the cases at the conclu-
sion of the 5-year follow-up; in another, WRS class I hear-
ing (SDS>70%) was maintained in 23 (88%) of 26 patients 
with >5 years of follow-up.194,195

 Intraoperative monitoring of hearing function with 
ABR or CNAP during vestibular schwannoma surgery is 
routinely performed by many surgeons. A review from 
Stanford found that monitoring by CNAP is significantly 
associated with a higher chance of hearing preserva-
tion,196 while monitoring by ABR did not have a positive 
influence on hearing preservation results. Superiority of 
direct (CNAP) 8th nerve monitoring was also demons-
trated by Danner et al. hearing was preserved in 71% of 
patients with tumors 1 cm or less and in 32% of patients 
with tumors between 1 and 2.5 cm, compared to 41% 
and 10% when ABR was used for the same size matched 
tumors.197 Another intraoperative predictor of hearing out-
come may be severity of adhesion of the tumor to the 8th 
nerve; tumors with severe adhesions may be associated 
with a hearing preservation rate of <20%.198

Facial nerve function: Facial nerve function is one of the 
most important outcomes with vestibular schwannoma 
surgery. Facial nerve deficits are a cause of significant 
morbidity for the patient—not just for cosmetic reasons, 
which can be devastating and socially isolating, but also 
for the functional reasons of impaired eye closure, oral 
competence and nasal valve function. Patients who pre-
sent with a benign tumor that is affecting their hearing will 
more likely consent to a surgical procedure that may cause 
further hearing deterioration, but will be harder pressed 
to undergo a procedure that may cause a facial palsy or 
paralysis when they did not present with one to begin with. 
Preservation of facial nerve function is the most important 
concern of patients undergoing surgery of the CPA.119,211,212

 All of the surgical approaches can impair facial nerve 
function. Function can be compromised by direct traction, 
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Table 23.12A: Hearing preservation outcomes in recent studies: MCF

Author (ref) Group (year) No patients Hearing outcome (tumor size)

Jackson et al.196 Stanford (2000) 21 76% A/B

Thomsen et al.199 Denmark (2000) 21 44% A/B

Arts et al.200 U of Michigan (2006) 63 73% A/ B (<1 cm)
58% A/B (>1 cm)

Gjuric et al.201 Zagreb (2007) 29 55% A/B

Woodson et al.195 Iowa (2010) 49 96% WRS >50%

Table 23.12B: Hearing preservation outcomes in recent studies: RSIG

Author (ref) Group (year) No patients Hearing outcome (tumor size)

Mazzoni et al.202 Ospedali Riuniti (2000) 64 48% A/B

Kaylie et al.203 Oregon (2001) 44 29% A/B (<2 cm)

Somers et al.204 Belgium (2001) 26 46% A/B

Lee et al.205 Jefferson (2002) 51 25% GR 1/2 (<1.5 cm)
19% GR 1/2 (1.5–3 cm)

Maw et al.206 Bristol (2003) 40 38% A/B

Mangham132 Seattle (2004) 22 72% A/B

Yamakami et al.207 Japan (2009) 22 78% A/B

Nonaka et al.208 Duke (2013) 170 74% A/B

(RSIG, retrosigmoid; MCF, middle cranial fossa).

Table 23.12C: Hearing preservation outcomes in recent studies: MCF versus RSIG (intrainstitutional)

Author (center, year) (ref) Group (year) No patients/approach Hearing outcome

Rabelo et al.209 Gruppo Otologico (2012) 90 MCF
82 RSIG

18.9% A/B
10.6% A/B

Moriyama et al.198 N Carolina (2002) 10 MCF
20 RSIG

70% A/B
70% A/B

Staecker et al.210 Harvard (2000) 15 MCF
15 RSIG

46% A/B
40% A/B

blunt trauma, cautery and even transection. All factors 
taken into consideration, the major predictor of post-
operative facial nerve deficit is tumor size. For small 
tumors, < 1.5 cm in diameter, facial nerve outcomes are 
excellent (HB class 1 or 2) in 95–100% cases.203,213 The out-
comes for larger tumors are more variable, but generally 
for tumors >3 cm at 1 year of follow-up >85% of patients 
will have a HB class 1 or 2 function, and in some centers 
as low as 30%.143,203,213,214 A meta-analysis of 79 studies and 
11,873 patients found the cutoff size to be 2 cm; for tumors 
<2 cm 90% patients preserved excellent facial nerve func-
tion while for those 2 cm or larger, the average preserva-
tion rate was 67%.215 

 Since size of tumor affects approach, comparison of 
facial nerve outcome between approaches should be con-
ducted for size-matched tumors. For larger tumors, the 
surgeon is often faced with the decision between the RSIG 
and TLAB approach (Table 23.13A). Similarly, for smaller 
tumors where hearing preservation is attempted, the choice 
is between the MCF and RSIG approach (Table 23.13B). 
Regarding the hearing preservation approaches, while the 
hearing outcomes favor the MCF approach, the facial nerve 
outcomes have been thought to favor the RSIG approach. 
However, in a large meta-analysis of studies conducted 
over the past two decades and controlling for tumor size, 
the MCF approach has led to excellent outcomes in 85% 
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(RSIG, retrosigmoid; TLAB, transylabyrinthine).

Table 23.13A: Facial nerve outcomes: RSIG versus TLAB 

Author (ref) Group (year) Approach (n) HB 1+2 outcome (size of tumor)

Samii et al.217 Hannover, Germany (2006) RSIG (n=22) 95% (intracanalicular)

Tonn et al.218 Wuerzburg, Germany (2000) RSIG (n=396) 89% (<30 mm)

Maw et al.206 Bristol, UK (2003) RSIG (n=40) 90% (<30 mm)

Mazzoni et al.202 Ospedali Rinuiti, Italy (2000) RSIG (n=150) 85% (<20 mm)

Danner et al.197 UCSD (2004) RSIG (n=242) 95% (<10 mm)
100% (10–15 mm)
89% (15–20 mm)
77% (20–25 mm)
66% (>25 mm)

Darwish et al.219 New Zealand (2005) RSIG (n=97) 80% (<15 mm)
81% (15–30 mm)
22% (>30 mm)

Mamikoglu et al.220 Northwestern, IL (2003) TLAB (n=81)
RSIG (n=17)

68% (20–30 mm)
59% (20–30 mm)

Anderson et al.221 Loyola, IL (2005) TLAB (n=25)
RSIG (n=22)

72% (>30 mm)
81% (>30 mm)

Wu and Sterkers222 Paris, France (2000) TLAB (n=40) 65% (>30 mm)

Zhang et al.223 Xijing Hospital, China (2005) RSIG (n=105) 57% (>40 mm)

(RSIG, retrosigmoid; MCF, middle cranial fossa; TLAB, translabyrinthine).

Table 23.13B: Facial nerve outcomes: smaller tumors

Author (ref) Group (year) Approach (n) HB 1+2 outcome (Size of tumor)

Staecker et al.210 Harvard (2000) MCF (n=15)
RSIG (n=15)

93% (intracanalicular)
93% (intracanalicular)

Moriyama et al.198 Raleigh, NC (2002) MCF (n=10)
RSIG (n=20)

100% (intracanalicular)
95% (intracanalicular)

Sanna et al.224 Piacenza, Italy (2004) MCF (n=56)
RSIG (n=41)

52% (<15 mm)
95% (<15 mm)

Satar et al.225 Meta-analysis (2003) MCF (n=797) 99% (<1 mm)
94% (1–10 mm)
86% (10–19 mm)

Arts et al.200 Ann Arbor, MI (2006) MCF (n=73) 96% (3–18 mm)

Isaacson et al.226 Ann Arbor, MI (2005) TLAB (n=63)
MCF (n=61)

100% (<10 mm) 
93% (10–18 mm)
94% (<10 mm) 
92% (10–18 mm)

Mann et al.38 Mainz, Germany (2002) MCF (n=129)
TLAB (n=136)
RSIG (n=111)

85% (intracanalicular)
79% (<15 mm)
79% (15–25 mm)
100% (intracanalicular)
93% (<15 mm)
81% (15–25 mm)
77% (<15 mm)
49% (15–25 mm)
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of cases and was significantly higher than the RSIG resec-
tion with excellent outcomes in 78%. The TLAB approach 
in the same analysis led to an average 81% of patients 
with a HB class 1 or 2 outcome.215 A multivariate analysis 
of 624 patients found no significant difference in facial 
nerve outcomes between approaches when controlling for 
tumor size.216 
 One consideration with large tumors, which are known 
to carry a greater risk of facial nerve palsy after resection, 
is to perform a near-total resection, leaving a piece of 
tumor capsule on the facial nerve part that is most splayed 
out and at most risk. While this strategy implies a better 
prognosis theoretically, the studies conducted so far 
have not shown significant difference in long-term facial 
function outcomes between gross total and near-total 
resection.216,227,228 The risk of recurrence between near-total 
resection and gross total resection is comparable, and thus 
many authors advocate for leaving a capsule behind, espe-
cially with unfavorable facial nerve anatomy or significant 
tumor adhesion to the nerve. The role of near-total and 
subtotal resection in microsurgical treatment of vestibular 
schwannoma is discussed in a separate section below.
 Other factors that have been investigated with respect 
to their influence on facial nerve functional outcomes 
include age of patient, experience of the surgeon, presence 
of a cystic component and intraoperative monitoring of 
facial nerve activity. While the large meta-analysis found 
that age of the patient significantly influenced outcome, 
with patients younger than 65 having unexpectedly worse 
outcomes than those older than 65 (71% vs. 84% with HB 
class 1 or 2 function, respectively), other studies have not 
found a significant association.215,216 Experience of the sur-
geon may play a role in the first 2 years of practice.216,228 
In a Danish study of 773 patients with vestibular schwan-
nomas, solid versus cystic large tumors were compared 
with respect to facial nerve outcomes. Even though the 
solid tumors were more adherent to the surrounding 
structures, 27% of patients with the solid tumors had a 
significant (HB 6) facial nerve function deficit compared to 
41% of patients with cystic tumors.229 
 Most of today’s major vestibular schwannoma treat-
ment centers monitor facial nerve activity during micro-
surgical resection. Electrophysiologic monitoring is indeed 
associated with significantly better functional outcomes, 
with one study showing a 70% good or excellent function 
(HB 3 or better) without monitoring compared to 89% 
when monitoring is utilized; similar results have been 
demonstrated in larger meta-analyses.215,218,230,231 Intraope-
rative electrophysiologic studies have reduced the rate of 
complete facial nerve palsy from 14% to 1.5%.218

Vestibular disturbance: Apart from hearing preserva-
tion and facial nerve function outcomes, the possibility 
of vestibular disturbance should also be discussed with 
the patient. Both the inferior and superior division of the 
vesti bular nerves can be affected by the tumor. Further, 
disequilibrium can be caused by cerebellar damage, brain 
stem injury, residual vestibular nerve dysfunction, and 
compromise of AICA vessels as well as direct damage 
to the vestibule while drilling the posterior aspect of the 
petrous bone during the retrosigmoid approach. 
 In one study, balance disturbance was the most fre-
quently reported symptom after vestibular schwannoma 
surgery in up to 10.2% of patients immediately following 
surgery and remained in 6.3% of patients in long-term 
follow-up.208 This same group examined the incidence of 
vestibular function according to surgical approach and 
found that it occurred in 12% of patients with the retrosig-
moid approach, 11.7% of patients with the MCF, and 5% 
of patients undergoing the translabyrinthine approach. 
In a large meta-analysis, the TLAB approach and smaller 
tumors were associated with significantly less postopera-
tive disequilibrium.232 When it comes to the retrosigmoid 
approach, most commonly associated with postoperative 
symptom of dizziness, a review of 104 patients found that 
up to 77.2% complained of postoperative imbalance.233 
Young age, large tumors, and female gender as well as pre-
operative vestibular complaints can all increase this surgi-
cal risk.

Incidence of Other Complications

A recent, statistically powerful meta-analysis of 100 articles 
including close to 33,000 patients who underwent vesti-
bular schwannoma surgery found that in 22% of patients 
at least one complication was not related to the VII and 
VIII CNs.232 CSF leaks were found in 8.5% cases, followed 
by 3.8% total infections rate (of which 78% were meningi-
tis and the remaining were wound infections and fat graft 
site infections), 1.3% complications consisted of other CN 
deficits (trochlear, abducens, glossopharyngeal, vagus and 
accessory nerves), ischemic injury or hemorrhage was 
found in 1% and mortality in 0.2% of cases.

CSF leak: Cerebrospinal fluid (CSF) leak is the most com-
monly reported complication of microsurgical resection 
of vesti bular schwannoma. The TLAB approach appears 
to carry the highest risk of CSF leaks, ranging from 0% to 
31%,148,149,152,183,184,234,235 followed by the MCF approach with 
4-20% incidence.236,237 The lowest rate of CSF leaks may 
be associated with the RSIG approach, reported to be in 
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the 3% to 12% incidence range.147,152,238,239 The difference 
among approaches, however, was not found to be signifi-
cant in two large meta-analyses.148,153

 Other variables that can influence the incidence of 
postoperative CSF leak may be the patient’s age (carrying 
a 5% increase in risk in those patients older than 50),153 
as well as increase in tumor size.151,152,240 .The notion that 
larger tumors carry a higher risk of CSF leak, however, has 
been challenged by other reports.153,241-243 Also, incidence 
of CSF leakage was found to be higher in patients with 
tumor recurrence needing additional surgery (11%) than 
in patients undergoing surgery for the first time (4%).244 
Management and tips on prevention of postsurgical CSF 
leaks are discussed above.

Meningitis: Meningitis is the second most common 
complication of vestibular schwannoma microsurgery. 
Reported incidence of meningitis ranges from 0.14% to 
9.9%.148,151,153,183,184,205,208,234,245,246 Large review studies have 
found a significant increase in the risk of meningitis in 
patients who also developed a CSF leak after surgical 
resection of vestibular schwannoma.148,153 In an analysis 
of patients with meningitis after vestibular schwannoma 
resection, 82% of patients had a history of postoperative 
CSF leak.240 A large majority of patients (56–72%) with 
postoperative meningitis have aseptic (chemical) menin-
gitis compared to culture-confirmed bacterial meningitis, 
found in 22% of patients.245,247

Wound infections: Of the 3.8% total infection rate found 
in the meta-analysis of close to 33,000 vestibular schwan-
noma resections, wound infection accounted for 16%, and 
fat graft site infection for 3.4% of cases.232 Other studies 
have found wound infection rates in the range of 2–3%.205,208 
There was no significant correlation between approach for 
tumor resection or tumor size and wound infections.232

Cranial nerve deficits not related to nerves in the IAC (CN 
VII and VIII): In addition to the cochlear nerve and facial 
nerve, deficiency in other CNs may be encountered after 
vestibular schwannomas microsurgical resection. Defi-
cits in CNs outside of the IAC are typically associated with 
larger vestibular schwannomas or extended approach-
es.243,246 From these reports, trochlear nerve deficits can 
be seen in up to 4.2% of cases; the abducens nerve may 
be transiently or permanently affected in 1.7% and up to 
5.8% of cases; the trigeminal nerve was affected in 0.9% 
of cases; and vagus nerve deficits were seen in 0.3% of 
patients undergoing microsurgery for removal of vesti-
bular schwannomas.

Vascular injury, thrombosis, intracranial hemorrhage, sei-
zures, and death: With the advent of microsurgical tech-
nique and advances in perioperative care, rates of vascular 
injury, intracranial hemorrhage, parenchymal injury, and 
associated mortality have declined precipitously. Rates 
of postoperative intracranial hemorrhage range from 
app roximately 0.8% to 1.7%.151,243,246 Rates of dural sinus 
thrombosis reported in the literature range from 0.1% to 
4.6%.151,157,248,249

 Recently reported mortality rates in association with 
vestibular schwannoma microsurgery are <2%.151,243,246 
Although the reported incidence is low, mortality seems to 
be associated with larger tumors.250 Vascular fatalities are 
commonly associated with injury to the AICA.250 
 Seizures can be associated with vascular or paren-
chymal injury. In a review of 120 patients after vestibu-
lar schwannoma microsurgical resection, a 6.6% rate of 
seizure was reported; 3.3% of patients experienced 1 
seizure, and 3.3% of patients experienced multiple seizures 
requiring medication.157 Slattery et al. reported a 1.2% rate 
of seizure in their review of 162 patients.251

Recurrence and Postoperative Surveillance

A distinction should be made between recurrence rates of 
those tumors where the goal of treatment was complete 
resection and recurrence rates of tumors where frag-
ments or parts were purposefully left behind by the surgi-
cal team. The success rate of GTR declines in parallel with 
tumor size; in a recent report, GTR was achieved in 100% 
of intrameatal tumors, 98.2% of small tumors, 77.7% of 
medium tumors, 67.5% of moderately large tumors, 45.4% 
of large tumors, and 44.8% of giant tumors.208 However, 
even with intended complete tumor resection, residual 
cell rests may remain adherent to intact or remnant nerves. 
Recurrence typically represents regrowth of these residual 
tumor rests. 
 Mamikoglu et al. reported a tumor recurrence rate of 
1% after complete resection of large vestibular schwanno-
mas at 5-year follow-up.234 In a review of >1,500 translaby-
rinthine approach microsurgical resections of vestibular 
schwannoma, a 0.3% rate of recurrence was described.252 
Similarly, a review of 735 cases of complete tumor resec-
tion via the middle fossa approach revealed a 0.3% rate of 
tumor recurrence.253 Carlson et al. compared recurrence 
rates of tumors after gross total resection at 3.5 years of 
follow-up among all approaches; the overall recurrence 
rate was 3.5%; the TLAB and RSIG approaches carried 
a risk of recurrence of 2.2% and 2.4% respectively, while 
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2 out of the 15 patients who underwent the MC approach 
(12.3%) had tumor recurrence.254 Residual and recur-
rent tumors typically remain asymptomatic until tumor 
regrowth is sizable.
 Tumor regrowth is most commonly assessed with 
postoperative MRIs. Based on their follow-up of 350 
patients over 3.5 years, Carlson et al. have recently pro-
posed an algorithm for the timing and optimal schedule 
of postsurgical surveillance.254 The initial MRI should be 
obtained 6 months postoperatively to serve as a baseline 
for further comparison of subsequent imaging. The aver-
age linear diameter growth rate for recurrent tumors is 
similar to untreated tumors, ranging from 0 to 5 mm per 
year.95,252,255,256

 Postoperative enhancement along the surgical bed is 
almost ubiquitous (occurring in 98.5% patients).254 Linear-
type enhancements are not predictive of regrowth, and a 
repeat MRI may be obtained years later. For patients who 
underwent gross total resection and have a nodular-type 
enhancement on a baseline 6-month postoperative MRI, 
more frequent MRI scans are suggested (the authors 
advocate a follow-up scan at year 3, 7, and 15). Subtotal 
resection and nodular enhancement increase the risk of 
recurrence rates by up to 9- and 16-times fold, respec-
tively. Accordingly, these individuals should have imag-
ing performed more aggressively at 2, 5, 10, and 15 years. 
An increased risk of recurrence based on completeness of 
resection257,258 and nodular-type enhancement on MRIs259 
has been confirmed by other studies. Fat suppression pro-
tocol MRI facilitates postoperative surveillance in patients 
who underwent reconstruction of operative defects with 
adipose tissue grafting.252

Role for Incomplete/Subtotal Resection

The definition of difference between NTR and STR is not 
consistent; typically a cutoff between 2 mm and 5 mm 
of linear capsule remnant is used. Decision to perform 
a gross total resection (GTR) versus near-total (NTR) or 
subtotal (STR) resection can be made intraoperatively in 
an effort to preserve CN function or may be mandatory in 
the case of adverse patient response during surgery. Less 
than complete removal can also be elected preoperatively, 
despite the possible risk of regrowth, with intention to sub-
sequently treat or observe the tumor.255,257,260

Cranial nerve preservation: The hearing status of the con-
tralateral ear is also relevant. If it is impaired from a sec-
ond vestibular schwannoma (as in cases of NF2) or other 

otologic disease, incomplete removal may increase the 
chance of hearing conservation.261 Nonaka et al. analyzed 
their series of 170 patients in whom hearing preservation 
was attempted and correlated to the extent of approach; 
out of 150 GTR, 75.3% patients achieved an A or B class 
hearing, compared to 82.4% of 14 total NTR and 66.7% of 
3 total STR. 
 The benefit of more conservative resection appears to 
favor facial nerve outcomes, although this has not been 
consistently demonstrated (Table 23.14).
Recurrence rates: The location of tumor remnant can influ-
ence tumor recurrence rates, with those tumors left at the 
fundus of the IAC are more capable of regrowth, presum-
ably due to a richer blood supply.8,258,260 Cystic tumors may 
also be more likely to recur if merely debulked.8,257 While 
some studies show a significantly increased risk of recur-
rence with subtotal resection, others have not found a 
diff erence in the extent of resection and recurrence rates 
(see Table 23.14).

Subsequent treatment: Within most patients, tumor regrowth 
does not occur. However, in the selected cohort of patients 
in whom regrowth is encountered, subsequent treat-
ment is frequently necessary in 59–100% of cases.257,258 The 
patient’s age, functionality, medical comorbidities, and 
rate of tumor growth must be factored into the clinical 
decision making about the management of recurrence and 
regrowth. Because of higher chance of regrowth over time 
with incomplete resections, total resections are favored in 
younger patients. 
 Treatment options with recurrent or incompletely 
resected tumors include repeating microsurgical resection 
or administering postoperative radiation. Multimodality 
treatment with adjunctive or delayed use of radiation is 
discussed in the subsequent section. Surgical resection 
of a recurrent tumor (revision surgery) should be distin-
guished from planned staged surgical resection, as the 
former is used as a salvage technique and the latter is per-
formed in a controlled, predetermined matter. Revision 
surgery has been associated with elevated rates of facial 
nerve injury,263,264 while planned staged tumor removal 
appears to carry improved facial nerve outcomes.144,265,266

 Planned staged microsurgical resection of vestibular 
schwannomas has been described for large tumors (> 3 cm) 
by using a RSIG approach for initial debulking, followed 
by a second staged TLAB approach for completion of 
tumor removal 4–6 months later.265 In their series of 34 
patients, Patni and Kartush have described up to 94% HB 
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Table 23.14: Extent of tumor resection: recurrence and cranial nerve outcomes

Report (ref)
Center 
(year)

Extent of resec-
tion (n) Recurrence (years follow-up) Cranial nerve preservation

Bloch et al.257 UCSF 
(2004)

GTR (n=455)
NTR (n= 76)
STR (n= 93)

—
3% (3 years)
32%

Intact FN function (HB1)
61%†

51%†

55†

Nonaka et al.208 Duke (2002) GTR (n=306)
NTR (n=73)
STR(n= 31)

0.1%† (3 years)
3%†

10%†

Good FN function 
89% 
77% 
77%

HP success rate
75%
82%
67%

Carlson et al.254 Mayo clinic 
(2012)

GTR (n=144)
NTR (n=32)
STR (n=27)

4% (3.5 years)
3%
22%

—

Sughrue 
et al.262

UCSF 
(2011)

GTR (n=571)
NTR (n=89)
STR (n=112)

10†(5 years)
22%†

16%†

9%† (10 years)
8%†

8%†

—

Gurgle et al.142 Stanford 
(2012)*

GTR (n=336)
NTR (n=55)
STR (n=80)

— Good FN function
47% 
75%
93%

Seol et al.227 Kangwon 
National 
University, 
ROK (2006)

GTR (n=26)
NTR (n=32)
STR (n=58)

4%
9%†

28%

Good FN function (immediate postoperative)
15%
41%
47%

grade I facial nerve function in staged resection of large 
tumors. Raslan et al. have also proposed a similar staged 
resection as a strategy to improve facial nerve outcomes 
and morbidity in large tumors.266 In the first stage, a RSIG 
approach is utilized to debulk the CPA portion of tumor 
without meatal drilling. The decision for staging was made 
based on presence of cerebellar or brain stem edema, 
tumor adherence to the facial nerve or brain stem, poor 
facial nerve stimulation or a thin or splayed facial nerve. 
Twenty-eight patients underwent such staged resections. 
Compared to size-matched tumors removed with the tra-
ditional single staged approach, gross or near-total resec-
tion was achieved for 96% of patients (compared to 79% of 
single stage); good facial nerve function was achieved in 
82% versus 53% of staged vs. nonstaged resections, respec-
tively. However, CSF leak was more common in two-stage 
microsurgical removal of vestibular schwannoma. The 
patient’s age should also factor into deciding on a staged 

approach, as younger patients may tolerate a two-stage 
tumor resection, and older patients may not tolerate a 
second craniotomy.

Salvage Surgery after Radiation
For those patients in whom vestibular schwannoma was 
primarily treated with radiation, salvage microsurgi-
cal treatment carries higher morbidity then for patients 
undergoing primary microsurgical resection, including 
relatively poor facial nerve outcomes and nearly impossi-
ble hearing preservation.267-269 Poor facial nerve outcomes 
are thought to occur because an irradiated facial nerve’s 
regeneration potential is diminished, and the recovery 
from microsurgical trauma is not as robust. It may take 
anywhere between 1 and 10 years for salvage surgery, with 
the most common reason to undergo secondary treatment 
being tumor growth.268,269 The tumor may quadruple in 
volume before salvage surgery is considered.269
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 An alternative strategy is to perform a more conserva-
tive resection compared to nonirradiated cases.270 Fried-
man et al. found a significant difference in facial nerve 
outcomes with partial (near-total or subtotal) resection 
following radiation in their series of 73 recurrent tumors.271 
At 1 year of follow-up, good facial nerve function (H-B I/
II) was found in 85.7% of patients with partial removal and 
50% of those with gross total removal. They found no evi-
dence of treatment success compromise.

Radiation
Introduction and Definition of Terms 

In addition to watchful waiting and microsurgical resec-
tion, radiation-based treatment forms the third broad 
category of management strategies of vestibular schwan-
nomas. This option is appealing to both patients and 
clinicians as its intent is to minimize treatment-related 
morbidity, yet still provide an active management strategy.
 Conventional radiotherapy (as opposed to modern 
stereotactic radiation) is seldom used, and few studies 
have published outcomes, which are poor with respect to 
significant recurrence, treatment-related morbidity and 
even mortality.272,273 Stereotactic radiation-based treat-
ments are varied, and the definition of the type of treat-
ment should be precise as there are significant differences 
in protocols (one- versus multi-day) and outcomes as they 
relate to hearing preservation, preventing recurrence, and 
minimization of other complications. A distinct difference 
exists between radiosurgery and radiation therapy. Radio-
surgery is so named as it can essentially be utilized as a 
one-time treatment, akin to a surgical intervention, but 
also as a staged course of two to five sessions (referred to 
as hypofractionated). Radiation therapy implies fraction-
ating or dividing the radiation dose over multiple treat-
ments, usually longer than 5 days and up to 30 treatments.
 Minimizing radiation of uninvolved tissues is achieved 
with differential distribution of energy in radiosurgery, 
relying on a specified radiation dose to the target surrounded 
by an area of a steep dose falloff in its vicinity. In radia-
tion therapy or hypofractionated therapy, minimization 
of injury to healthy adjacent tissue is in addition achieved 
by dose fractionation. Dose conformality is defined as 
the ratio of the total volume of all tissue receiving the 
prescribed radiation dose over the planned target volume, 
an important concept in treatment optimization. High 

dose conformality implies a very favorable ratio of tissues 
that are intended for radiation (tumor) versus the sur-
rounding and likely vulnerable neurovascular structures 
(CNs, cochlea, etc.). The point in space through which 
the central rays of the radiation beam pass is the treat-
ment isocenter, while the lines around the tumor confines, 
in centrifugal order, mark isodose lines. The same dose is 
delivered to the area between the two adjacent isodose 
lines.
 Delivery of radiation for either radiosurgery or radia-
tion therapy is achieved with various technology and soft-
ware. Some systems require the utilization of a stereotactic 
frame, while others are frameless. Stereotactic refers to 
a method in which a precise 3D coordinate in space is 
defined (either with a Cartesian or polar system) and then 
used to describe the exact location of the intended treat-
ment delivery, as well as the exact location of tissues to 
be excluded from treatment. Stereotactic method can be 
achieved with a mounted frame with reference fiducials or 
with a real-time imaging that is frameless. 

Historical Background

Lars Leksell, a Swedish neurosurgeon, is credited for 
pioneer ing a radiation-based method of destroying discrete 
anatomical regions within the brain while minimizing the 
effect on the surrounding tissues. Leksell and Borje Larsso, 
a physicist and radiobiologist, were the first to utilize 
gamma rays from multiple directions to treat small and 
specific areas within the cranium in 1951 at the Uppsala 
University in Stockholm, Sweden.274 Leksell used the polar 
coordinate system (relying on a fixed point, with a speci-
fied distance, angle and direction from it) for his original 
Gamma Knife device. The first treatment of a vestibu-
lar schwannoma in a human was performed by Leksell 
in 1969 with the help of his Gamma Knife, a stereotactic 
device that contained multiple radioactive cobalt (cobalt-60) 
sources.275

 Almost 20 years later, first linear accelerator (LINAC) 
systems were developed. Stereotactic radiosurgery (SRS) 
and SRT can both be achieved with the (Leksell )Gamma 
Knife or a linear accelerator (LINAC) system (X-knife, 
Novalis and Cyberknife).While the original Gamma Knife 
relied on a stereotactic headframe with reference fiducials, 
newer technology (Cyberknife)does not require a stereo-
tactic headframe but relies on orthogonal radiographs and 
an optical tracking system.
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Current Delivery Systems

Leksell Gamma Knife: The Leksell Gamma Knife (Elekta 
Instruments, Norcross, GA, USA) uses either 201 (models 
U, B, C, 4-C) or 192 (model Perfexion) fixed Co 60 radia-
tion sources that can be collimated to radiation beams of 
4–18 mm (16 mm with Perfexion). Dose plans generally 
consist of several weighted isocenters to create a confor-
mal 3D volume to cover the desired target. A stereotactic 
headframe is used to provide reference fiducials for stereo-
tactic accuracy and fixation in the device.

Linear accelerator systems: Multiple linear accelerator 
(LINAC) systems have been developed during the second 
half of the last century, with the first system described by 
Betti and Derechinsky in 1984,276 and first patient trials 
published in 1985 by Colombo et al. from Vicenza, Italy.277 
The LINAC technology has subsequently been modified 
to achieve improved precision and accuracy. The LINAC 
systems commercially available today include the X-knife 
(Radionics Inc, Burlington, MA, USA), Novalis (BrainLAB, 
Heimstetten, Germany), and Cyberknife (AccurayInc, 
Sunnyvale, CA, USA). 
 Rather than relying on multiple fixed radiation sources 
collimated to a set point, in a LINAC system the radiation 
source moves around the patient in multiple arcs with 
the radiation entering the cranium through many differ-
ent points. Various techniques have been developed to 
improve dose conformality, including dynamic tech-
niques, in which both the patient seat and arc radiation 
delivery system move to shape target volume. These sys-
tems are also used in conjunction with a stereotactic head-
frame or mask.

Cyberknife: In the 1990s, John Adler created the Cyber-
Knife, a robotic frameless radiotherapy system that uses 
real-time acquisition of the patient’s bony anatomy for 
image-guidance.278 The Cyberknife is a frameless, image-
guided, robotic radiotherapy system that uses a LINAC 
mounted on a 6-axis robotic arm and a real-time opti-
cal tracking system. The arm is programmed to move the 
linear accelerator sequentially through a predetermined 
series of locations. At each location, radiation is delivered 
to the target volume. The trajectory and dose delivered at 
each location are calculated so that their cumulative effect 
optimizes the coverage of the target volume while mini-
mizing the exposure of adjacent tissues. The Cyberknife 
can generate beams from >1200 directions. This allows for 
nonisocentric radiation planning that can optimize dose 

conformality and homogeneity. The use of Cyberknife, 
for its frameless image-guided technology, has made the 
delivery of staged radiation therapy more practical in the 
treatment of vestibular schwannoma.

Candidacy
Radiation therapy-based treatment is generally used in the 
following settings:
 1. Patients with unilateral or bilateral vestibular schwan-

nomas that are <3 cm in diameter within the CPA.
 2. Patients who have residual tumor after a planned 

subtotal microsurgical resection or those that recur 
despite apparent gross total removal.

 3. Patients who demonstrate tumor growth following 
radiotherapy or radiosurgical treatment can also be 
considered for retreatment; retreatment is considered 
no sooner than 1 year after initial radiotherapy. 

 4. Patients who are not microsurgical candidates because 
of advanced age or other risk factors or patients who 
do not wish to undergo microsurgical treatment. 

 5. Patients who have neurofibromatosis type II (NF2) 
can also be candidates for radiotherapy, although as 
a group this population does not seem to respond as 
well to treatment as do patients who have sporadic 
unilateral tumors.279

 6. Patients who prefer radiation therapy over other man-
agement options.

Delivery Techniques
Single treatment delivery: The following protocol is uti-
lized by the Mayo Clinic in conjunction with the Leksell 
Gamma Knife and the associated software Gamma Plan 
for 3D dose planning280:
•	 At an outpatient center, the patient is given a low-dose 

oral benzodiazepine; younger patients may require 
general anesthesia; however, treatment is generally 
well tolerated.

•	 Patient’s head is cleaned with alcohol and infiltrated 
with a local anesthetic at the points where headframe 
will be applied.

•	 Stereotactic headframe (Leksell Model G) is applied 
with a 4-point fixation.

•	 MRI followed by CT imaging (1 mm slices for both 
modalities) is utilized to define the exact 3D volume-
tric locations of the vestibular schwannoma and criti-
cal temporal bone structures surrounding the tumor. 

•	 The MRI and CT scan images are fused with the 
Gamma Plan software. 
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•	 A conformal radiation dose plan is then developed, 
utilizing a combination of isocenters with various-
sized collimators and differential weighting. The Per-
fexion model divides 192 Co 60 radiation sources into 
8 sectors of 24 sources each. Each sector can be com-
pletely blocked from contributing to the isocenter or 
collimated to sizes of 4, 8, or 16 mm; these manipula-
tions allow for more complex-shaped isocenters.

•	 Patients are typically discharged from outpatient 
observation within several hours of completing treat-
ment and can resume all daily activities with no 
restrictions.

Single treatment radiation dose: With any type of radia-
tion-based treatment, a higher dose is more successful 
at preventing recurrence of tumor, but comes at a cost of 
increased treatment induced toxicity. In the 1990s, with 
mean tumor margin doses of 18 Gy (range 16–20 Gy) the 
tumor control rate was excellent, yet the rate of new onset 
facial weakness after radiation treatment was as high as 
21%, loss of serviceable hearing occurred in up to 75% of 
cases and 36% patients developed trigeminal sensory dis-
turbance. As the mean tumor margin dose was decreased 
to 13 Gy (range 12–16 Gy) in 1997, the toxicity of treatment 
declined. With the new lowered margin dose, no patients 
developed new facial weakness, trigeminal symptoms 
occurred in < 4% of cases, and serviceable hearing loss was 
reduced to 23%. In addition, dose conformality improved 
by simultaneously increasing the number of isocenters 
from a mean number of 5 in the early 90s and increasing to 
8 toward the end of the century.280

 Presently, most protocols utilize a dose of 12–13 Gy 
for patients with serviceable hearing and 13–14 Gy for 
patients with poor hearing. Most cases are treated using 
the 50% to 60% isodose line, which maintains a high intra-
tumoral dose with a steep radiation falloff.280

 Single-fraction SRS using LINAC-based units is very 
similar, except that the tumor margin dose of 12 to 14 Gray 
(Gy) is usually prescribed to the 80% or 90% isodose line.281 
This results in a more homogeneous radiation distribu-
tion, but the maximum dose is less than typically used in 
Gamma Knife procedures. 

Hypofractionated treatment delivery: Injury to adjacent 
uninvolved CNs may be mitigated in part by fractionat-
ing or staging a course of treatment into a series of smaller 
doses of radiation.282-284 The Cyberknife, obviating the need 
for a fixed headframe, has been utilized to deliver hypo-
fractionated therapy in three consecutive daily treatments.

 Below is the protocol used by Stanford University 
School of Medicine.285

Pretreatment evaluation:
•	 Gadolinium-enhanced MRI is obtained in all patients 

within the 3 months before treatment and the tumor is 
measured in three orthogonal dimensions. 

•	 Pretreatment audiograms (including WRS and PTAs) 
are obtained within 3 months before treatment.

•	 Cranial nerve status is evaluated, with special attention 
given to the fifth, seventh, and eighth CN examination.

Treatment planning and delivery:
•	 The patient is fitted with a custom made Aquaplast 

mask and thin foam headrest (ensures consistent 
positioning).

•	 High-resolution CT scan (1.25 mm slice) with IV con-
trast is obtained.

•	 The acquired images are transferred to the Cyberknife 
treatment planning workstation.

•	 If the tumor morphology and dimensions are con-
sistent in the acquired CT and the pretreatment MRI, 
target planning can be done using CT imaging alone 
(nearly all cases); in the case of contrast intolerance, 
2 mm Gd-enhanced T1-weighted MRI is used for 
planning, and a noncontrast CT is used for real-time 
patient tracking during treatment.

•	 The treating surgeon manually defines/outlines the 
tumor volumes and critical structures on axial images; 
the window levels may need to be adjusted to soft tis-
sue versus bone when delineating tumor versus out-
lining the cochlea, respectively.

•	 The Cyberknife treatment planning software performs 
nonisocentric, inverse planning to achieve a highly 
conformal radiotherapy dose that minimizes dose to 
the adjacent critical structures. 

•	 The treatment plan is evaluated by the treating surgeon 
and the radiation oncologist. The number of paths and 
beams used for each patient varies and is determined 
by the selected individual treatment plan.

•	 The patient is placed supine on the treatment couch 
and the Aquaplast mask is put on the patient and 
affixed to the treatment couch; alignment is confirmed.

•	 Each treatment fraction lasts between 30 and 45 
minutes.

•	 Following each radiotherapy fraction, patients are 
treated with an oral dose of 4 mg of dexamethasone for 
prophylaxis of acute radiation toxicity.
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Hypofractionated treatment radiation dose: Hypofraction-
ated (multisession) SRS procedures for patients with vesti-
bular schwannoma generally use 18 to 21 Gy in 3 daily 
fractions and up to 20 to 25 Gy in 5 daily fractions.282,286 
In the above protocol from Stanford University, a total of 
21 Gy over 3 days (7 Gy per treatment) are delivered, which 
is equivalent to a 14-Gy single dose session. In patients in 
whom hearing preservation is attempted and who are at 
low risk of recurrence, the dose is lowered to 6 Gy fractions, 
for a total of 18 Gy (equivalent to 11.5-Gy single dose).The 
treatment dose is prescribed to the 70% to 80% isodose 
contour line at the periphery of the tumor.285

Conventional fractionated stereotactic radiotherapy delivery: 
Conventional fractionated radiotherapy has been used to 
treat vestibular schwannomas. The relative reduction in 
accuracy and conformality compared with radiosurgery 
methods is the main drawback to this approach. Even with 
the most precise techniques for external beam radiation 
therapy setup, such as relocatable headframes (e.g. the 
Gill-Thomas-Cosman system), the targeting of radiation is 
less accurate than that which can be achieved with frame-
based radiosurgical methods. Radiation can be delivered 
with photon or proton beams. 
 Proton-based therapy has the advantage of deliver-
ing most of its energy at a fixed point, with minimal entry 
and exit radiation compared with photon-based radiation 
delivery systems. This property is advantageous if trying 
to avoid critical structures in way of treatment beans, such 
as the cochlea or brainstem. However, the technology is 
significantly higher in cost, and thus there has been lim-
ited use in treatment of vestibular schwannoma. 
 The following is a typical treatment protocol adminis-
tered over 6 weeks, 5 days a week (total of 30 treatments):
•	 To allow repeatable radiation delivery over several 

weeks, a molded mask and bite block is created for 
each patient.

•	 Alternatively, an individual mask system can be immo-
bilized to the patient’s skull with two titanium screws 
under local anesthesia.287,288

•	 Stereotactic localization system is attached to the base 
frame.

•	 Patient is placed in treatment position and thin section 
CT and MRI imaging is performed for treatment plan-
ning.

•	 CT and MRI images are fused, and the target volume 
and surrounding critical organs at risk are delineated 
in a 3D manner.

•	 The planning target volume encompasses the con-
trast enhancing tumor and a safety margin of 2 mm, 
accounting for motion and repositioning uncertainty.

•	 Treatment plan consists of 4 static isocentric, irregu-
larly shaped, noncoplanar fields that are collimated by 
a multileaf collimator.

•	 The total dose is prescribed to the reference point; the 
90% isodose encompassed the planned target volume.

•	 Patient is positioned with the stereotactic mask sys-
tem. Target isocenter coordinates as defined by 3D 
planning are adjusted with a stereotactic positioning 
device.

•	 Radiotherapy is delivered using 6- and 15-MV photons 
generated by a linear accelerator. 

•	 All fields are irradiated daily, and the total treatment 
time does not exceed 25 min.

Conventional fractionated stereotactic radiotherapy dose: 
Typical fractionation schemes in radiation oncology involve 
delivering 1.8 to 2.0 Gy per fraction with a maximum dose 
of 45.0 to 57.6 Gy of photon beams. This dose has histori-
cally been proven to be safe for adjacent normal tissues 
and allows for total doses in excess of 50 Gy to be delivered 
over a course of approximately 6 weeks.287,289-293

 For proton beam SRT, similar fractionation schemes 
have been developed with the radiation dose being 
expressed as cobalt Gray equivalents (CGE). These doses 
have ranged from 1.8 to 2.0 CGE per fraction delivered in 
30 to 33 fractions with a maximum dose of 54 to 60 CGE for 
patients with useful hearing before treatment.294-296

Follow-Up

For SRS, follow-up audiograms and MRI scans are per-
formed at 6-month intervals for the first year, then yearly 
for the next several years, eventually moving to MRI 
imaging every 3–4 years if no evidence of tumor growth is 
detected. The chance for tumor growth is extremely low for 
stable tumors 4 years post-GKRS (Gamma Knife radiosur-
gery).297-299

Outcomes

Gamma knife stereotactic radiosurgery (single treatment)

Tumor control rates: When discussing tumor control rate 
after radiosurgery, a distinction should be made between 
radiologic control (post-treatment imaging demonstrat-
ing either no growth or regression of tumor) and clinical 
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control, indicating that no further treatment was needed. 
Another important concept to keep in mind is that tran-
sient tumor swelling (growth) occurs in as many as 80% of 
cases after GKRS, which peaks around the 6th month after 
treatment, but may continue for up to 3 years later.298,300-304 
Serial MRI scans aid in differentiating true tumor growth 
versus associated edema.
 Factors that have been associated with subsequent 
tumor growth of sporadic unilateral vestibular schwan-
noma include imaging/targeting error, tumor biology, 
tumor volume and presence of cystic components. Tumor 
control rates with current lower tumor margin treatment 
doses of 12–13 Gy have remained the same when com-
pared to earlier treatments with margin doses higher than 
13 Gy.297,305-307

 Table 23.15 summarizes tumor control rates in some 
representative large retrospective studies conducted over 
the past 15 years. Currently, for unilateral vestibular schwan-
nomas treated with GKRS, radiologic control ranges from 
89% to 96%, whereas clinical control ranges from 91% to 
98% (see Table 23.15).

Hearing preservation: For most radiation-based treatment 
outcomes, hearing results are reported on a Gardner- 
Robertson scale, with serviceable hearing including Gard-
ner-Robertson class 1 and 2 hearing (PTA 50 dB or less, 
SDS 50% or greater). A recent review of 74 articles and 5825 

patients found that overall hearing preservation rate of 
about 57% can be expected after radiosurgical treatment, 
and patients treated with 12.5 Gy were more likely to have 
preserved hearing (59% vs. 53% for >12.5 Gy).313 Age of the 
patient was not a significant prognostic factor for hearing 
preservation rates.
 In those patients whose hearing worsens, hearing loss 
typically develops 3–12 months after radiation treatment, 
but may continue to deteriorate for up to 10 years post 
treatment.309 In a recent study, Carlson et al. found that 
durable hearing preservation a decade after low-dose SRS 
for vestibular schwannomas occurs in less than one-fourth 
of patients.314

 In general, hearing preservation rates worsen as 
tumor size increases.315 Better pretreatment hearing pre-
dicts improved hearing outcomes as well.314,316 One of the 
most significant factors in hearing preservation after SRS 
appears to be radiation dose to the cochlea.316-319 For single 
session SRS, a maximum cochlear dose <4.0 to 4.2 Gy has 
been shown to correlate with better hearing preservation 
(Table 23.16). 

Complications

Acute complications: Acute side effects after GKRS are usu-
ally mild and self-limited.323,324 In the immediate period, 
patients may complain of headaches, nausea, vomiting 

(GKRS, Gamma Knife radiosurgery).

Table 23.15: GKRS: tumor control rates

Author (ref)
Group 
(year)

N (previous 
microsurgery)

Mean tumor 
volume
(range)

Marginal dose 
(range)

Mean 
follow-up 
(range)

Post treat-
ment size

Further 
treatment 
needed

Kondziolka 
et al.308

U of Pittsburgh 
(1998)

162
(55)

2.2 cm 
(0.8–3.9 cm)

16.6 Gy
(12–20 Gy)

(5–10 years) 62% smaller 
33% same 
6% larger

2%

Prasad et al. 309 U of Virginia
 (2000)

153 
(56)

2.8 cm3

(0.02–18.3 cm3)
13 Gy 
(9–20 Gy)

4 years
(1–10 years)

81% smaller 
12% same 
6% larger

0.7%

Chung et al. 310 Taipei 
(2005)

195 
(76)

4.1 cm3

(0.04–23.1 cm3)
13 Gy 
(11–18 Gy)

3 years 58% smaller 
35% same 
7% larger

3%

Hasegawa 
et al. 298

Komaki City
 (2005)

317
(73)

5.6 cm3

(0.2–36.7 cm3)
13.2 Gy
(10–18 Gy)

7 years 
(5–10 years)

61% smaller 
31% same
7% larger

9%

Myrseth 
et al.311

Bergen, Nor-
way (2005)

102 
(5)

0–0.1 cm 17.5%
1.1–2.0 cm 66%
2.1–3.0 cm 16.5%

12 Gy
(10–20 Gy)

6 years
(1–14 years)

49% smaller 
40% same 
11% larger

5%

Chopra et al.312 U of Pittsburgh 
(2007)

216
(0)

1.3 cm3

(0.08–37.5 cm3)
13 Gy
(12–13 Gy)

6 years 9% larger 1.4%
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(GKRS, Gamma Knife radiosurgery).

Table 23.16: GKRS: Hearing preservation

Author (ref)
Group 
(year)

Patients with pretreat-
ment hearing (N)

Mean follow-up 
(range) Hearing preservation

Kondziolka et al.308 U of Pittsburgh (1998) 32 >5 years
(5–10 years)

47%

Prasad et al.309 U of Virginia (2000) 36 4 years
(1–10 years)

58%

Andrews et al.320 T Jefferson (2001) 69 3 years 33%

Rowe et al.321 Sheffield, UK (2003) 49 3 years 76%

Lunsford et al.297 U of Pittsburgh (2005) 267 >3 years
(3–15 years)

79%

Hasegawa et al.298 Komaki City (2005) 74 7 years
(5–10 years)

68%

Myrseth et al.311 Bergen, Norway (2005) 31 6 years
(1–14 years)

43%

Baschnagel et al.322 William Beaumont, MI 
(2013)

40 3 years
(1–5 years)

74%

Carlson et al.314 Mayo Clinic (2013) 44 3 years
5 years
10 years

55%
48%
23%

and fatigue. Acute facial paralysis (occurring within the 
first week after treatment) has also been reported.325-328 
Acute paralysis resolved in almost all cases to HB grade1 
or 2 within 6 months to 2 years after onset. Oral or intrave-
nous steroids were given in each case. A case of permanent 
profound SNHL secondary to acute intracochlear hemor-
rhage has also been reported.325

Facial paralysis and hemifacial spasm: Development of 
a new facial nerve neuropathy is rare after GKRS with 
current 12–13-Gy marginal doses. Facial weakness typi-
cally occurs within the first year of treatment. Even for 
those patients who develop a temporary facial paralysis, 
the symptom usually resolves after 6 months to a year 
(Table 23.17). Similarly, hemifacial spasm occurs in rare 
cases and typically develops between 1 and 2 years after 
treatment.300,304 Pollock et al. have postulated that hemi-
facial spasm is the result of tumor expansion with irritation 
of the facial nerve or a delayed vascular insult; it improves 
with carbamazepine.304,329

Trigeminal neuralgia/neuropathy: In a recent meta-
analysis, Sughrue et al. have found that 2.4% of patients 
develop a non CN7 or CN8 CN neuropathy after GKRS, 
the overwhelming majority of which is involvement of 
the trigeminal nerve (paresthesia or facial tingling).332 
They also found that patients receiving >13 Gy marginal 
dose radiation were significantly more likely to develop 

trigeminal nerve neuropathy than those receiving a dose 
<13 Gy. Flickinger et al. have found that the risk of trigemi-
nal neuropathy increases with increasing tumor volume.305 
Similar to facial nerve dysfunction, trigeminal symptoms 
have been reported to develop between 5 and 48 months 
post-treatment.305,309

Vestibular symptoms: An increase in pretreatment vesti-
bular symptoms after Gamma Knife surgery varies widely 
in the current literature, and where reported, occurs from 
13% to 37% (Table 23.17). Pollock et al. investigated the 
progression of the symptom of vertigo after treatment and 
found a steady decline from 13% at the 3-month mark to 
3% at last follow-up.304 In the meta-analysis conducted by 
Sughrue et al., out of 2,383 patients who received marginal 
radiation doses >13 Gy, 1.1% reported new vertigo or bal-
ance disturbance, which was significantly less for 3,248 
patients who received radiation doses of <13 Gy (1.8%).332

Hydrocephalus: After GKRS, hydrocephalus is believed the 
result of tumor necrosis, with proteinaceous debris block-
ing CSF flow. The development of hydrocephalus is more 
common after treatment of larger (>25 mm diameter) 
tumors, and the median time to development of hydro-
cephalus is 1 year.333 The rates of post-treatment hydro-
cephalus are relatively low, and occur in <4% of cases 
(see Table 23.17). In the meta-analysis by Sughrue et al., 
the mean rate of post-GKRS hydrocephalus was 0.85%, 
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(GKRS, Gamma Knife radiosurgery).

Table 23.17: Adverse effects of GKRS

Author (ref) Group (year) Dose (N) CN 7 symptoms Vestibular symptoms CN 5 symptoms Hydrocephalus

Regis et al.300 Marseille, France 
(2002)

12–14 Gy 
(104)

2% temp
0% perm
3% spasm

37% vertigo
26% imbalance

4% 3%

Flickinger 
et al. 305

U of Pittsburgh 
(2004)

12–13 Gy 
(313)

0% NR 2.5% NR

Myrseth et al.311 Bergen, Norway 
(2005)

10–12 Gy 
(103)

5% NR NR 4%

Rowe et al.321 Sheffield, UK 
(2003)

13–15 Gy 
(232)

4.5% temp
1% perm
1.3% spasm

13% nonspec 8% 1.2%

Chung et al.310 Taipei, Taiwan 
(2005)

11–18 Gy 
(195)

1% temp NR 1% 2%

Hempel et al.330 Munich, Germany 
(2006)

10–14.5 Gy 
(123)

0% 13.3% dizziness 5.8% 2.4%

Pollock 304 Mayo Clinic 
(2006)

12.2 Gy, 
mean (82)

0% 16% (3 months)
7% (1 year)
3% (>1 year)

1.2% 4%

Murphy et al.331 Cleveland Clinic 
(2011)

12–13 Gy, 
(117)

6% temp
3% perm

4% vertigo
18% imbalance

1% 1%

three-quarters of which necessitated intervention with a 
VP shunt.332 The development of hydrocephalus was not 
reduced with lower radiation doses.

Special Considerations: Large and Cystic Tumors

For tumors >3 cm in diameter, GKRS is not a recommended 
treatment modality. Significant tumor-associated edema 
occurs almost invariably for tumors that are >3 cm, which 
can cause immediate and severe headaches, vomiting and 
dizziness.334 Brainstem compression may develop, leading 
to ataxia and obstructive hydrocephalus. Another reason 
why large tumors should not be irradiated primarily is that 
tumor control rates are decreased even with higher doses.
 Studies of SRS of large tumors have had variable 
outcomes and have consequently recommended varied 
cutoff values to define “large” vestibular schwannomas. 
Hasegawa et al. have found that for tumors >15 cm3 (equiv-
alent to >3 cm in diameter) 10-year progression free sur-
vival was 57%, compared to 95% for tumors <15 cm3.298 
Link et al. have found in their 34 patient series with tumors 
>2.7 cm an 18% failure rate at 5 years, and an incidence of 
14% of facial nerve impairment, both significantly higher 
than for smaller tumors.280 Yang et al. studied 65 patients 
with tumors between 3 and 4 cm in size.335 They report 
remarkably good results, with a 3% failure rate (necessitat-
ing surgery), 82% patients retaining good hearing at 2 years 

of follow-up, 2% of patients developing new facial nerve 
symptoms, 6% of patients with trigeminal complaints and 
5% patients with hydrocephalus necessitating shunt place-
ment. Their conclusion is that most vestibular schwannomas 
with a maximum diameter <4 cm and without significant 
mass effect can be managed satisfactorily with GKRS.
 Cystic vestibular schwannomas may represent a unique 
subtype of tumor. Relative to solid vestibular schwannoma, 
vestibular schwannoma with intratumoral cysts is associ-
ated more commonly with sudden expansion and associ-
ated morbidity.336,337 In a study by Pendl et al. six out of 74 
patients with cystic tumors demonstrated post-treatment 
enlargement (8%), and half of those required a subse-
quent microsurgical intervention.338 Delsanti et al. have 
also shown a 6.4% treatment failure rate in their series of 
54 cystic vestibular schwannomas, 3 times higher than for 
solid tumors.339 However, Hasegawa et al. have not found 
such correlations.303 While presence of cystic components 
is not an absolute contraindication to GKRS, patients 
should be advised about potentially increased risk of failed 
primary treatment and acute worsening of symptoms. 

Radiation Treatment after Surgery

Radiation treatment after primary microsurgical removal of 
vestibular schwannomas can be considered as adjunctive, 
planned treatment in cases of STGR or NTGR, or in cases 
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where there is unplanned recurrence or regrowth of tumor. 
In fact, documented tumor growth after surgical treat-
ment is the indication for undergoing GKRS in up to 86% 
of patients.340,341 Table 23.18 summarizes the outcomes of 
radiosurgery after initial microsurgical treatment for both 
residual (planned) and recurrent (unplanned) tumors; in 
newer studies, CN, and treatment failures are comparable 
to those encoun tered when radiosurgery is the primary 
treatment modality. 

Repeated Radiation Therapy
A percentage of patients with vestibular schwannoma who 
undergo radiation-based vestibular schwannoma treat-
ment will experience tumor enlargement requiring further 
therapy. To date, the experience with repeating vesti-
bular schwannoma SRS is limited, with each center only 
reporting a small number of cases and short follow-up 
after repeated SRS. Using tumor margin doses similar to 
the initial treatment (11–13 Gy), control rates have ranged 
from 90% to 100%. The morbidity of repeating SRS has 
been low, with most patients already deaf before a second 
SRS and new facial weakness occurring in <10%.345,346

Cyberknife Radiosurgery
With the arrival of the Cyberknife in 1996, fractionating 
radiation treatments has become more practical. Distri-
buting radiation over several rather than one treatment 
allows for a reduction of treatment-related morbidity with-
out a decrease in tumor control. In a study from Stanford, 
61 patients underwent 3 consecutive daily treatments of 
7 Gy (equivalent of a one-time 14 Gy dose).285 In this study, 
no patients developed facial palsy or trigeminal symp-
toms, and two patients (3%) developed transient facial 
twitching. Of the 35 patients who had GR hearing 1–2, 74% 
maintained hearing in the same class at last follow-up. 

One patient (2%) required subsequent microsurgical treat-
ment for tumor enlargement.

Fractionated Stereotactic Radiotherapy
Fractionated Stereotactic Radiotherapy (FSRT) is defined 
as radiation treatment that is longer than 3 days (3 treat-
ments). Advocates of dose fractionation have posited that 
SRT may provide better hearing outcomes than single-
fraction SRS. However, some of the reports of SRT have 
relied on patients’ subjective hearing function rather than 
audiometric data.290,292 A recent review of SRT outcomes 
found that hearing preservation rates for conventional 
and hypofractionated schemes are no better than what 
has been reported for single-session SRS.291,313 In studies 
on SRT administered over 25–30 fractions over 5–6 weeks, 
new facial nerve weakness varied from 0% to 2%; useful 
hearing was maintained in 56–84% cases and tumor failure 
rate occurred in 2–4% cases in long-term (>5 years) follow-
up.290-293 Proton beam radio therapy seems to have similar 
tumor control and facial nerve outcomes, with hearing 
preservation rates reported from 31% to 42%.294-296

Malignant Transformation
Radiation therapy is being utilized with increasing fre-
quency in treatment of vestibular schwannomas. As the 
experience with SRS grows, long-term serious compli-
cations such as malignant transformation of these 
benign tumors have only begun to emerge. The number of 
reports of radiation-induced malignant transformation is 
nearing 20 cases, albeit not all have been biopsy-proven 
benign before treatment.347,348 The most common malig-
nant pathology is GBM and malignant peripheral nerve 
sheath tumors, although sarcomas have also been diag-
nosed.349 There appears to be a predilection for radiation-
induced malignant transformation in NF2 patients.347,350 

(CN, cranial nerve).

Table 23.18: Outcomes after microsurgical treatment followed by radiation

Author (ref) Group (year) Residual/recurrent (N)
Median time after 
surgery New CN symptoms

Revision surgery 
needed

Pollock et al.342 Mayo Clinic (1998) 78
52/26

4.8 years 23% CN7
10% CN5

8%

Unger et al.343 Graz, Austria 
(2002)

50
34/16

3.3 years 10% CN7
8% CN5

4%

Yang et al.334 Goyang, ROK 
(2008)

61
61/0

0.5 years 0% CN7
0% CN5

2%

Pollock and 
Link341

Mayo Clinic (2008) 55
22/33

5 years 10% CN7
4% CN5

6%

van de Langen-
berg et al.344

Maastricht, the 
Netherlands (2011)

50
50/0

0.7 years 6% CN7
2% CN5

8%

Ch-23.indd   402 01-06-2015   11:56:08

UnitedVRG



403Chapter 23: Vestibular Schwannoma

In all cases, the malignancies carry a grave prognosis; 
they are frequently discovered >5 years after radiation 
treatment, and even a case of 19-year latency has been 
reported.351 It is generally advocated that this therapeutic 
modality should be used with caution in NF2 cases and 
young patients. The clinician should monitor irradiated 
patients for life, as the secondary malignancy may appear 
many years after treatment.

Radiation Treatment Compared to 
Microsurgical Treatment
With advancements in radiation treatment technology 
and availability of long-term follow-up, the direct out-
come comparison between two active management strate-
gies, microsurgery and radiation, is finally possible. The 
debate between the superiority of one treatment over 
another is most relevant for small- and medium-sized 
tumors, as large tumors (>3 cm) are still reserved for surgi-
cal management. Planned combined treatment, especially 
of larger tumors, with partial resection followed by defini-
tive radiation has also entered the stage as a viable and 
even preferred management option for vestibular schwan-
nomas.
 When comparing treatment outcomes, the clinician 
should be cautious to take note of the specific radiation 
dose and administration schedule utilized, as older studies 
that reported higher radiation-related morbidity were 
based on high radiation doses.352 In a recent review of 
developments over the past decade in management of 
vestibular schwannoma, Theodosopoulos et al. have 
rede fined the treatment algorithm.76 In their review, at 
present, the best tumor control rates are achieved with 
stereotactic radiosurgery, the best hearing preservation 
rates with limited dose fractionated radiation therapy 
and the best cytoreductive therapy with microsurgery. 
Although microsurgery, even in the best hands, has worse 
facial nerve and hearing outcomes than current radiation-
based treatments, it remains the preferred treatment for 
lesions causing mass effect. 
 At present, the best quality of evidence (prospec-
tive cohort studies and case-control series) show supe-
rior outcomes for vestibular schwannoma patients having 
stereotactic radiosurgery compared to surgical resection, 
allowing a grade B recommendation for this approach.353 
Pollock et al. have thus concluded that unless long-term 
follow-up shows frequent tumor progression at currently 
used radiation doses, radiosurgery should be considered 
the best management strategy for the majority of vestibu-
lar schwannoma patients.

REHABILITATION

Facial Nerve Deficit Management 
and Rehabilitation
Facial nerve deficits affect the QOL of the patient, and 
much has been written on the rehabilitative options. 
These include immediate repair in cases where the nerve 
was transected (either deliberately when inseparable from 
tumor or inadvertently) with either end-to-end anasto-
mosis, cable graft from sural or greater auricular nerves, or 
even a jump graft from the hypoglossal nerve to the distal 
unaffected facial nerve. Most vestibular schwannomas do 
not require facial nerve resection, and thus most injuries 
are from mechanical stretch or vascular compromise to 
the nerve, but can also occur secondary to heat injury from 
either drilling or the microscope light.354 The best strategies 
in avoiding these intraoperative injuries were discussed 
in the previous section. The speed of recovery after facial 
nerve injury generally falls under two categories—return 
of function within 2 months for less severe injuries or 
8–15 months for more severe injuries (those where remye-
lination needs to occur). The sooner recovery is seen, the 
better the overall prognosis. In more severe injuries with 
delayed recovery, some degree of synkinesis is expected. 
 After tumor resection, the surgeon is sometimes faced 
with a dilemma when presented with an anatomically 
intact but electrically silent nerve (nerve that does not 
stimulate at brainstem level). Carlson et al. have found 
that in this specific population, the most likely outcome 
was a HB3 facial nerve functioning that recovers at around 
9 months postoperatively.355 They have concluded that 
current electroprognostic testing is not reliable in pre-
dicting poor facial function outcomes and thus advocate 
that facial nerve repair should not be pursued at time of 
surgery. 
 Delayed facial nerve paralysis is not uncommon after 
microsurgical resection of vestibular schwannomas. Even 
in the case when no facial nerve deficits were noted initi-
ally, the ipsilateral facial muscle function may deterio-
rate within the next 72 hours and even up to 2 weeks after 
surgery. Etiologies proposed for delayed facial palsy 
include ischemic injury from postoperative edema with-
in the labyrinthine segment of the nerve or from herpes 
virus reactivation.356,357 Prophylactic or postoperative anti-
viral acyclovir treatment has been used for delayed facial 
palsy as well as nimodipine in cases where ischemia is 
suspected. Strauss et al. have found a significantly higher 
rate of complete facial function recovery in patients trea-
ted with nimodipine postoperatively.358 Perioperative and 
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postoperative corticosteroids are almost routinely used, 
and theoretically assist with decreasing inflammatory 
injury to the facial nerve, although no studies have been 
done to support or dismiss their efficacy.
 In cases of anatomically intact nerve but compromised 
function, great care must be taken, as always, to prevent 
ipsilateral corneal injury from exposure. When the expec-
ted recovery time is long (>6 mos) or likely to not be com-
plete, and the patient is at risk of corneal injury, a gold 
weight or lid tightening procedures should be considered. 
If recovery is not full, but the patient has some mimetic 
function, facial nerve exercises are a part of the rehabili-
tative program. Electrodiagnostic tests can aid with prog-
nosis.
 In most cases of questionable or incomplete recovery, 
patients should be referred to facial plastic surgeons who 
specialize in facial nerve and facial reanimation. Botox 
injections to the contralateral side may aid in relaxing the 
contralateral face and improving symmetry. Hypoglossal 
to facial nerve grafts may be considered after 18 months 
to 2 years of loss of activity, as well as static procedures or 
microvascular grafts in cases of severe asymmetry or dis-
ability. 

Auditory Rehabilitation
Hearing loss is the most frequent presenting symptom of 
vestibular schwannomas. It is also a risk of all three man-
agement approaches: watchful waiting, microsurgery and 
radiation treatment. It is likely that the patient will at some 
point in time be faced with considering rehabilitative 
options of single-sided deafness.

Hearing Aids and Options for Single-Sided Deafness

Options are as with any other cause of single-sided deaf-
ness, including a CROS aid, bone-anchored hearing 
device (BAHA or SoundBite), preferential positioning, 
and raised awareness for noise and toxin protection for 
the uninvolved ear. While cochlear implants (CIs) are now 
playing a role in other patients with SSD, in the context of 
vestibular schwannomas, they are considered only for NF2 
patients with bilateral tumors and intact nerves (such as 
after radiation). A CI, however, may play a role in patients 
who have a vesti bular schwannoma in the only hearing 
ear, and should be considered in the nontumor ear side, 
and placed prior to vestibular schwannoma intervention. 
This should be carefully planned, as current CIs require 
removal of the magnet to be compatible with MRI scans.

ABIs

While the cochlear nerve is usually affected with vesti-
bular schwannoma, the 8th nerve root entry zone and the 
cochlear ganglia are not. This leaves an option for an audi-
tory brainstem implant (ABI), which processes an auditory 
signal received from the environment with a microphone 
and converts it to an electric stimulus directly on the 
brainstem. The ABI has been used and approved in cases 
of NF2 where patients have bilateral tumors and are at risk 
of bilateral deafness; it is further discussed in the NF2 sec-
tion below. ABI has not been used in cases of patients with 
tumors in the only hearing ear, as CIs are still an option in 
the contralateral ear, and currently patients with CIs con-
tinue to outperform patients with ABIs.

Vestibular Rehabilitation

Dizziness can have a significant impact on the patient’s 
QOL. Vestibular symptoms may occur as a part of the 
natural progression of tumor growth, and patients should 
be appropriately counseled when opting for the wait and 
scan strategy. They are also common in patients who 
undergo radiation treatment. With respect to surgical 
resection, patients usually experience acute vertigo after 
a TLAB approach, which subsides with time as compen-
sation with the contralateral vestibular system occurs. 
Most advocate for a complete transection of the vesti-
bular nerves during tumor removal in RSIG and MCF 
ap proaches. However, Mann et al. have found that pre-
serving the uninvolved division of the vestibular nerve 
accelerates vestibular compensation in the early post-
operative period; this effect was not significant 6 months 
after surgery.38 In a study by Feigl et al., 43.5% of patients 
complained of dizziness prior to tumor removal and 77.2% 
experienced dizziness after RSIG approach to tumor 
resection.233 Their study shows that dizziness has a nega-
tive effect on the course of recovery, and they advocate for 
administration of antiemetics preoperatively in addition 
to widely utilized postoperative therapies. 
 Preoperative status of the contralateral vestibular 
system affects the time and extent of compensation after 
surgical resection of tumor as well as after radiation treat-
ment. Presence of contralateral Meniere disease, laby-
rinthitis, or vestibular neuritis will likely result in poorer 
outcomes and longer recovery time. For symptomatic 
management, vestibular rehabilitative therapy plays an 
important role in patients with vestibular schwan-
nomas, either as a part of postoperative, postradiation or 
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wait-and-scan management strategy. Another option in 
patients with severe symptoms is ablation of the ipsilateral 
vesti bular system with intratympanic gentamicin, even 
at the expense of hearing. In postradiation cases, or cases 
where the transection of vestibular nerves was not com-
plete and even in patients who opt to not undergo tumor 
removal, an ipsilateral labyrinthectomy can be considered.

NF2-ASSOCIATED VESTIBULAR 
SCHWANNOMAS

Background
Approximately 5% of patients who have a vestibular 
schwannoma have Neurofibromatosis 2 (NF2). NF2 vesti-
bular schwannomas are histologically distinct from spo-
radic vestibular schwan nomas.359

 NF2 is a rare autosomal dominant syndrome charac-
terized by bilateral vestibular schwannomas, multiple 
meningiomas, CN and spinal tumors, and eye abnormali-
ties. The incidence is estimated to be 1 in 33,000 to 1 in 
87,000 live births.360,361 NF2 is distinctly genetically and 
clinically separate from NF1; NF1 has been localized to 
chromosome 17 and NF2 to chromosome 22. NF1 is a multi-
system disorder in which some features may be present 
at birth and others are age-related manifestations (among 
them café au lait spots, optic gliomas, neurofibromas, iris 
hamartomas, etc.). NF1 and NF2 can be distinguished by 
a careful examination and detailed history of the patient’s 
symptoms.
 The most common presenting symptom of a patient 
with NF2 is a neurologic complaint (found in 17.5% 
patients), followed by an appearance of a skin tumor 
(11.7% patients) and vision loss (10.7%); up to 10.7% of 
patients are asymptomatic at time of diagnosis.362 Despite 
these trends, there is significant heterogeneity in presenta-
tion. While some patients may have a very mild form with 
small vestibular schwannomas manifesting later in life, in 
others the disease can be aggressive, disseminated and 
locally invasive, and may require a multispecialist team 
approach.

Management
The treatment options for NF2 patients who have bilateral 
vestibular schwannomas depend on the patient’s clinical 
presentation and tumor size. Loss of useful hearing, the 
status of other intracranial tumors, presence of brainstem 
compression, or hydrocephalus must all be considered 
when discussing the management options.

Watchful Waiting

Watchful waiting with serial imaging is the most com-
mon management option utilized in patients with NF2, be 
it in the setting of a small tumor in the only-hearing ear 
or of bilateral tumors too large for hearing preservation 
attempts. As with sporadic vestibular schwannomas, an 
MRI is performed 6 months after the diagnosis and then 
annually. Microsurgical removal should be considered if 
there is a change in clinical status (brainstem compres-
sion, progression to unserviceable hearing) or if the tumor 
significantly enlarges. There have even been reports of 
patients in whom the contralateral tumor decreased in 
size after surgical removal of the opposite-side schwan-
noma.363 

Medical Management

Medical management of NF2-associated vestibular sch-
wannoma is still early in development. Therapy in the 
form of antibodies targeted against VEGF (bevacizumab) 
may hold some promise not only in the reduction in size 
of vestibular schwannomas but also in improvement in 
hearing.364,365 Other clinical trials are investigating lapat-
inib and rapamycin to stop the growth of NF2 vestibular 
schwannomas.366 Erlotinib held initial promise in a case 
report but failed to show benefit in a larger study, and 
in fact many patients suffered side effects.367,368 Although 
early results of drug therapies have been promising, long-
term studies are still needed to demonstrate benefit.

Surgical Management

Hearing preservation: Hearing preservation in patients 
with NF2-associated vestibular schwannoma is a reason-
able option for those patients who have bilateral tumors 
smaller than 2 cm and good hearing (class A or B). The 
tumor that should be resected first is on the side of the 
worse hearing ear or if it is the larger of the two. If hear-
ing preservation is successful, then the contralateral tumor 
may be addressed 6 months later. Hearing preservation 
results in patients with NF2 seem to be worse compared 
to patients who have unilateral sporadic tumors.251 In one 
series, 67% of patients qualified for hearing preserva-
tion.369 The MCF approach offers the best results in hearing 
preservation for patients with NF2-associated vestibular 
schwannomas, with the highest preservation rates reach-
ing 50%.370,371 Therefore, microsurgical removal via the 
MCF approach should be offered to patients who qualify, 
including children, and potentially preserve hearing in 
both ears. 
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 In patients with NF2, the retrosigmoid approach to 
vestibular schwannoma removal is particularly risky for 
hearing preservation, as the cochlear fibers are dispersed 
throughout the tumor, unlike what is typically seen in uni-
lateral vestibular schwannomas. This anatomical relation-
ship is likely the reason why even partial tumor removal of 
NF2-associated schwannomas risks hearing.366 

Prophylactic MCF and IAC decompression: In patients 
whose tumors are observed and suffer some progression 
of hearing loss, a decompression of the IAC via the MCF 
approach can be considered as a prophylactic measure 
against complete hearing deficit. Not only can stabiliza-
tion of current level of hearing occur, but improvement 
in hearing has been documented as well.372 For this spe-
cific indication, the tumor itself is not removed as this may 
increase the risk of hearing loss. In a review of 49 patients 
who underwent IAC decompression via a MCF cranio-
tomy, hearing preservation was successful in 90% in the 
immediate postoperative period and app roximately 75% 
1 year later. While the advantage may be only an average of 
an extra 2 years of hearing, some patients continue to have 
auditory function up to 10 years later.372

Nonhearing preservation: Most patients with NF2 vesti-
bular schwannoma present with tumors that are too large 
to be considered for hearing preservation. Therefore, the 
most common microsurgical removal is achieved with the 
TLAB or RSIG approach. If there is brainstem compres-
sion, even in cases where patients still have some hearing, 
the TLAB or RSIG craniotomy should be performed as they 
allow safest and complete tumor removal. Of the two, the 
TLAB approach is preferred as the RSIG may not allow for 
dissection of the most lateral aspect of the IAC, and thus 
carries a slightly higher risk of recurrence. 

Radiation treatment: From the reported results on GKRS 
for NF2-associated vestibular schwannoma, it appears 
that GKRS is less effective in treating tumors secondary to 
NF2 compared to sporadic cases.279,280, 373-375 In the largest 
study of 122 tumors, the average marginal dose was 15 Gy, 
higher than what is used for unilateral cases, and clini-
cal tumor control rate was 79% at 4 years of follow-up.375 
Twenty percent of the tumors were treated with one or 
more prior microsurgical resections. The majority of 
patients were treated for documented tumor growth; 
other indications for GKRS in this population included a 
rapid deterioration in hearing, tumor near 3 cm in size, or 
planned adjuvant therapy for significant residual tumor 

after microsurgery. The serviceable hearing preservation 
rate in those patients who qualified was 22% at 4 years 
of follow-up, lower than the results seen with sporadic 
tumors. Mathieu et al. found in their series hearing 
preservation rates of 73%, 59% and 48% at 1-, 2- and 5-year 
follow-up, respectively, indicating that the radiation effects 
continue long after radiation treatment.279 Patients and 
their families should be counseled appropriately with 
respect to their expectations.
 An important and concerning consideration in this 
population is that radiation of NF2-associated vestibular 
schwannoma may lead to malignant tumor transforma-
tion, especially because of an already defective tumor sup-
pressor gene.376 Of the 14 cases reported with histologically 
verified intracranial malignancy arising in a stereotactically 
irradiated field, four were patients with NF2.377 At least 
5 of 106 patients with NF2 who underwent radiotherapy 
developed radiation-induced malignancies, and nearly 
50% of reports of malignant degeneration occur in the con-
text of NF2.376,378 

Auditory rehabilitation: Auditory rehabilitation in patients 
with NF2 leaves two basic options: (1) for patients with 
smaller tumors (<2 cm) who can undergo SRS and pre-
serve an anatomically intact cochlear nerve, an ipsilateral 
CI may be subsequently implanted; (2) for patients with 
larger tumors (>2.5 cm), an ABI can be placed at the time of 
microsurgical resection (TLAB or RSIG approach).280,379,380

 Prior to placing a CI, electrical promontory stimula-
tion can help determine the presence and functional-
ity of the cochlear nerve. In the group of 10 patients with 
NF2-associated tumors who underwent SRS, hearing out-
comes after CIs were favorable.381

 In the United States, the ABI, a device intended to 
stimulate the dorsal cochlear nucleus at the brainstem, 
is FDA-approved for use in individuals with NF2 older 
than 2 years of age. The ABI can be placed with the first 
tumor removal as a “sleeper” even when useful hearing 
may still be present on the contralateral ear, and then 
be activated at a later date. With progression of contra-
lateral disease, a second ABI can be placed at removal of 
the second tumor, offering the advantage of bilateral ABIs. 
Most patients with NF2-associated tumors have achieved 
enhanced communication skills with ABIs. 
 An important consideration in patients with NF2 is the 
need for frequent surveillance MRIs, and thus the mag-
net should be removed from the receiver stimulator when 
implanting either CI or ABI. 
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the space is bounded by the internal auditory meatus (or 
porus acusticus) along with the entirety of the posterior 
petrous temporal bone. The pons, as well as the begin
ning of the contralateral CPA cistern, represents the 
medial extent. The apex of the CPA abuts the lateral recess 
of the fourth ventricle and approximates the region of the 
pontomedullary junction where the cochlear and vestibu
lar divisions of CN VIII enter the brain stem. The choroid 
plexus of the fourth ventricle may occasionally protrude 
through the foramen of Luschka into this area.

INTRODUCTION
The term cerebellopontine angle (CPA) refers to the intra
cranial space bounded by the cerebellum, pons, and the 
petrous portion of the temporal bone. Traversed by a large 
number of neurovascular structures, tumors in this region 
can be diverse in clinical presentation and subject to a 
variety of available treatment options. Although the most 
common CPA tumor is a vestibular schwannoma (VS), a 
benign growth of the vestibular portion of the eighth crani
al nerve (CN VIII), a long list of potential pathologies may 
be found in this region. VSs account for approximately 
90% of pathology in the CPA, while meningiomas, epider
moids, facial schwannomas, and other more rare lesions 
comprise the remaining 10% of tumors (Table 24.1). This 
chapter will discuss the clinical findings and audioves
tibular evaluation of nonVS pathology of the CPA, as well 
as the pathogenesis, imaging, and treatment specific to 
CPA meningiomas, epidermoids, arachnoid cysts, facial 
schwannomas, hemangiomas, metastatic disease, and 
intraaxial lesions. 

CPA ANATOMY
A thorough understanding of CPA anatomy provides the 
foundation on which to base a discussion of the diverse 
pathology of this intracranial area. Situated in the poste
rior fossa, the CPA is bounded anteriorly by the petrous 
portion of the temporal bone and the lateral clivus and 
posteriorly by the flocculus and the petrosal surface of 
the cerebellum (Fig. 24.1). The lateral aspect of the tento
rium marks the superior border, while the inferior extent 
app roaches the lateral surface of the medulla. Laterally, 
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Table 24.1: Differential diagnosis of cerebellopontine angle 
pathology

Common lesions (in order of decreasing frequency)

Vestibular schwannoma

Meningioma

Epidermoid

Facial nerve schwannoma

Arachnoid cyst

Uncommon lesions

Hemangioma

Lipoma

Dermoid

Teratoma

Metastatic disease

Intraaxial lesions

Glioma

Medulloblastoma

Choroid plexus papillomas 

Ependymomas

Hemangioblastoma
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 The CPA is lined by meninges, filled with cerebrospi
nal fluid (CSF), and traversed by a number of neurovas
cular structures entering and exiting the skull base. The 
vestibulo cochlear (CN VIII) and facial (CN VII) nerves are 
the core neural structures within the CPA. With respect 
to vascular structures, the CPA includes the anterior and 
posterior inferior cerebellar arteries (AICA and PICA, 
respectively) and their branches (including the important 
internal auditory artery), as well as the venous drainage of 
the cerebellum, pons, and medulla.

CLINICAL FINDINGS
Symptoms and signs of CPA tumors are directly related to 
the neurovascular anatomy of the skull base region they 
involve. As mentioned above, the primary CN VII and VIII 
course through the CPA cistern as they travel from their 
origin in the brain stem to the fundus of the internal audi
tory canal (IAC). Tumors extending medially can involve 
the trigeminal nerve, CN V, while those extending inferiorly 
can abut the lower CNs (glossopharyngeal, vagus, accessory 
and hypoglossal, CN IX–XII, respectively). Although the 

list of symptoms caused by CPA pathology can be diverse, 
it is not surprising that the most common are hearing loss, 
imbalance/disequilibrium, and tinnitus. Symptoms rela
ted to the facial and trigeminal nerves, specifically facial 
paresis, paralysis, spasm, pain and paresthesias, as well as 
cerebellar symptoms, such as ataxia, are also frequent.1,2 
Unsurprisingly, complaints of papilledema, diplopia, abdu
cens palsy, which are related to structures anatomically 
distant from the CPA (i.e. the optic and oculomotor nerves), 
are less common. Similarly, symptoms related to lower CN 
dysfunction, such as dysarthria, hoarseness, and dyspha
gia, are less also frequent. CPA tumors can induce symp
toms indicative of increased intracranial pressure or mass 
effect, including headache, hemiparesis, and dementia. 
Often, due to the nonspecific nature of some complaints 
and the complexity of the anatomic structures in this 
region, many of the above symptoms (i.e. imbalance) may 
have a multifactorial etiology. 
 Overall, CPA tumors may present with a variety of 
complaints and they may also remain asymptomatic. 
For this reason, it is not possible to diagnosis CPA patho
logy using symptomatology alone. Following identification 
of a CPA mass, it is similarly impossible to differentiate 
between tumor pathology on the basis of presenting symp
toms. Clinical findings unique to various pathologies will 
be discussed in more detail below. 

AUDIOVESTIBULAR AND 
FACIAL NERVE TESTING

Audiometry
Prior to the advent of sophisticated imaging technology 
such as magnetic resonance imaging (MRI; discussed at 
length in an upcoming section), audiovestibular testing 
played a larger role in the diagnosis of CPA pathology. 
Unsurprisingly, the vast majority of studies on audiome tric 
evaluation of CPA tumors included patients with VS. There 
are significantly less data available on the audiome tric 
presentation of nonVS tumors. Available evidence sug
gests that meningiomas and other nonVS CPA pathology 
do not have unique audiometric features distinguishing 
them from VS. Importantly, however, while audiometry 
currently functions as a useful (not mandatory) adjunct in 
the diagnosis of CPA pathology, it is a crucial and required 
element in treatment decision making and should be per
formed in all nonVS tumors. 
 Mechanisms of damage to the audiovestibular system 
from a nonVS CPA tumor mimic those from a VS, 
including direct compression on CN VIII or the brain 
stem nuclei, neural, or cochlear ischemia from disrupted 

Fig. 24.1: Anatomy of the cerebellopontine angle. (5, cranial nerve 
5 (trigeminal); 7, cranial nerve 7 (facial); 8, cranial nerve 8 (ves-
tibulocochlear); 9, cranial nerve 9 (glossopharyngeal); 10, cranial 
nerve 10 (vagus); 11, cranial nerve 11 (spinal accessory); AICA, 
anterior inferior cerebellar artery; BS, brainstem; Co, cochlea; 
ES, endolymphatic sac; ED, endolymphatic duct (also known as 
the vestibular acqueduct); IV, inferior vestibular nerve; JB, jugu-
lar bulb; JV, jugular vein; LSCC, lateral semicircular canal; PICA, 
posterior inferior cerebellar artery; PSCC, posterior semicircular 
canal; SCA, superior cerebellar artery; SSCC, superior semicircu-
lar canal; SS, sigmoid sinus; SV, superior vestibular nerve).
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arte rial supply or impaired venous drainage, biochemical 
alteration of the inner ear, hair cell degeneration second
ary to neuronal loss within CN VIII (i.e. deafferentation), 
as well as direct or indirect effects from primary cortical or 
cerebellar pathology.3

 Although not independently diagnostic of a CPA 
lesion, auditory brain stem response testing (ABR) is the 
most useful audiometric test for diagnosis of CPA patho
logy.4 For VS, it has been shown to have a sensitivity of 
100% and a specificity of 61.9%.5 This surpasses that of 
behavioral audiometry, including various “site of lesions” 
tests indicative of retrocochlear pathology such as reduced 
word discrimination, abnormal acoustic reflex thresholds, 
and presence of acoustic reflex decay. Data suggest that 
sensitivity and specificity of ABR in diagnosis of nonVS 
tumors of the CPA is less than for VS; as many as 15% of 
nonVS tumors may have normal ABRs. 6

 At present, use of electrophysiologic studies such as 
ABR, stacked ABR, auditory steadystate response testing 
(ASSR), and otoacoustic emissions in the diagnosis and 
management of nonVS lesions is variable and physician 
or institution dependent. As the sensitivity and specificity 
of MRI has surpassed that of available audiometric testing, 
routine use of these tests for diagnosis is not advocated.7,8

 Following diagnosis, the presence or degree of hear
ing loss is an important factor in CPA tumor management 
and may specifically impact the timing, candidacy, or suc
cess of various treatment options (additional discussion 
in the treatment section, below). Behavioral audiometry 
(including pure tone air and bone levels and speech dis
crimination testing) remains the gold standard for func
tional hearing assessment and should be performed in all 
patients with known or suspected CPA tumors. 

Vestibular Testing
Vestibular testing, including video and electronystagmog
raphy, is used inconsistently in the diagnosis and manage
ment of CPA tumors. A reduction in caloric responses 
has been documented in twothird of patients with CPA 
meningiomas; however, the findings are nonspecific.9 In 
VS management, vestibular testing may be useful in dis
tinguishing between tumors arising from the inferior or 
superior vestibular nerve. These data may occasionally be 
useful in counseling patients on tumor management, such 
as the opportunity for hearing preservation surgery. It is 
not widely applied to nonVS tumors of the CPA.

Electroneuronography
Electroneuronography (ENoG) assesses facial muscle 
response to maximal bipolar stimulation at the stylomastoid 

foramen and has also been inconsistently applied in 
diagnosis of these tumors. Measurements obtained give 
indirect information about the quantity of synchronous 
functional motor units of the facial nerve (FN), includ
ing the motor axon, end plate, and muscle fibers. These 
measure ments may suggest reduced function even when 
not clinically evident. Overall, ENoG testing is of limited 
value in slowgrowing, progressive lesions in which the 
motor units may experience partial degeneration and 
regeneration. 10 For these reasons, it is not commonly 
employed in the diagnosis or management of CPA lesions, 
including facial schwannomas. 

MENINGIOMAS

Pathogenesis
Meningiomas are the most common extraaxial, intra
cranial tumor pathology; however, they account for only 
3–12% of CPA tumors. Overall, the CPA ranks 8th in in
tracranial location, although it represents the most com
mon location in the posterior fossa. Meningiomas arise 
from meningothelial cells, specifically the arachnoid cap 
cells located in the tips of arachnoid villi that are respon
sible for CSF absorption. Within the cranial vault, menin
giomas are found along skull base foramina, dural sinuses, 
and large tributary veins. Other locations for meningioma 
growth in the posterior fossa include the clival and petro
clival region, Meckel’s cave, the jugular foramen, IAC, and 
foramen magnum. 
 Epidemiologically, meningiomas have an overall an nual 
incidence of approximately 6 per 100,000 individuals. 
In symptomatic patients, however, the overall incidence 
is less, estimated at 2–3 per 100,000. Due to their benign 
pathology and overall slow growth, meningiomas repre
sent >30% of incidental brain tumors found postmortem. 
 Meningioma incidence increases with age, peaking in 
the 6th and 7th decades, and is rare in children (account
ing for <2% of childhood intracranial neoplasms). A long
recognized gender predominance in females has been 
supported with molecular studies demonstrating estrogen 
and progesterone receptors on meningioma cells. Hormo
nal effects may also underlie the wellknown association 
between breast cancer and meningiomas, as well as the 
data demonstrating meningioma growth during pregna
ncy. Epidemiologic studies in both the United States and 
Africa have suggested a slight increased incidence of menin
giomas in African Americans (3.1 vs. 2.3 per 100,000). 
Trauma has also been proposed as an important risk factor 
for meningioma development; however, data on this topic 
are conflicting. 
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 Overall, the most wellrecognized and significant risk 
factor for meningioma development is a prior history of 
radiation. In the central nervous system (CNS), menin
giomas are the most common neoplasm resulting from 
prior radiation therapy. Radiationinduced meningiomas 
have been classified into three types based on amount of 
radia tion exposure: low (< 10 Gy), medium (10–20 Gy), and 
high (> 20 Gy). Although there appears to be a long latency 
period (ranging from 19 to 35 years) between radiation 
expo sure and meningioma diagnosis, studies suggest 
tumors in the highdose category present earlier.11 Many 
patients in these studies received radiation in childhood 
for a variety of noncancerous conditions, such as tinea 
capitis, and their data suggest an inverse relationship 
between radiation dose and age with highdose recipi
ents presenting at a younger age. In addition, radiogenic 
menin giomas are more likely to be histologically aggres
sive or “atypical” and have a higher recurrence rate after 
surgical removal.11,12

 The identification and understanding of the mole cular 
pathogenesis of meningiomas have been closely linked to 
that of neurofibromatosis type 2 (NF2). Although > 95% 
of meningiomas are sporadic, the remainder are associ
ated with a variety of hereditary syndromes, including NF2 
as well as Werner’s, Gorlin’s, and Cowden’s syndromes. 
NF2 is an autosomal dominant disease characterized 
by the development of multiple intracranial and spinal 
tumors, specifically bilateral VS, meningiomas, and ependy
momas. Between 30% and 50% of NF2 patients develop 
meningiomas. It was the initial cytogenetic analysis of 

meningiomas samples that led to the identification of the 
NF2 gene, Merlin. Located on the long arm of chromo
some 22, Merlin is thought to be a tumor suppressor gene 
involved in cytoskeletal transport and cell architecture. 
Mutations in this gene have been documented in up to 
80% of all meningiomas.13 Additional mutations in other 
chromosomes such as 1p, 6q, 10q, 14q, 17p, 18q have been 
associated with an increase in tumor histoplasmic atypia 
and even malignancy.14,15

 Due to their generally benign pathology and slow rate 
of growth, however, the average time from symptom onset 
to diagnosis of meningiomas is approximately 4–6 years. 
As mentioned above, meningiomas most commonly pre
sent with symptoms related to CN VIII, specifically hearing 
loss, vertigo, and imbalance. Tumors that extend medially 
to the petroclival junction can present with pain or facial 
paresthesia due to involvement of CNV.1,2

Imaging
As discussed above, symptomatology, physical examina
tion, and audiovestibular evaluation cannot diagnose a 
CPA tumor with a specificity and sensitivity that surpasses 
MRI. Therefore, MRI is well recognized as both the gold 
standard and the most efficient examination of suspec
ted CPA pathology5,16 (Table 24.2). MRI sequences should 
be performed with and without intravenous gadolinium 
diethylene triamine pentaacetic acid (GdDTPA) and 
include thin slice (2 mm) pre and postcontrast T1weighted 
sequences in the axial and coronal planes. Comprehensive 

↑, hyperintense; ↓, hypointense; → isointense; FNS, facial nerve schwannoma; CT, computed tomography; CPA, cerebellopontine 
angle; CSF, cerebrospinal fluid.
* Epidermoids and arachnoid cysts may be differentiated on fluidattenuated inversion recovery sequences (FLAIR) and diffusion 
weighted imaging (DWI) sequences: only arachnoid cysts will suppress completely on FLAIR and have no restriction on DWI.

Table 24.2: Magnetic resonance imaging (MRI) characteristics of nonvestibular schwannoma cerebellopontine angle tumors

Pathology T1-weighted T2-weighted Gadolinium enhancement Notes

Meningioma ↓ ↑→ Yes Dural tail

Epidermoid ↓ ↑ No * 

Arachnoid cyst ↓ ↑ No *

Lipoma ↑ ↑→ Yes May use fat suppression sequences

FNS ↓ ↑ Yes May be multifocal; enlargement of 
the FN canal on CT

Hemangioma ↓ ↑ Yes Ca++, bony speculation on CT 

Metastasis ↓ ↑ Yes Brain edema, leptomeningeal 
carcinomatosis

Intraaxial lesions ↓ ↑ Yes Lack of CSF between tumor and brain
stem; narrowing of CPA cistern 
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imaging should also include postcontrast fat saturation as 
well as heavily T2weighted threedimensional sequen
ces, such as fast imaging using steadystate acquisition 
or constructive interference in the steady state.16 Diffu
sionweighted imaging (DWI) and magnetic resonance 
spectroscopy (MRS) can also be performed depending on 
institutional preferences. Tumor characteristics on MRI, 
occasionally in combination with computed tomography 
(CT) and other radiologic modalities, often allow differen
tiation between various CPA tumor pathologies (Fig. 24.1).
 On MRI, meningiomas are hypo to isointense to cere
bral cortex on T1 and iso to hyperintense on T2weighted 
images. GdDPTA transverses the abnormal blood–brain 
barrier associated with meningioma growth and accumu
lates in the interstitial tumoral spaces. Therefore, there is 
avid enhancement with gadolinium in >95% of meningi
omas. Although heterogeneous intensity on T1weighted 
images can be seen in both VS and meningiomas, the 
T2 signal profile can allow differentiation between these 
pathologies. Specifically, heterogeneity due to intra
tumoral cysts demonstrates hyperintensity on T2 images 
and is suggestive of VS. In contrast, regions of lower inten
sity caused by calcification will remain low intensity on 
T2weighted images and are therefore more consistent 
with a meningioma. 
 Like VS, meningiomas are typically wellcircum
scribed, sessile masses causing “cortical buckling”, a phen
omenon in which compression of the adjacent grey matter 
and distortion of the underlying white matter can be 
visualized.17 One of the primary features distinguishing it 
from VS on MRI is the presence of a dural tail, a layer of 
enhancement extending a few millimeters from the lesion 
(Fig. 24.2). Histopathologic correlation studies suggest 
this enhancement could represent either tumor invasion 
or nontumoral reactive changes, such as hypervascular
ity, vasodilation, or tissue proliferation or increased per
meability to contrast. 18 Presence of tumor cells within the 
peritumoral dura advocates for wide surgical resection of 
this region to prevent recurrence (discussed in more depth 
below). Occasionally, a dural tail is observed with an other
wise appearing VS – this pseudomeningeal sign is not a 
true dural tail and is related to bone marrow signal in the 
temporal bone near the porus acusticus. It can be seen on 
T1 images before and after GdDPTA contrast, thereby dis
tinguishing it from a true dural tail seen only after contrast. 
 Controversy currently exists over meningioma charac
teristics on DWI or MRS imaging, with some data suggest
ing lower apparent diffusion coefficient values may be 
indicative of malignant or atypical histological subtypes. 

Fig. 24.2: Cerebellopontine angle (CPA) meningioma. Axial T1-
weighted gadolinium-enhanced magnetic resonance image (MRI) 
demonstrating a left cerebellopontine angle meningioma. Note its 
broad sessile base and dural tail. 

As these parameters have proven unreliable, DWI and MRS 
imaging are inconsistently used in MRI algorithms.16,17 
Unusual imaging features, such as intratumoral cysts, dense 
calcification, vasogenic white matter edema in adjunct pa
renchyma and metaplastic changes, are rare, occurring in 
<4% of meningiomas and may also lead to heterogeneous 
or minimal tumoral enhancement with gadolinium.17 
Enplaque meningiomas (discussed in more detail below) 
are rare pathological subtypes, which present as diffuse 
enhancement along the skull base, often with significant 
hyperostosis.
 CT is a complementary modality best for identifying 
unique bony changes associated with meningiomas, spe
cifically calcification and hyperostosis of adjacent bone, 
seen in 20–25% of tumors.17 Following administration of 
iodinated intravenous contrast, meningiomas are typically 
hyperdense with homogenous enhancement and have 
a broad dural attachment.17 Changes in the surrounding 
bone may represent hyperostosis, erosion secondary to 
direct pressure or direct tumor invasion with bony 
destruction. Although best visualized with CT, tumor infil
tration can be seen on T1weighted MRI images in which 
the normally hyperintense bone marrow fat has a lowered 
signal intensity. 19

 While both CPA meningiomas and VS can invade the 
IAC, bone erosion and widening of the porus acusticus 
(the opening of the IAC along the posterior petrous pyra
mid) are more common with VS compared to meningi
omas. However, meningiomas have a greater tendency to 
invade other neural foramina, such as Meckel’s cave, com
pared with VS.
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Gross Pathology
Meningiomas are firm, rubbery, wellcircumscribed tumors 
with either a smooth or nodular surface. Pinkish gray or 
yellow prior to formalin fixation, tumor color is indicative 
of lipid accumulation within cells or hemosiderin deposi
tion following variably aged hemorrhages. Intratumoral 
consistency is associated with tumor contents, with calci
fications and psammoma bodies endowing a gritty texture 
and cysts or necrosis leading to softness or fluctuance. 
Macroscopically, exophytic tumors (most common) have 
a broad, firm dural attachment, while the rare, enplaque 
meningiomas are wide, sheetlike meningeal expansions 
most commonly seen at the sphenoid ridge and skull base. 

Microscopic Histopathology
Although controversy exists in histopathological classi
fication of meningiomas, the World Health Organization 
(WHO) meningioma classification scheme is the best cited 
and recognized of its kind. Expanding on a pioneering 
histologic study of approximately 1800 meningiomas, the 
WHO defines meningioma subtypes by grade and likeli
hood of recurrence.20 Overall, tumor grade is inversely 
related to prognosis. Grade I tumors comprise 90% of 
meningioma histology and are benign with a very low risk 
of recurrence or aggressive growth (Figs. 24.3 and 24.4). 
Grade II represents 7% of meningiomas and is composed 
of atypical pathologic subtypes with an intermediate risk 
of recurrence. On histological analysis, they demonstrate 

≥4 mitosis per highpower field in combination with three 
of the following five characteristics: increased cellularity, 
increased nuclear to cytoplasmic ratio, prominent nucleoli, 
sheetlike growth, and necrosis or brain invasion. Ana
plastic, aggressive tumors with a >20 mitosis per high
power field and features of malignancy are characterized 
as grade III. They comprise 3% of meningiomas and have 
a high risk of recurrence and an overall poor prognosis 
(median 2 year survival of < 2 years after diagnosis). 

Treatment
As with VS, there are three overarching treatment options 
for CPA meningiomas, including microsurgical resection, 
observation with serial imaging, and fractionated and ste
reotactic radiosurgery. Treatment choice should be guided 
by tumor pathology, size, location, signs, and symptoms as 
well as patient age, health, comorbidities, and preference. 
 Selection of surgical approach must be also be indi
vidualized, and skull base surgical teams should ideally be 
skilled in multiple techniques. A variety of hearing pres
ervation [retrosigmoid (RS) and middle fossa] and non
hearing preservation approaches [translabyrinthine (TL) 
and transcochlear] have been applied to CPA meningi
omas with success (Fig. 24.5).
 The RS approach is an efficient and flexible hear
ing preservation approach commonly employed in CPA 
meningioma resection. A RS craniotomy allows access to 
a large portion of the posterior fossa extending from the 
tentorium cerebelli to the foramen magnum and is ideal 

Fig. 24.3: Histologic image of a WHO grade I cerebellopontine angle 
(CPA) meningioma demonstrating both myxoid and microcystic 
morphology. Note the predominately spindle-shaped, fibroblast-
like cells that form parallel and interlacing bundles (H&E, x 40).

Fig. 24.4: Reticulin staining of a WHO grade I cerebellopontine 
angle (CPA) meningioma. Reticulin highlights the fibrous collagen 
deposition common in this histopathologic type of meningioma. 

Ch-24.indd   424 17-06-2015   13:34:37



425Chapter 24: Meningioma and Other Nonvestibular Schwannoma Tumors of the CPA

for meningiomas that extend outside the CPA, but not to 
the fundus of the IAC. Unlike VS, site of dural origin of CPA 
meningioma dictates its relationship to the CN VIII nerve 
bundle and, therefore, influences rates of both hearing 
preservation and FN injury.21 For example, meningiomas 
arising anterior to the IAC displace the vestibulocochlear 
nerve posteriorly and place them at greater risk of injury 
from an RS approach. 
 Although the RS approach offers the opportunity for 
hearing preservation, success depends on tumor size and 
location but may be better than similarly sized schwan
nomas. Overall, rates of hearing preservation in meningi
oma resection are greater than that with VS surgery and 
ap proach 100% in some series.22,23 Involvement of the 
lateral onethird of the IAC, the increased incidence of 
postoperative headache, and the need for cerebellar 
retraction are considerations in the RS approach. 
 Extended middle fossa surgery employs a temporal 
craniotomy to provide wide and direct exposure to the 
entire IAC and CPA. Bone removal within Kawase’s trian
gle bordered by the internal carotid artery and the cochlea 
posteriorly allows access to CPA tumors with IAC and 
petroclival extension. Limited to tumors with <1 cm exten
sion into the CPA, this hearing preservation surgery has 
been successfully applied to a small group of CPA menin
giomas.24 Specific disadvantages of this approach include 
the potential for morbidity associated with temporal lobe 
retraction. 

 The standard nonhearing preservation approach 
to the CPA is unarguably the TL approach. Virtually any 
size tumor of the CPA angle can be resected from this 
ap proach, with better FN outcomes and overall less morbi
dity as retraction of the cerebellum or temporal lobe is not 
required.22 This approach requires complete sacrifice of 
labyrinth, and therefore patients selected for this approach 
typically lack serviceable hearing preoperatively. 
 The transcochlear and transotic approaches offer the 
widest conceivable exposure to the CPA angle with exten
sion of dissection to the petrous tip.25 The two methods 
differ in their risk of injury to the FN: in the transcoch
lear approach, the FN is transposed, while in the transotic 
approach, it is left in its anatomic position within the fal
lopian canal. These approaches have been successfully 
employed for large posterior fossa meningiomas involv
ing the petrous apex and clivus, but also may be used as 
an alternative to TL approach when additional exposure 
is desired.25,26 Compared to the TL approach, there is 
increased risk of damage to the FN. In a retrospective 
review at the House Ear Clinic of 24 patents who under
went transcochlear resection of CPA meningioma, 95% 
had postoperative facial paralysis, with 12 of 20 patients 
improving to House–Brackmann (HB) grade III or better.27 
Despite its drawbacks, there are few rival approaches that 
can provide unobstructed access to the petroclivus, basilar 
artery, and ventral pons. 
 Gamma knife radiosurgery (GKR) has been employed 
for the treatment of skull base meningiomas for over 25 
years. Recently published longterm data show radio
graphic progressionfree survival to be 98%, 96%, and 78% 
at 3, 5, and 10 years posttreatment.28 A majority of patients 
(91%) had no deterioration in the neurological condition 
since treatment. Overall, tumor progression was associ
ated with age >65 and limited dose to the tumor margin.29

 In selected cases, expectant management of CPA 
meningiomas may be viable treatment option. In general, 
observation is recommended for tumors that are unre
sectable due to their location, slowgrowing small asymp
tomatic tumors, as well patients who are poor surgical 
candidates. In a review of 252 patients with asymptomatic 
incidentally found meningiomas, one third demonstrated 
no growth with a mean followup of 67 months.30

EPIDERMOIDS

Pathogenesis
Epidermoids are the third most common CPA lesion, follow
ing VS and meningiomas. They are congenital rest lesions 

Fig. 24.5: Diagram of various surgical approaches to the cerebel-
lopontine angle.
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postulated to originate from ectodermal squamous epithe
lium trapped during neural tube closure between weeks 
3 and 5 of intrauterine development.31 Like primary cho
lesteatoma found within the middle ear and mastoid, the 
stratified squamous epithelial lining encases desquama ted 
keratin and slowly enlarges. Grossly, epidermoid tumors 
have both a smooth or lobulated surface and a pearly, 
white capsule consistent with the tumor’s pathogenesis 
as squamous epithelium. Calcium may be present in 10% 
of these tumors and epidermoid fluid is typically thick, 
brown, and viscous resulting from cholesterol and hemo
siderin byproduct of cell membrane decomposition.31 
Like many CPA lesions, epidermoids are slow growing 
with enlargement seemingly parallel to desquamation 
rates of normal epithelial cells.32 They typically expand 
toward areas of least resistance, including cisterns, fissures, 
and ventricles and often occupy multiple intracranial 
compartments. Although most commonly found intradur
ally in the CPA or parasellar region, intraparenchymal and 
fourth ventricle lesions have also been reported.3335 Unlike 
other tumors in the CPA, epidermoids tend to surround or 
encase neurovascular structures instead of compressing 
or pushing them to the periphery. This feature is of great 
importance for surgical management as the neurovascular 
structures often course within the tumor instead of on the 
external surface. Rarely, epidermoids may degenerate into 
malignant squamous cell carcinoma.3638 Due to their slow 
and insidious growth pattern, epidermoids often reach 
con siderable size before causing symptoms (typically 

hear ing and balance related complaints). Although large 
at presentation, epidermoids rarely present with obstruc
tive hydrocephalus as the fissured, cystic wall allows CSF 
spread around the tumor. Patients with epidermoids may 
occasionally present with chemical or aseptic menin
gitis from extrusion of cyst fluid into the subarachnoid 
space.34

Imaging
On MRI, epidermoids demonstrate hypointensity on T1 
images and hyperintensity on T2 (Figs. 24.6 and 24.7). 
However, unlike meningiomas and VS, epidermoids do 
not enhance with gadolinium. (Minimal enhancement 
of the epidermoid capsule has been documented in app
roximately 25% of tumors.31) Epidermoids share similar 
CT characteristics with arachnoid cysts; both present as 
wellcircumscribed, homogenous, lobulated masses with
out surrounding edema of adjacent parenchyma. For this 
reason, CT alone is not sufficient for diagnosis.39 On MRI 
and CT, epidermoid and arachnoid cyst contents match 
the density and intensity of CSF. However, specific MRI 
sequences allow distinction between these two patho
logies: epidermoids are differentiated from arachnoid 
cysts by their relative hyperintensity to CSF on FLAIR 
(fluidattenuated inversion recovery sequences) and DWI 
sequences. Other lesions with FLAIR and DWI hyperin
tensity include abscesses and cholesteatoma. These can 
be differentiated from epidermoids by thick rim enhance
ment and temporal bone destruction, respectively.31

Fig. 24.6: Cerebellopontine angle (CPA) epidermoid. Axial T1-
weighted magnetic resonance imaging (MRI) of a CPA epidermoid 
demonstrating low signal intensity. Note the compression of brain-
stem and fourth ventricle.

Fig. 24.7: Cerebellopontine angle (CPA) epidermoid. Axial T2-
weighted magnetic resonance imaging (MRI) of a CPA epidermoid 
demonstrating hyperintensity. Note cranial nerves VII and VIII 
visible in the internal auditory canal. 
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 Areas of contrast enhancement within epidermoids 
have been reported in the literature and have been shown 
to correlate with malignant transformation to squamous 
cell carcinoma, an extremely rare event.3638,40,41 Also rare 
are “white epidermoids”—tumors whose high protein
aceous content leads to reverse signal intensity with 
hyperintensity on T1 and hypointensity on T2.31,42

Treatment
Treatment of epidermoids is gross total resection, often via 
an RS craniotomy.31 As discussed previously, these tumors 
are typically avascular and friable, but may encase or even 
adhere to neurovascular structures within the CPA. To 
avoid permanent nerve or vascular injury, subtotal resec
tion with preservation of vital structures has been strongly 
advocated. Although subtotal resection would intuitively 
suggest a higher risk of recurrence, there are studies sup
porting similar recurrence rates following total and sub/
neartotal resections. 43 Overall, published data suggest a 
high rate of hearing preservation for subtotal resection, 
even if performed for the second time.44,45 At present, data 
on GKS of epidermoid tumors are scarce. For tumors with 
malignant transformation, the addition of adjuvant radio
therapy to surgical resection appears to confer a survival 
benefit.46

FACIAL NERVE SCHWANNOMAS

Pathogenesis
Schwannomas of the FN can occur anywhere along the 
FN course and intratemporal lesions are often multifocal. 
Although most commonly located in the perigeniculate 
region, facial nerve schwannomas (FNS) may also occur 
in the CPA.10,47 Isolated CPA FNS represent <2% of all FNS 
 lesions and can be challenging, if not impossible, to diffe
rentiate from VS preoperatively.48 Like VS, FNS are slow 
growing, predominately benign neoplasms of Schwann 
cells. Documented growth rates are slightly higher than 
that of VS with an average of < 1 cm3/year and malig
nancy is extremely rare, with few reported cases in the 
literature.47,49 FNS are uncommon in children and rarely 
bilateral.10 Unlike meningiomas and VS, there are no 
known genetic loci involved in the development of FNS. 
 Not surprisingly, signs and symptoms of these lesions 
relate to the location(s) of the FN they involve. Extrate
mporal involvement may present as a parotid mass; 
middle ear FNS can cause conductive hearing loss and 

sensorineural hearing loss; and FNS of the CPA may 
present with a range of clinical findings common to all 
CPA tumors. Of note, FNS located intratemporally (within 
the bony FN canal) can lead to neural entrapment and FN 
symptoms even at very small sizes; therefore, they often 
present earlier than FNS confined to the CPA. Facial 
paresis, often subtle, is more common in the initial pre
sentation of facial schwannomas compared with other 
CPA lesions.48

Imaging
On MRI, nonvestibular nerve schwannomas, such as FNS 
or schwannomas of the lower CNs, are identical to both 
meningiomas and VS in signal intensity and enhance
ment, but may be identified by their location and appear
ance. FNS may cause abnormal enhancement along the 
length of the intratemporal FN on postcontrast T1weighted 
images, occasionally presenting as “beads on a string” with 
multifocal enhancement.16,48 Enlargement of the FN canal 
on CT may also be diagnostic of a FNS. Of note, lower CN 
schwannomas (such as tumors of CN IX, X, XI and XII) 
are suspected by their intimate relationship to the corres
ponding skull base foramina. Unlike the FN, these nerves 
do not course through the CPA cistern, and therefore rarely 
involve the CPA unless quite large. 

Treatment
Although management of FNS has evolved in recent years, 
timing of intervention remains controversial. Surgery is 
the mainstay of treatment options and traditional teach
ing supported tumor observation until symptoms of FN 
paresis reached or surpassed HB grade III–IV. Surgical 
excision nearly always leads to complete disruption of the 
conti nuity of the FN, and therefore expectedly necessitates 
nerve reconstruction or adjunctive reanimation proce
dures. (Isolated instances of complete tumor removal with 
preservation of FN continuity have been reported.10) FN 
reconstruction techniques may restore facial function to 
a HB grade III, thus the timing of surgical excision must 
balance these two outcomes. Consensus supports surgi
cal intervention when tumor effects reach a HB III–IV. 
Maintaining an expectant approach until HB V or com
plete paralysis occurs confers a distinct disadvantage in 
outcome—published data supports better functional out
comes with less preoperative deficit. 47, 50 Conservative surgi
cal ap proaches, specifically decompression and debulking, 
may also be employed to prolong native facial function as 
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long as possible. These methods may also be utilized when 
a FNS is encountered unexpectedly during surgical exci
sion for presumed VS. As described above, preoperative 
determination of FNS pathology in patients without FN 
paresis or radiographic involvement of the intratemporal 
FN may be extremely challenging or impossible. When 
faced with an unexpected FNS intraoperatively, surgical 
management choices include complete resection, subtotal 
resection of debulking, or decompression. A recent study 
described excellent FN function (HB < III) in a group of 16 
patients where tumor debulking and/or FN decompres
sion were performed.48

 GKS has also been advocated as a modality allowing 
longterm preservation of FN function. In small published 
series, GKS allowed longterm preservation of innate FN 
function leading authors to promote GKS as a firstline 
treatment option for FNS.51,52

ARACHNOID CYSTS

Pathogenesis
Arachnoid cysts are believed to be a congenital develop
mental abnormality in which a thinwalled sac is created 
by aberrant or increased pulsatile CSF flow. The lesion 
consists of arachnoid membrane lined with collagen and 
arachnoid cells and slowly enlarges with trapped CSF.53 
Acquired arachnoid cysts that are comparatively rare 
appear to occur after trauma or intracranial surgery. 54 As 
with other CPA lesions, these are slow growing and cause 
symptoms from mass effect on surrounding neurovascular 

structures. Without free communication with the sub
arachnoid space, enlarging cysts may initially present with 
symptoms of increased intracranial pressure. Representing 
< 1% of all intracranial neoplasms, they are most common
ly found in the middle cranial fossa and are rare lesions of 
the CPA.55 Less than 10% of all intracranial arachnoid cysts 
are found in the posterior fossa. 56,57 In their study of app
roximately 300 tumors, Helland et al. suggest a possible 
relationship between gender and location with temporal 
cysts occurring more commonly in males and CPA loca
tion predominating in females.55

Imaging
As stated above, epidermoids and arachnoid cysts may 
have similar imaging characteristics on both MR and CT 
(Figs. 24.8 and 24.9). MRI allows differentiation between 
these tumors: only arachnoid cysts will suppress com
pletely on FLAIR and have no restriction on DWI. Other 
rare pathologies that may be confused with arachnoid 
cysts include mega cisterna magna, which has identical 
MRI characteristics on T1, T2weighted images, FLAIR 
and DWI but has no mass effect on the cerebellum or 
vermis.53

Treatment
In the case of incidentally discovered, asymptomatic 
arachnoid cysts, observation is strongly encouraged.5861 
For symptomatic cysts, a range of surgical options has 

Fig. 24.8: Computed tomography (CT) image of an arachnoid 
cyst.

Fig. 24.9: Arachnoid cyst. Axial T1-weighted magnetic resonance 
imaging (MRI) of a large cerebellopontine angle (CPA) arachnoid 
cyst with characteristic hyperintensity matching the signal intensity 
of cerebrospinal fluid (CSF).
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been proposed ranging from craniotomy with complete 
removal to stereotactic cyst needle drainage. Endoscopic 
cyst fenestration, subtotal removal, cystoperitoneal shunt
ing, drainage, and fistulization with the subarachnoid 
space have also been advocated. 53,61 Rarity of pathology 
and overall lack of published data make a comparison 
of various interventions challenging; however, multiple 
groups have reported recovery of SNHL as well as return 
of FN function following fenestration of CPA arachnoid 
cysts.62,63 Overall, surgical drainage is preferred in most 
centers, typically via an RS approach. Diuretics have been 
reported to reduce symptoms in some patients; however, 
they are not widely used. GKS is no employed in the treat
ment of arachnoid cysts.

LIPOMAS

Pathogenesis
Like arachnoid cysts, lipomas are more commonly found 
in the supratentorial brain and are rare in the posterior 
fossa and CPA. Composed of mature adipose tissue, they 
are benign, slowgrowing masses that can often become 
large before inducing symptoms. They are congenital mal
formations resulting from malabsorption of the meninx 
primitive, a mesenchymal derivative of neural crest cells. 
Lipomas are predominately asymptomatic and found inci
dentally on imaging or at autopsy. Symptomatic lipomas 
usually present with hearing and balance complaints and 
may be limited to the IAC or involve both the IAC and CPA. 
As with epidermoid tumors, lipoma growth progressively 
encases surrounding neurovascular structures and can 
often be inseparable from arachnoid and neural tissue. 
Although symptoms results from mass effect, the tra
beculated, fibrovascular consistency of lipomas has been 
shown to cause demyelination and may be histopathologi
cally indistinguishable from neural fibers.6466 This micro
scopic anatomy is an important consideration in timing 
and approach of surgical management. 

Imaging
Because they are composed of fat, lipomas demonstrate 
a distinct MRI appearance, allowing them to be distin
guis hed from other CPA pathology: they are hyperintense 
on pregadolinium T1 images and hypointense on T2 
images (Fig. 24.10). Although lipomas typically enhance 
with gadolinium, the signal may be difficult to distin
guish from bone marrow enhancement on postcon
trast T1 images. MRI may also allow visualization of the 

neurovascular structures traversing the body (versus 
the peri phery) of the tumor and can be a distinguishing 
feature. In challenging cases, chemically selective fat 
suppression sequences can allow differentiation from 
other CPA pathology. 

Treatment
Pathogenic features described above make observation 
the primary treatment modality for CPA lipomas. Their 
dense adherence to neurovascular structures of the CPA 
make hearing loss and FN injury common sequelae of 
surgical excision. Published reports demonstrate hearing 
loss and FN paresis/paralysis in most patients subjected to 
surgical removal.67 Supported by very low growth rates and 
lack of malignant transformation, expectant management 
with serial imaging is now a welldocumented, lowmor
bidity treatment of CPA lipomas.68 In rare cases of signi
ficant growth or progressive CN/neurologic dysfunction, 
subtotal surgical resection may be considered. Approach 
for surgical excision is often guided by preoperative audio
logic baseline and may proceed via hearing or nonhearing 
preservation approaches. At present, GKS does not have a 
role in treatment of CPA lipomas.

HEMANGIOMAS

Pathogenesis
Benign hamartomatous lesions arising from blood vessels, 
hemangiomas are characterized as capillary or cavernous. 

Fig. 24.10: Lipoma of the internal auditory canal. Axial T1-weighted 
precontrast magnetic resonance imaging (MRI) image with white 
arrow indicating lesion. Note that unlike most other cerebellopon-
tine angle (CPA) pathology, this lesion is hyperintense on pregad-
olinium T1 images. 
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They are extremely rare, accounting for < 0.01% of CPA 
tumors. Capillary hemangiomas have a predilection for the 
perigeniculate capillary plexus, while cavernous are more 
common in the IAC/CPA. For reasons that are not fully 
understood, they often cause symptoms of hearing loss 
and facial paresis more rapidly than other CPA lesions and 
at a comparatively smaller size. Data suggest that most, if 
not all, untreated patients with hemangiomas of the CPA 
will progress to complete CN dysfunction of VII and VIII.69

Imaging
Capillary hemangiomas can be suspected when CT dem
onstrates bone erosion, calcium deposits or spiculated 
bone surrounding the geniculate ganglion. Cavernous he
mangiomas of the CPA are rarely calcified. MRI features 
are similar to that of VS and meningiomas with hypo or 
intermediate intensity on T1 images, hyperintensity on 
T2 and enhancement with gadolinium (Fig. 24.11) Facial 
paresis/paralysis in the presence of a small IAC or perigeni
culate tumor should raise suspicion for a hemangioma.

Treatment
Overall, published data advocates surgical excision with 
complete or gross total resection.69,70 This can be accom
plished via a hearing preservation (MCF, RS) or non
hearing preservation approach (TL) depending on level of 
residual hearing at the time of intervention. Intraopera
tively, meticulous sharp dissection of CN is advocated to 

carefully separate the dense tumor attachments and many 
authors report preservation of neural continuity. Due 
to the rarity of these extraaxial lesions, scant published 
data exist on observation or stereotactic radiosurgery for 
hemangiomas of the CPA. Radiosurgery has been used to 
successfully treat hemangiomas of the cavernous sinus 
as well as brain stem and other intraaxial cavernomas; 
however, this experience has not yet been extrapolated to 
hemangiomas of the temporal bone.

METASTATIC LESIONS

Pathogenesis
Primary malignant neoplasms from other sites may un
commonly metastasize to the CPA via hematogenous 
spread. Overall, the most common CNS metastases arise 
from cancer of the breast, lung, melanoma and lymphoma, 
in decreasing frequency, although all are rare in the CPA.71 
In fact, data suggests that the coexistence of a known 
extracranial malignancy and an isolated CPA mass should 
not presume metastatic disease. In particular, a unifocal 
CPA tumor in a woman with breast cancer is more likely to 
be a meningioma than metastatic disease.72

 Malignant melanoma has a predilection for metastasis 
to the CNS, likely due to the melanin producing cells 
within the leptomeninges (pia and arachnoid). Metastatic 
CNS melanoma can be multifocal with lesions in both the 
brain and spine as well as diffuse with widespread menin
geal involvement. Isolated metastatic disease to the CPA is 
exceedingly rare with an incidence of <1%.73 Brackmann 
and Doherty reviewed the House Ear clinic experience and 
found 8/6500 CPA lesions to be melanoma (incidence of 
0.12%).73 Of these, many were bilateral and occurred many 
years after primary melanoma diagnosis. Diagnosis can 
be challenging, but may be caught with CSF analysis for 
malignant cells and unique imaging characteristics. 
 For these rare CPA lesions, the symptom constella
tion or onset may occasionally be suggestive (although 
not diag nostic) of pathology. For example, patients with 
malignant or metastatic disease often present with more 
rapid and severe symptom progression compared with 
other CPA lesions.36,73

Imaging
Metastases may present as a CPA mass or with leptomenin
geal carcinomatosis, typically characterized as a “seeding” 
or a multiple enhancing lesion pattern on postcontrast 
MRI images. The MRI appearance of CPA metastasis is 

Fig. 24.11: Cerebellopontine angle (CPA) cavernoma. Axial 
T1-weighted gadolinium-enhanced magnetic resonance imaging 
(MRI) demonstrating a cavernous hemangioma of the posterior 
fossa and CPA. 
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variable and can mimic more common CPA lesions such 
as VS or meningioma (i.e. hypointensity on T1, hypo or 
hyperintensity on T2 and enhancement with gadolinium) 
(Fig. 24.12). Unique features signaling malignancy include 
indistinct brain–tumor interface (signifying tumor inva
sion) and/or significant peritumoral edema of the sur
rounding brain, best seen as increased intensity on T2 
images. Suspected malignancy warrants a thorough total 
body evaluation, with specific attention to areas of com
mon primaries (i.e. breast, lung, and liver) as well as a CSF 
analysis for malignant cells. 

Treatment
Unlike the previously discussed nonVS tumors of the CPA, 
treatment of metastatic lesions is multimodality, includ
ing surgical extirpation, radiation therapy or stereotactic 
radiosurgery, and/or chemo or immunotherapy. Surgi
cal intervention may be indicated for tissue diagnosis or, 
in cases of isolated intracranial metastasis (i.e. CSF nega
tive for malignant cells), complete tumor excision. As with 
other CPA masses, surgical approach may be influenced 
by multiple factors, including hearing status and tumor 
location. Both resection and radiosurgery of isolated CPA 
metastasis have been shown to improve survival.73

INTRA-AXIAL LESIONS
Intraaxial lesions may extend into the CPA from their pri
mary site of origin, including the brain stem (gliomas), 

cerebellum (hemangioblastomas, medulloblastoma from 
the vermis or astrocytoma from the peduncles), or the 
fourth ventricle [choroid plexus papillomas (CPPs) and 
ependymomas]. In general, intraaxial lesions may be 
identified by the lack of CSF between the tumor and adja
cent brain parenchyma. Unlike extraaxial lesions, which 
cause mass effect on the cerebellum and brain stem, these 
lesions narrow the CPA cistern.16 Like metastatic lesions, 
treatment of intraaxial pathology is multidisciplinary 
and commonly involves multiple modalities. Stereotactic 
biopsy may be employed to gain tissue diagnosis prior to 
initiation of definitive treatment. Depending on pathology, 
a variable combination of surgical excision, stereotactic 
radiosurgery, or chemo or immunotherapy is employed.74 
For intraaxial lesions, survival rates depend largely on 
pathology with medulloblastoma greatly exceeding that 
of brain stem gliomas.74 Imaging characteristics and treat
ment considerations unique to each pathology are briefly 
described below. 

Gliomas
Brainstem gliomas are the most common CPA lesion in 
children and represent a diverse group of astrocytic tumors 
with variable outcome. Exophytic gliomas may extend into 
the CPA from their origin on the surface of the pons, while 
intrinsic, diffuse gliomas may enlarge within the brain 
stem itself. Unlike other CPA lesions, intraaxial brain stem 
gliomas are more likely to present with cerebellar and long 
tract signs instead of the typical CPA symptoms of hear
ing loss or imbalance. On T2weighted MRI images, dif
fuse signal intensity may extending up and down the brain 
stem with inconsistent enhancement onT1 postcontrast 
images. Overall, surgical goals are diagnosis and reestab
lishment of CSF pathways and, depending on tumor loca
tion, may not always include significant tumor resection. 
Diffuse gliomas are generally treated with external beam 
radiotherapy; hyperfractionated radiation dosing and 
addition of chemotherapy have not shown a survival 
advan tage. Prognosis is variable, but generally poor with 
median survival of 1 year.75

Medulloblastomas
Medulloblastomas are intrinsic cerebellar lesions arising 
from the superficial granular layer of the cerebellar folia. 
The most prevalent malignant CNS tumor in children, 
they are highly aggressive with frequent metastasis and 

Fig. 24.12: Cerebellopontine angle (CPA) metastasis. Coronal 
T1-weighted gadolinium enhanced magnetic resonance imaging 
(MRI) demonstrating renal cell carcinoma metastasis to the cere-
bellopontine angle. 

Ch-24.indd   431 17-06-2015   13:34:38



Otology/Neurotology/Skull Base Surgery432

early local invasion.76 They are most commonly diagnosed 
between 5 and 10 years of age and appear to have a slight 
male predominance. In general, hearing loss is uncommon 
with primary cerebellar lesions such as medulloblastoma. 
These patients commonly present with imbalance (versus 
vertigo) and often have shorter symptom duration of days 
or months (versus years with VS or meningiomas).77 Many 
children present with symptoms of increased intracranial 
pressure due to tumor growth into the subarachnoid space 
and fourth ventricle causing obstructive hydrocephalus.77 
Histopathologically, their features typify primitive neuroe
ctodermal tumors and consist of densely packed, poorly 
differentiated, small, blue cells. On MRI, heterogenous 
enhancement with cystic changes on postcontrast T1 
images is more common than with VS or meningiomas. 
Leptomeningeal spread may also be seen. Treatment in
volves surgical extirpation with the goal of removing > 75% 
of tumor mass and reestablishing CSF drainage pathways 
followed by chemoradiation. Treatment decision making 
is complex and coordinated, multidisciplinary neuro
onco loigc management is credited with improved surviv
al, up to 70% at 5 years.78

Choroid Plexus Papillomas and 
Ependymomas
CPPs and ependymomas arise from similar regions within 
the fourth ventricle and may represent variants of a com
mon papillary tumor. Like other posterior fossa intraaxial 
tumors, they are more common in children than adults; 
CPP is most common in newborns and those under 
2 years of age. Both reach the CPA by extension through 
the foramen of Luschka, leading to early intracranial 
hypertension in nearly all cases. Because they affect the 
apex of the CPA first, they can also produce early audioves
tibular symptoms. On CT, calcification is common while 
cystic changes are rare. MRI characteristics are similar to 
more common CPA pathology with hypo or isointensity 
on T1 images and homogenous enhancement with gado
linium. Treatment of these tumors differs with gross total 
resection rarely possible in ependymomas and curative 
in CPP. Ependymomas are commonly treated with adju
vant radiation, while the role for chemoradiation in CPP is 
unclear. Survival rates following multidisciplinary treat
ment may reach 80% at 10 years.79

Hemangioblastomas
Intracranially, hemangioblastomas originate in the blood 
vessels of the cerebellum, but they can also be multifocal, 

often with a concurrent retinal tumor. Although they may 
be associated with von Hippel–Lindau (VHL) disease, 
most are sporadic. Genetic testing to confirm loss of the 
tumor suppressor VHL gene on chromosome 3 is available 
and encouraged in diagnosis.80 As with other intraaxial 
lesions, ataxia and increased ICP are more common than 
hearing loss or vertigo. On CT and MRI, hemangioblasto
mas are vascular, cystic, and enhance with contrast. Flow 
voids related to their increased vascularity may be a dis
tinguishing feature on MRI. Angiographic embolization 
followed by surgical resection is the mainstay of treatment 
with an adjuvant chemotherapy and stereotactic radiation 
playing a role in recurrent disease and VHLassociated 
tumors.

CONCLUSION
There is a variety of nonVS lesions of the CPA, includ
ing meningioma, epidermoid, arachnoid cyst, facial and 
other CN schwannomas, metastatic disease, and primary 
intraaxial lesions. If symptomatic, complaints related to 
the structures of the CPA, namely the nerves of hearing 
and balance, are most common, although patients may 
manifest a variety of intracranial symptoms. Differentia
tion between tumor pathology using presentation, physi
cal examination, or audiovestibular testing is challenging. 
Current practice recognizes MRI as the most efficient and 
effective method to diagnose CPA pathology. Once diag
nosed, a variety of treatment options may be employed, 
including observation, surgery, or stereotactic radiosur
gery.
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that gives rise to the auricular branch (Jacobsen’s nerve), 
which ascends across the cochlear promontory to form a 
sensory plexus and the lesser superficial petrosal nerve. 
Likewise, cranial nerve X also forms a ganglion as it leaves 
the cranial vault and forms the auricular branch of the 
vagus nerve (Arnold's nerve), which provides sensory 
innervation to the posterior wall of the external audi
tory canal. The IPS, which commonly consists of multi
ple branches, is the main drainage site for the cavernous 
sinus and empties into the medial aspect of the jugular 
bulb (JB). The relationship between IPS and the lower 
cranial nerves is highly variable but often the IPS courses 
between CN IX anteriorly and CNs X and XI posteriorly.4 
 The jugular foramen is separated from the hypotympa
num by a bony plate and is medial to the descending facial 
canal and inferomedial to the posterior semicircular canal. 
The jugular foramen is separated from the anteromedial 
carotid canal by the caroticojugular spine and from the 
inferomedial hypoglossal canal by the jugular tubercle. 
The size of the jugular foramen varies greatly, but averages 
1.5 cm in length and 1.0 cm in width.1 In two thirds of tem
poral bones analyzed, the right jugular foramen is larger 
than the left.3 These anatomic landmarks will be important 
in understanding jugular foramen disorders (Figs. 25.1A 
and B). 
 The confluence of the lateral dural venous sinuses at 
the jugular fossa and the connecting conduit between the 
sigmoid sinus and the internal jugular vein is termed the 
jugular bulb (JB). The JB receives the venous outflow from 
the IPS that opens at its petrous compartment. The upper 
region of the bulb is rounded and frequently termed the 
“dome” of the JB. The development of the JB is highly variable 

INTRODUCTION/BACKGROUND
The jugular foramen is formed at the junction between 
the temporal and occipital bones, with the anterolateral 
wall arising from the petrous portion of the temporal bone 
and the posteromedial wall from the occipital bone. The 
jugular foramen courses anteriorly and laterally as it exits 
the skull base. Vital neural and vascular structures are con
tained within the jugular foramen including the sigmoid 
sinus, jugular bulb, inferior petrosal sinus (IPS), menin
geal branches of the ascending pharyngeal and occipital 
arteries, and cranial nerves IX (glossopharyngeal nerve), 
X (vagus nerve), and XI (spinal accessory nerve). Classi
cally, the jugular foramen has been described as contain
ing an anteromedial portion (pars nervosa) and a larger 
posterolateral portion (pars vascularis).1 However, the 
jugular foramen has recently been divided into three ana
tomic compartments2: a posterior division known as the 
sigmoid compartment receiving the sigmoid sinus; an ante
rior division known as the petrous compartment receiv
ing the IPS; and the intermediate division known as the 
neural intrajugular compartment receiving cranial nerves 
IX, X, XI, and meningeal branches from the ascending 
pharyngeal and occipital arteries. After exiting the brain
stem, CN IX, X, and XI ascend in a fan ventral to foramen 
of Luschka, choroid plexus, and flocculus, then complete 
a 90° turn inferiorly upon entering the jugular foramen. 
The lower cranial nerves IX, X, XI are located medial to the 
jugular vein. There is a fibrous septum separating CN IX 
from CN X and CN XI in over 86% of patients, and a com
plete bony septum in the remaining.3 Within the jugular 
foramen, cranial nerve IX forms the inferior ganglion 
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and is directly related to both embryology and postnatal 
deve lopment of the brain coupled with hemodynamic 
changes in intracranial circulation. The JB varies greatly 
with regard to its size, location, and shape. At birth, the JB is 
absent, followed by bulbous enlargement starting at around 
2 years of age with continued enlargement into adulthood, 
and remaining stable in the elderly.5 This observation sug
gests that abnormalities of the JB are acquired rather than 
congenital in origin, and may insinu ated that venous blood 
flow dynamics determine the ulti mate size and position of 
the JB with its potential for abnormal development.5 The 
JB is rightsided venous dominant in over 70% of cases 
studied.5,6 Similar to other venous structures, anatomical 
variations and developmental abnormalities are seen with 
the JB and mainly consist of JB dehiscence, highriding 
JB, and JB diverticulum. Tissue types found in the territory 
of the jugular foramen include nerve, vessel, bone, fibro
cartilage, mucosa, and paraganglia. Disorders can arise 
from any of these structures. Additionally, the relation
ship and significance of the jugular foramen to the deep 
fascial planes of the neck are extremely important. Both 
infections and tumors in these spaces can track cephalad 
along these potential spaces. The middle layer of the deep 
cervical fascia (buccopharyngeal fascia) lies anteromedi
ally, the deep layer of the deep cervical fascia (prevertebral 
fascia) lies posterolaterally, and the superficial layer of the 
deep cervical fascia lies laterally.7 

DEVELOPMENTAL AND 
STRUCTURAL ABNORMALITIES 
OF THE JUGULAR BULB

Jugular bulb abnormalities consist mainly of highriding 
jugular bulb (HRJB) and jugular bulb diverticulum (JBD). 
Jugular bulb abnormalities are not uncommon, with a 
reported incidence ranging from 6% to 34% for HRJB, and 
1% to 8% for JBD.8,9 A HRJB has been defined if it rises to 
the level of the basal turn of the cochlea,10 if the dome 
of the bulb encroaches within 2 mm of the floor of the 
internal auditory canal,11 or if the bulb extends above the 
inferior border of the tympanic annulus.12 A JBD is an 
irregular vessel outpouching or bulge that may project 
into the middle ear cavity, mastoid cavity, or medially 
toward the petrous apex.13 The prevalence of JB abnormali
ties increases during the first 4 decades of life and plateaus 
thereafter. Both HRJB and JBD can erode into neighboring 
structures of the middle ear, inner ear, and mastoid. In a 
recent study of over 1,500 temporal bone specimens, the 
incidence of HRJB and JBD involving the tympanic cavity 
was 1% occurring with similar frequency among men 
and women.9 Erosion of the inner ear by HRJB and JBD is 
rare and likely underreported, but an incidence of 1–3% 
has been reported for HRJB eroding into the inner ear.14,15 
Jugular bulb abnormalities most commonly erode into the 
vestibular aqueduct, followed by vertical segment of the 

Figs. 25.1A and B: (A) Schematic drawing of the jugular foramen in axial view. (B) Schematic drawing of the jugular foramen in coronal 
view. Copyright RK Jackler and C Gralapp, Stanford University.
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facial nerve and posterior semicircular canal.14 Interest
ingly, twothirds of the dehiscence was on right venous 
dominant side, suggesting that blood flow dynamics may 
be critical in the etiology of JB abnormalities. 

Clinical Manifestations
Jugular bulb abnormalities including HRJB and JBD 
may present with a multitude clinical symptoms includ
ing hearing loss, pulsatile tinnitus, and vertigo.14 In most 
patients, jugular bulbmediated inner ear dehiscence was 
clinically and radiologically silent.15 In a published series 
of 30 patients, jugular bulbmediated inner ear dehiscence 
was associated with multiple clinical symptoms includ
ing hearing loss, pulsatile tinnitus, and vertigo.14 Equally 
important, almost half of these patients with radiologically 
demonstrated inner ear dehiscence were asymptomatic. 
Common clinical findings of jugular foramen pathology 
are described in Table 25.1.

Diagnostic Studies
Patients presenting with hearing loss (conductive or senso
rineural), vertigo or pulsatile tinnitus or tonal tinni tus 
could undertake imaging studies. Highresolution com
puter tomography (HRCT) and or magnetic resonance 
imaging (MRI) are critical to assess external, middle, and 
inner ear anatomy. Highresolution computer tomo
graphy can delineate bony abnormalities and MRI is use
ful to evaluate asymmetric hearing loss. Highresolution 
computer tomography is often sufficient for the diagnosis 
of JBA and imaging should focus on bony integrity of the 
jugular bulb, vestibular aqueduct, and vertical segment of 
the facial nerve. Contrastenhanced MRI supplements the 
HRCT, as it provides critical information regarding course, 
caliber, and patency of the transversesigmoidjugular 
bulbinternal jugular venous system (Fig. 25.2)
 Vestibular evoked myogenic potentials (VEMP) res
ponses can be obtained should the imaging demonstrate 

Source: Adapted from Rigby PL, Jackler RK. Clinicopathologic presentation and diagnostic imaging of jugular foramen tumors.  Oper 
Tech Head Neck Surg. 1996;7:99105. 

Table 25.1: Common clinical findings in jugular foramen tumors

Region Test Findings

Ear OtoscopyParaganglio
mas

Red, pulsatile retrotympanic mass

Bruit audible with a stethoscope

Brown’s sign: a decrease in apparent size and redness of the middle ear mass upon applica
tion of positive pressure with a pneumatic otoscope; in our experience, positive pressure 
increases the apparent tumor size as the tympanic membrane drapes over the tumor

OtoscopySchwannoma 
and meningioma

Usually normal

Pale, nonpulsatile retrotympanic mass

Audiologic testing Conductive, sensorineural, or mixed hearing loss

Pulsesynchronous excursions of tympanic membrane on impedance testing

Eye Eye movement Nystagmus

Lid PtosisHorner’s syndrome

Visual acuity Decrease color vision, visual acuity, and papilledema from increase intracranial pressure

Throat Oral cavity Unilateral failure to elevate palate

Pharyngeal anesthesia or unilateral decrease gag reflex

Tongue weakness or atrophy

Bulging tonsillar fossa suggestive of parapharyngeal space component

Laryngoscopy True vocal cord paresis or palsy

Face Facial tone Facial weakness or spasm

Facial sensation Sensory disturbance

Masticatory muscle tone Loss of masticatory muscle tone

Neck Neck palpation Parotid or carotid triangle fullness

Muscle tone Trapezius or SCM muscle weakness or atrophy
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JBrelated inner ear dehiscence. In these patients, the 
VEMP test shows decrease in thresholds similar to supe
rior canal dehiscence syndrome consistent with third win
dow effect.16 

Treatment 
Most patients should be managed conservatively with 
serial imaging, but treatment options include decompres
sion, embolization, resurfacing, and ligation.9,17

JUGULAR FORAMEN 
PARAGANGLIOMAS

Paragangliomas or glomus tumors are uncommon neo
plasms of the temporal bone that comprise small lesions 
limited to the middle ear to extensive lesions involving the 
skull base. Over 90% of the paragangliomas are detected 
in the adrenal gland and are termed pheochromocytomas. 
The remaining 10% of paragangliomas are found in extra
adrenal sites including abdomen, thorax, and the head 
and neck region. Approximately 3% of paragangliomas are 
found in the head and neck region.18 Of all head and neck 
tumors, 1 in 30,000, is a paraganglioma.19 The most com
mon paraganglioma in the head and neck region is the 
carotid body tumor, followed by paraganglioma of the JB 
(jugulare) and middle ear (tympanicum) and finally vagal 
paragangliomas.20 Tympanic paragangliomas are the most 
common primary neoplasms of the middle ear21 and jugu
lar paragangliomas are the most common tumors of the 
jugular foramen.22 This chapter focuses on paraganglio
mas of the JB (jugulare). 

History
It was Valentin in 1840 who first described the tympanic 
ganglion to Jacobsen’s nerve in the middle ear.23 The histo
logical characterization of a glomus tumor was done by 
Stacy Guild in 1941 where he described the glomus jugu
lare as small formations in the adventitia of the dome of 
the JB along the tympanic branch (Jacobsen’s nerve) 
of the glossopharyngeal nerve and the auricular branch 
(Arnold’s nerve) of the vagus nerve.24 Further descriptions 
and reports culminated with Alford and Guilford’s publi
cation in 1960 classifying glomus tumors into glomus tym-
panicum (tumors located in the middle ear) and glomus 
jugulare (tumors involving the JB and jugular foramen 
with extension into the middle ear). Since these initial 
descriptions, rapid advancements in genetics have aug
mented our understanding of paragangliomas in terms of 
responsible genes and risks assessment for tumors located 
outside the temporal bone. 

Terminology
Many terms have been used to describe glomus tumors in 
the literature including paraganglioma, chemodectoma, 
glomus tumors, and nonchromaffin paraganglioma.25 
Originally, paragangliomas were termed “glomus” tumors 
because of the belief that the chief cells were derived from 
specialized pericytes as seen in true cutaneous arterio
venous (glomus) anastomosis tumors (glomangiomas). But 
these cutaneous tumors are unrelated to paragangliomas 
developmentally and functionally.26,27 The term “nonchro
maffin” paraganglioma derives from histologic examina
tion of adrenal autonomic paraganglia that is intensely 
positive for chromium salts (staining used to determine 
the presence or absence of catecholamines), whereas 
extraadrenal paraganglia does not stain with chromium 
salts, hence the term “nonchromaffin” paragangliomas.25 
A “chemodectoma” is an incorrect term since it inaccu
rately describes all paragangliomas of the head and neck 
region, but the only known paraganglia in the head and 
neck region to act as a chemoreceptor is the carotid body.25 

Pathology
The paraganglion system constitutes chromaffin positive 
neural crestderived cells that are located in extraadrenal 
sites. The paraganglia in the human temporal bone are 
distributed along the auricular branch of the vagus nerve 
(Arnold’s nerve) and the tympanic branch of the glosso
pharyngeal nerve (Jacobson’s nerve). Approximately 70% 

Fig. 25.2: High-resolution computed tomography (HRCT) of the 
right ear showing a high-riding jugular bulb (HRJB) at the level of 
the internal auditory canal (IAC).
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of paraganglia related to the vagus nerve occur on the 
jugular bulb. Paraganglia along the glossopharyngeal nerve 
occur anywhere from the origin of the nerve at the petrosal 
ganglion (10%) to the JB (28%), tympanic canaliculus (40%), 
promontory of the middle ear (20%), and beyond (2%). 
Paragangliomas of the JB may consequently be related 
with either the vagus or glossopharyngeal nerve, although 
the former is most likely. Paraganglioma tympanicums are 
almost always associated with the glossopharyngeal nerve 
(Jacobson’s nerve) or rarely, the auricular branch of the 
vagus nerve (Arnold’s nerve). Histologically, all sympa
thetic and parasympathetic paragangliomas are identical 
regardless of their site of origin. They display two types 
of cells that are arranged in a typical nestlike or alveo lar 
architectural pattern: type I cells or chief cells are 
polygonalshaped epithelioid cells often with enlarged 
hyper chromatic nuclei, abundant granular eosinophilic 
cytoplasm and arranged in solid groups called “Zellbal
len”26 (Fig. 25.3A). Chief cells are derived from the neural 
crest and migrate closely with the autonomic ganglia of 
the sympathetic nervous system.28 The chief cells are sur
rounded by a spindleshaped basophilic type II cells or 
sustentacular cells, which are positive for staining with 
the S100 protein and are homologous to satellite cells in 
the autonomic ganglia (Fig. 25.3B). Both type I and type II 
cells lie within a dense network of capillaries.29 Chief cells 
may show nuclear pleomorphism and cellular hyper
chromatism but should not be considered evidence 
of malignancy. Importantly, there are no histologic or 
immunohistochemical markers for the diagnosis of a 
malignant paraganglioma, and the only current criteria of 
malignancy is the presence of metastasis to nonneuroen
docrine tissue.30,31 

Pathogenesis
Baysal et al.32 was the first to identify germline mutations 
of the succinate dehydrogenase subunit D gene (SDHD 
gene) as the underlying cause of paraganglioma syndrome 
1 (PGL1) in the year 2000. Since then other mutations in 
the SDH complex have been discovered: Niemann et al.33 
described mutation in SDHC gene causing PGL3, and 
Astuti et al.34 describing PGL4 as a mutation in the SDHB 
gene (Table 25.2). Mutations of SDHA do not predispose to 
the formation of paragangliomas but instead cause Leigh’s 
disease, a form of encephalopathy.35 Research has clearly 
demonstrated that mutations in SDHB, SDHD, and SDHC 
causes a loss of function of SDH resulting in a pseudo
hypoxic state and activation of hypoxicinducible factors 
(HIFs) pathways that leads to accumulation of succinate 
and resulting inhibition of prolyl hydroxylase enzymes 
that are essential for proteosomal degradation of HIFa 
subunits.36 Currently, most of the head and neck para
gangliomas are sporadic in nature, but up to 30% of these 
seemingly sporadic paragangliomas are due to genetic 
mutations.37–40 The majority of these hereditary paragang
liomas are due to PGL1, 3, and 4. Important for molecular 
screening, a study by Neumann et al. demonstrated a 
single mutation in a cohort of 598 patients with sporadic 
head and neck paragangliomas who were screened for all 
three mutations (SDHB, SDHC, and SDHD).38 Compared 
to patients with sporadic paragangliomas of the head and 
neck, patients with PGL syndromes develop paraganglio
mas earlier in life as described by Burnichon et al.41 They 
showed that in patients with PGL syndromes the average 
age at tumor diagnosis was 36 years compared to 50.2 
years in patients with sporadic tumors. Furthermore, 

Figs. 25.3A and B: (A) Hematoxylin and eosin stain of a paraganglioma, 100x. (B) S-100 staining of a paraganglioma, 20x. 

A B
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patients with PGL syndromes tend to have a higher risk of 
presenting with a malignant paragangliomas compared to 
patients with sporadic paragangliomas, but this is likely 
due to patients with the SDHB (PGL4) mutation who 
have a higher propensity to develop malignant paragan
gliomas compared to patients with sporadic or other PGL 
syndromes.31,41 

Paraganglioma Syndrome 1 (PGL1)

Gene mutation: Baysal et al. first described the SDHD gene 
mutation causing PGL1.32 PGL1 represents the most com
mon PGL syndrome. 

Mode of inheritance and penetrance: Autosomal dominant 
with a “parentoforigindependent inheritance” since the 
syndrome is observed exclusively when the mutation is 
transmitted from the father.42 However, SDHD mutation 
carriers who inherit the mutation through the maternal 
line will still pass the mutation to their offspring in 50% of 
the cases. Tumor penetrance in PGL1 is high as described 
by Neumann et al.39 They reported that SDHD mutations 
conferred 50% penetrance by age 31 increasing to 86% by 
age 50. Hensen et al.43 reported 54% penetrance at 40 years 
of age and increasing to 87% by age 70.

Multifocality and malignancy: In a literature review per
formed by Pasini and Stratakis,44 they pooled 395 patients 
with the SDHD mutation. Out of the 395 patients with 
SDHD mutation, 91% had at least one head and neck para
ganglioma and 79% had multiple head and neck paragan
gliomas. In a multicenter study performed by Neumann 
et al.,38 598 patients with apparently sporadic head and 
neck paragangliomas were screened for mutations of the 
genes SDHD, SDHB, and SDHC. Sixty percent of patients 

with the SDHD gene mutation presented with multiple 
head and neck paragangliomas. Malignant paraganglio
mas are frequently seen and can be as high as 10% of 
patients with SDHD mutation.38 

Paraganglioma Syndrome 2 (PGL2)

Gene mutation: Hao et al. first described the SDH5 (also 
known as SDHAF2).45

Mode of inheritance and penetrance: similar to PGL1, 
PGL2 has an autosomal dominant inheritance pattern 
with a “parentoforigindependent inheritance”. There are 
only two reports in two families with this mutation. Tumor 
pene trance is high in both of these families.35,45 
 Patients with an isolated head and neck paragang
lioma who do not have gene mutations in SDHD, SDHC, 
or SDHB should be analyzed for SDH5 gene mutation.35

Paraganglioma Syndrome 3 (PGL3)

Gene mutation: PGL3 is caused by a mutation in the SDHC 
gene.33 These mutations are not as common as SDHD or 
SDHB. In the multicenter study by Neumann,38 of a total of 
598pooled patients, 26 (4%) had a mutation in the SDHC 
gene.

Mode of inheritance and penetrance: autosomal dominant.40,46 
Tumor penetrance is low as reported by Neumann,38 where 
the group described a positive pertinent family history in 
only 11.5% of the SDHCpositive patients. 

Multifocality and malignancy: The majority of patients 
with SDHC gene mutation develop exclusively a single 
head and neck paraganglioma.38,40 Malignant paragang
liomas have been described but are very rare and no report 
has been described in either jugular or tympanic paragan
gliomas.46 

Paraganglioma Syndrome 4 (PGL4)

Gene mutation: Astuti et al. first described that PGL4 is 
caused by a mutation in the SDHB gene.34 

Mode of inheritance and penetrance: autosomal domi
nant.34,38,39 Agerelated tumor penetrance in patients 
with the SDHB mutation is 29% at 30 years and 45% at 40 
years.31,47

Multifocality and malignancy: Patients with SDHB muta
tion develop head and neck paragangliomas and pheo
chromocytomas but compared to patients with SDHD 
mutation (PGL1), SDHB mutation carriers develop more 

Table 25.2: Paraganglioma syndromes with their associated 
gene mutations. Syndrome characteristics are also shown 

Syndrome Gene mutation Characteristics

PGL1 SDHD Most common gene mutation, 
head and neck paraganglio
mas > pheochromocytomas, 
malignant potential 

PGL2 SDHAF2 (SDH5) Paraganglioma development

PGL3 SDHC Develop benign single head 
and neck paraganglioma but 
20% may have 2 PGs. Rare 
malignant potential 

PGL4 SDHB Develop pheochromocytomas 
> head and neck paraganglio
mas, high risk of malignancy
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pheochromocytomas than head and neck paragang
liomas. In addition, patients with SDHB mutation develop 
less frequently multiple head and neck paragangliomas 
compared to PGL1 patients.36,38,44,48

 Patients with PGL4 have a higher rate of malignancy 
in both head and neck paragangliomas and pheochromo
cytomas compared to all other PGL syndromes.36,38,39,44,49 
Pasini and Stratakis et al. performed a literature review on 
SDHB mutation carriers and showed a malignancy rate 
of 41% in both head and neck paragangliomas and pheo
chromocytomas.44 Neumann et al.38 showed malignant 
paraganglioma tumors in 13 out of 63 (20.6%) SDHB muta
tion carriers. Boedeker et al.49 analyzed 195 head and neck 
paragangliomas for mutations of the genes SDHC, SDCD, 
and SDHB. He found 53.8% of the patients with SDHB 
mutation presented with a malignant head and neck para
ganglioma, but only one patient had a jugular paragangli
oma, while all others presented with a carotid body tumor. 
Additionally, patients with PGL4 have a high risk of deve
loping renal carcinomas.36,50

Age at Presentation, Multifocality and 
Catecholamine Secretion
Paragangliomas may occur at any age, and most patients 
become symptomatic in adulthood between fourth and 
fifth decades of life. There is a clear earlier presentation in 
patients with PGL syndromes as described above. Female
tomale ratio of 3:1 to 4:1 has been reported.21,31 
 The majority of paragangliomas are solitary, but multi
ple or synchronous tumors occur in 3–10% of patients with 
the most common tumor combination being a carotid 
body tumor with an ipsilateral paraganglioma tympani
cum. 
 Functional catecholamine secretion from paragang
liomas of the head and neck region is reported to be 1–3%.25,51 
All paragangliomas have neurosecretory granules that con
tain catecholamines, though few tumors actually mani fest 
with symptoms. Norepinephrine is the most common 
secreted catecholamine, but dopamine secre tion has also 
been reported. Patients should specifi cally be asked about 
signs and symptoms of catecholamine secretion including 
excessive perspiration, hypertension, tachycardia, nerv
ousness, weight loss, headaches, nausea, pallor, and flush
ing. Patients with above signs and symptoms should be 
evaluated with a plasma metanephrine level or a 24hour 
urine collection measuring levels of norepinephrine and 
its metabolites including metanephrine and vanillylman
delic acid (VMA). Importantly, paragangliomas of the 

temporal bone are unable to convert norepinephrine 
to epinephrine due to lack of the enzyme phenyletha
nolamineNmethyltransferase. Thus, if high levels of epi
nephrine or metanephrine are found, this should prompt 
suspicion for a concomitant adrenal pheochromocytoma 
and evaluated with an abdo minal computer axial tomog
raphy scan. Preoperative screening for urinary metane
phrines and VMA and serum catecholamines is indicated 
for glomus jugulare, carotid body tumors, multiple glomus 
tumors, and familial paragangliomas. 

Malignancy and Occult Paragangliomas
Overall, <10% of all paragangliomas in the head and neck 
region are malignant. Of these, malignant jugulotympanic 
paragangliomas constitute 2–4%49; however, in our experi
ence it is <1%. The presence of regional or distant metas
tasis to nonneuroendocrine tissues is the sole criteria to 
define a malignant paraganglioma. There are no histo
logic or immunohistochemical methods or markers yet 
available to determine paraganglioma malignancy. As 
mentioned above, patients with mutations in the SDHB 
gene have a higher likelihood of developing malignant 
paragang liomas.49 
 There is a high prevalence of occult paragangliomas 
in asymptomatic carriers of SDHD and SDHB gene muta
tions. As radiation therapy is increasingly being used for 
multiple benign tumors of the temporal bone including 
jugular paragangliomas, radiationinduced malignancies 
are being reported.52 Though rare, these tumors have poor 
prognosis. 

Clinical Manifestations and 
Growth Patterns
Jugular paragangliomas demonstrate a slow and insi dious 
growth pattern. The time of onset of symptoms largely 
depends on site of origin of the paraganglioma. Otologic 
symptoms are the most common presenting complaints 
for both jugular and tympanic paraganglioma. 
 The three most common symptoms for both jugular 
and tympanic paragangliomas are pulsatile tinnitus, hear
ing loss, and otalgia.21,53–56 
 Tympanic paragangliomas have a tendency to present 
earlier than jugular paragangliomas due to close proximity 
and earlier involvement of the tympanic membrane with 
resultant pulsation transmission and subsequent conduc
tive hearing loss.
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 Jugular paragangliomas are the most common lesions 
of the jugular foramen and tend to invade and migrate 
through vascular channels, fissures, and foramina of the 
temporal bone along paths of least resistance (Figs. 25.4A 
to C). Jugular paragangliomas have the potential to grow 
through the Eustachian tube to the nasopharynx, invade 
the petrous apex through the peritubal air cells or track 
through the petrous portion of the carotid artery and reach 
the middle cranial fossa and cavernous sinus. Superior 
extension into the hypotympanum is typical and the tumor 
can extend proximally within the lumen of the sigmoid 
sinus and distally into the upper portion of the jugular vein. 
Similar to tympanic paragangliomas, they can also erode 
out laterally through the tympanic membrane and into the 
external auditory canal. Patients with jugular paragang
liomas may present with neurologic deficits and usually 
represents substantial tumor growth. Spector et al.57 des
cribed the incidence of cranial nerve involvement by para
ganglioma to be 37% and of intracranial extension of 15%. 
The facial nerve is usually involved by tumor at its mas
toid segments as tumor growth proceeds laterally into the 
descending segment. As jugular paragangliomas extend 
into the jugular foramen, compression of cranial nerves 
IX, X, XI, and XII is possible. Patients may present with 
Horner’s syndrome as the sympathetic plexus is com
pressed at the internal carotid artery. Common clinical 
findings of jugular foramen pathology are described in 
Table 25.1.

Diagnostic Studies
Patients presenting with unexplained pulsatile tinnitus, 
CN deficits, balance disorders, and evidence of increased 
intracranial pressure are all indications for imaging the 
jugular foramen. 

Audiologic and vestibular testing: Full audiologic exami
nation including air bone and speech audiometry should 
be performed to assess the degree of conductive and sen
sorineural hearing loss. Should the patient present with 
symptoms of disequilibrium or vertigo, formal videonys
tagmography should be performed. 

Imaging: Computed tomography (CT) and MRI allow 
accurate preoperative assessment of tumor involvement of 
the temporal bone, skull base, and evaluate for intracra
nial involvement. 

High-resolution computed tomography: Thinsection HRCT 
scan (<1 mm) in both axial and coronal planes is the 

Fig. 25.4A: Jugular paraganglioma with typical extension into the 
hypotympanum. The tumor extends proximally within the lumen 
of the sigmoid sinus (coronal view), and distally into the upper 
portion of the jugular vein (sagittal view). Copyright RK Jackler 
and C Gralapp, Stanford University.

A
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Figs. 25.4B and C: (B) Jugular paraganglioma with further extension into the sigmoid sinus proximally and into the upper portion of the 
jugular vein distally. Note the erosion of the carotid and fallopian canals in the axial view. (C) Jugular paraganglioma with extension into 
the posterior cranial fossa, with superior erosion of the internal auditory canal and medial into jugular foramen. Copyright RK Jackler 
and C Gralapp, Stanford University.

B C
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imaging modality to assess for temporal bone involve
ment, visualize bony structures and tumor extension. 
Highresolution CT scan is very useful to classify between 
paragangliomas that arise from the middle ear (tympanic) 
and paragangliomas arising from the JB (jugular). It pro
vides information regarding tumor extension beyond the 
tympanic annulus and allows for defining bone erosion in 
the temporal bone. On CT scans, paragangliomas enhance 
intensely postcontrast. Contrasted HRCT may differen
tiate paragangliomas from most but not all benign and 
malignant tumors of the skull base. Arteriovenous fistu
las (AVF) can appear similar to paragangliomas on HRCT. 
More specifically, HRCT helps with the differentiation of a 
middle ear vascular mass such as paraganglioma, aberrant 
internal carotid artery, and dehiscent jugular bulb. This is 
the main reason why a biopsy of a vascular mass in the 
middle ear is not recommended prior to imaging. Lastly, 
it identifies synchronous tumors of the temporal bone and 
upper neck. 
 Tympanic paragangliomas appear as wellcircum
scribed soft tissue masses in the middle ear (usually at the 
cochlear promontory) without bone erosion. 
 Jugular paragangliomas involve the hypotympanum 
and demonstrate an irregular or “motheaten” appearance 
at the jugulocarotid spine, jugular foramen, or hypoglossal 
canal (Fig. 25.5A). Careful attention must be given to the 
relationship between the tumor and the bony covering of 
the jugular bulb, the jugular plate. Erosion of the jugular 
plate suggests a jugular paraganglioma.

Magnetic resonance imaging: Gadolinium enhancedMRI 
provides exquisite soft tissue details of tumor involvement 
and is superior to HRCT in its ability to characterize the 
vascular nature of the tumors involving the JB and skull 
base since it lacks bone artifact that is seen on CT scans. 
T1weighted images, with and without contrast, highlight 
the enormous vascularity of these tumors (Fig. 25.5B), 
while T2weighted images provide exceptional soft tissue 
contrast. In larger tumors over 2 cm, the characteristic “salt 
and pepper” appearance of paragangliomas corresponds 
to macroscopic flow voids and displays intense enhance
ment on MRI. Additionally, MRI is useful to identify tumor 
extension intracranially. Magnetic resonance angiogra
phy (MRA), magnetic resonance venography (MRV), and 
angiography provide information on the involvement of 
the great vessels and allow for preoperative embolization. 
Compression of the internal carotid artery can be evaluated 
with MRA, while MRV is useful to evaluate for collateral 
circulation within the dural sinuses of the skull, which can 
indicate occlusion of the JB and sigmoid sinus by tumor.

Angiography and embolization: Angiography serves multi
ple purposes. First, it allows the complement diagnosis of 
paragangliomas by visualizing the characteristic vas cular 
nature. Formal intravascular angiography should not be 
performed prematurely for mere diagnostic purposes, but 
rather combined with embolization in the preoperative 
period. Second, paraganglioma tumor size can be deter
mined. Third, it allows identification of dominant feeding 
vessels that can then be embolized to reduce blood loss 
during surgical removal (Fig. 25.6). Fourth, it helps iden
tify collateral vessels associated with the carotid and verte
bral arteries that must be spared during surgery. Fifth, it 
determines contralateral venous system patency. Sixth, 
it shows the presence of major venous sinus occlusion by 
tumor.  Seventh, it identifies multifocal tumors.
 Studies have demonstrated decreased operative time and 
intraoperative blood loss with preoperative embolization of 
jugular paragangliomas. Thus, preoperative embolization 
facilitates complete resection of jugular paragangliomas. 
Angiography with embolization for jugular paraganglio
mas is usually performed 1 or 2 days before surgical exci
sion because a longer interval between embolization and 
surgery may result in revascularization of the tumor, which 
may paradoxically, increase intraoperative blood loss. 

Nuclear medicine imaging: Multiple nuclear modalities 
have been applied for detection of head and neck para
gangliomas. Octreotide is a somatostatin analog that when 
coupled to a tracer produces a scintigraphy image of neuro
endocrine tumors that express somatostatin type 2 recep
tors.58 Octreotide scintigraphy imaging has been applied 
for the diagnosis of head and neck paragang liomas with 
a sensitivity of 97% and specificity of 82%.59,60 The 123I
Metaiodobenzylguanidinscintigraphy (123IMIBG scin
tigraphy) is paraganglioma specific but has disadvantages 
including two patient visits since the images are captured 
2 and 24 hours after tracer injection, the tracer accumu
lates at salivary glands hindering clear diagnosis and the 
tracer affects many common cardiac medications and 
antidepressants.61 More recently, PET/CT fusions have 
increased specificity and sensitivity in the diagnosis of 
head and neck paragangliomas. 
 Our recommended imaging is noncontrast HRCT of 
the skull base, MRI of the skull base and neck, and angio
graphy and embolization in the preoperative period. 

Differential Diagnosis
The differential diagnosis of jugulotympanic paraganglio
mas consists of differentiating middle ear vascular masses 
and tumors of the jugular foramen causing cranial nerve 
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Figs. 25.5A and B: (A) High-resolution CT scan of a right jugular paraganglioma (arrows) showing bony erosion on axial view A1. 
Coronal view A2. (B) Gadolinium-enhanced T1-weighted axial MRI with fat suppression showing tumor (arrows) involvement of the right 
jugular foramen B1. Coronal view in B2 with arrow showing tumor.

A1 A2

B2B1

Fig. 25.6: Angiography demonstrating vascularization of a jugular 
foramen tumor (arrow) before embolization.

deficits (Table 25.3). The importance of radiographic 
imaging of paragangliomas at the skull base cannot be 
underestimated, with HRCT the preferred imaging choice 
for middle ear vascular masses and MRI for tumors loca
ted at the jugular foramen. 
 The differential diagnosis of middle ear vascular masses 
include the aberrant or laterally displaced internal caro tid 
artery, the dehiscent or HRJB, AVF, and the congenital or 
acquired intratympanic carotid artery aneurysms. Aber
rant internal carotid arteries are more frequently diagno sed 
in female patients (90%) and in the right ears (75%).25,62,63

 The differential diagnosis of jugular foramen masses 
includes benign and malignant neoplasms. Schwanno
mas of cranial nerves IX, X, XI, and XII, meningiomas, or 
metastatic lesions can present with lower cranial nerve 
neuropathies. 



Otology/Neurotology/Skull Base Surgery446

Tumor Classification and Selection of 
Surgical Approach
The fact that there are multiple classification schemes indi
cates that none are universally accepted. Paragang liomas 
of the temporal bone have been organized into three clas
sification schemes:
 1. Fisch–Mattox classification64: Includes four main cate

gories:
 a. Type A (glomus tympanicum): Tumors limited to 

the middle ear cleft.
 b. Type B (glomus hypotympanicum): These tumors 

originate in the canalis tympanicus of the hypo
tympanum and invade the middle ear and mastoid. 
Jugular bulb plate is intact.

 c. Type C: These tumors originate at the dome of the JB 
and erode the overlying plate. Further classification 
denotes degree of carotid canal erosion (C1–C4). 
C1 tumors erode the carotid foramen but do not 
invade the carotid artery. C2 tumors erode the ver
tical carotid canal between the carotid foramen to 
the carotid bend. C3 tumors grow along the hori
zontal portion of the carotid artery but do not reach 
the foramen lacerum. C4 tumors grow to the fora
men lacerum and along the carotid artery to the 
cavernous sinus. 

 d. Type De (extradural): Intracranial extension of glo
mus tumors displacing the posterior fossa dura. 
De1: <1 cm and De2: >2 cm. 

 e. Type Di (intracranial): Tumors with intracranial 
extension. Di1: <2 cm and Di2: >2 cm. 

 2. Glasscock–Jackson classification65: This classification 
has completely separate categories for tympanic and 
jugular paragangliomas:

 a. Tympanic paragangliomas:
  i. Type I: Small mass limited to the promontory.
  ii.  Type II: Tumor completely filling the middle 

ear space.
  iii.  Type III: Tumor filling the middle ear and 

extending into the mastoid.
  iv.  Type IV: Tumor filling the middle ear, extend

ing into the mastoid or through the tympanic 
membrane to fill the external auditory canal; 
may also extend anterior to the internal carotid 
artery.

 b. Jugular paragangliomas:
  i.  Type I: Small tumor involving the jugular bulb, 

middle ear and mastoid.
  ii.   Type II: Tumor extending under the internal 

auditory canal; may have intracranial exten
sion.

  iii.  Type III: Tumor extending into the petrous 
apex; may have intracranial extension.

  iv.  Type IV: Tumor extending beyond the petrous 
apex into the clivus or infratemporal fossa; may 
have intracranial extension. 

3. De la Cruz classification25: This classification consists 
of a tumor category paired with a surgical approach:

 a. Tympanic: Transcanal
 b. Tympanomastoid: Mastoidextended facial recess
 c. Jugular bulb: Mastoidneck (possible limited FN 

rerouting)
 d. Carotid artery: Infratemporal fossa ± subtemporal
 e. Transdural: Infratemporal fossa/intracranial
 f. Craniocervical: Transcondylar
 g. Vagal: Cervical

Molecular Genetic Screening
The first proposed screening protocol was described by 
Young et al. in 2002 who recommended genetic analysis 
for head and neck paraganglioma and pheochromocy
toma patients with a positive family history.66 Advanta
geous to molecular screening is the fact that no patients 
have presented with more than one mutation when tested 
for SDHB, SDHC, or SDHD mutations.38 Since then multi
ple studies have clearly demonstrated the need to screen 
patients presenting with a head and neck paragang
lioma.37,39,40,44,47,67 Because of these studies, the majority of 
authors regard molecular genetic screening as an inter
national standard31 and tests are usually commercially 
available in large academic centers. Multiple molecular 
genetic screening algorithms have been proposed, and 

Table 25.3: Differential diagnosis of jugular paragangliomas 

Differential diagnosis of jugular paraganglioma

Schwannomas of the IXth, Xth, XIth, and XIIth cranial nerves

Meningiomas

Aberrant or laterally displaced internal carotid artery

Congenital or acquired internal carotid artery aneurysm

Dehiscent or highriding jugular bulb

Arteriovenous fistula (AVF)

Thrombosis of the jugular bulb, sigmoid sinus, internal jugular 
vein

Chondrosarcoma, invasive squamous cell carcinoma, or 
metastatic disease 
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Boedeker et al.31 has proposed a costeffective screening 
algorithm without the risk of missing a mutation. Recom
mended approach depends on certain clinical parameters 
summarized in Table 25.4. 
 In patients who are carriers of PGL syndrome muta
tions, screening recommendations include an annual com
plete history and thorough physical examination that 
should include blood pressure measurement, annual levels 
of urinary catecholamines and metanephrines, and an 
annual MRI with contrast of the head and neck, the thorax, 
and the abdomen.31,68 

Treatment
Nonsurgical Treatment

Observation-“watchful waiting”-“wait and scan”: Consid
ering the slow growth and the benign histopathology of 
paragangliomas, patients presenting with no or minimal 
symptoms can be safely observed with serial MRI scans. 
Additionally, elderly patients, patients with small tumors, 
or patients with multiple comorbidities, a wait and scan 
protocol should be discussed. Timing of repeat imaging 
is usually performed 6 months after initial diagnosis and 
12 months thereafter. Surgical resection or radiation 
therapy can be then considered should the paragang
lioma prove growth. Furthermore, observation should 

not be considered as firstline treatment in healthy young 
patients since tumor growth is likely to occur during their 
life span. 

Radiation therapy (conventional and stereotactic): It can 
be recommended to patients as a primary treatment 
option, as a complement treatment for patients in whom 
total tumor removal was not achieved or as salvage treat
ment after surgical failure. Multiple variables should be 
considered for radiation therapy as a primary treatment 
option including the patient’s age and general health 
status, number of cranial nerve deficits and size and 
location of the tumor. Multiple serious complications 
have been reported in patients with jugulotympanic para
gangliomas treated with primary radiation including skull 
base osteo myelitis, temporal bone osteoradionecrosis, 
brain abscess, pituitary gland insufficiency, and radiation 
induced malig nancies.52,69 Less serious complications 
include chronic otitis media, temporomandibular joint 
disorder, and stenosis of the external auditory canal.70,71

Conventional radiation: Doses range between 40 and 
50 Gy scheduled over 4–5 weeks. Several studies have 
demonstrated local tumor control rates of 90–100% of 
jugulotympanic paragangliomas treated with conven
tional radiation with followup periods ranging from 1 to 
12 years.72–74

Stereotactic radiotherapy (SRT) (Cyberknife, Gamma Knife, 
or LINAC): It has also been introduced for the primary 
treatment of jugulotympanic paragangliomas. Stereotactic 
radiation is thought to deliver a high dose of radiation to a 
limited area with sharp dose decrease at the margin caus
ing cellular and vascular damage and eventually tumor 
necrosis. The usual doses recommended for paragang
liomas using SR range between 14 and 20 Gy and can be 
given in a single day. 

Surgery

Patients should be counseled of the inherent risks invol
ved with removing paraganglioma tumors. The surgical 
app roach for resection of paragangliomas of the tem
poral bone is determined by the location and extent of 
the tumor. For jugular paragangliomas, a larger surgical 
approach is required with inherently more risks involved 
including facial nerve palsy, lower cranial nerve defi
cits, vascular injury, and hearing loss. Additionally, if the 
clinical examination or preoperative imaging suggests 
meta stasis, adjacent lymph node resection should be per
formed.30,31 

Source: Adapted from Boedeker.31 

Table 25.4: Algorithm for molecular screening of patients with 
head and neck paragangliomas

Clinical parameters Test sequence Test

Patient with multiple head and 
neck paragangliomas

1 SDHD

2 SDHB

3 SDHC

Solitary head and neck para
ganglioma, and positive family 
history

1 SDHD

2 SDHB

3 SDHC

Head and neck paraganglioma 
with pheochromocytomas(s)

1 SDHD

2 SDHB

3 SDHC

Solitary head and neck 
paraganglioma, negative family 
history

1 SDHB

2 SDHD

3 SDHC

Malignant head and neck para
ganglioma

1 SDHB

2 SDHD

3 SDHC
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 Continuous cranial nerve monitoring for CN VII, IX, X, 
and XI is routinely used for resection of jugular paragan
gliomas: 
•	 Mastoid-neck approach: Small jugular paragang liomas 

that do not involve the carotid artery or posterior cra
nial fossa are removed via mastoidneck approach. 
The neck portion of the procedure in small jugular par
agangliomas is necessary for jugular vein ligation. This 
approach begins similarly to a mastoidectomy with 
extended facial recess approach, and the skin incision 
is carried inferiorly to the neck on a natural skin crease. 
This approach requires preservation of a thin covering 
of bone surrounding the facial nerve circumferentially 
and drilling of the air cells medial to the nerve (Fallo
pian bridge technique).75,76 The sternocleidomastoid 
and digastric muscles are amputated from the mastoid 
tip, and the mastoid tip is then removed. The internal 
jugular vein and internal carotid artery are identified 
and dissected superiorly to skull base. Sigmoid sinus 
and JB are exposed using diamond burrs. The proximal 
sigmoid sinus is occluded with extraluminal packing. 
Ligation of the internal jugular vein in the upper neck 
is then performed immediately before tumor resection 
to prevent tumor emboli, air emboli, and to reduce 
backbleeding. The sigmoid sinus and JB are opened 
for tumor removal. Brisk bleeding may occur from 
the IPS and condylar vein, and can be controlled with 
gently application of Surgicel (Johnson and Johnson, 
USA). Cautery of the medial wall of the bulb should not 
be used due to the lower cranial nerves located medi
ally risking nerve injury. 

•	 Infratemporal approach: Larger jugular paragang
liomas with extensive carotid artery involvement may 
require a larger infratemporal fossa approach. This 
expo sure permits dissection of the tumor from the 
inter nal carotid artery into the petrous apex. This app
roach rarely requires transposition of the facial nerve. 
Resection of intracranial tumor should be performed 
after tumor at the JB has been removed and hemos tasis 
achieved to reduce intracranial hemorrhage. Pack
ing of the Eustachian tube and closure of the exter nal 
auditory canal is often required. 

Outcomes
Recurrence Rates

Jugular paragangliomas tend to have higher rates of 
recurrence compared to tympanic paragangliomas of 

approximately 5–10% in the setting of subtotal resections 
(necessary for cavernous sinus tumor extension, remnant 
left in the inferior neural compartment, marrow of the 
lower clivus or involvement of the central nervous sys
tem). In our experience, we have seen a pattern of recur
rence due to residual tumor localized within infracochlear 
cell tracts between the cochlea and the carotid artery.

Cranial Nerve Deficits

Utilization of cranial nerve monitoring conducted via 
needle electrodes placed in the pharyngeal plexus (IX), 
larynx (X), trapezius muscle (XI), and tongue (XII), per
mits earlier identification of the lower cranial nerves in a 
distorted operative field and facilitates surgical removal 
via microdissection. Preoperative cranial nerve deficits are 
usually associated with jugular paragangliomas and very 
seldom from tympanic paragangliomas. Published series 
have reported preoperative cranial nerve deficits between 
39% and 46% in jugular paragangliomas. The relative inci
dence of lower cranial nerve deficit due to tumor growth 
is X>IX>XI>XII. In our experience, however, most patients 
after surgery have intact external auditory canal walls and 
hearing is preserved. Overall, 59–72% of patients have one 
or more new cranial nerve deficits detected after surgery. 

Complications

The most common postoperative complications are cere
brospinal fluid (CSF) leak, aspiration/pneumonia, wound 
infection, meningitis, and stroke. Indications for ear canal 
closure include extensive erosion of the ear canal, deaf 
ear, and tumor extension anterior to cochlea and encasing 
carotid.

JUGULAR FORAMEN SCHWANNOMAS
Jugular foramen schwannomas are rare, benign, noninfil
trative tumors of the lower cranial nerves. They represent 
the second most common tumor in the jugular foramen 
after paraganglioma jugulare.25 These tumors arise from 
the sheaths of cranial nerves IX, X, and XI, and in over 90% 
of patients the nerve of origin is either the vagus (predomi
nantly) and glossopharyngeus but clear identification of 
tumor origin is difficult.77 Jugular foramen schwannomas 
usually arise from the posterior fossa and tend to expand 
the jugular foramen as they extend inferiorly. Notably 
more common in females, most patients with jugular fora
men schwannomas present between the fourth and sixth 
decades of life. 



449Chapter 25: Jugular Bulb and Jugular Foramen in Ear Diseases

Clinical Manifestations and 
Growth Patterns
The early signs and symptoms of jugular foramen abnor
malities are often subtle and frequently overlooked until 
progressive multiple CN deficits become apparent. Pre
senting clinical features tend to reflect intracranial versus 
extracranial extension of tumor. Most recent large series 
report auditory symptoms to have the highest frequency, 
regardless of tumor histology (paraganglioma, meningi
oma, or schwannomas). Pulsatile tinnitus, hearing loss, 
and hoarseness are the most common presenting symp
toms in patients with jugular foramen tumors including 
schwannomas. On otoscopy, a retrotympanic mass can be 
found in 11% patients with a jugular foramen schwanno
mas.78 Patients with schwannomas of the jugular foramen 
tend to present more commonly with shoulder weakness 
and absent gag reflex compared to patients with paragan
gliomas. 
 Jugular foramen schwannomas are wellcircum
scribed tumors that tend to expand rather than invade 
surrounding structures. These tumors extend in paths of 
least resistance whether this may be into the infratem
poral fossa, perijugular skull base or posterior fossa 
(Figs. 25.7A to F). Three types of jugular foramen schwan
nomas have been described: type A, predominantly 
intra cranial; type B, predominantly in the skull base; and 
type C, predominantly extracranial. Type A schwanno
mas tend to present with VIIIth nerve and cerebellar signs 
and symptoms, while type B and C schwannomas tend to 
present with lower cranial nerve palsies. Common clini
cal findings of jugular foramen pathology are described in 
Table 25.1.

Pathology
Schwannomas are typically unilateral, well circumscribed, 
range in color from tanwhite to yellow and have vary
ing amounts of surface vascularity. Microscopic analysis 
demonstrates tumor cells that are spindleshaped and are 
arranged in both Antoni type A (dense pattern) and Antoni 
type B (hypocellular pattern). Antoni type A tissue consists 
of densely packed long bipolar spindle cells with a palisad
ing nuclei pattern known as Verocay bodies. In contrast, 
Antoni type B tissue is characterized by loose, disordered 
cells associated with a myxoid stroma (Fig. 25.8). Cystic 
degeneration, intratumoral hemorrhage, and necrosis is 
a common feature of large tumors, but even small lesions 
may contain these changes. 

Diagnostic Studies
Similar to paragangliomas, full audiologic testing includ
ing air bone and speech audiometry should be performed 
to assess the degree of conductive and sensorineural hear
ing loss. Should the patient present with symptoms of 
disequilibrium or vertigo, formal videonystagmography 
should be performed.
 Imaging: Radiologic evaluation consists of MRI and 
HRCT. On HRCT scans, schwannomas tend to show 
smooth and expanded erosion of the jugular foramen, in 
contrast to jugular paragangliomas that demonstrate an ir
regular or “motheaten” appearance at the jugulocarotid 
spine, jugular foramen, or hypoglossal canal as described 
above (Fig. 25.9). Magnetic resonance imaging features of 
jugular foramen schwannomas show a smooth, contoured 
mass that is isodense on T1weighted images, highsignal 
intensity on T2weighted images and intense enhance
ment on postgadolinium scans similar to paragang
liomas but the flow voids are absent (Figs. 25.10A and B). 
Gado liniumenhanced MRI provides superior visualiza
tion of any intracranial component, including tumor–
brain interface (including edema), and the relationship to 
the vertebrobasilar system. It also shows the inferiormost 
extension of tumor into the neck (infratemporal fossa). 
We prefer to use both MRI and HRCT, in both axial and 
coronal planes for preoperative assessment.
 Angiography with preoperative embolization can be 
performed before surgical resection of a schwannoma, but 
this is not typical.  However, if there is a question about the 
patency of the contralateral sigmoid sinusjugular bulb
jugular vein system, it can be helpful.  This is important 
to assess preoperatively because if the ipsilateral venous 
system is dominant and needs to be resected as part of 
the surgery, there must be sufficient collateral circulation.  
Otherwise, disastrous cerebral venous infarction may 
occur. 

Treatment Options
Observation-“watchful waiting”-“wait and scan”: Consid
ering the slow growth and the benign histopathology of 
jugular foramen schwannomas, patients presenting with 
no or minimal symptoms can be safely observed with 
serial MRI scans. Additionally, elderly patients, patients 
with small tumors, or patients with multiple comor
bidities, a wait and scan protocol should be discussed. 
Timing of repeat imaging is usually performed 6 months 
after initial diagnosis and 12 months thereafter. 
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Figs. 25.7A to F: Growth patterns of jugular foramen schwannomas. Copyright RK Jackler and C Gralapp, Stanford University.
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Fig. 25.8: Histology of schwannoma Antoni A and Antoni B—Vero-
cay bodies.

Fig. 25.9: High-resolution computer tomography (HRCT). Axial 
HRCT showing a schwannoma with smooth and expanded ero-
sion of the jugular foramen (arrows). 

Figs. 25.10A and B: MRI of JF schwannomas. Axial gadolinium-enhanced MRI showing schwannoma centered at the jugular foramen 
with intense enhancement (arrows) (A). Note widened jugular foramen compared to contralateral foramen. Coronal contrast-enhanced 
MRI showing schwannoma centered at the jugular foramen (arrows) (B). 

A B

Surgery

The surgical approach for resection of jugular foramen 
schwannomas is determined by the location and extent 
of the tumor. For large jugular foramen schwannomas, a 
large surgical approach is required with inherently sur
gical risks including facial nerve palsy, lower cranial 
nerve deficits, vascular injury, and hearing loss. Depend
ing on the extent of tumor, both the mastoidneck and 

infratemporal approaches are used as described above. 
Tumors that are mainly intracranial with minimal exten
sion into the jugular foramen can be resected with either 
a retrosigmoid approach or via a retrolabyrinthine app
roach. Tumors arising within the jugular foramen and 
extending into the infratemporal fossa can be managed via 
an infratemporal fossa approach combined with a trans
jugular approach with adequate visualization of the jugu
lar foramen and upper neck. 
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Stereotactic Radiotherapy (Cyberknife, 
Gamma Knife, or LINAC)
Complete tumor resection is the desirable curable app
roach for benign jugular foramen schwannomas. How
ever, it is not always feasible to achieve complete resection 
without risking injury to the lower cranial nerves. Multiple 
studies have shown not only longterm tumor control but 
also neurofunctional preservation with SRT.79–82 Similar 
to paragangliomas, patients with large tumors and symp
tomatic mass effect are generally considered poor SRS 
candidates and surgical resection is often recommended. 
Nevertheless, complete resection is not necessarily requi
red as residual tumor can be safely treated with SRS with 
neural preservation. 

MENINGIOMAS
Meningiomas are the third most common tumors arising 
in the jugular foramen. These tumors are extraaxial neo
plasms that presumably arise from arachnoidal cap cells 
that are located along dura, neurovascular foramina, or 
venous sinuses (Fig. 25.11). 
 Most jugular foramen meningiomas are sporadic but 
may occur in familial syndromes such as NF2 and Gorlin 

syndrome. Meningiomas are commonly encountered in 
middleaged patients with a female predominance ratio of 
2:1 to males. 

Clinical Manifestations and 
Growth Patterns
Meningiomas are benign, slow growing tumors that may 
arise either within the jugular foramen or penetrate it 
secondarily after having taken origin from an adjacent 
dural surface. The latter route is more common, with tumor 
invading the foramen via en plaque growth from either the 
posterior petrous surface or the lower clivus (Figs. 25.12A 
to F). Meningiomas are described as either being primary 
or secondary. Primary meningioma refers to tumor cen
tered at the jugular foramen with possible extension into 
the infralabyrinthine cells or the middle ear. Addition
ally, primary meningiomas can extend intracranially into 
the cerebellopontine angle and extracranially into the 
infratemporal fossa. Secondary meningiomas refer to pri
mary intracranial meningiomas that have extended into 
the jugular foramen, and examples include petroclival and 
cerebellopontine angle meningiomas. Because meningi
omas, either primary or secondary, are in close proximity to 
cranial nerves IX–XII, VII/VIII nerve complex, and middle 
ear, patients present with hearing loss (sensorineural, 
conductive, and mixed), pulsatile tinnitus, disequilibri
um, hoarseness, and dysphagia. A visible middle ear mass 
may be visible in over half of the patients diagnosed with 
a jugular foramen meningioma. Common clinical findings 
of jugular foramen pathology are described in Table 25.1.

Pathology
Meningiomas originate from the arachnoidal cap cells 
from the outer layer of the arachnoid sheath. On gross 
pathology, meningiomas are firm, rubbery, and well cir
cumscribed. Microscopic analysis reveals round, polygo
nal, ovoid or spindleshaped cells that are organized in 
nests of concentric whorls with small, rounded laminated 
calcific bodies termed psammoma bodies (Fig. 25.13). 

Diagnostic Studies
Full audiologic testing including air bone and speech 
audiometry should be performed to assess the degree of 

Fig. 25.11: Meningiomas at different sites in the posterior cranial 
base. Copyright RK Jackler and C Gralapp, Stanford University.
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Figs. 25.12A to F: Jugular foramen meningioma growth patterns. Copyright RK Jackler and C Gralapp, Stanford University.
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Fig. 25.13: Pathology of meningioma.

Figs. 25.14A and B: (A) High-resolution computer tomography (HRCT) axial meningioma. HRCT in the axial plane at the level of the 
jugular foramen showing hyperostosis (arrow). (B) HRCT coronal meningioma. Contrasted HRCT in the coronal plane at the level of 
the jugular foramen. White arrows depicts intracranial and extracranial extension of meningioma. Black arrows show a widened jugular 
foramen compared to the contralateral foramen. 
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conductive and sensorineural hearing loss. Should the 
patient present with symptoms of disequilibrium or ver
tigo, formal videonystagmography should be performed. 

Imaging: Highresolution computed tomography and 
gadoliniumcontrasted MRI allow accurate preoperative 
assessment of jugular foramen meningiomas in terms of 
elucidating the diagnosis, tumor extension and surgical 
planning. On noncontrast HRCT, meningiomas appear 
as iso or hyperdense tumors with areas of calcification 
in the internal matrix. Highresolution computer tomo
graphy also demonstrates smooth expansile bony changes 
with subjacent hyperostosis (Fig. 25.14A). On contrast
enhanced HRCT, meningiomas show intense and homo
genous enhancement (Fig. 25.14B). Gadoliniumenhanced 

MRI is the imaging modality of choice for the diagnosis 
of meningiomas. Magnetic resonance imaging provides 
better delineation of intracranial and extracranial compo
nents of meningiomas originating at the jugular foramen. 
Characteristic MRI features of meningiomas include hypo 
or isointensity on T1weighted images, with heteroge
nous intensity on T2weighted images, and homogenous 
and intense enhancement with gadolinium (Figs. 25.15A 
and B). Internal tumor matrix calcifications appear dark 
on T1 and T2weighted images. Meningiomas, in contrast 
to schwannomas, are sessile, i.e. broadbased leading to 
an obtuse angle at the petrous face, demonstrate menin
geal enhancement (“dural tail sign”), and show subjacent 
hyperostosis. Angiography with preoperative emboliza
tion is a complement imaging modality for highly vascular 
meningiomas of the jugular foramen. 

Treatment Options
Treatment options for jugular foramen meningiomas 
include observation with serial imaging, SRT, and micro
surgery. Patients presenting with small tumors and mini
mal or absent symptoms are great candidates for watchful 
waiting with serial imaging between 6 and 12 months. Like
wise, observation should not be considered as firstline 
treatment in healthy young patients since tumor growth 
is likely to occur during their life span. Patients diagnosed 
with large jugular foramen meningiomas and sympto
ma tic mass effects are candidates for microsurgery. Pri
mary treatment with SRT should be contemplated in older 
patients and patients in poor general health who have docu
mented worsening symptoms and proven tumor growth. 
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 The premise of surgery is to prolong life and preserve 
neurovascular function. The surgical approach is largely 
determined by the size, location, vascularity, and tumor 
extension. The decision to operate is forthright when the 
patient presents with cranial nerve dysfunction prior to 
surgery. Yet, many patients have absent or varying degrees 
of lower cranial nerve dysfunction, making the decision 
to operate difficult. Briefly, a retrosigmoid approach may 
be used for meningiomas located at the cerebellopontine 
angle and jugular foramen. For patients diagnosed with 
a large jugular foramen meningioma and ipsilateral ana
cusis, the tumor may be resected with a translabyrinthine 
approach. Jugular foramen meningiomas with anterior 
extension may be addressed with a combined infratempo
ral/subtemporal approach and transjugular approach. 
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middle fossa floor were reported in 90% of all patients 
presenting with encephalocele. The tegmen tympani 
and mastoideum had equal representation, comprising 
ap proximately 40% of patients each. Multiple dehiscences 
in the tegmen were seen in 22% and in 55% exceeded 1 cm 
in diameter.2 The perilabyrinthine route most often results 
from operations involving the petrous apex such as poste
rior fossa or retrosigmoid removal of acoustic tumors. 
Translabyrinthine leaks are typically associated with con
genital inner ear malformations. Posterior fossa encepha
loceles are rare. 
 Violation of the leptomeninges in conjunction with a 
skull base dehiscence may lead to leakage of CSF from the 
subarachnoid space into the lateral ear compartments. The 
potential routes for CSF leakage into the tympanic cavity 
and/or mastoid cavity are varied and usually rela ted to an 
underlying pathologic process (Figs. 26.1A and B). A CSF 
leak can represent a lifethreatening clinical entity secon
dary to the risk of contamination of the normally sterile 
subarachnoid space. Studies have suggested the overall 
prevalence of meningitis secondary to CSF leak to range 
between 4% and 50%, depending on the cause and circum
stances of the leak.4,5 Furthermore, patients may succumb 
to otogenic cerebral abscesses, epidural abscesses, seizure 
activity secondary to irritation of the herniated cerebral 
tissue, and rarely even death. Consequently, CSF otorrhea 
and otorhinorrhea should prompt an expeditious referral 
to a neurotologist for consideration of surgical repair. The 
advent of directed antibiotic regimens, together with the 
implementation of advanced microsurgical procedures 
and imaging techniques, has greatly decreased the mor
bidity and mortality of this process.6

INTRODUCTION/BACKGROUND
Caboche was the first to describe the herniation of brain 
content into the temporal bone in the French literature as 
early as 1902.1 Since that time, authors have used a variety 
of terms to describe the same pathology, including brain 
hernia, brain prolapse, brain fungus, fungus cerebri, cere
bral hernia, meningoencephalocele, and encephalocele. 
The modern nomenclature has come to rest on “encepha
locele”, but all are a pathologic process defined by the pre
sence of cranial contents beyond the normal confines of 
the skull. Two types of encephalocele have been described: 
cranial and basal. Cranial encephaloceles are the most 
common type, followed by the basal type. The latter is fur
ther subdivided into midline and lateral encephaloceles. 
Temporal lobe or middle cranial fossa (MCF) encephalo
celes are considered to be basal–lateral and represent the 
most common type of basal encephalocele reported.2

 For an encephalocele to develop, by definition a gap 
in the bone of the skull base must be present or created. 
Causes for this are varied. In and of itself, an encepha
locele is not necessarily a cause for concern. However, the 
unsupported weight of the overlying brain tissue and 
intracranial pressure (ICP) gradients as well as exposure 
to the nonsterile compartments of the temporal bone can 
lead to a rupture of the dural sac of the encephalocele and 
cerebrospinal fluid (CSF) leakage.3 A variety of sites exist 
for leakage of CSF along the lateral skull base. The most 
common are the tegmen tympani and tegmen mastoid
eum. Less common locations include perilabyrinthine, 
translabyrinthine, or elsewhere along the posterior fossa 
plate. In one series by Semaan et al, defects involving the 
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PATHOGENESIS
The pathogenesis of encephalocele formation and/or 
temporal bone CSF leak may be varied and difficult to 
accurately discern at the time of presentation. Authors 
have described a host of etiologies including iatrogenic, 
infectious, traumatic, neoplastic, congenital, and spon
taneous. Each of these processes is described in further 
detail later in this section. A summation of selected litera
ture regarding etiologies of lateral skull base dehiscence 
with or without CSF leak is shown in Table 26.1. 

Iatrogenic
Breach of the lateral skull base and leptomeninges dur
ing temporal bone surgery likely constitutes the most 
common cause for encephalocele formation and/or CSF 
leak. Leaks may be noted intraoperatively, during the early 
postoperative period, or late in the perioperative course. 
Intraoperative leaks generally are associated with drilling 
upon the dura leading to tissue maceration and imme diate 
release of CSF. Later leaks may be associated with pro
gressive encephalocele prolapse through iatrogenic skull 
base dehiscences secondary to the weight of the overlying 
brain tissue and ICP gradients. Indeed, the evolution of 
modern neurotologic surgical techniques has been geared 
toward the avoidance/prevention of future CSF leaks. In 
this regard, it is well established that the various surgical 
approaches to the lateral skull base each carry an inherent 

risk of CSF leak. In their 2004 metaanalysis, Selesnick et al. 
described CSF leak rates of 10.6%, 9.5%, and 10.6% of 
retro sigmoid, translabyrinthine, and middle fossa surger
ies, respectively.7 Thanks to evolving surgical technique, a 
steady improvement in these rates has been reported. The 
House group notes that rates in the 1980s and 1990s were 
as high as 20–30%.8

Infectious/Cholesteatoma
The mechanism here is thought to be combination of the 
inflammation associated with chronic otitis media (COM), 
negative pressures generated within the aerated tempo
ral bone by Eustachian tube dysfunction, and infection/
inflation/enzymatic reactions especially in the presence 
of cholesteatoma. However, iatrogenic effects cannot be 
overlooked as this patient population is also likely to have 
undergone prior surgical intervention for their disease. 
In one series by Jackson et al., as many as 86% of all 
encephaloceles reported were in patients with a history of 
COM with or without cholesteatoma.3 Of these, 77% had 
undergone one or more prior mastoid operations and the 
skull base dehiscence was almost exclusively found in the 
postsurgical cavity. 

Neoplastic
A variety of neoplasms, both benign and malignant, may 
arise from the tissues of the outer, middle, and inner ear, 

Figs. 26.1A and B: Potential routes of ingress and egress of cerebrospinal fluid (CSF) with respect to the tympanic cavity and mastoid 
air cells. (A) 1. Leak via the internal auditory canal exiting through the Eustachian tube; 2. Leak via the retrolabyrinthine air cells; 3. Leak 
via the retrosigmoid air cells. (B) Leaks via defects in the tegmen tympani.
Source: Adapted from Savva et al.26
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the cerebellopontine angle, the temporal bone, the lepto
meninges, and neural structures. Encephalocele formation 
and/or CSF leak may occur secondary to bony erosion, 
secondary infection/cholesteatoma formation, or direct 
invasion of the skull base. Resection of neoplastic disease 
also carries the risk of iatrogenic CSF leak as mentioned 
previously. An indepth discussion of neoplastic processes 
of the temporal bone and lateral skull base is beyond the 
scope of this chapter and is covered elsewhere in this text 
(see Chapters 9, 15, 23, and 24).

Congenital
Congenital CSF leaks are a rare clinical entity and usually 
result from a disturbance in the normal ossification of the 
temporal bone, mainly at the junction between the petro
squamous junction. Fusion of the petrosquamous suture 
is usually complete by 1 year of age, but delays in this 
process may arise secondary to growth abnormalities, 
chemotherapy, and/or radiation. The resulting defect 
serves as a route for transmission of CSF.2 CSF leaks may 
also be produced by an abnormally patent cochlear aque
duct, a persistent Hyrtl fissure, or a patent petromastoid 
canal.9 Some of these abnormalities, such as patent coch
lear aqueduct, may also be associated with a dehiscent 
stapes footplate or oval window niche.10,11 Another rare 
entity is CSF leak via a congenitally patent fallopian canal. 
The facial nerve is normally sealed from the subarachnoid 
space by a tight sheath of dura extending laterally from the 
fundus along the fallopian canal. The seal is buttressed 
by the tight enclosure of the labyrinthine segment of the 
canal around the facial nerve. If this normally tight sec
tion is abnorm ally large, it is possible that the subarach
noid space could extend out to fill such an enlargement. 

CSF pressure may cause a progressive stretching of facial 
nerve fibers without necessarily causing paralysis. The CSF 
pulsations may also cause erosion of surrounding bone, 
eventually leading to fistulization.10 Congenital CSF leak 
by any mechanism is quite rare. When detected, it may be 
in association with repeated bouts of meningitis and/or 
sensorineural hearing loss. Case reports also note the rare 
finding of CSF egress after tympanostomy tube placement 
for presumed COM with effusion.10

Traumatic
Temporal bone trauma or fracture may be associated with 
dural tear, possible infection, shortterm elevation of ICP, 
and bony healing defects. All of these may account for 
encephalocele and/or CSF leak. Further discussion on the 
presentation, workup, and treatment of temporal bone 
trauma may be found in another chapter in this book (see 
Chapter 22).

Spontaneous
Spontaneous CSF otorrhea is defined as the presence of 
CSF within the confines of the temporal bone not secondary 
to traumatic, iatrogenic, neoplastic, and/or infectious 
causes. It typically occurs in middleaged adults, females 
more often than males, and has been significantly asso
ciated with benign intracranial hypertension (BIH), radio
graphically empty sella, and obese habitus.1214 Single or 
multiple dehiscences within a broadly attenuated tegmen 
coupled with normal inner ear anatomy are typical find
ings (Figs. 26.2 and 26.3). Significant uncertainty remains 
regarding the pathophysiology of spontaneous CSF otor
rhea. The two predominant theories are as follows: (1) 
increased CSF pressure causes gradual attenuation of the 

Various etiologies of dehiscence in the lateral skull base with encephalocele formation. The presented numbers are not associa ted 
with cerebrospinal fluid (CSF) leak in all cases. Selection of the studies demonstrated here was contingent upon reporting of at least 
four out of five etiologic categories. The most commonly reported etiology across studies was Iatrogenic followed by infectious/ 
cholesteatoma, traumatic, spontaneous, and congenital. Neoplasm was not directly reported as an etiology in the above studies but 
was grouped in combination with iatrogenic dehiscence.

Table 26.1: Etiologies of lateral skull base encephalocele with or without CSF leak

  Iatrogenic Infectious/cholesteatoma Traumatic Spontaneous Congenital Total

Semaan et al. 20112 0 2 1 25 3 31

Sanna et al. 20106 61 29 10 33 0 133

Savva et al. 200326 53 2 29 8 0 92

Kveton and Coelho 
200428

73 10 4 7 2 96

Total 187/352 
(53.1%)

43/352
(12.2%)

44/352
(12.5%)

73/352
(20.7%)

5/352
(1.4%)

352
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Fig. 26.2: Coronal computed tomography (CT) image, left ear, 
depic ting a normal tegmen tympani overlying the ossicular heads.

Figs. 26.3A and B: (A) Coronal computed tomography (CT) image, left ear, depicting an attenuated tegmen with a large dehiscence 
overlying the ossicles. The soft tissue density encroaching into the epitympanum is an encephalocele. This patient presented with 
spontaneous cerebrospinal fluid (CSF) otorrhea. In such cases, broad attenuation of the tegmen is common. (B) Illustration depicting 
dehiscence of the tegmen tympani with an encephalocele abutting the ossicular chain. The illustration is identical in orientation to the 
image shown on the left and is included for enhanced presentation of the soft tissues and two-dimensional special anatomy.
Source: B adapted from Gubbels et al.31
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tegmen and/or enlargement of congenital tegmen dehis
cences with eventual dural herniation and CSF otorrhea; 
and (2) abnormally located arachnoid granulations within 
the tegmen act as minor CSF reservoirs that are unable 
to properly return CSF to the venous system and cause 
subse quent erosion of bone via persistent pressure at the 
bony sites underlying these granulations. Of the two theo
ries, recent evidence seems to point to the former as the 
most likely/common mechanism. Treatment of spontane
ous CSF leak is challenging and associated with a high rate 
of recurrence.15

CLINICAL FINDINGS: 
SYMPTOMS AND SIGNS

Diagnosis of encephalocele and CSF leak begins in the 
clinic with a thorough history and physical examination. 
As the early signs and symptoms are often vague and non
specific, a high index of suspicion must be maintained. 
A prior history of ear surgery, trauma, or chronic otitis 
should be sought. Table 26.2 provides a listing of the most 
commonly reported symptoms as described in selected 
literature. Overall, the most frequent symptom is hearing 
loss, present in up to 87% of cases.6 Pulsatile tinnitus, sur
prisingly, is not a commonly reported complaint. In the 
majority of cases, presenting symptoms may be related 
to the concomitant disease (e.g. otorrhoea in COM), and 
thus more difficult to decipher. Symptoms more specific 
for encephalocele such as CSF rhinorrhea (clear rhinor
rhea, salty postnasal drip), meningismus, cephalalgia, 
and/or seizure activity tend to occur more often in cases 
of spontaneous leak. Active CSF leak is often absent at the 
time of initial presentation and diagnosis (as few as 10% of 
cases in one series) except in cases of trauma or spontane
ous leaks.6 Meningitis may be the initial manifestation of 
encephalocele and/or leak in congenital and spontaneous 
cases. Repeated episodes of bacterial meningitis without 
other clear causation should draw attention to the tempo
ral bone and anterior skull base.
 On examination, findings vary based on etiology, 
comorbid conditions, and patientspecific factors. The 
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encephalocele sac may be seen protruding into the mid
dle ear, mastoid (in canal wall down cavities), or external 
auditory canal (EAC) through various tegmen defects. 
Classically, this mass is pulsatile, smooth, and may be sur
rounded by a watery discharge (CSF). Pulsation may be 
elicited or enhanced by Valsalva maneuver, which may 
also reproduce the leak. In postoperated ears, especially 
after acoustic neuroma resection, the surgical wound 
should be assessed for leak and/or a fluctuant collection 
of CSF directly deep to the surgical wound (CSFoma). In 
cases of a persistent, clear middle ear effusion in an other
wise healthy and nonoperated ear, a spontaneous leak 
should be suspected. In such cases, performance of a 
mryingotomy with immediate return of clear fluid may be 
confirmatory of the suspected diagnosis. Findings during 
exploratory surgery may include an avascular mass in the 
mesotympanum, EAC, or mastoid cavity. Other poten
tial intraoperative findings are inflammation, moisture, 
mucosal thickening, granulation tissue, and/or cholestea
toma. This is especially true in chronic ears and may make 
identification of the encephalocele sac more difficult.3,16 
In cases associated with trauma, one may detect Battle 
sign, raccoon eyes, hemotympanum, canal laceration/
hema toma, mandible fracture, closed head injury, and/or 
cspine injury. 

EVALUATION: LABORATORY, 
OTOLOGIC, AND NEUROTOLOGIC 
TESTING

Beta-2 Transferrin

Considered the gold standard test to confirm presence of 
CSF, beta2 transferrin has greater sensitivity and specifi
city than inoffice glucose testing using multireagent 
strip.17 Transferrin is converted in the central nervous sys
tem to beta2 transferrin by the enzyme neuraminidase, 
which is located only in the CSF, the vitreous humor, and 
the perilymph, making this assay a highly reliable method 
for detecting the presence of CSF. It is undetectable in 
blood and nasal secretions as well as tears and mucosal 
effusions except in chronic liver disease and inborn errors 
of glycoprotein metabolism. These rare causes of false 
posi tive are, however, easily circumvented by a protocol 
that includes testing the patient’s serum for beta2 trans
ferrin as well as the suspicious fluid.18 Beta2 transferrin 
assays carry a sensitivity of 84–100% and specificity of 
95–100%.19,20 The protein is very stable, which allows for 
the patient with intermittent otorrhea or rhinorrhea to 
collect the fluid at home and send it to the lab for analysis. 

Presenting symptoms of lateral skull base encephalocele and/or cerebrospinal fluid (CSF) leaks described as derived from selected 
literature. The most common presenting symptoms were hearing loss followed by otorrhea/middle ear effusion and vertigo. Aural 
fullness and meningitis were also reported relatively frequently. The above symptoms were not stratified according to causation of the 
encephalocele/leak. Not all symptoms were reported in each study while some were reported with no occurrences (0); omissions are 
depicted above with a dash. Relative percentage (in parentheses) of patients presenting with a particular symptom is derived from the 
number of patients with that symptom as a factor of all patients asked about that symptom. Patients in studies where a symptom was 
omitted were not included in the overall total for calculation of percentage. 

Table 26.2: Presenting symptoms of lateral skull base encephalocele and/or CSF leak

Symptom
Semaan et al. 20012

(n=31)
Jackson et al. 19973

(n=35)
Sanna et al. 20106

(n=133)
Kutz et al. 200830

(n=17) Total (Percentage)

Otorrhea or middle ear 
effusion

21 24 14 15 74/216 (34.2%)

Hearing loss 25 18 116 8 167/216 (77.3%)

Tinnitus 4 14 — — 18/66 (27.2%)

Vertigo 0 7 30 — 37/199 (18.5%)

Otalgia 0 3 — — 3/66 (4.5%)

Aural fullness 0 3 — 15 18/83 (21.6%)

Meningismus/Meningitis — — 14 4 18/150 (12.0%)

Facial weakness 0 1 — — 1/66 (1.5%)

Rhinorrhea 1 0 — 5 6/83 (7.2%)

Seizures/epilepsy 0 1 4 — 5/199 (2.5%)
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Minimal amounts of fluid are needed; as little as 0.5 mL of 
fluid has been advocated by some authors.17 The time for 
the assay is between 2 and 6 hours.

Glucose
Glucose testing can be performed in office with a multi
reagent strip. These are often overly sensitive and have been 
shown to give falsepositive results in 45–75% of cases.4 CSF 
has lower glucose levels than blood but higher than either 
nasal or lacrimal secretions (when testing nasal drainage). 
Interpretation may be difficult, but collected fluid with a 
concentration of 30 mg/dL glucose combined with nor
mal blood glucose levels suggests CSF. If the patient has no 
active meningitis (which may lower the glucose levels) 
and one is able to collect the fluid without contamination 
by blood or wound secretions, the test may be more reli
able.21 However, due to its overall lack of specificity and the 
inherent difficulty in obtaining a pure specimen, glucose 
testing has been relatively abandoned as a primary diag
nostic tool.22

Beta-Trace Protein
A newer, more rapid assay called betatrace assay has been 
recently introduced. The betatrace protein is actually 
prostaglandin D synthase. Although found in CSF, mini
mal concentrations are also detectable in blood, urine, 
aqueous humor, and vitreous humor. It is, however, one of 
the most abundant proteins in CSF with a high CSF:serum 
ratio. Current quantitative assays allow for a quick result 
on the order of 20 minutes. Like beta2 transferrin, the 
protein is very stable, which allows for the patient with 
intermittent otorrhea or rhinorrhea to collect the fluid at 
home and send it to the lab for analysis. While some stud
ies cite a high precision and reproducibility, diagnostic 
cutoff values for the various assays have yet to be defini
tively determined.23 Interpretation of the results must take 
into account the renal function of the patient because the 
serum levels may be increased in renal failure. Overall, it is 
less specific to CSF than beta2 transferrin such that rela
tively high concentrations of betatrace protein must be 
present for a diagnosis of CSF. For this reason, dilution and 
specimen contamination are as much a problem as they 
are in glucose measurements. Conditions such as normal 
pressure hydrocephalus, and meningitis, where the levels 
of betatrace proteins in the CSF might be diminished for 
these reasons, often yield high false negative rates.24 Over
all, betatrace protein assays may be considered a quick 
screening test but confirmation of results may require an 
assay for beta2 transferrin.

Otologic, Audiometric, and 
Immittance Testing
Otoscopic examination findings were discussed earlier 
in this chapter. Pneumatic otoscopy may note immobility 
of the drum correlating with a type B tympanogram and 
normal canal volumes on immittance testing. Rarely, 
positive or negative pressure applied across the tympanic 
membrane may elicit nystagmus and transient vertigo 
(Hennebert sign), which may indicate a fistulous exposure 
of the perilymphcontaining labyrinth (neoplasm, trauma). 
Vestibular testing is typically of little diagnostic benefit. In 
cases of CSF otorrhea behind an intact tympanic mem
brane, audiograms will typically show a conductive or 
mixed hearing loss, although severe to profound sensori
neural hearing losses may be detected in association with 
meningitis, congenital encephalocele/leak, neoplasm, 
and in some trauma cases. 

Evaluation: Radiologic Imaging
Imaging may greatly assist in the diagnosis of encepha
locele and CSF leak, but the importance of thorough 
clinical examination and good history taking cannot be 
understated. Employment of imaging techniques should 
be considered as an adjunct to a sound clinical workup 
and may help demonstrate the location of the encepha
locele and/or leak, determine if multiple dehiscences 
exist, and help guide surgical planning. The diagnostic 
accuracy of these studies is not perfect, however, and the 
surgeon should be prepared to deal with the unexpected at 
the time of surgery. 

Computed Tomography (CT)
Some advocate that highresolution CT (HRCT) might be 
the only radiologic investigation necessary. This imaging 
modality is excellent for depicting size and location of 
bony defect(s) but is not truly suited to detect the site of 
dural tear, which is important in cases of multiple defects. 
A search for bilateral dehiscences should be conducted in 
cases of suspected spontaneous leak and in chronic ears. 
Sensitivity is reported around 90%, specificity up to 100%, 
and positive predictive value at 100%.17,19 It should be 
noted that encephalocele may be difficult to distinguish 
from cholesteatoma, granulation tissue, cholesterol granu
loma, or other softtissue masses within the middle ear 
and mastoid on HRCT. A combination of CT with MRI may 
boost sensitivity and aid in distinguishing these entities 
and in the location of a dural tear.6,19 False positive results 
have also been described related to volume averaging 
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and vascular grooves.20 A bony algorithm with dedicated 
temporal bone protocol and fine cuts of 1 mm should 
be employed to maximize diagnostic capabilities. Coro
nal and sagittal reconstructions are well suited to detect 
tegmen defects (Figs. 26.2 to 26.4). Rare posterior cra
nial fossa herniations are better defined with axial sec
tions. Other findings found to be associated with leak/ 
encephalocele include a broadly attenuated bony skull 
base (Figs. 26.3 and 26.4) and arachnoid pits (secondary to 
the bony impressions from the arachnoid villi and present 
in 63% of patients with spontaneous CSF rhinorrhea in 
one study).25

Magnetic Resonance Imaging (MRI)
MRI typically serves as an adjunct to CT in cases of ence
phalocele. Possible exceptions to this might be in chro nic 
ear cases where cholesteatoma is expected and in the 
workup of erosive skull base neoplasms. In general, hernia
ted meningoencephalic tissue is seen as a nonenhancing 
contiguous mass, isointense to brain in all seq u ences. 
Cholesteatoma, on the other hand, appears hyper intense 
in T2weighted images, and a cholesterol granuloma 
appears hyperintense both in T1 and in T2weighted 
images.6 Nonechoplanar diffusionweighted MRI also 
is useful for differentiating cholesteatoma in patients with 
chronic ear disease. Pre and postgadoliniumenhanced, 
T1weighted, thinsection images may be of great help 
in differentiating mucosal thickening (enhancing) from 
encephalo cele (isointense) and neoplasms (generally 
enhancing). T2weighted images are typically the most 
valuable in visualizing CSF leaks (Fig. 26.5) as well as 
herni ation of the CSFfilled dura mater and neural tissue 
into the temporal bone (Figs. 26.6 and 26.7). In contrast to 
CT imaging, it does not show bony detail or any discontinu
ity of the underlying temporal bone cortex and is usually of 
limited direct diagnostic value. Recently, several authors 
have used MRI as an adjunctive modality to identify ana
tomic features often associated with CSF leak. Prichard 
et al. in 2006 examined radiographic studies in patients 
with spontaneous CSF otorrhea, finding 71% of cases to 
have a radiographically empty sella (known to be strongly 
correlated with BIH and obesity) (Figs. 26.8A and B).13 

Fig. 26.4: Coronal computed tomography (CT) image, left ear, 
depicting a tegmen tympani dehiscence with encephalocele and 
cerebrospinal fluid (CSF) filling the tympanic cavity.

Fig. 26.5: Axial, T2-weighted magnetic resonance imaging (MRI) 
depicting a left ear cerebrospinal fluid (CSF) leak into the mastoid 
and tympanic cavities. The image also captures CSF draining into 
the nasopharynx via the Eustachian tube.

Fig. 26.6: Coronal, T2-weighted magnetic resonance imaging 
(MRI) depicting bilateral mastoid cavity cerebrospinal fluid (CSF) 
leaks via tegmen dehiscences. An encephalocele may be seen 
protruding through the left lateral aspect of the tegmen plate.
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Fig. 26.7: Coronal, T2-weighted magnetic resonance imaging 
(MRI) of a left ear encephalocele within the mastoid cavity and 
asso ciated cerebrospinal fluid (CSF) leak. The posterior semicir-
cular canal may be appreciated medial to the CSF-filled mastoid 
cavity. 

Figs. 26.8A and B: Sagittal, T2-weighted magnetic resonance imaging (MRI) image of an empty sella (black arrow).
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Goddard et al. furthered this work in 2010 through a ret
rospective review of individuals presenting with sponta
neous CSF otorrhea and found an empty or partially empty 
sella in 80%. Mean BMI of these patients was 38.0 kg/m2 
compared with 28.5 kg/m2 for those without an empty 
sella.14 The quoted rate of empty sella in the general popu
lation is between 5% and 6%.14,15

CT Cisternography
Radionuclide cisternography may serve as an adjunct in 
cases where an active leak is suspected but the diagnosis 

unconfirmed. The most widely used radiotracer is techne
tium 99mlabeled diethylenetriaminepentaacetic acid. 
Other tracers such as Indium 111 may also be selected for 
their longer halflife, especially in the setting of intermit
tent CSF leaks.17 Between 3 and 10 cc of the contrast agent 
of choice is administered intrathecally via lumbar drain. 
Agents are typically diluted in saline or the patient’s own 
CSF. The patient is then placed in Trendelenburg posi
tion to opacify the basal cisterns. In an effort to improve 
sensitivity, some authors have described the placement 
of ear wicks that may absorb the colored tracer dye. Other 
techniques to boost yield include use of Valsalva, and lay
ing the patient prone or in a headhanging position. Even 
with these methods, the sensitivity of the technique ranges 
between 40% and 85% depending on whether the leak is 
inactive or active, respectively.26 For this reason, CT cisterno
graphy likely should be reserved for complex cases with 
a diagnosis that is in question. Cisternography is contra
indicated in patients with meningitis and elevated ICP 
secondary to the risk of herniation.

MRI/MR Cisternography
This newer imaging modality involves heavily T2weighted, 
fast spin echo sequences with fat suppression to enhance 
visualization of a CSF leak via the deletion of surrounding 
tissues. The advantage of this technique over CT cisterno
graphy is that it is a fully noninvasive method. When an 
active leak is present, sensitivity of the modality may 
approach 90%.27 The addition of intrathecal gadolinium
enhanced cisternography has also been associated with 
promising results. However, both the inability of MR to 
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visua lize an osseous defect and the excellent sensitivity 
and specificity of HRCT have marginalized this modality 
to use in only the most complex or confusing cases. The 
safety of intrathecal gadolinium also has not been estab
lished and its use for this purpose has not been approved.27

HISTOLOGY
A detailed discussion of histopathology is beyond the 
scope of this text, but it is important to understand that 
a herniated encephalocele will be pedicled to intracra
nial contents via a tegmen defect of variable size. With the 
exception of very large dehiscences with gross protrusion 
of brain and leptomeninges, a typical encephalocele sac 
will contain extensively gliotic, degraded, and inflamed 
neural tissue. The herniated tissue is considered devi
talized and functionless. This becomes important dur
ing surgical intervention and reconstructive planning as 
described below.3

TREATMENT/PROGNOSIS: 
MEDICAL AND SURGICAL

Management of temporal bone CSF leaks and encepha
locele is dictated by the cause and location. A few over
arching treatment concepts require discussion prior to 
detailed explanation of surgical approaches and materials, 
however. First, understanding that the various etiolo
gies of encephalocele and CSF leak follow different natural 
histories is of vital importance in safe and appropriate 
treatment planning. For instance, traumatic CSF leaks will 
often cease spontaneously with only conservative meas
ures while iatrogenic and spontaneous leaks nearly always 
require surgical closure and carry a high risk of deve lop
ing meningitis. Second, surgical approaches are not highly 
varied and basically include transmastoid, MCF and hybrid 

procedures. However, proper selection of technique and 
approach is important to avoid excessive morbidity, and 
the operating surgeon should be prepared to alter his/her 
approach when indicated. Middle ear obliteration (MEO) 
with closure of the EAC and plugging of the Eustachian 
tube remains a viable option for refractory, recurrent, and 
overly difficult cases. 
 When an encephalocele is identified, it is important 
to know that the neural contents are usually devitalized 
and nonfunctional and that this tissue is exposed to a con
taminated and in some cases infected environment. Thus, 
reduction of encephalocele tissue back into the sterile 
cranial vault should be avoided, and convention holds 
that this tissue should be amputated (usually with bipolar 
electrocautery and sharp scissors).3 When amputation 
is complete and/or a disruption of the leptomeninges is 
identified, primary dural closure alone is not adequate and 
will lead to high failure rates. Closures using two or more 
supporting materials appear to lead to the best outcomes, 
with some authors reporting use of up to five.3,7 Overall, the 
principles of skull base reconstruction should include (1) 
formation of a watertight seal to stop CSF leak, (2) resto
ration of intracranial vault integrity, and (3) avoidance 
of leak recurrence with strong enough reconstruction to 
resist ICP. In achieving these basic principles, one should 
be aware that no literature consensus exists on any single 
material or combination thereof. Thus, surgeons base 
strategy more on personal experience and technical com
fort level to achieve success. The following discussion will 
provide a detailed but nonexhaustive account of the vari
ous interventions, approaches, and materials currently in 
use with the hope that they may be employed dynamically 
on a casespecific basis to achieve the greatest outcomes 
possible. Table 26.3 provides a listing of the various inter
ventions described later in this text. 

Various interventions in the surgeon’s armamentarium for treating cerebrospinal fluid (CSF) leak and/or encephalocele. Noninvasive 
methods should be considered in most cases unless directly contraindicated. CSF diversion may be useful in select cases but is not 
commonly reported by most neurotologists. A nonexhaustive listing of surgical approaches is depicted in the far right column. 

Table 26.3: Interventions for the treatment of lateral skull base encephalocele and CSF leak

Noninvasive interventions CSF diversion Surgical approaches

Head of bed elevation (30–45°) Lumbar drain Transmastoid approach

Bed rest Ventriculoperitoneal shunt Middle cranial fossa approach

Antiemetics External ventricular drain Minimiddle cranial fossa approach

Antitussives Other ventricular shunt Transmastoid extradural, intracranial approach

Stool softeners Middle ear obliteration
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Conservative Measures
The basic tenets of care in patients presenting with sus
pected or known CSF leak mimic those of postoperative 
prevention protocols. Restrictions are geared primarily 
toward prevention of acute ICP spikes. Such restrictions 
may include avoidance of straining and/or lifting, bed rest, 
head of bed elevation (30–45°), and the use of antieme
tics, antitussives, and stool softeners. As mentioned previ
ously, conservative measures alone may be sufficient for 
the treatment of traumatic CSF leaks. Savva et al. noted 
success in 82% of traumatic leaks using this approach. The 
period required for cessation of the leak ranged from 1 to 
18 days (median period, 3 days).26

 In suspected or known iatrogenic leaks, the use of the 
above measures for a 3and 4day trial period has been 
advocated.3 When CSF is seen to be leaking directly from 
the wound, the wound may be oversewn using a silk or 
other permanent suture in mattress fashion with a goal 
of sealing the skin and the underlying soft tissues. A pres
sure dressing is then applied. In cases of postoperative CSF 
rhinorrhea, the addition of a lumbar drain for a few days 
may lead to successful resolution of the leak.8 However, if a 
leak can still be demonstrated after a few days, the patient 
is offered a surgical procedure to explore the wound and 
repair the leak, typically with a combination of autologous 
materials. 

CSF Diversion
Lumbar Drain

In cases of spontaneous CSF otorrhea, authors within the 
neurosurgical community have advised the use of lumbar 
drain for CSF diversion and tout its utility as both a diag
nostic and therapeutic tool. Kenning et al. describe place
ment of the drain immediately after induction of general 
anesthesia. At this time, an opening pressure (OP) can be 
obtained (helpful in diagnosis of spontaneous leaks and 
BIH), followed by maintenance of the drain intraopera
tively. OP also may play a role in the decision to perform 
ventriculoperitoneal (VP) shunting as discussed in the 
next section. Use of the drain was typically continued for 
48–72 hours postoperatively to aid with decompression 
of the dural repair. The authors also describe a benefit 
derived from temporal lobe relaxation during evaluation 
for sites of dehiscence.15 As placement and maintenance 
of a lumbar drain typically require crossservice collabo
ration with neurosurgery, and since the procedure adds 

some inherent risk, lumbar drainage has not gained popu
larity among otolaryngologists, with little reporting in the 
literature.

Ventriculoperitoneal Shunt

Similar to the use of lumbar drains, VP shunts are not rou
tinely employed within the otolaryngology and neuro
tology literature. One author does pose an interesting 
algorithm in which VP shunt placement is considered 
for patients and clinical factors found to be associated 
with the highest risk of recurrence. Factors include spon
taneous CSF leak, highvolume leaks, OP >20 cm H

2
O, 

BMI >30 kg/m2, preoperative imaging demonstrating 
additional cranial base cortical defects (i.e. contralateral 
tegmen or anterior cranial base), and/or an empty sella 
turcica.15 Additionally, these authors felt VP shunting war
ranted consideration in the presence of any event leading to 
inflammation of the arachnoid granulations and impair
ment of CSF absorption, such as meningitis, intracranial 
hemorrhage, and signi ficant closedhead injury. 

Surgical Approaches
Selection of the most appropriate surgical approach for the 
treatment of an encephalocele and/or leak must be based 
on the location, size, and number of skull base defect(s). 
Consideration should also be given to pre operative audi
tory function, the presence of active infection, patient 
capacity for healing, and comorbid conditions. When 
choosing an approach, the surgeon is tasked with fully 
understanding the benefits and risks of the various tech
niques with an emphasis on sound preoperative planning 
to avoid unnecessary morbidity. This concept especially 
holds in cases of single, small, and easily reached skull 
base defects. In cases of large encephalocele, multiple 
defects, poor preoperative hearing, or a broadly atte n u
ated skull base, a more aggressive surgical approach may 
be appropriate. 

Transmastoid Approach

For small and laterally based defects, a transmastoid repair 
is chosen by many otologic surgeons. This approach allows 
extracranial visualization and assessment of the middle 
and posterior fossa plates, while avoiding retraction of 
intracranial tissues (Figs. 26.9A and B).2 Herniated tis
sues should be cauterized with bipolar cautery and trun
cated under microscopic visualization. For more anterior 
defects loca ted in the tegmen tympani, the transmastoid 
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Figs. 26.9A and B: Transmastoid approach on a right ear with identification of multiple tegmen dehiscences (outlines) with visible 
encephaloceles (arrows).
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approach may provide inadequate exposure for the pur
poses of repair. If the ossicular chain is removed for rea
sons related to the encephalocele and/or concomitant 
COM, a transmastoid approach may work well in com
bination with a facial recess, extended facial recess, or 
poste rior tympanotomy.6 Dural defects can be packed 
with free autologous soft tissue plugs and covered with a 
layer of fascia between the dura mater and tegmen plate 
(Figs. 26.10 and 26.11). Secondlayer closure with calvarial 
bone or conchal/tragal cartilage may be employed for bony 
defects larger than 1 cm (Fig. 26.12). Bone wax, bone dust, 
and free temporalis muscle plugs have also been used 
to good effect.6,26 After closure of the leak and skull base 

defect, the surgeon may also decide to obliterate the mas
toid cavity with a free abdominal fat graft or pedicled tem
poralis muscle flap, although this is not usually necessary. 
Other biomaterials have also been utilized as adjuncts 
to skull base reconstruction and are discussed in further 
detail later in this chapter. 

Middle Cranial Fossa (MCF) Approach
The MCF approach provides the surgeon with potential 
access to the entire MCF floor. The concept underlying a 
MCF approach is to employ the weight of the overlying 
temporal lobe to bolster the repair and better resist post
operative ICP spikes.3 The advantages of this approach are 

Fig. 26.10: Transmastoid approach on a right ear. Image depicts 
the surgeon repairing a tegmen mastoideum dehiscence with a 
temporalis fascia graft (long single arrow). Short double arrows 
point to the bony external auditory canal.

Fig. 26.11: Transmastoid approach on a right ear. Image depicts 
completed repair with temporalis fascia (arrows). Note that this 
dehiscence extended partially into the tegmen tympani overlying a 
well-visualized incus body and short process.
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access to an anterior dehiscence, better exposure of large 
defects (compared with transmastoid alone), and avoid
ance of ossicular chain disruption. Regarding the latter, 
some have employed this approach to truncate tegmen 
tympani encephaloceles from above and then leave the 
herniation contents in the middle ear with little negative 
effect on hearing or recurrence rates.6 Additional uses 
of the MCF approach include cases involving acutely 
infected ears (the operation remains primarily within the 
sterile intracranial vault) and in cases of multifocal teg
men defects. Other authors also advocate use of the MCF 
approach for defects larger than 2 cm and those defects 
extending toward the petrous apex.2,26 Disadvantages 
include increased risk of iatrogenic CSF leak, increased 
retraction on the temporal lobe (seizure risk), and viola tion 
of the intracranial vault. Significant postsurgical bleeding, 
while rare, is a known clinical entity and should be kept 
under consideration during surgical planning. 
 To perform a MCF approach, a variety of skin inci
sions can be made in a cranial direction from the pinna 
(Fig. 26.13). This may extend as a straight cephalad, bow in 
a curvilinear fashion, or wrap around to form an anterior 
or posteriorly based skin flap. Elevation of the underlying 
temporalis muscle in a subperiosteal plane exposes the 
squamous temporal bone. An appropriately sized cranio
tomy is then performed (Fig. 26.14), with the lower edge of 
the craniotomy at the level of the temporal line/zygomatic 
process. The dura of the temporal lobe is carefully elevated 
until the neck of the hernia is identified, coagulated, and 

cut (Figs. 26.14 and 26.15). The herniated tissue may be 
left in the middle ear or mastoid or removed at this time. 
A piece of cartilage is placed between the bony defect and 

Fig. 26.12: Transmastoid approach on a right ear. The image depicts 
the surgeon reinforcing the temporalis fascia graft with tragal 
cartilage graft. The mastoid cavity was later filled with hydroxya-
patite cement to fully secure this dual-layered reconstruction (not 
shown). 

Fig. 26.13: Illustration demonstrating a preauricular incision over-
lying the planned craniotomy site (faint box) for a middle cranial 
fossa approach as would be seen by the surgeon. The incision 
shown above is one of many available.
Source: Adapted from Gubbels et al.31

Fig. 26.14: Illustration demonstrating the surgeon's view following 
craniotomy and retraction of the temporal lobe. Multiple tegmen 
dehiscences are demonstrated allowing visualization of the ossicles. 
The bottom of the image correlates to the top of the patient's head.
Source: Adapted from Gubbels et al.31



471Chapter 26: Encephalocele and CSF Leak

the dura. The defect is then further reinforced with tem
poralis fascia placed between the dura and the cartilage 
(Figs. 26.16A and B).

Hybrid Approaches

The above approaches are often combined to maximize 
the benefits of each while limiting anticipated morbidity. 
In some cases, the surgeon may decide intraoperatively 
to extend an initially conservative transmastoid approach 
with a small craniotomy or to expand an existing defect 
for the same purpose of exposure. Preplanned hybrid 
approaches similar to this have also been described in the 
literature with a central concept of maximizing exposure 
via the least invasive route possible. Kenning et al. des
cribed a combined mastoid/minimiddle fossa approach 
and reported success rates of leak repair approaching 
96%.15 Groups such as Ramalingam et al. describe the use 
of transmastoid, minicraniotomy approaches for select 
defects to avoid the increased risk of full MCF approach. 
In both series, surgery began with a standard transmastoid 
approach followed by the creation of a smaller rectangular 
window in the temporal bone squama and/or tegmen to 
give access to the middle fossa. The bone from this window 

was typically banked and used later to repair the encepha
locele defect. Skull base repair was typically facilitated by a 
threelayer (fascia–bone–fascia) closure in both series and 
both met with good success rates. Figures 26.17 and 26.18 
depict the excellent visualization allowed by the mastoid/
minimiddle fossa approach with regard to a large skull 
base dehiscence.
 Semaan et al. provide an excellent description of a 
widely used variation of the technique described above.2 
A mastoidectomy is performed and any granulation tis
sue/reactive bone removed around the encephalocele 
(if present). The encephalocele sac is then cauterized and 
truncated and the tegmen defect widened using a small 
diamond burr. The dura is then elevated off the floor of the 
MCF via this enlarged bone defect with a small elevator for 
at least 5 mm circumferentially (Fig. 26.19). The elevation is 
extradural and intracranial and purposed to create a tight 
pocket for eventual placement of an intracranial cartilage 
graft. Cartilage utilized for repair is shaped to fit the defect 
and inserted in such a way that it “locks” into place under 
the dura of the temporal lobe (Fig. 26.20). This locking 

Fig. 26.15: Illustration depicting coronally oriented cross-section 
of middle fossa approach. The temporal lobe is retracted via the 
cranio tomy. The encephalocele has been elevated out of the teg-
men tympani dehiscence.
Source: Adapted from Gubbels et al.31

Figs. 26.16A and B: Illustration depicting coronally oriented-cross 
section of middle fossa approach. The temporal lobe is retrac-
ted via the craniotomy. (A) The tegmen tympani dehiscence has 
been repaired with a piece of autologous cartilage in an overlay 
fashion. An additional piece of fascia has been draped over this 
for multilayered closure of the defect. (B) The downward weight 
of the overlying temporal lobe secures the grafts and facilitates 
watertight closure.
Source: Adapted from Gubbels et al.31

A B
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Figs. 26.17A and B: Combined transmastoid and middle cranial fossa approach on a right ear. The combination approach was chosen 
in this case as the full extent of the encephalocele/tegmen dehiscence could not be addressed via the mastoid alone. The image depicts 
an encephalocele retracted back into the middle fossa. The bony ridge (black arrow) would later be drilled down to better visualize the 
dehiscence.

A B

Fig. 26.18: Combined transmastoid and middle cranial fossa ap-
proach on a right ear. The combination approach was chosen in this 
case as the full extent of the encephalocele/tegmen dehiscence 
could not be addressed via the mastoid alone. The image depicts 
retracted temporal lobe/encephalocele and the middle fossa floor 
with a large dehiscence (black arrow) overlying both the tympanic 
and mastoid cavities. The bony ridge shown in Figure 26.17 has 
been drilled down. The white arrow points inferiorly toward the 
mas toidectomy cavity. 

Fig. 26.19: Illustration depicting a surgeon working through an 
existing tegmen dehiscence to form an epidural pocket on the mid-
dle fossa floor. This pocket will be utilized for multilayered repair of 
the defect and capitalize on the downward force of the overlying 
temporal lobe to hold the reconstructive elements in place.
Source: Adapted from Semaan et al.2

maneuver stabilizes the graft, whose relative surface area 
is greater than that of the bony defect allowing for stable, 
secure coverage. Following this, temporalis fascia is inser
ted for multilayer closure followed by optional obliteration 
of the mastoid cavity. In defects involving the tegmen tym
pani, the authors performed disarticulation of the incus 
followed by ossicular chain reconstruction using auto
logous incus or a partial ossicular replacement prosthesis. 

In these cases, an additional posterior tympanotomy was 
performed to gain access to the mesotympanum without 
elevating a tympanomeatal flap and to adequately visua
lize the position of the prosthesis. In this series, all 31 
patients had resolution of their CSF leakage and middle 
ear effusion with no clinical recurrences seen. 

Middle Ear Obliteration (MEO)

Obliteration is not typically employed by most authors for 
the primary treatment of encephalocele and/or CSF leak 
except, perhaps, in difficult/refractory cases and some 
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translabyrinthine approaches.3,6 The technique entails 
performing a blind sac closure of the EAC, removing the 
ossicular chain, obliterating the eustachian tube, strip
ping the middle ear mucosa, and filling middle ear and/or 
surgical cavity with fat. The eustachian tube may be occlu
ded with bone wax, muscle, ossicular remnants, and/or 
fascia.8,26 The EAC should be oversewn in layers to prevent 
leakage via this route. In sum, MEO maximizes isolation 
of the middle ear from the external environment, which in 
turn minimizes the risks of recurrence and other compli
cations. MEO is, however, associated with a significant loss 
of hearing function and will result in a maximal conduc
tive hearing loss (generally around 60 dB). Because of the 
closure of the EAC, postoperative management of patients 
undergoing MEO necessitates radiologic followup in sur
veillance for cholesteatoma. 

Repair of Congenital CSF Leak

Repair of a CSF leak due to congenital innerear or tegmen 
malformation is usually done by either repairing the defect 
with temporalis fascia or packing the vestibule with muscle 
or fascia. These entities are rare and may be difficult to 
fully identify and isolate intraoperatively. Thus, traditional 
repair methods have been associated with a surgical fail
ure rate of 30–60%.10 As such, multilayer closure of defects 
with fibrin glue, muscle, and fascia should be employed 
whenever possible. 

Materials for Skull Base Reconstruction
Whether performed at the time of primary surgery, during 
a takeback procedure, or for a de novo approach to a 
newly diagnosed encephalocele and/or leak, the surgeon 
has a variety of options when it comes to reconstruction 
of lateral skull base defects. A great deal of literature has 
analyzed various techniques for the repair of translabyrin
thine and retrosigmoid defects to prevent CSF leak, and it 
is from this body of work that the principles and tools of 
encephalocele repair are derived. As stated earlier in this 
text, no definitive reconstructive material or combination 
of materials has been associated with a 100% success rate. 
This has led authors to develop and investigate a wide vari
ety of substances for reconstructive purposes, both autolo
gous and synthetic.7 
 Autologous materials include, but are not limited to, 
abdominal free fat, temporalis muscle (pedicled flaps and 
free grafts), temporalis fascia, tragal or conchal cartilage 
free grafts, calvarial bone grafts, and bone dust (acquired 
from drilling). Synthetic materials include bone wax, 
hy droxyapatite cement (HAC), bovinederived gelatin 
matrix (Floseal), and fibrin glue products. Biologically inert 
im plants made of titanium have also been described.8 Over
all, the most commonly employed reconstruction materials 
tend to be autologous secondary to low infection rates, 
elimination of graft rejection risk, and good overall success 
rates. Autologous materials are also readily accessible, 
usually through existing surgical incisions, have a low 
harvestrelated morbidity profile, and are very familiar 
to surgeons. As mentioned above, the use of multilayered 
closure is generally thought to lead to better outcomes 
although randomized controlled studies do not currently 
exist to back this assertion. The following discussion will 
focus primarily on synthetic materials as the use and 
harvest of autologous grafts has been well established. 
Table 26.4 provides a list of various reconstructive materi
als utilized in lateral skull base reconstruction.

Hydroxyapatite Cement (HAC)

Use of HAC has been described for the closure of a variety 
of postcraniotomy defects, including translab, middle fossa, 
transcochlear, and retrosigmoid approaches.7,28,29 It has also 
been successfully employed for reconstructing pos terior 
canal wall defects caused by trauma or cholesteatoma. 
HAC is a calciumphosphate cement that sets to HA, the 
major component of human skeletal bone. This is accom
plished through a chemical reaction in which tetracalcium 
phosphate and dicalcium phosphate dihydrate dissolve in 

Fig. 26.20: Illustration depicting placement of a cartilage graft through 
the tegmen dehiscence into the epidural pocket. A secondary 
option that we often perform is to start with a temporalis fascia 
or perichondrial graft as this better contours to the irregular teg-
men plate and overlying dural defect. The cartilage graft is then 
inserted and acts as a bolster.
Source: Adapted from Semaan et al.2
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Various materials, both autologous and synthetic used in the reconstruction/repair of the lateral skull base.

Table 26.4: Materials for surgical reconstruction of bony defects

Autologous Synthetic

Temporalis fascia Hydroxyapatite cement (HAC)

Temporalis muscle (rotational flap or free graft) Bone wax

Abdominal free fat graft Bovine gelatin matrix (Floseal)

Tragal free cartilage graft Fibrin glue

Conchal free cartilage graft Titanium mesh plate

Calvarial free bone graft Polytetrafluoroethylene (PTFE) mesh

Bone dust

Bone paste/Pâté

water and reprecipitate as microporous HAC. Where HAC 
differs from other available HA preparations is that it is a 
cement and not a ceramic, which can become quite brittle. 
Success rates, defined as successful cessation of a CSF 
leak, have been reported as high as 97%.28 HAC has also 
proven effective when compared with autologous materials. 
In one retrospective comparison of abdominal fat graft 
versus HAC (for the closure of translabyrinthine cranio
tomies) Arriaga and Chen reported lower leak rates in the 
cement group (3.7%) compared to the fat group (12.9%).29 
These studies suggest that the use of HAC may be a promis
ing surgical adjunct, especially for prophylaxis against 
CSF leakage in translabyrinthine acoustic surgery. It may 
also be employed in revision cases where autologous 
materials may not be as readily available to backfill a widely 
attenuated skull base or one with multiple defects. Over
all, it is associated with low infection (2.8%) and resorption 
rates. The disadvantages of HAC are its costliness, poten
tial disruption of future surgical revisions, and uninten
tional conductive hearing loss if it is allowed to enter the 
middle ear cleft and fuse the ossicles. Overall complication 
rates have ranged from 0% to 11%, with the vast majority of 
these complications occurring early in the postoperative 
period.28 Figures 26.21 and 26.22 depict application of HA 
cement to obliterate a mastoid cavity following dual layer 
closure of a large tegmen dehiscence.

Fibrin Glue

The properties of fibrin glue with regard to its use in the 
closure of CSF leaks and reconstruction of craniotomy 
defects are still being explored. Based on fibrinogen 
and thrombin and sometimes mixed with the adhesive 
Nbutyl cyanoacrylate, the glue solidifies as it comes into 
contact with thrombin (converts fibrinogen to fibrin) in the 

Fig. 26.21: Transmastoid approach on a right ear. The surgeon is 
filling the mastoid cavity with hydroxyapatite cement. The aditus 
ad antrum has been packed off with Gelfoam (black arrow) to pre-
vent extravasation of the cement into the tympanic cavity, which 
may cause a conductive hearing loss. 

presence of moisture. Thus, depending on the thrombin 
concentration, the solidification may take anywhere from 
5 to 15 seconds. This is of special interest considering the 
environment inherent to CSF leaks. While the marketed 
glues are associated with minimal tissue toxicity, low infec
tion rates, and remain radiopaque, neuropathological side 
effects have been reported when cyanoacrylate comes in 
contact with brain tissue. Thus, craniotomy defects should 
first be packed with muscle or fascia before injecting the 
product.11 Fibrin glues are typically not used alone. 

Titanium Mesh Closure

The House group has published a large series of 389 
patients who underwent titanium mesh closure over free 
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abdominal fat graft following translabyrinthine cranio tomy 
for the resection of acoustic neuromas. They noted that 
the use of titanium materials to repair various craniotomy 
defects had already been well established in the neuro
surgical literature. Nonferrous and relatively radiolucent, 
the biologically inert titanium allows for postoperative 
use of MRI and CT. In addition to creating an anatomic 
reconstruction of the cranial surface, this cranioplasty 
technique is thought to provide additional support for the 
underlying abdominal fat grafting. Out of their cohort of 
389, Fayad and Brackmann noted only thirteen patients 
(3.3%) to have postoperative CSF leaks, which compared 
favorably to their prior rates using fat graft alone (8.7%; 
p=0.003).8

PROGNOSIS
Outcomes following surgery for reconstruction of enceph
aloceles and CSF leaks will vary depending on the loca
tion, cause, and surgical planning as mentioned above. 
Complications rates following surgery are generally low 
when patients are managed thoroughly and appropriately. 
Of greatest concern is the development of recurrent CSF 
leak that may portend the development of postoperative 
meningitis. Leak recurrence typically mandates revision 
surgery and in some cases MEO. Among all etiologies for 
CSF leaks, those occurring spontaneously are known to 
have the highest rate of recurrence.15 Other postoperative 
complications described include seizure activity, transient 
ischemic event/stroke, sepsis, graft extrusion, conductive 

Fig. 26.22: Transmastoid approach on a right ear. The surgeon 
is filling the mastoid cavity with hydroxyapatite cement. The bony 
external auditory canal may be appreciated as the lateral-most 
extent to which the mastoid cavity is filled with cement. 

hearing loss, and sensorineural hearing loss. In summary, 
encephalocele and CSF leaks represent challenging clini
cal entities that require extensive diagnostic and technical 
prowess on the part of the surgeon. A solid understanding 
of critical treatment concepts and the wide armamentari
um at one’s disposal should lead to successful outcomes. 
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 To get an idea of the importance of this symptom, the 
clinical presentation of presbystasis includes symptoms 
such as dizziness and imbalance and perhaps its most 
extreme manifestation, falling. The symptom of dizziness 
represents one of the commonest complaints of elderly 
individuals. Dizziness is the reason for 8% of patient 
visits to their primary care provider in individuals over 65 
years of age. This number increases to 18% for the oldest 
individuals. It is a quality of life influence in 20% of people 
over age 60. Imbalance is reported in 51% of women and 
29% of men over age 70. This increases to 50% in everyone 
between 80 and 90 years of age.
 One of the most significant manifestations of dysfunc-
tion of the balance system is that of falling. Falls will occur 
in one third of community-dwelling individuals³ 65 years 
of age and 60% of nursing home residents annually. In 
2010, 2.3 million nonfatal falls were treated in emergency 
departments, requiring over 600,000 admissions to hos-
pitals and accounting for 40% of nursing home admissions. 
This alone cost about $30 billion dollars in direct medical 
expenses that year. Falls are responsible for up to 70% of 
accident-related deaths in people > 75 years of age. It is the 
commonest cause of traumatic brain injury, which in turn 
is the cause of death in almost half of fatal falls. In 2009, 
20,400 older adults died from unintentional fall injuries. 
Just considering hip fractures alone, >90% of hip fractures, 
particularly in those over 70, are the consequence of falls. 
One quarter of those suffering a hip fracture will die within 
6 months of the injury. Overall life expectancy is reduced 
by 10–15%, along with a reduction in quality of life, when 
hip fracture occurs. Even when falls do not produce injury, 
they do produce a fear of future falls. This in turn results in 
a redu ction in activity with a consequent loss of physical 

INTRODUCTION
For the purpose of this discussion, presbystasis is defined 
as the deterioration in balance function associated with 
aging. This is neither a specific disease nor does it originate 
from a singular organ system or part of the body. Rather, 
it represents the symptoms caused by changes in the bal-
ance system that occur with aging. The “balance system”, in 
this case, is subtended by a complex of interacting afferent, 
central processing, and efferent elements. 
 Presbystasis is ideally a diagnosis of exclusion. Thus, it 
is “ruled out” by the identification of specific diseases as 
cause for the balance problem. These diseases are more 
the topic of other sections of this text. However, it has to 
be recognized that the common endpoint of both specific 
diseases of specific end-organs as well as presbystasis, all 
cause the common symptom of imbalance and dizziness.
 Thus, while this chapter deals with presbystasis, the 
contents are generalizable to virtually all diseases and fac-
tors that affect balance. This is invariably the case when it 
comes to treatment options. Thus, while studies conclude 
that with our improved ability to identify specific diagnoses 
causing problems with balance in elderly indivi duals, and 
therefore exclude the diagnosis of presbystasis, we still 
have to consider how the disease affects the indivi dual 
through assessment of the balance system as a whole. 
Lastly, as will be discussed in this chapter, there is an 
age-related “deterioration” in most of the components of 
the equilibrium system. Presbystasis may therefore be a 
consequence of this “natural” process. Whether we then 
consider these age-related changes that underlie presbys-
tasis a disease versus a consequence of getting older, will 
have to be left for more philosophical discussions.

David A Schessel 

Presbystasis and 
Balance in the Elderly
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fitness. Loss of physical fitness and anxiety are each factors 
increasing the risk of falling. Dizziness and balance prob-
lems represent a tremendous impact of quality of life and 
morbidity and mortality in the elderly individual and a tre-
mendous cost to society. 
 This discussion begins with an overview of the compo-
nents of the balance system and an understanding of their 
contribution in maintaining equilibrium. We will discuss 
what happens to these separate elements of the balance 
system as we age and how age-related dysfunction con-
tributes to the global complaint of loss of balance and its 
consequences. As will be seen, this includes both spe-
cific age-related changes to end-organ function as well as 
dysfunction related to additive small changes in multiple 
systems underlying balance control. It not only includes 
intrinsic changes in the components of the balance system, 
but also extrinsic influences, such as medications, illness, 
and features of the environment. This chapter will discuss 
some of the more specialized components in the evalua-
tion of the elderly dizzy patient who may be experiencing 
presbystasis. Lastly, we will discuss some of the therapeu-
tic options aimed at improving balance and reduc ing its 
most serious consequence, that of falling.

THE BALANCE SYSTEM
The balance system is composed of those afferent, central 
processing, and efferent elements responsible for helping 
us maintain body orientation and visual acuity as we navi-
gate our environment. Simply, afferent elements include 
vestibular, visual, and proprioceptive systems. Central 
processing, of course, occurs in the central nervous sys-
tem. Efferent elements include primarily muscle groups 
and skeletal components responsible for moving the eyes 
and maintaining balance.
 The anatomy and physiology of these systems are dis-
cussed in depth elsewhere in this text. Briefly, the con-
tribution of vestibular system is through its detection of 
both angular and linear acceleration, including gravity, 
associated with head/body movement. Included here are 
the five receptors in the inner ears and the afferent eighth 
cranial nerves responsible for passing this information 
to central processing areas. Vestibular information is uti-
lized in several ways. One is to help stabilize vision while 
our head moves. This is the vestibulo-ocular reflex (VOR). 
Head movement information is used to rapidly generate 
eye movements exactly opposite the direction and speed 
of the head. This allows the eyes to stay focused on the 
world despite motion of the head. Vestibular information 

is also used, via the vestibulo-spinal system to help us ori-
ent our body and center of gravity while we move or the 
support surface moves, such as standing on a boat. 
 The afferent visual system consists of the eyes. 
Vision serves a number of processes. With reference to 
balance, it provides information related to head orienta-
tion through spatial awareness of the horizon, detection 
of body position relative to fixed objects including their 
position and size, and details of the support surface. It also 
provides necessary information about movement both of 
the environment and self. This is used not only to gather 
information about the environment, but also, like the ves-
tibulo-ocular system, to enable the visual system itself to 
function by image stabilization. This later aspect is accom-
plished by the detection of retinal slip, the movement of 
visual images across the retina. Retinal slip information is 
processed through two different pathways, the optokinetic 
and smooth pursuit systems. The optokinetic is particu-
larly sensitive to movement of the entire visual field across 
the nonfoveate retina, for example, the motion of the 
environment as we move our head. It is responsible for 
the sensation of movement, or vection, that occurs when 
the visual field moves, as in a large screen movie theater. The 
smooth pursuit system is to enable tracking of more dis-
crete objects in the visual field. These can be objects that 
are moving, such as the bird as it flies; it also allows us to 
focus on the fixed object as we move. 
 Both the visual and vestibular systems are critical in 
enabling us to use our visual system. In this regard, they 
serve overlapping and complementary functions. The 
visually driven smooth pursuit and optokinetic system 
detects low-frequency and low-velocity movements while 
the vestibular receptors process higher speed motion. This 
frequency difference can be demonstrated by trying to 
read a written passage while shaking the page in front of 
our eyes. It is very difficult to focus on the words. However, 
one can easily fix on words if the page is held still and the 
head is shaken. The former utilizes the visual tracking sys-
tem and the latter the high-frequency-detecting VOR. 
 The somatosensory system includes proprioceptors 
for the sensation of the position of the body and cutaneous 
somatosensation, which conveys information relative to 
the body’s interface with the environment. In the case of 
proprioception, muscle tension is conveyed by muscle 
spindles. Position and weight distribution is detected by 
joint and tendon-based receptors, including Golgi tendon 
organs, Ruffini’s endings, and other articular receptors. 
The system provides sensory feedback about the nature of 
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the environment also. Information such as the consistency 
and position of the support surface and weight distribution 
and changes in support interface is detected by cutaneous 
pressure receptors, including cutaneous Merkel’s disk, 
Pacinian corpuscles, and hair follicle receptors, which are 
distributed throughout the body surface. The plantar sur-
face of the foot is particularly rich in fast-adapting recep-
tors. These make the sole of the foot particularly sensitive 
to slight changes in weight distribution and quality of the 
contact surface. 
 Central connections of these systems and processing 
areas are diffuse. It is said that the vestibular system itself is 
one of the most disseminated systems in the brain. The ves-
tibular system relays via the eighth cranial nerve primar-
ily with the brainstem-located vestibular nuclei as well as 
by direct connections with the deep cerebellar nuclei. There 
is a strong connection with the cerebellum, particularly to the 
vermis and the flocculonodular areas. The vestibular nuclei 
and brainstem connections with oculomotor nuclei and 
spinal motor pathways are responsible for the vestibulo- 
ocular and vestibulospinal reflexes. Together the vestibulo-
cerebellum, vestibular nuclei, and other brainstem areas 
are responsible for modulation of the reflexes such as the 
VOR gain during natural behaviors such as accommoda-
tion for the distance, of viewed objects and changes in gain 
necessitated by changes in eyeglass prescription. They also 
are capable of reflex inhibition when reflex movements are 
not desirable during tasks such as tracking environ mental 
motion and perhaps during sleep where stimulation of 
reflexive vestibular responses would be disruptive. These 
centers are also involved in the process of vestibular adap-
tation to injury of the peripheral vestibular receptors or 
adjustment to a new eyeglass prescription. Cortical con-
nections are in the region of the posterior insular cortex. 
There does not appear to be a singular vestibular cortex. 
Rather, this area receives input from all three sensory 
modalities, vestibular, visual, and somatosensory. There 
are also connections to the stress centers in the hippo-
campus. This connection is documented in animals. The 
connection does appear present in humans where stress 
appears to act as both promoter and interference to vesti-
bular compensation. Control of autonomic reflexes, such 
as orthostatic blood pressure changes, may also be influ-
enced by the vestibular system. Vestibular connections to 
autonomic centers for vomiting are certainly well known. 
 Visual information is also processed centrally through 
a number of pathways. In the case of smooth pursuit, 
retinal slip information goes to the primary visual cortex 

and the medial temporal visual area. From the cortex it 
goes to the cerebellum, which then feeds the brainstem 
oculomotor nuclei. The optokinetic reflex alternatively 
receives information via subcortical pathways including 
the accessory optic nuclei. In this case information is pro-
cessed through the vestibular system and distributed to 
the appropriate oculomotor nuclei. 
 Somatosensory information is used reflexively at the 
level of the spinal cord. Information is also passed to sub-
cortical and cortical centers for more refined voluntary 
movements.
 A discussion of the central nervous system processes 
responsible for the integration of sensory information and 
volitional demands and ultimately with motor behavior 
is complicated and beyond the needs of this chapter. In 
addition, many of the ways the balance system functions 
to maintain balance and orientation to the environment 
are seemingly reflexive. Yet, the sensory information used 
and motor responses generated to accomplish the task of 
maintaining balance are open to modification centrally. 
Selective use of one sensory modality or another is one 
example. For instance, quiet stance prioritizes proprio-
ception and somatosensory inputs, particularly from the 
lower extremities and soles of the feet to keep us upright 
and balanced. While walking and running, there is a greater 
prioritization of the visual system. Navigating in a dark 
environment with an irregular surface, such as outdoors on 
open ground, will rely on the vestibular system. The motor 
responses themselves are learned processes with sequen-
ces of activations of various muscle groups ultimately 
committed to memory. There are differences in pathway 
if this is a new motor sequence versus a modification of a 
previously used learned movement, such as in response to 
muscle fatigue or injury. Interestingly, sleep appears to be 
an important factor in the consolidation of such behaviors.
 Efferent connections include oculomotor connections 
to move the eyes and motor neurons responsible for con-
trolling the muscles responsible for maintaining desired 
body position relative to gravity. The balance system relies 
heavily on the musculoskeletal system to regulate body 
position and the movement and positioning of the eyes, 
including not only the muscles that enact the motion but 
also their partnered skeletal elements.

EFFECTS OF AGING ON THE 
BALANCE SYSTEM

Age affects the balance system in a number of ways. While 
there are a multitude of diseases and other factors that 
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can produce deterioration in function, when it comes 
to presbystasis, we are dealing with extrinsic and “non-
pathologic” intrinsic changes that seem to be specifically 
associated with age and influence our ability to maintain 
balance. As expected, the effect of age is apparent through-
out the balance system.

General Changes in Balance 
Associated with Aging
Changes in gait are common as we age. Overall, the elderly 
walk slower and take shorter steps with a wider step width. 
They spend more time in the double support position, both 
feet on the ground simultaneously. These changes may be 
to enhance safety but may be a response to physical limi-
tations of the balance system. Responses to obstacles also 
change. They reduce speed and take smaller steps with a 
narrower step width. They will misstep and often hit the 
object they are trying to avoid. This is particularly true if 
the obstacle is unexpected or attention is divided. They 
are less able to incorporate changes in gait pattern, such 
as sidestepping, turning, or stopping, in their normal gait 
patterns. There is always a slight sway to our bodies as we 
stand quietly in one position. Older individuals will typi-
cally have increased amplitude of sway. The degree of sway 
correlates linearly with age and greater risk of falling.
 An extension of sway is tripping. In this case, the 
center of mass moves beyond the limits of support and 
has to be countered with a step. Elderly individuals tend 
to make smaller steps in response, which are more often 
inadequate at stopping horizontal and vertical motion. 
Potential causes include inability to move the stepping 
limb, actual muscle weakness and differences in amplitude, 
and latency of muscle activation. Studies have suggested 
that the reduction in muscle recruitment is often responsi-
ble for the problem. Slowing of reflex reaction time is well 
known to occur with aging, the source of which may also be 
multifactorial. On the afferent side, there may be a reduc-
tion in afferent sensitivity, processing may be delayed. 
Alternatively, on the efferent side there may be inadequate 
recruitment of efferent corticospinal motorneurons or 
problems in the muscle itself.8 Also important in the abi-
lity to respond to a sudden unexpec ted perturbation is the 
acti vation of muscles in an orderly fashion. Elderly indivi-
duals demonstrate a loss of this organization and will tend 
to respond with coactivation of agonist/antagonist muscle 
groups. This serves to stiffen the joints, such as the ankle, 
but is less effective at re-establishing balance if the center 
of balance has gone too far off center. Interestingly, this 

is a response also seen in infants. Cocontraction of lower 
extremity muscles is used generically regardless of sensory 
input.4 Similarly, when the perturbation is to the side and 
a cross step is elicited, the crossing leg will hit the weight 
bearing leg in 55% of cases in the elderly as opposed to 8% 
in the young. This is a common cause of lateral falls, which 
are particularly problematic due to the increased risk of 
hip fracture compared to falls forward or back.
 These observations of the functional consequences of 
aging on balance function and functional ability represent 
the collective effect of age-related changes on the individ-
ual components of the balance system. 

Effect of Age on the Vestibular System
Dysfunction of the vestibular system is very common in 
elderly individuals. Population studies in which the con-
tribution of the vestibular system is evaluated in isolation, 
with minimization of the roles of visual and somatosen-
sory input, suggest that vestibular function is reduced in 
50% of individuals in their 70th decade and 85% in indi-
viduals 90 and over. Studies on specific end organs have 
demonstrated similar effect. Deterioration in utricular 
function has been demonstrated to occur linearly over 
our lifetimes. This was measured as the gain of the ocu-
lar counter-rolling reflex between 20 and 80 years of age. It 
affected women more than men. This was correlated with 
balance behaviors felt indicative of the health of the bal-
ance system—specifically, how much an individual sways 
under conditions that isolate the vestibular system. When 
vision was removed and proprioception was reduced by 
standing on soft foam, there was a linear increase in sway 
in advancing age groups. Putting these together, it was 
determined that reductions in otolith function are corre-
lated to sway measures. As noted above, increased sway is 
strongly correlated to the risk of falling. This effect of age 
on the utricle is mirrored in the saccule. It is manifested 
by age-related reductions in vestibular-evoked myogenic 
potential (VEMP) thresholds.22 Similar findings have been 
observed looking at the semicircular canal system via the 
VOR. In a large study by Baloh et al.3 in 1993, age-related 
changes included decreases in VOR gain, a reduction in 
VOR time constant, reduced peak optokinetic slow phase 
velocity and a reduction in the visual–vestibular interac-
tion causing reduced VOR suppression by vision and a 
reduced VOR gain enhancement with vision. These were 
all felt to reflect changes in the vestibular–visual and 
oculomotor pathways. Similar results were obtai ned by 
Agrawal et al.12 In this case canal, utricular and saccular 
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function were evaluated with the head impulse test, the 
ocular VEMP (o-VEMP), and the cervical VEMP (c-VEMP), 
respectively. All receptors demonstrated age-related 
dete rioration. However, the semicircular canals appeared 
to be affected to a greater degree and earlier than the oto-
lith receptors. Decreases in saccular function have also 
been noted to mirror age-related high-frequency hear-
ing loss. This was further exacerbated if history included 
increased noise exposure. This was identified by decreases 
in the amplitude of the c-VEMP as opposed to measure-
ments of utricular function via o-VEMP and canal-specific 
gains, using the canal-specific head impulse test.32 Age-
related high-frequency hearing loss, especially with con-
comitant history of noise exposure, might serve as an 
indicator for risk of balance-related disability. 
 Anatomic studies of the vestibular system in humans 
and animals have demonstrated age-related changes also. 
Hair cell number has been recognized to decrease with 
age. When this occurs is variable, with some reports sug-
gesting loss beginning in the fourth decade and others in 
the seventh. Rauch et al20 studied the inner ear of normal 
humans ranging from birth to their 90s. He used Nomarski 
optics to enable differentiation of cell type as well as num-
ber. Results demonstrated a continuous reduction in total 
hair cell number throughout life. Type I hair cells were lost 
from the crista of the semicircular canals, sooner than the 
otolithic receptor maculae. Type II hair cells were lost at 
the same rate in all five receptors. 
 Age-related reduction and deterioration of the oto-
lithic membrane has been observed. This may be associ-
ated with a reduction in production of otoconia. Decrease 
in the globular substance masses that serve as precur-
sors to the otoconia are reduced in animal studies. There 
is a general demineralization and deformity of otoconia. 
Studies have suggested that such degeneration might also 
correlate with body calcium metabolism. This is postulated 
to contribute to the increased incidence of benign parox-
ysmal positional vertigo in the elderly and individuals with 
conditions such as osteopenia.
 Other changes to the vestibular end-organs have also 
been noted in the aging vestibular system. These include 
accu mulation of lipofuscin as well as reduction in blood 
supply to the receptors.
 Morphologic changes also occur in the central vesti-
bular pathways. At the level of the vestibular nuclei, the 
primary relay nucleus and processing area for vestibu-
lar input, changes include a loss of cells particularly of 
the inferior and lateral nuclei. There is relative sparing 
of the superior nucleus, which is a principal component of 

the VOR. In line with this, the VOR tends to be less affected 
over our lifetime while vestibulospinal reflexes and vesti-
bular adaptive functions may be more age sensitive.2

Effect of Age on the 
Somatosensory System
Aging affects virtually all receptors of the afferent proprio-
ceptor and cutaneous sensory system. Some changes are 
likely due to age and wear-and-tear alone, but there is also the 
influence of decrease in weight bearing and activity feed-
ing back on the system. Proprioceptive muscle spindles 
show changes reflective of loss of innervation, peripheral 
neuropathy, and reduction in diameter and constituents 
and sensitivity of the receptors.23 There are changes in the 
myosin expression in receptor spindles as well as skeletal 
muscles. This alters the speed of muscle contraction within 
the receptors as well as the efferent side of the system, 
skeletal muscles. Joint and tendon receptors (Golgi tendon 
organs, Pacinian corpuscles, Ruffini’s endings, and free nerve 
endings) all decrease in number in tendons and joint 
capsules. Nerve atrophy and slowing of conduction velo-
city of afferent nerves has also been demonstrated. Loss 
of proprioception has been demonstrated by a reduc tion 
in the ability of the elderly to detect changes and set joint 
position as well as younger individuals. This is more signi-
ficant for the distal lower extremities—ankles—than for 
more proximal joints such as the hip. Osteoarthritic joints 
demonstrate greater loss of joint position sense than non-
arthritic. Animal studies have demonstrated that loss of 
mechanoreceptors and nerve atrophy may precede deve-
lopment of osteoarthritis of the joint. These studies have 
suggested that such loss might be a causative factor in the 
development of osteoarthritis. 
 Cutaneous sensory reception is also reduced with 
age. This reduction tends to be worse in the lower body. 
The ability to detect vibration as well as a reduction in the 
sensitivity of vibration receptors is notably reduced above 
age 70. A 92% reduction in two-point sensation has been 
noted in the foot over age 65. The plantar surface of the 
foot is also affected more than the dorsal surface. This is 
suggested to reflect the greater degree of wear-and-tear 
on the sole of the foot. Anatomically, this is reflected in 
a global reduction in the number of all cutaneous recep-
tors throughout the body in older individuals. As stated 
above, the detection of weight distribution is critical in 
maintaining stance. This is again reflected in the greater 
proportion of fast-adapting receptors particularly sensitive 
to changes in weight distribution and quality of the contact 
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surface. The consequence of the reduction in tactile sensi-
tivity, in this case two-point discrimination, has been found 
to correlate with increased mediolateral sway and inci-
dence of multiple falls when compared with nonfalling age-
matched elderly individuals. 
 Extrinsic causes of loss of peripheral sensation are very 
common, for example, diabetes. Peripheral nerve damage 
occurs in up to 25% of diabetics after 10 years of disease 
and in 50% of individuals after 20 years. Peripheral vascu-
lar disease will have similar consequences as well as spinal 
degenerative problems and arthritis, as mentioned above. 
Diseases of the foot have been shown to be associated 
with an increased risk of falling, particularly multiple falls, 
as well as reduced mobility overall.18 This included foot 
pain as well as deformities, in particular corns. Deficits are 
espe cially notable when active tasks, such as walking up 
or down stairs, are evaluated. This is reasonable given that 
the problem is manifested more as the weight is shifted to 
various positions on the foot. Deformities of the toes were 
also associated with greater problems shifting balance 
forward. Other extrinsic causes include factors such as 
excessive alcohol use, vitamin b-12 deficiency and chemo-
therapy, all known causes of peripheral numbness.

Effect of Age on the Visual System
Alterations to the lens and cornea and retina affecting 
visual acuity, contrast sensitivity, glare sensitivity, dark 
adaptation, and depth perception are well known to occur 
with aging. Occurrence of cataracts is 16%, macular dege-
neration 9%, and glaucoma 3% of individuals over 65. 
Certainly, more common are refractive errors. There is also 
a reduction in the speed of central visual processing with 
a loss in fast motion detection manifested as a reduction 
in flicker frequency. Other changes include reduction in 
ocular motility and slowing of visual pursuit and rapid eye 
movements. These latter occurrences are common find-
ings on videonystagmogram (VNG) records from elderly 
individuals. 

Central Nervous System Changes 
Associated with Age
Some of these changes were mentioned in the context of 
the specific sensory motor systems above, but there are 
more general changes in the way the brain functions when 
it comes to dealing with balance function. In some cases 
these would seem to be adaptive in response to deterio-
ration of the afferent input and efferent capabilities. How-
ever, they are also a byproduct of a general deterioration in 

brain function and capacity. It is generally recognized that 
the brain reaches its full volume at age 13. It then begins a 
slow decrease in size that accelerates to a rate of 0.5% after 
age 60.12 General reductions in motor learning and adap-
tation, while generally resistant to an age effect, do show 
negative changes as tasks become more complex and there 
is extraneous interference. This is manifested in reduc-
tions in the ability to perform balance-related tasks when 
there are distractions or multiple tasks to be performed. 
One thought is that this reflects an age-related decrease in 
working memory and cognitive processing speed. Physio-
logic changes felt to reflect this change include reductions 
in volume of the frontal cortex and striatum and specific 
reduction in dopamine, a transmitter shown to facilitate 
sequence learning and formation of motor memory. The 
loss of integrity of the white matter tracts responsible for 
motor learning and integration is also implicated.15

 Mild cognitive impairment has been associated with 
the risk of falling in the elderly. It has been found that the 
change is most significant when the deficit is in executive 
functions as opposed to amnestic.9 Loss of visuospatial 
processing has been additionally identified as playing a 
role in the incidence of falls in a prospective study.17

 Studies have also suggested that as opposed to utiliza-
tion of “automatic” and specified areas of the brain for bal-
ance as well as shutting off inputs when not needed, as in 
the prioritization of sensory inputs discussed previously, 
elderly individuals will use generic processing resources or 
cognitive areas of the brain to integrate, process, and con-
trol balance. This use of a more fixed and limited resource 
means that balance may be more easily compromised by 
more complex balance tasks and by unrelated simultane-
ous tasks.7 Furthermore, elderly individuals are less able to 
shift from one balance strategy to another based on need, 
for instance, responding to changing levels of illumination 
or changing qualities of the support surface. This is sup-
ported by dual-task behavioral studies as well as imaging 
studies. This change in the brain areas used for process-
ing is supported by functional magnetic resonance imag-
ing studies of mentally imaged balance tasks. Again seen 
are diff erences in the areas of the brain activated based on 
age. Specifically, in young individuals, sensory inputs were 
inactivated based on need. In the elderly there was acti-
vation of the cortical multisensory vestibular areas of the 
cortex for most activities. This can be interpreted as a way 
of adapting to a decreased input from the aging sen sory 
systems, but it has the potential to be detrimental when 
sensory input is contradictory or distorted. It also would 
make it more susceptible to interference by extraneous 
input and activity, such as moving about in a crowd.33
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Efferent Changes Associated with Aging
Efferent changes associated with aging are numerous. This 
includes all the age-related changes that occur in muscles 
and skeleton. Muscle changes have been discussed above. 
It is important to recognize the role of disuse in this regard. 
The lack of muscle strength and joint flexibility creates a 
self-perpetuating cycle of deterioration that limits activity 
and increases imbalance and its consequences, including 
falling. Pain in muscles and joints is well known to cause 
maladaptive changes in gait and balance that contribute to 
limitation in activity, and by default, falls. Thus disorders 
such as arthritis, as discussed above, have a significant  
impact. Foot problems have been associated with indi-
viduals who fall repeatedly.18 As noted above, lesions such 
as bunions, corns, and overgrown toenails are included in 
this. Problems of particular note are those causing pain. 
While quiet standing is not affected, dynamic tasks includ-
ing alternate stepping tasks, walking and stair ascent– 
descent tasks are affected. Given that many of these 
problems can be remediated, such podiatric problems 
should be consi dered. 

Extrinsic Factors Influencing 
Dizziness and Falls
Extrinsic factors include all those factors that influence 
the functioning of the components of the balance system 
directly, such as medications and medical conditions. 
Also included are those things that interact with the 
balance system, such as ambient lighting, shoes, obstacles, 
complexity of the visual environment, and support surface 
as well as those that interfere with concentration on the 
balance task such as mental interferences and extraneous 
tasks.
 The number of medical conditions that can influence 
balance is quite large. To give an idea of what we are speak-
ing of, issues like diabetes are well known in this regard. 
This can directly influence sensory inputs like vision and 
proprioception. Cardiovascular disease with circulatory 
problems affects global function. However, issues such 
as arrhy thmia or hypotension can produce more direct 
and sudden changes. Disorders that alter mental status, 
such as thyroid disease, vascular disease, and neurodege-
ne ra tive diseases, can all affect balance. Disease causing 
changes in muscle strength and joint mobility are influen-
tial. Diverse infections carry much more potential to alter 
the level of alertness and cognitive ability in the elderly 
and thus influence balance. The effect of stress/anxiety, 

perhaps due to its involvement of areas of the brain shared 
with the processing of balance information, especially 
in the elderly as noted above, can interfere with balance 
performance. Multitasking while walking has been shown 
to be problematic in the elderly. The effect of anxiety and 
fear of falling alone causes problems with gait and a spiral-
ing deterioration when it causes the individual to become 
more limited in their activity and therefore less fit. This in 
turn further restricts activity and general physical health. 
Suffice it to say, the list is monumental.

Medications

Given what we know about issues that affect balance func-
tion and cause dizziness in the elderly, any medication 
that has the potential to cause dizziness, sedation, loss or 
distortion of sensory input, or loss of cognitive function 
has the potential to worsen balance. Anecdotally, there are 
very few medications that do not list dizziness or fatigue 
or sensory changes somewhere in their adverse reaction 
or drug interaction profiles. When looking at the conse-
quence of this effect, there are a number of drug classes 
that have been specifically associated with increased 
incidence of falling in numerous studies.29 Medication 
classes found to be causative include sedatives and hyp-
notics, neuro leptics and antipsychotics, antidepressants, 
benzo diazepines, cardiac, analgesics including nonsteroidal 
medi cations, and antihypertensive medications includ-
ing diuretics. The odds ratio for falling is as high as 3.6 for 
antipsychotic medications. There is further support for 
these findings in that removal of psychotropic medications 
has been associated with a decrease in falls. It appears that 
any sedating medications, including nonbenzodiazepine-
containing sedatives such as diphenhydramine, have the 
potential to compromise balance function.
 Special mention is also made of medications used in 
the treatment of vertigo or dizziness. Drowsiness, dizzi-
ness, and impaired coordination lead the list in common 
side effects of these medications. Given this, it is not sur-
prising that these have the capacity to exacerbate pres-
bystasis. It is important that such medications be used 
where indicated for active vertigo, but the dose needs to be 
tapered and the drug discontinued when the acute phase 
of the disease is over. They should not be used indiscrimi-
nately for all complaints of dizziness and imbalance. 
 Polypharmacy has been associated with a propensity 
to cause falls in elderly individuals. Studies have shown 
that the number of drugs is an independent variable in fall 
risk. However, many of these evaluations have found the 
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eff ect of polypharmacy was realized only when medica-
tions known to increase the risk of falls, such as sedative-
hypnotics, were included. 
 Vitamin D deficiency has been associated with the risk 
of falls and consequent fractures.5,14 This is not only due to 
its association with bone strength but muscle strength as 
well. Histopathologically, it is reflected in atrophy of mus-
cle fibers, particularly type II fibers. Elderly individuals 
are especially subject to deficits in vitamin D due to fac-
tors such as decreased dietary intake, decrea sed skin 
thickness, reduced sunlight exposure, impaired intestinal 
absorption, and reduced hydroxylation in the liver and 
kidneys. Vitamin D deficiency, defined as serum vita-
min D3 levels < 30 nmol/L, was identified in 36% of men 
and 47% of women in a wintertime study in the Northern 
Hemisphere. The effect is most prominent in proximal 
muscle groups and presents as a sensation of heaviness 
in the legs, fatiguing easily, and problems with activities 
such as climbing stairs and getting up from a chair. It has 
been associated with increased falls also. Studies have 
demonstrated that the risk of falls was increased in indi-
viduals with serum levels < 60 nmol/L and those receiving 
low-dose supplementation (< 600 IU/day) when compared 
with individuals with levels >  60  nmol/L and high-dose 
supplementation (700–1000 IU/day). Meta-analysis stud-
ies of randomized controlled trials suggest the effect can 
be as much as a 19–23% reduction in falls in the higher 
dose/serum level studies. There is no apparent difference 
in efficacy of active versus supplemental forms of vitamin 
D when assessed for fall-risk reduction. 

DIAGNOSIS OF PRESBYSTASIS
Presbystasis represents disequilibrium associated with 
no identifiable pathologic cause. It seems to be the con-
sequence of the accumulated age-related extrinsic and 
intrinsic changes resulting in balance problems. The diag-
nosis of presbystasis is one of exclusion, but its diag nosis 
follows the same outline as in the assessment of any indi-
vidual complaining of dizziness or balance problems. 
Thus, the differential that has to be excluded is large, 
including any problem of the afferent, processing, and 
efferent systems underlying equilibrium. Studies suggest 
that presbystasis can be ruled out in over 80% of cases of 
individuals presenting with imbalance or falling. Readers 
are referred to appropriate sections of this text for detailed 
review of the evaluation of the dizzy patient and diseases 
of the inner ear. Diseases that are particularly common 
in the elderly population include benign paroxysmal 
posi tional vertigo. As opposed to the typically described 

isolated spells associated with change in position, in the 
elderly, subtle abnormal stimulation of the vestibular sys-
tem associated with moving about can cause much more 
chronic symptoms that impact global balance function. 
Surprisingly, bed associated spells are often unrepor-
ted. Hallpike testing must be performed. Other causes of 
injury to the vestibular system, such as vestibular neuronitis 
or Meniere’s disease or perhaps age-related deteriora-
tion in function, can manifest as imbalance in a number 
of ways. Permanent loss of vestibular function resulting 
from any cause can result in inadequate vestibular input 
to support the vestibular driven reflexes. The same injury 
can also produce symptoms due to inadequate adaptation 
to a vestibular injury. Adaptation to vestibular injury is 
often slower or compromised as we age. This is presum-
ably associated with changes in central mechanisms res-
ponsible for such adaptation. This would include the 
brainstem vestibular nuclei as well as areas of the vestibu-
lar cerebellum. Difficulties in vestibular adaptation associ-
ated with age are well known and need to be considered 
before performing vestibular ablative procedures. Alter-
natively, after vestibular injury, elderly individuals have 
to be encouraged to begin vestibular adaptive activities to 
encourage recovery.
 Migraines as well as headaches in general are less com-
mon in elderly individuals. In the elderly, 50% of migraines 
will be unassociated with pain with a greater incidence of 
symptoms such as hearing loss, tinnitus and vertigo, and 
dizziness. Typical migraines occurring in younger years 
will occasionally change to the more atypical forms noted 
above.
 There are a number of central neurologic diseases that 
can present to the otolaryngologist due to their associated 
gait problems as part of their presentation. Examples of 
these include normal pressure hydrocephalus. This con-
dition is most often idiopathic. It is commonest in elderly 
individuals. It can be the consequence of prior head trau-
ma and intracranial bleeding, infections such as meningi-
tis, stroke, and brain tumors. Hydrocephalus, in this case, 
is felt to be a form of communicating hydrocephalus with a 
slow or fluctuating obstruction causing gradual dilatation 
of the ventricles and pressure on the brain. Cerebrospinal 
fluid (CSF) pressure is characteristically within the normal 
range. Symptoms differ from acute hydrocephalus, e.g. 
headaches, nausea and vomiting, and instead include gait 
disturbance, urinary incontinence, and dementia-like cog-
nitive dysfunction. It consequently is often misdiagnosed 
as Alzheimer’s disease, dementia or Parkinson’s disease. 
It is particularly important to diagnose normal pressure 
hydrocephalus due to its reversibility with CSF diversion.
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  These represent a very few examples of the differential 
that have to be considered when approaching the indivi-
dual with balance problems, including presbystasis.

HISTORY
As always, the history is perhaps the most critical factor in 
sorting through the extensive differential. This begins with 
a thorough understanding of the complaint. It is impor-
tant to have the individual explain their symptoms without 
words like dizziness or even vertigo. 
 It is useful to know how the problem arose. Was it a 
gradual onset or sudden? If spells, what is the duration 
of the attacks? This is useful to differentiate states such 
as central degenerative conditions and presbystasis from 
diseases such as Meniere’s disease or a stroke.
 What are the circumstances that produce the symp-
toms? This would include the place and environmental 
characteristics, such as in the dark, in crowds, or on irreg-
ular surfaces. This includes determination of the type of 
activity associated with symptoms. Presbystasis is largely 
symptomatic when walking or standing. There is likely to 
be no abnormal sensation when sitting or lying. True ver-
tigo is typically going to be absent. The individual will often 
express trepidation about getting about and often signifi-
cant reduction in ability to get around, loss of indepen-
dence, and fear of falling. The occurrence of and causes of 
falls are of special importance. A detailed history of falls 
and their circumstance is important.
 Associated features need to be determined. Aside from 
those associated with the usual dizziness history, bodily 
weakness, numbness, incoordination, stiffness and pain of 
body, incontinence, shortness of breath, and cognitive and 
behavioral changes are important examples.
 Medical history is critical, given the number of medi-
cal conditions that can influence the balance system. 
Diseases such as diabetes or cerebral and cardiovascular 
disease and associated problems such as neuropathy and 
retinopathy must be defined. History should include infor-
mation about vision and corrective lenses. Progressive 
lenses have been associated with an increased incidence 
of imbalance. Bodily cutaneous sensation and strength is 
important. This should include the presence of pain or 
limitation of motion and diseases such as arthritis, osteo-
porosis, orthopedic procedures, and podiatric conditions. 
A list of medications with prescription timing relative 
to the onset of symptoms is critical. Social history has to 
include living situation, the type of shoes worn, or the 
use of a cane or other assistive device. Specific activities 

and limitations caused by the problem should be defined 
along with characteristics of the environment. 

EXAMINATION
In addition to the typical components of the neuro- 
otologic examination of all patients presenting with dizzi-
ness, the examination has to include evaluation of those 
systems responsible for maintenance of upright posture. 
Thus, measures of strength and coordination are impor-
tant. Observation of gait and quiet standing is useful. Nor-
mal gait is characterized by an alignment of the medial side 
of the foot or medial malleolus along a straight line. Stand-
ing is done with the feet together with patient’s eyes open 
as well as closed. Standing on an unstable support surface, 
such as foam block, can also be performed. Degree of body 
sway is assessed. Marked increase in sway with eye closure 
is often a sign of proprioceptive or vestibular deficit. Spe-
cific testing of proprioception includes vibration sensation 
and joint position sense of the lower extremities, i.e. the 
big toe. Cerebellar/central disease is characterized by a 
wide-based, drunken gait. There is often significant sway 
when standing with feet together (Rhomberg sign). Unlike 
proprioceptive and vestibular system deficits, remov ing 
vision with eye closure will not worsen function signi-
ficantly in central disease. Strength and flexibility have to be 
assessed. Hyperactive reflexes and spasticity suggest upper 
motor neuron damage. Reduced reflexes, muscle atrophy, 
and fasciculations occur with lower motor neuron prob-
lems. Generalized weakness can also be from myopathic 
and neuropathic problems as well as chronic disuse. Spe-
cific muscle deficits cause variations in abnormal gait. If 
there is unilateral hip girdle weakness, the hips will shift 
to the side of weakness. Bilateral weakness results in a 
waddling gait. Quadriceps weakness causes the individual 
to swing the leg forward and lock the knee to take a step, 
and foot drop causes an over-elevation of the affected leg 
to take a step. Central disorders such as Parkinson’s dis-
ease are associated with a festinating gait, sudden stops, 
and falls. The progress of movement is slow but the gait is 
made of rapid, short, narrow steps with the heel and toe 
striking the ground simultaneously as opposed to normal, 
heel first.
 A number of clinical tests have been developed in an 
attempt to assess balance and risk of falling in particular. 
The timed up-and-go test is one example that has been 
suggested as predictive of falls. Test instructions and one 
example of interpretation are shown in Table 27.1. Vari-
ous interpretations have been suggested. For example, 
<10 seconds is normal, 11–20 seconds is normal for frail 
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Table 27.1: Timed up and go test

The person may wear their usual footwear and can use any 
assistive device they normally use

1. Have the person sit in the chair with their back to the chair 
and their arms resting on the arm rests

2. Ask the person to stand up from a standard chair and walk 
a distance of 10 ft. (3 m)

3. Have the person turn around, walk back to the chair, and sit 
down again

Timing begins when the person starts to rise from the chair 
and ends when he or she returns to the chair and sits down

The person should be given one practice trial and then three 
actual trial. The times from the three actual trials are averaged 

Predictive results 

Seconds Rating 

<10 Freely mobile 

<20 Mostly independent 

20–29 Variable mobility 

>20 Impaired mobility 

and disabled individuals, >20 seconds suggests the need 
for assistive devices or intervention (i.e. balance training/
therapy), and >30 seconds suggesting possible fall risk. 
Other studies have suggested a normal cutoff of 12 seconds. 
Meta-analysis of clinical trials has questioned the validity 
of this test for healthy, independent-living elderly. A mode-
rate correlation has been found for lower-functioning 
older people. No time cutoff point has been sugges ted.21 
Other tests used similarly include the alternate-step test, 
stair ascent and decent, sit to stand test, and the 6-m walk 
test. Studies suggest that these together are 69% sensi-
tive and 56% specific in predicting multiple falls.25 Other 
clinical test protocols have been developed that simi-
larly use combinations of several tests of balance, func-
tional reach, strength and flexibility. These include the 
Tinetti Balance Assessment Tool and the Berg Balance Test 
(Table 27.2). Higher scores on these tests indicate better 
balance function. Studies have suggested that, for example, 
a high score on the Berg Balance Test suggests a lesser 
likelihood of falling. Low scores did not predict future falls, 
though.6 Some clinical assessment tools have included 
combinations of tests of physical ability with social and 
medical factors.26 These also have limited utility. It has 
been suggested that these tests can be considered screens 
for identifying individuals who may require remediation 
and increased surveillance.
 Typical quantitative tests of vestibular function, such 
as VNG and rotory chair, are by definition going to be nor-
mal in individuals with presbystasis. However, an effort 

Table 27.2: Berg balance scale

Equipment needed: ruler, two standard chairs (one with arm 
rests, one without), footstool or step, stopwatch or wristwatch, 
15 ft walkway

Scoring: a five-point scale, ranging from 0–4. “0” indicates the 
lowest level of function and “4” the highest level of function. 
Total score = 56

Interpretation: 41–56 = low fall risk

21–40 = medium fall risk

0 –20 = high fall risk

A change of eight points is required to reveal a genuine 
change in function between two assessments

Sitting to standing—instructions: Please stand up. Try not to 
use your hand for support

Standing unsupported—instructions: Please stand for two 
minutes without holding on

Sitting with back unsupported but feet supported on floor 
or on a stool—instructions: Please sit with arms folded for 
2 minutes

Standing to sitting—instructions: Please sit down

Transfers—instructions: Arrange chair(s) for pivot transfer 
Ask subject to transfer one way toward a seat with armrests 
and one way toward a seat without armrests. You may use 
two chairs (one with and one without armrests) or a bed and 
a chair

Standing unsupported with eyes closed—instructions: Please 
close your eyes and stand still for 10 seconds

Standing unsupported with feet together—instructions: Place 
your feet together and stand without holding on

Reaching forward with outstretched arm while standing— 
instructions: Lift arm to 90°. Stretch out your fingers and 
reach forward as far as you can

Pick up object from the floor from a standing position— 
instructions: Pick up the shoe/slipper, which is in front of 
your feet

Turning to look behind over left and right shoulders while 
standing—instructions: Turn to look directly behind you over 
the left shoulder. Repeat to the right

Turn 360°—instructions: Turn completely around in a full 
circle. Pause. Then turn a full circle in the other direction

Place alternate foot on step or stool while standing unsupported 
—instructions: Place each foot alternately on the step/stool. 
Continue until each foot has touched the step/stool four times

Standing unsupported one foot in front—instructions: Place 
one foot directly in front of the other

Standing on one leg—instructions: Stand on one leg as long as 
you can without holding on

Readers are referred to the full description of the test for scoring 
details.

Ch-27.indd   486 01-06-2015   12:05:32



487Chapter 27: Presbystasis and Balance in the Elderly

has been made toward defining tests that can predict the 
symptoms and consequence of presbystasis. Laboratory 
tests utilizing electromyographic and quantitative balance 
information such as measures of sway and reaction times 
for perturbations in weight distribution have improved 
prediction slightly. They are better at identifying nonfallers 
than those at risk. Comparative studies of computerized 
dynamic posturography (CDP) and electronystagmogra-
phy (ENG) identify both tests as having some predictive 
value. Within the ENG protocol (60% sensitive), oculo-
motor testing (saccades, visual pursuit, optokinetic test-
ing) was most sensitive (40%). CDP was 79% sensitive. 
The limits of stability component of the CDP test was the 
only test that seemed predictive of those who had experi-
enced multiple falls.11 Similar results were identified in a 
study utilizing a “Physiological Profile Assessment”, which 
included measures of visual contrast, knee proprioception, 
leg extension, reaction time for hand, and sway on foam 
block. This was compared with a quantitated measurement 
of sway during tasks of maximum leaning ability and sway, 
the latter including ability to change direction of sway and 
reaction time.27 Results showed a correlation with age and 
strong correlations between individuals having single and 
no falls versus multifallers (two or more falls in 12 months). 
Reaction time, the time to terminate or change sway direc-
tion, was 20–60% slower in multifallers. This is felt to be 
reflective of the fact that most falls are caused by an 
inabi lity to react rapidly enough to recover from a loss of 
balance during daily activity. It was concluded that reac-
tion time was more sensitive than measures of static sway.

TREATMENT
As noted above, presbystasis is the consequence of dys-
function of the balance system. It is likely that it represents 
subtle age-related changes and extrinsic influences that 
add up to difficulties with balance and orientation. The 
most extreme manifestation of presbystasis is falling, the 
cause of which is also multifactorial. Studies have identi-
fied over 400 risk factors that may be associated with falls.27 
Because of this, the approach to helping improve function 
and balance and prevent occurrences like falling must also 
reflect a varied approach that removes or modifies those 
extrinsic factors and optimizes conditions to maximize the 
use of intrinsic sensory, processing and efferent capa ci-
ties. Many different modalities of therapy have been used 
in this regard. These can be categorized as adaptation, 
habituation, optimization, and substitution (Table 27.3).
 Adaptation refers to activities that force the use of 
deficient areas of the balance system to improve their 

function. This is one of the goals of vestibular rehabilita-
tion therapy. In this case, exercises are aimed at improv-
ing vestibular function itself by forcing the individual to 
create the situation where the vestibular system fails, 
either vestibuleocular or vestibulespinal. Therapy forces 
correction of any asymmetry in performance in the com-
promised vestibular system. In the case of presbystasis, it 
can also help encourage use of the vestibular system, as 
well as other sensory modalities to optimize balance func-
tion. While discussion of the specific exercises used is not 
the topic of this chapter, the sort of activities will invariably 
be tasks that require visual fixation while the head and 
body are moving, or tasks where other inputs are compro-
mised, such as with eyes closed or while looking in a differ-
ent direction. There are many activities of daily life that can 
be used to serve to enhance function, for instance, sending 
the individual to the grocery store and having them walk 
aisles looking for items or riding a stationary bike or tread-
mill while trying to read or watch a nearby television.
 Habituation is the process of repetition of activities 
or patterns of activity to make them more automatic. This 
is used in rehabilitation of individuals with bilateral ves-
tibular loss. In this case, the repetition of a desired activity 
eventually becomes learned. Thus instead of using auto-
matic reflexes to control activities, motor preprogramming 
of the activity enables one to function without the reflexive 
sensory input. This will work for complex motor activities 
too. 
 Optimization is a very large component in improving 
balance and preventing falls. This includes those modifi-
cations that improve the performance of all components 
of the balance system and the demands placed on it, for 
example, optimizing vision by treating cataracts, getting 
corrective lenses, and putting a light on when walking 
about. At the same time, problems with visual orientation 
have arisen due to progressive lenses in glasses. Possible 
use of single-lens glasses when walking outside is recom-
mended. Even the use of a hat to reduce glare is helpful. 

Table 27.3: Balance rehabilitation

Adaptation—activities highlight the disability to force 
compensation

Habituation—repetition of difficult activity improves 
performance

Optimization—adjustments to self or environment to 
enhance balance system needs

Substitution—ensure optimal utilization of all available 
systems, i.e. cervico-ocular reflex, reduce dependence on 
visual system
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Proprioception can be improved by managing neuro-
pathic problems, wearing low and tie shoes that couple 
the individual to the ground and enhance sensory input as 
well as the ability to react to perturbations more quickly, 
as opposed to higher heels or floppy slippers. In this regard, 
work is ongoing to produce inserts for shoes to enhance 
proprioception.19 The use of a cane or walking stick has 
been shown to be of marked assistance in such indivi-
duals, not for leaning on but to give information about the 
support surface. Elderly individuals with presbystasis will 
frequently report that simply putting a finger on a support 
surface takes away all disability. It is suggested that the 
input gained from the use of such a device is equivalent to 
a set of eyes. Sound cues have also been shown to be used 
to orient in space in elderly individuals. Body sway during 
quiet standing was reduced when there was a fixed noise 
source present.31 It suggests that balanced and serviceable 
hearing might be important for physical balance in the 
elderly.
 Given the recognized effect of medications in causing 
changes in alertness and balance, consideration needs to 
be given to prescribed medications. As noted previously, 
sedative hypnotic medications are particularly proble-
matic. This would also include medications for the treat-
ment of dizziness/vertigo. Treatment of medical conditions, 
such as diabetes, cardiac arrhythmia, and blood pressure, 
is understandably important. 
 The characteristics of the environment are also of 
importance. Reduction in clutter and optimal illumination 
become critical in creating a safe environment. Care must 
be taken when walking on irregular surfaces or thick car-
pets. Assistive supports on stairs, in corridors, and in bath-
ing facilities have to be considered.
 Behavioral modification is also important. Elderly indi-
viduals have to recognize unsafe behaviors such as like 
climbing ladders, walking about in the dark, and carrying 
bundles up and down stairs. Counseling is often helpful to 
indicate areas of risk, the importance of assistive devices 
and optimizing use of devices and lifestyle and exercise 
programs in improving balance and safety. 
 Substitution refers to the enhanced utilization of 
inputs that are working to replace those that are not. One 
interesting example is that of the cervico-ocular reflex. 
There are sensors for head rotation in the neck muscles. 
These can actually drive the eyes like the vestibular sys-
tem. Nonhuman primates use this reflex routinely. Normal 
humans do not normally, but these inputs can be recruited. 
The same goes for overuse of the eyes to balance. The 
vestibular system might be fine, but the brain has decided 
not to use it. This too can be adjusted with exercises that 

force the individual to rely on the ears as opposed to the 
eyes. This happens to be a common problem for elderly 
individuals.
 A formal program of vestibular rehabilitation addresses 
the above issues. Formal programs have been shown to be 
effective at improving balance, confidence, and lessening 
fear of falling, flexibility strength, and reaction time. Pure 
strength training has been shown to be less effective at 
reducing falls, but clearly is important in improving global 
function of other systems.24 A systematic review of various 
exercise programs, including balance training, strength 
training, Tai Chi, dance and qi gong as well as enhanced 
daily acti vity, showed that they were only weakly bene-
ficial at improving balance.13 These studies used the timed 
up and go test, Berg balance, and walking speed to assess 
efficacy. Although they are excellent clinical measuring 
tools, there are questions as to their usefulness. Programs 
that require the individual to go to the therapist’s office in 
addition to home exercises have been suggested to be bet-
ter than home therapy alone. However, many exercise pro-
grams are effective, including Yoga and Tai Chi. However, 
studies are contradictory, with some identifying an 18% 
reduction in fall risk following group sessions combined 
with home exercises. Other studies have not found this 
benefit. The failure of these programs has been ascribed 
to factors including inability to perform the exercises in 
more frail individuals, as well as lack of adherence to the 
program. One study of perturbation training using unpre-
dictable translation of the support surface and cable pulls 
of the torso did reduce the occurrence of multiple small 
steps in recovery, foot collisions, and grasp time. It did not 
correlate to reduction in falls, though. Other studies com-
paring intensive, individualized therapy with counseling 
sessions, medical interventions and exercise, counseling 
alone, and no intervention, did not identify efficacy in 
reducing falls.16 
 In a recent review aimed at identifying measures that 
would be effective at fall reduction and fall-risk reduc-
tion, multicomponent group therapy and home therapy 
and to a lesser degree, Tai Chi, all reduced fall rate and 
risk.10 They also reduced the risk of a fall-related fracture. 
The same was found for home assessments and modifica-
tion of the environment. This was especially true for more 
frail and visually impaired clients. Oddly, improving vision 
was variable in efficacy. It helped to give active multifocal 
lens wearers single-lens distance glasses. However, per-
haps because of the increase in activity, more frail clients 
given better vision had an increased fall risk. This may have 
been due to their doing more activity as a consequence of 
the better vision and thus having more opportunity to fall. 
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Other findings included the benefits of vitamin D, having a 
cataract removed, pacemaker placement where indicated, 
podiatric treatment, and improved shoes.
 As discussed, presbystasis falls into the category of 
problems that cause imbalance. While it is unique in being 
a diagnosis of exclusion, its symptoms are those of imbal-
ance and dizziness, the same as many diagnosed condi-
tions. The consequences are severe, in many cases including 
loss of independence and psychological stress and even 
morbidity and mortality. The causes of presbystasis are 
by definition multiple and diverse and represent the sum 
of subtle influences that in themselves do not constitute 
disease, but in sum do. It is because of this that the evalu-
ation of such individuals has to be inclusive and treatment 
multifaceted to correct as many of the component pro-
blems that result in presbystasis.
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INTRODUCTION/BACKGROUND
The normal functioning of the inner ear relies on the 
mechanical isolation of the perilymph and endolymph 
from surrounding structures by the thick bone of the otic 
capsule. The round and oval windows permit controlled 
access by outside sound and pressure changes to the  
inner ear fluids. In disease states that have other bony 
openings in the otic capsule, specific signs and symptoms 
will be observed, with their distinct characteristics based 
on the location of the bony dehiscence. Historically, this 
was recognized in the context of a horizontal semicir
cu lar canal (SCC) fistula in patients with an advanced 
cho lesteatoma. More recently, primary dehiscences of 
the superior SCC, posterior SCC, and cochlea have been 
described.

SUPERIOR SEMICIRCULAR  
CANAL DEHISCENCE

Pathogenesis
Superior semicircular canal dehiscence (SSCD) is the  
most studied type of otic capsule dehiscence, and will  
serve as the archetype for a discussion of inner ear dehi
scence. Lessons learned from the study of superior SCC  
dehiscence can be applied to the evaluation and manage
ment of other types of inner ear dehiscence. The SSCD 
syndrome was first described by Minor et al.37 Studies  
on cadaveric temporal bones have found a dehiscence of  
the overlying bone of the superior SSC in 0.5% of speci
mens.11 In an additional 1.4% of specimens, the bone 
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coverage was < 0.1mm, such that it might appear dehi 
scent even on ultrahighresolution computed tomography 
(CT) of the temporal bone. Despite the high radiographic 
and histological prevalence, the clinical prevalence is 
much lower. 
 The underlying pathophysiology is related to an open
ing in the bone that overlies the superior SCC. This creates 
a third mobile window (the first and second being the 
oval and round windows) into the inner ear. As a result, 
the vestibular labyrinth responds to sound and pressure 
changes. 
 Excitation of the superior canal occurs with applica
tion of positive pressure in the external auditory canal 
(EAC), Valsalva maneuver against pinched nostrils, and 
presentation of loud sound to the ear.11 Positive pressure 
to the EAC and Valsalva against pinched nostrils creates 
a positive pressure gradient from the middle to the inner 
ear, the pressure is released through the dehiscence over 
the superior canal, and resultant utriculofugal flow in 
the superior canal is excitatory. The mechanism of loud 
soundinduced excitation has been postulated to occur 
through a different mechanism, which may be due to recti
fied stapes motion, excitation/inhibition asymmetry, and/
or vestibular nerve afferent phaselocking.11 
 Inhibition of the superior canal occurs with creation of 
negative pressure in the EAC, Valsalva maneuver against 
a closed glottis, and jugular venous compression. These 
stimuli create a positive pressure gradient from the middle 
cranial fossa to the inner ear at the dehiscence, the pressure 
is released at the round or oval windows, and the resultant 
utriculopetal flow in the superior canal is inhibitory.
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 The resultant eye movements (Figs. 28.1A and B) 
typi cally align themselves with the plane of the affected 
superior SCC. With eyes in center gaze, excitation of the 
right superior SCC (tone presentation to right ear) results 
in slow phaseinduced eye movements directed upward 
with a torsional rotation of the superior pole of the eyes 
toward the patient’s left side.13 Fast phase nystagmus (if 
present) is directed downward with a torsional rotation 
of the superior pole of the eyes toward the patient’s right 
side. Conversely, excitation of the left superior SCC (tone 
presentation to the left ear) results in slow phase induced 

eye movements directed upward with a torsional rotation 
of the superior pole of the eyes toward the patient’s right  
side. Fast phase nystagmus (if present) is directed down
ward with a torsional rotation of the superior pole of the 
eyes toward the patient’s left side. The presence of the 
torsional and vertical components of the induced eye 
movements is dependent on direction of gaze (neutral, 
right, and left gaze—see Figs. 28.1A and B). 
 Dehiscence of the bone overlying the superior SCC is 
presumed to arise from a reduction of the normal thicken 
ing of bone over the superior canal that occurs during  

Figs. 28.1A and B: Slow phase resulting eye motion upon excitation (A) and inhibition (B) of the superior semicircular canal in neutral 
gaze position. Excitation of the superior canal is caused by application of positive pressure in the external auditory canal, Valsalva  
maneuver against pinched nostrils, and presentation of loud sound to the ear. Conversely, inhibition of the superior canal is caused by 
creation of negative pressure in the external auditory canal, Valsalva maneuver against a closed glottis, and jugular venous compres-
sion. This figure demonstrates slow phase resulting eye motion only in neutral gaze. For excitation of a given superior semicircular canal 
with gaze toward that ipsilateral side, resulting eye motion is purely upward. For excitation of a given superior semicircular canal with 
gaze toward the contralateral side, resulting eye motion is purely torsional with the superior pole of the eyes beating toward the con-
tralateral side. For inhibition of a given superior semicircular canal with gaze toward that ipsilateral side, resulting eye motion is purely 
downward. For inhibition of a given superior semicircular canal with gaze toward the contralateral side, resulting eye motion is purely 
torsional with the superior pole of the eyes beating toward the ipsilateral side.
Source: Adapted with permission from Beyea et al.5

A

B
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the first 3 postnatal years,11 although this postnatal deve
lopmental cause of SSCD remains controversial. Tsunoda 
and Terasaki51 used a computer simulation model to pro
pose that SSCD arises during the fetal developmental 
period. Wang and Parnes54 described a case of bilateral 
SSCD in a patient with external, middle, and inner ear 
abnormalities, providing support to a congenital etio
logy. In contrast, a recent retrospective radiological series 
of temporal bone CT scans demonstrated a statistically 
sig nificant increase in superior canal dehiscence with 
inc reasing age,40 lending support to an acquired cause. 
Precipitating events of the SSCD syndrome remain specu
lative. These include direct trauma, activities that pro
duced changes in middle ear or intracranial pressure,3 
and systemic bony demineralization that occurred with 
increasing age.40

Clinical Findings: Symptoms and Signs
This syndrome can include vestibular and audiologic 
symp toms (Table 28.1). Vestibular symptoms manifest as 
vertigo, oscillopsia, chronic disequilibrium, and motion 
intolerance.37 Minor34 reported that 60 (92%) of 65 patients 
with superior canal dehiscence had vestibular symptoms 
that were attributed to the dehiscence of the superior  
canal. In this same series, 54 (83%) had Tullio phenome
non, and 44 (68%) had pressureinduced (induced by 
coughing, sneezing, and straining) vertigo.34 The Tullio 
phenomenon, which is a sense of brief transient motion 
or vertigo induced by loud sounds, is one of the key 
cha racteristics of this syndrome. This phenomenon can 
also be seen with Meniere’s disease, other causes of peri
lymph fistula and vestibulofibrosis, so these should remain 
in the differential diagnosis. A complete focused history 
includes a search for other causes of vestibular symptoms.
 Associated auditory symptoms include hearing loss, 
autophony, pulsatile tinnitus, and hyperacusis of bone
conducted sounds such as the sound of the patient’s own 
footsteps and their eyes moving in their orbits.36,34 In the 
series of Minor,34 39 patients (60%) had autophony and 
34 patients (52%) had hyperacusis of boneconducted 
sounds. Chi et al.12 found that 27% of their patients reported 
tinnitus, often described by the patients as pulsatile. 
Although the mechanism of pulsatile tinnitus is unknown, 
the proposed pathophysiology involves transmission of  
normal intracranial pulserelated pressure changes through  
the superior canal dehiscence to the cochlea.8

 Interestingly, SSCD can present purely as a conductive 
hearing loss, without associated vestibular symptoms.30 In  

this manner, SSCD can mimic otosclerosis. Patients may  
undergo failed middle ear surgery for a presumed oto
sclerosis.25 A key distinguishing factor is the presence of 
the acoustic reflex in patients with SSCD,30 whereas this 
will typically be absent in patients with otosclerosis.47 
Furthermore, Röösli et al.46 highlight the role of obtaining 
a CT scan prior to revision stapes surgery to identify 
abnormalities such as SSCD, and to avoid performance 
of unnecessary surgeries. These findings emphasize the  
importance of screening patients with suspected otoscle
rosis for vestibular symptoms. SSCD should be on the 
clinician’s differential diagnosis of conductive hearing loss.
 An explanation for the variability in symptomatology 
experienced by different patients has been proposed by 
Pfammatter et al.44 These investigators found patients with 
both vestibular and cochlear symptoms had significantly 
larger dehiscences of the superior canal (mean of 4.1mm) 
on highresolution CT scan than those with only vestibular 
or cochlear symptoms (mean of 1.9mm) (p < 0.001).

Source: Adapted with permission from Beyea et al.5

(SSC, superior semicircular canal; VEMP, vestibularevoked 
myogenic potential).

Table 28.1: Findings in superior semicircular canal dehis-
cence syndrome

Patients affected

Symptoms

Tullio phenomenon 83% (54/65)34

Hearing loss 82% (9/11)12

Aural fullness 80% (4/5)50

Pressureinduced vertigo 68% (44/65)34

Autophony 60% (39/65)34

Hyperacusis of bone conducted sounds 52% (34/65)34

Pulsatile tinnitus 27% (3/11)12

Signs

Soundevoked eye movements 77% (46/60)34

256 Hz tuning fork heard at lateral malleolus 75% (3/4)55

Valsalvaevoked eye movements 70% (42/60)34

External auditory canal applied pressure 
evoked eye movements

43% (26/60)34

Soundevoked head tilt in plane of SSC 18% (11/60)34

Investigations

Audiogram—airbone gap ≥10 dB at 250 Hz 72% (38/53)34

Audiogram—depressed bone conduction 
<0 dB

67% (2/3)49

Audiogram—acoustic reflexes absent 11% (2/18)58

VEMP—lowered threshold 91% (32/35)58 
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 Sound or pressureevoked eye movements should 
be observed in the absence of visual fixation,13 as visual 
fixa tion can suppress the nystagmus of labyrinthine origin. 
However, the torsional nystagmus component is poorly 
inhibited by visual fixation,28 as point fixation can only 
suppress the vertical and horizontal components of the 
nystagmus. Avoidance of visual fixation suppression can 
be achieved with the use of infrared video equipment or 
Frenzel’s glasses.13 Cremer et al.13 recommend assess ment 
of evoked eye movements during presentation of tones 
(125 Hz to 6 kHz, intensity of 110 dB HL), Valsalva maneu
vers, and tragal compression. Direction of the evoked 
nystagmus will be as previously described (see Figs. 28.1A 
and B). Minor34 found that of patients with vestibular signs 
asso ciated with SSCD, 82% had soundevoked eye move
ments, 75% had Valsalvaevoked eye movements, and 45% 
had EAC pressureevoked eye movements. Furthermore, a 
tilt of the head in the plane of the superior canal evoked by 
sound was detected in 20% of these patients. In dehiscen
ces ≥ 5mm, nystagmus evoked by tone presentation aligns 
between the plane of the superior and horizontal canals.36 
Weber 512 Hz tuning fork will lateralize to the affected ear, 
and a lowfrequency tuning fork (128 and 256 Hz) placed 
on the lateral malleolus of the ankle may rarely be heard by 
the patient.20,55 The evaluation should include a comp lete 
head and neck examination, Dix–Hallpike, and a focused 
neurological exam.

Evaluation: Otologic and  
Neurotologic Testing

Audiometry often reveals a lowfrequency conductive hear
ing loss on the affected side, with normal word recogni tion 
and intact acoustic reflexes.37,8,35 Bone conduction thresh
olds may be < 0 dB HL.49 Tympanometry demonstrates 
normal pressures and the testing may induce vertigo and 
eye movement from the pressure change in the middle 
ear.3 As noted, the intact acoustic reflexes may be the sig
nificant clue that differentiates SSCD from otosclerotic 
conductive hearing loss.1

 Routine electronystagmography fails to identify objec
tive abnormal findings, but the patient may report vertigo 
with the application of pressure to the EAC.39 Caloric test
ing will typically be normal.9

 Vestibularevoked myogenic potentials (VEMPs) are  
enhanced in SSCD, displaying a reduced response thre
shold on the affected side 49,34 (Fig. 28.2). Crane et al.14  
found 13 of their 18 SSCD patients tested with cervical 
VEMP had decreased thresholds on the affected side. 
Pfam matter et al.44 demonstrated that with a bone dehi
scence on highresolution CT scan of ≥2.5mm, the VEMP 
thre shold was more often lowered (≤80dB SPL) than if the 
dehiscence was <2.5mm (p=0.009). The VEMP responses 
typically reported for SSCD syndrome are cer vical VEMPs, 

Fig. 28.2: Cervical vestibular-evoked myogenic potential (VEMP) responses (click-evoked, measured from the ipsilateral sternocleido-
mastoid muscle) in a patient with right superior semicircular canal dehiscence syndrome and a normal left ear. The right superior canal 
dehiscence was confirmed with high-resolution computed tomography (CT) and intraoperatively via a transmastoid approach. Left panel 
demonstrates left ear response at 95 dB nHL stimulation (50 microV amplitude response), and an absence of response at 65 dB nHL 
stimulation. Right panel demonstrates right ear response at 95 dB nHL stimulation (289 microV amplitude response) and at 65 dB nHL 
stimulation (43 microV amplitude response). This clinical example highlights both the reduced threshold on the right side (response is 
present at 65 dB nHL stimulation) and >2:1 ratio of amplitude on the affected side (right: 289 microV response at 95dB nHL stimulation) 
compared with the normal side (left: 50 microV response at 95dB nHL stimulation).
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as electromyography is recorded from the sternoclei
domastoid muscle. Ocular VEMPs, measured from elec
trodes placed on the cheek below the eye, have been 
shown to be equally useful in diagnosis and followup 
of SSCD syndrome,56 but demonstrate better testretest 
reliability than cervical VEMP.42 Our center currently uses 
cervical VEMPs.

Evaluation: Radiologic Imaging
Highresolution CT scanning is necessary to accurately 
diagnose the bony dehiscence. The use of 0.5mm colli
mation and oblique reformats in the plane of the superior 
SCC has been demonstrated to improve specificity and 
positive predictive value of a finding of dehiscence.6 
Belden et al.6 found that the positive predictive value (PPV) 
of an apparent dehiscence in SSCD was 50% with 1.0mm 
collimation using coronal and transverse images, which 
improved to 93% with 0.5mm collimation and CT refor
matting in the plane of the superior SCC. An exam ple of a 
patient with surgically confirmed right superior SCC dehi
scence with 0.625mm collimation is shown in Figures 28.3A 
and B. New technology using ConeBeam Volumetric Tomo
graphy holds promise for improved diagnostic accu racy 
related to its ability to provide greater information content 
and spatial resolution compared to multislice CT.43

 SSCD syndrome is diagnosed by the presence of vesti
bular and/or audiologic symptoms characteristic of the 
syndrome, evoked eye movements in the plane of the 
affected superior SCC, and radiological confirmation of 
bony dehiscence over the superior SCC.34 A lowfrequency 
conductive hearing loss and normal word recognition on 
audiometry, the presence of intact acoustic reflexes, and 
lowered thresholds on VEMP testing aid in the diagnosis. 

Differential Diagnosis
Careful consideration of the presenting symptoms of SSCD 
syndrome permits formulation of a broad differential diag
nosis. Although SSCD is the most commonly reported of 
the primary inner ear dehiscences, other types of inner 
ear dehiscence (including posterior SCC dehiscence and 
cochlear dehiscence, as discussed later) should be actively 
sought and excluded with the observation of the direction 
of evoked eye movements (if present) and the use of high
resolution CT. Furthermore, a labyrinthine fistula can be  
caused by posttraumatic leakage of perilymph from the  
inner to the middle ear and from disruption of the laby
rin thine bone caused by cholesteatoma or chronic otitis 
media.33 Clinical history, the direction of evoked eye 
move ments, and CT scan findings will distinguish these 
patho logies from SSCD.33

 A history of transient vertigo raises the possibility of 
benign paroxysmal positional vertigo (BPPV). This can 
be distinguished from SSCD syndrome by the absence of 
audiologic symptoms, the absence of sound/pressure
evoked nystagmus, a positive Dix–Hallpike, and the pre
sence of bony coverage of the superior canal on CT scan. 
Otosclerosis also presents with a conductive hearing loss, 
but can be distinguished based on the absence of vesti
bular symptoms on history, the absence of acoustic ref
lexes, and the presence of bony coverage of the superior  
canal on CT scan. Patulous Eustachian tube shares with  
SSCD the symptom of autophony. Poe45 noted in his  
series that the patients with patulous Eustachian tube 
had autophony of their breathing, whereas those with 
SSCD syndrome did not. Clinical evaluation of respira
tory excursion of the tympanic membrane and a high
resolution CT scan will further clarify the diagnosis. Finally,  

Figs. 28.3A and B: 0.625 mm collimated computed tomography (CT) scan of the temporal bones in a patient with surgically con-
firmed right superior semicircular canal dehiscence syndrome. Multiplanar reformation in oblique sagittal orientation demonstrates (A) 
dehiscence of bone over the right superior semicircular canal and (B) bony covering over the normal left superior semicircular canal. 
(AR, anterior right; PL, posterior left; RP, right posterior; LA, left anterior).
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Ch-28.indd   495 10-06-2015   17:08:31



Otology/Neurotology/Skull Base Surgery496

migraineassociated vertigo should be considered. Mig
rainerelated vertigo (MV) is the most common cause of  
spontaneous nonpositional episodic vertigo.16 Brief mig
rainerelated vertigo attacks lasting seconds with possible 
migraineassociated symptoms of hearing loss, tinnitus, 
and aural fullness can be difficult to distinguish from  
SSCD on clinical history. Typically, noise or Valsalva
precipitated vertigo is not present in MV.16 The absence 
of sound and pressureevoked eye movements and the 
presence of bony coverage of the superior canal on CT 
scan will distinguish MV from SSCD.

TREATMENT
In most patients, control of symptoms is achieved by avoid
ance of symptomevoking sound and pressure stimuli.32 A 
conscientious patient can often avoid their distinct trig
gers. Only after attempted trigger avoidance and in the 
presence of debilitating vestibular or auditory symptoms  
should surgical management be pursued. The Dizziness 
Handicap Inventory (DHI) can be used to quantify the dis
ability that SSCD syndrome is causing for the patient and 
to evaluate postoperative response to surgery.15

 Surgical management of SSCD syndrome is through 
resurfacing or plugging of the superior SCC. Resurfacing 
is typically performed through a middle fossa approach34 
although recently successful transmastoid resurfacing has 
been described.2,50 Plugging is performed through a middle 
fossa37 (as shown in Figures 28.4A and B) or trans mastoid8,1,17 
approach. A recent metaanalysis52 has demo nstrated the 

superiority of canal plugging or capping (with hydroxya
patite cement) over resurfacing for resolution of symptoms.
 The transmastoid approach to superior SCC plug g ing 
has become our surgical approach of choice (  28.1). 
This app roach has the advantages of obviating a cranio
tomy, avoidance of temporal lobe retraction, familiarity 
of the approach for experienced otologists, and the ability 
to occlude the canal without manipulating the defect.1 In 
the minority of patients with a very lowlying tegmen, the 
middle fossa approach would be considered. The authors 
do not have personal experience with the middle fossa 
approach for SSCD, and we refer the reader to Minor32 
for a review of this technique. We use bone dust for canal 
plugging, as opposed to bone wax, as bone dust has been 
shown to promote less inflammation and to demon
strate improved osteogenesis.23 Briefly, a 5–6 cm postau
ricular incision is made, a standard mastoidectomy is  
performed, and the horizontal canal is visualized (Figs. 
28.5A to D). Bone between the horizontal canal and 
tegmen is carefully drilled layer by layer with a small 
diamond burr to blueline the superior canal on both sides 
of the dehiscence. A 1 × 3 mm endosteal island is made on 
both the ampulated and nonampulated sides of the canal, 
and gently elevated with a fine 90° hook to visualize the 
membranous labyrinth. To enable better and easier inser
tion of the bone dust, we create a type of bone putty by 
mixing the bone dust from the drilled off mastoid cortex 
with fibrinogen sealant (Tisseel). A “plug”, fashioned to 
be just a bit larger than the fenestration is gently packed 
into both fenestrations. The intent is to completely occlude 

Figs. 28.4A and B: Right ear. Middle fossa approach to superior semicircular canal plugging. A standard middle fossa craniotomy is 
performed, and the dura is gently retracted (A) to reveal the dehiscent superior semicircular canal. (B) Tissue sealant and bone dust are 
mixed to form a bone pâté, which is used to plug the superior canal, ensuring that both ends of the dehiscence are plugged. 
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the bony and membranous canal on either side of the 
dehiscence, and thereby completely and permanently par
titioning the dehiscent region from the remainder of the  
inner ear. We are careful in our attempts to not overfill the 
canal lumen so as to not occlude the common crus or the 
ampulla, though we admit that this is a potential pitfall 
of our technique. The bone putty will ossify in time thus 
creating a permanent solid occlusion of the canal. In our 
opinion, the “plug” needs to be solid. We have treated a 
patient who remained symptomatic after middle fossa 
canal occlusion with fascia. During the transmastoid pro
cedure, we noted that although the fascia was filling the 
lumen of the superior canal at the dehiscence, it was still 
mobile and attached to the undersurface of the dura, so  
in essence, the patient still had the third window effect.

 Only after the plugs are firmly inserted should consid
eration be given towards drilling out the superior canal 
bone between the plugs to directly examine the dehiscence. 
With good imaging that clearly shows the dehiscence, this 
part is purely elective and slightly increases the risk of 
dural damage. We have felt comfortable exploring the 
dehiscences in all of our cases, and have found them as 
small as the tip of a Rosen needle and as large as 5 mm in 
length. In our experience of more than 30 cases, we have 
never seen the dura herniating down into the lumen of the 
canal. At this point, the fenestrations and exposed dehis
cence are covered with temporalis fascia and fibrinogen 
sealant to further protect against perilymph leakage.
 In patients whose SSCD ear is their only hearing ear 
and/or their only ear with vestibular function, or who are 

Figs. 28.5A to D: Left ear. Transmastoid approach to superior semicircular canal plugging. (A) A standard mastoidectomy is performed, 
and the horizontal semicircular canal visualized. (B) The superior semicircular canal is blue lined on both the ampulated and nonampu-
lated sides of the dehiscence. (C) Bone pate is gently packed into the two fenestrations. This occludes the canal and functionally isolates 
the region of dehiscence. (D) Following insertion of both plugs, the dura is gently mobilized to verify the dehiscence.
Source: Adapted with permission from Beyea et al.5
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elderly/medically unfit for transmastoid or middle fossa  
SCC occlusion, consideration is given to a round window  
reinforcement. Patching of the round window theoreti
cally dampens its hypercompliance and makes the inner 
ear less sensitive to sound and pressure.48 This approach 
is minimally invasive and does not preclude future trans
mastoid/middle fossa procedures if round window rein
forcement is unsuccessful. To date, we have treated nine 
ears in eight patients with round window reinforcement. 
These patients have demonstrated relief or sig nificant 
improvement in pulsatile tinnitus, autophony, and hyper
acusis of bone conducted sounds. At present, the long
term success of this procedure is not known. A recent 
multicenter study demonstrates the efficacy and safety of 
this technique.59 We are aware that several other tertiary  
care otology groups are performing this procedure with 
overall positive results (personal communication). Our 
technical approach to round window augmentation is 
as follows (Figs. 28.6A and B). A standard tympanomeatal 
flap is elevated through a transcanal approach. If neces
sary, over hanging bone above the round window niche is 
removed with a diamond burr. The mucosa from around 
the window is freshened with a 90° pick. A small piece of 
areolar tissue harvested from a small incision just behind 
the pinna is fashioned as a plug to fill the entire round 
window niche. Fibrinogen sealant is dispensed over the 
fascia/round window. The tympanomeatal flap is returned 
to its native position, and the ear canal is then packed with 
absorbable gelatin sponge in the usual fashion.

PROGNOSIS
Most outcome literature on SSCD surgical repair is from 
series that used a middle cranial fossa approach. Complete 
vestibular symptom and sign resolution occur more often 
in patients who underwent SSCD plugging (8 out of 9) 
versus resurfacing (7 out of 11).34 This is supported by the 
metaanalysis of Vlastarakos et al.52 who demonstrated 
success rates of 32/33, 8/16, and 14/15 for plugging, 
resurfacing, and capping with hydroxyapatitecement, 
respectively. Delayed failures of resurfacing procedures 
can be caused by bone graft resorption.18 Of note, SSCD 
plugging produces a significant postoperative reduction 
in DHI scores,15 highlighting the usefulness of pre and 
postoperative DHI testing.
 Our previous report1 of 3 cases of transmastoid supe
rior SCC occlusion has now been substantiated by a fur
ther 13 cases.4 Symptoms improved or abated in 15 of the 
16 patients. One of our patient’s vestibular symptoms did 
not improve postoperatively although she refused further 
treatment of her contralateral superior canal dehiscence. 
All patients had either unchanged or improved puretone 
thresholds compared to preoperative thresholds. Two 
patients demonstrated improvement in their conductive 
hearing loss. 
 Limb et al.26 found that middle fossa repair of SSCD 
was not associated with sensorineural hearing loss, and 
a small group of patients demonstrated postoperative 
imp rovement in conductive hearing loss. The risk of 
senso rineural hearing loss is higher in patients who have 

Figs. 28.6A and B: Left ear. Transcanal approach to round window reinforcement. (A) A standard tympanomeatal flap is elevated, and 
the round window niche visualized. If necessary, overhanging bone above the round window niche is removed with a small diamond 
burr. The mucosa around the round window is freshened with a 90° pick. A small piece of areolar tissue is harvested from a small post-
auricular incision. (B) The areolar tissue is used to augment the entire round window niche, and fibrinogen sealant is dispensed over 
the areolar tissue/round window. 
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previously undergone inner ear surgery.26 Superior SCC 
dehiscence plugging results in reduced function in the 
surgically repaired canal, but typically does not impair the 
function of the other two ipsilateral SCCs.10 Interestingly, 
VEMP thresholds have been found to normalize after 
corrective surgical plugging of the superior SSCD.56

POSTERIOR SEMICIRCULAR  
CANAL DEHISCENCE

Pathogenesis
Posterior semicircular canal dehiscence (PSCD) was first 
radiologically described by Wadin et al.53 in a study of 
patients with a high jugular bulb. PSCD has since been 
described in temporal bone fibrous dysplasia,29 enlarged 
vestibular aqueduct with Mondini malformation, Apert 
syndrome, microtia/aural atresia, and as a result of iatro
genic injury.19

Clinical Findings: Symptoms and Signs
Symptoms include aural fullness, autophony, pulsatile tin
nitus, disequilibrium, vertigo, and Tullio phenomenon.19 
Krombach et al.24 found in their series of 23 patients with 
PSCD that 86% presented with vertigo, 9% with hearing 
loss or tinnitus, and 5% with symptoms unrelated to the 
inner ear.

Evaluation: Otologic and 
Neurotologic Testing
Hearing loss can be mixed, purely conductive, or purely 
sensorineural.19 Gopen et al.19 found reduced VEMP thre
sholds in all 10 (of 12) patients tested. 

Evaluation: Radiologic Imaging
Diagnosis is confirmed with highresolution CT scan of 
the temporal bones (Fig. 28.7), with standard axial and 
coronal views. Interestingly, there may be a rightsided 
predilection for PSCD, theorized to be related to the more 
common right dominant jugular venous drainage.19

Treatment
Treatment is similar to that for SSCD. Trigger avoidance 
should be attempted first. For those patients with poor 
symptomatic control, surgical management is pursued with 
transmastoid posterior SCC occlusion,31 as is performed 

for intractable BPPV. The authors note that since most 
commonly the dehiscence is from the jugular bulb near 
the ampulla, partitioning of that area may be very difficult 
with transmastoid posterior canal occlusion, although 
Mikulec and Poe31 did obtain successful results with this 
approach.

Prognosis
Given the paucity of reports of PSCD in the literature, 
the details of longterm prognosis are not yet reported. 
Conservative management with trigger avoidance is the 
mainstay of management for most patients.

COCHLEAR DEHISCENCE

Pathogenesis
Three types of cochlear dehiscences have been described: 
cochlearcarotid, cochlearinternal auditory canal (IAC), 
and cochlearfacial nerve.
 Cochlearcarotid dehiscence was first described in 
2004 by Modugno,38 and subsequently described by four 
other groups.22, 27,41,57 In a CT temporal bone study of 30 
normal patients, Young et al.57 defined the normal range 
of the distance between the cochlea and carotid artery 
(which they termed the CochlearCarotid Interval) as 0.2 
to 3.8 mm on the right side and 0.2 to 5.0 mm on the left 
side. These groups explain the symptoms of cochlear
carotid dehiscence through the concept of a mobile 
pathologic third window, as has been proposed in the  

Fig. 28.7: Computed tomography (CT) scan (axial section) of a 
right ear. The posterior semicircular canal is dehiscent into the 
jugular fossa (arrow).
Source: Adapted with permission from Gopen et al.19
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pathophysiology of superior and posterior SCC dehis
cence syndromes. CochlearIAC dehiscence has been des
cribed in a patient who presented with short episodes of 
vertigo and a mixed hearing loss.21 This patient was found 
to have a Mondinilike dysplasia with a shortened cochlea, 
a deficient modiolus, and a communication between the 
IAC and the basal turn of the cochlea (a third window). 
Most recently, the cochlearfacial nerve dehiscence has 
been described by Blake et al.7 They concluded that the 
cochlearfacial nerve dehiscence contributed to their 
patients’ symptoms through the mechanism of a third 
mobile window. They hypothesized a genetic or systemic 
predisposition to this condition, as both of their patients 
had bilateral involvement. They also raise the interesting 
possibility that the frequency of the hearing loss notch 
on the audiogram may correspond to the region of the 
cochlea that has a bony dehiscence, as this region may 
demonstrate increased dissipation of acoustic energy due 
to the absence of bony coverage.

Clinical Findings: Symptoms and Signs
Presenting symptoms include hearing loss, pulsatile 
tinnitus, and autophony, with the cochlearIAC dehis
cence patient also experiencing short episodes of vertigo.21 
Ipsilateral carotid pressure may decrease the severity of 
pulsatile tinnitus in patients with cochlearcarotid dehis
cences.27 Facial nerve function is typically normal in 
patients with cochlearfacial nerve dehiscence.7

Evaluation: Otologic and 
Neurotologic Testing
Audiometric testing can reveal conductive, mixed, or 
sen sorineural hearing losses. Of particular interest is the  
finding of notching of the air conduction thresholds at a 
particular frequency and the possible association with  
the region of the cochlea that has a bony dehiscence.7 
VEMP testing typically does not reveal lowered thresholds 
as in SSCD; however, one group did report lowered VEMP 
thresholds.38

Evaluation: Radiographic Imaging
Highresolution CT with axial and coronal views is the 
standard for diagnosis of cochlear dehiscences. This reveals 
a dehiscence of the bony septum between the cochlea 
and carotid artery in cochlearcarotid dehiscences22,27,38,41 
(Fig. 28.8). CochlearIAC dehiscence may demonstrate 

a deficient modiolus and a communication between 
the IAC and the basal turn of the cochlea21 (Fig. 28.9). In 
patients with a cochlearfacial nerve dehiscence, imaging 
reveals a bone dehiscence between the basal turn of the 
cochlea and labyrinthine segment of the facial nerve, with 
both patients demonstrating bilateral cochleafacial nerve 
dehiscences7 (Fig. 28.10).

Treatment
Hearing amplification should be considered in appro
priately selected candidates. In cases of cochlearcarotid 
dehiscence, observation is initially implemented for all 
patients. In only the most severely symptomatic patients, 
Lund and Palacios27 suggest considering a chemical or 
surgical labyrinthectomy to deafen the ear. Certainly, this 
would never be performed in any onlyhearing and/or 
onlyvestibular ear, and the operative risk of damage to the 
carotid would be significant. Another theoretical option 
would be carotid balloon occlusion,27 but this entails even 
graver risks. For cochlearIAC and cochlearfacial nerve 
dehiscences, observation is the management of choice. 

Prognosis
Patient education regarding the presence of the bony 
dehiscence and the cause of their symptomatology can be 
reassuring for many patients. As more of these patients are 
identified and followed clinically, the longterm prognosis 
will be characterized.

Fig. 28.8: Computed tomography (CT) scan (axial section) of 
the right ear. The vertical segment of the petrous internal carotid 
artery is dehiscent (arrows) into the basilar turn of the cochlea.
Source: Adapted with permission from Lund and Palacios.27
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SUMMARY
SSCD is the most widely known form of primary inner ear 
dehiscence. However, there are multiple other types that 
have been reviewed in this chapter. Careful history and 
physical examination, in conjunction with audiometric 
and vestibular testing, can suggest a diagnosis. High
resolution CT scan is mandatory in all patients suspected 
of inner ear dehiscence and is the gold standard for 
diagnosis. Management is typically conservative with 
education and trigger avoidance. In patients with severe 
and/or poorly controlled symptoms and a surgically amen
able dehiscence, surgical intervention is entertained. 
 SSCD represents the first described of a broad spec
trum of inner ear dehiscences that exist. Further thought
ful identification, evaluation, and documentation of these 
patients will aid in the characterization and management 
of the gamut of inner ear dehiscence disorders.

VIDEO LEGEND 
Video 28.1: Transmastoid superior semicircular canal occlusion.
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the 4-year prevalence was substantial. Age and diabetes 
were associated with increased prevalence, while gender 
and race were not statistically significant variables.
 Obtaining an adequate clinical history is essential 
when trying to determine the exact cause of peripheral 
vertigo. The key elements of the questionnaire include 
(1) onset and duration of each episode, (2) frequency, (3) 
asso ciated otologic symptoms (e.g. hearing loss, aural full-
ness, and tinnitus), (4) precipitating factors (e.g. specific 
head positions or movements, loud sounds), and (5) pre-
vious or concomitant otologic diseases. The differential 
diagnosis of peripheral vertigo can be categorized accord-
ing to the duration of the vertigo and the associated oto-
logic symptoms (Table 29.1). The most common causes 
of peripheral vertigo among those listed are benign par-
oxysmal positional vertigo (BPPV), vestibular neuritis 
(VN)/labyrinthitis, Meniere’s disease, and third window 
disorders including superior canal dehiscence syndrome. 
Disorders covered in other chapters are not reiterated here.

BENIGN PAROXYSMAL 
POSITIONAL VERTIGO

Background 
Though undoubtedly recognized by many earlier physi-
cians, BPPV was initially characterized by Dix and Hallpike 
in 1952.4 They outlined the clinical course and diagnostic 
method using a specific positioning technique. It is con-
sidered to be the most common disorder of the peripheral 
vestibular system, accounting for 40% or more of patients 

INTRODUCTION
Dizziness is a very common complaint in the general 
population, significantly increasing with advancing age.1,2 
While dizziness is a broad term that encompasses nonves-
tibular dizziness and disequilibrium, this chapter is con-
cerned with vertigo. Vertigo is defined as the illusion of 
motion when none is occurring. Patients usually describe 
a sensation that either they or the environment is spinning. 
Vertigo has traditionally been classified as being of cen-
tral or peripheral origin. The clinical history and physical 
examination findings usually help the clinician differen-
tiate a peripheral vertigo from a central one. Peripheral 
vertigo can be associated with hearing loss, mild-to-mode-
rate imbalance, unidirectional nystagmus that decreases 
with fixation, rapid recovery, and rarely other neurologic 
symptoms. Central vertigo is usually associated with other 
neurologic symptoms, more severe imbalance, a nystag-
mus that can change direction, and that does not decrease 
with fixation and an overall slower recovery.
 The lifetime prevalence of peripheral vertigo (assessed 
by questionnaire) is estimated to be 7.4%.2 It is asso ciated 
with significant burden on quality of life, with 70% of 
patients seeking medical help, 41% being on sick leave, 
40% interrupting their daily activities, and 19% avoiding 
leaving the house.2 Agrawal et al. examined data from the 
NHANES survey, in which participants were asked to per-
form the Romberg test on a compliant foam surface. In this 
study, 35% of adults over 40 failed the test, implying some 
vestibular dysfunction.3 Nonambulatory, obese subjects, 
and those requiring assistance to stand were excluded, yet 
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Fig. 29.1: Histopathology slide depicting cupulolithiasis.

Table 29.1: Frequent causes of peripheral vertigo

Duration Diagnosis Hearing loss Tinnitus Aural fullness

Seconds Benign positional paroxysmal vertigo No No No

Third window disorders Possible conductive loss Pulsatile Yes

Minutes to hours Meniere’s disease Yes Yes Yes

Vestibulopathy No No No

Hours to days Vestibular neuronitis No No No

Labyrinthitis Yes Yes No

Labyrinthine trauma Yes Yes

Ototoxicity Possible, (drug dependent) Possible No

with peripheral vertigo.5 The true prevalence of this disease 
is difficult to measure accurately because of its self-limiting 
nature. Because of this, patient series from referral prac-
tices will undoubtedly underestimate the true prevalence 
among all patients with vestibular disorders. BPPV is seen 
in all age groups, increasing in prevalence with advanc-
ing age.6 It seems to be more common in women, stroke 
patients, and in association with other vestibular dis orders 
and migraines.7-10 BPPV is most commonly idiopathic with 
no specific etiology identified in 50–70% of cases. The two 
most common causes of secondary BPPVs are head inju-
ries and VN.11,12 BPPV has also been observed following 
some surgical procedures such as stapedec tomy11 and 
cochlear implantation.13

Pathogenesis
BPPV involves the posterior semicircular canal in the 
majority of cases. The most commonly accepted patho-
physiologic theory is canalolithiasis, with particles originat-
ing from the otolith organs being trapped in the posterior 
canal. This notion is supported by the characteristics of the 
nystagmus elicited during an episode of BPPV and by find-
ings of free-floating particles in the endolymph of patients 
undergoing posterior canal surgery for recalcitrant BPPV.14 
Another mechanism of BPPV that was previously pro-
posed by Schuknecht and termed cupulolithiasis involves 
loose otoconia that get deposited on the cupula causing its 
deflection (Fig. 29.1).15

Clinical Findings
The typical features of the nystagmus observed in poste-
rior canal BPPVs are best explained by canalolithiasis: 
(1) the latency of the nystagmus is consistent with the 
time required for gravity to initiate the movement of the 

particles in the endolymph, (2) the short duration of the 
nystagmus represents the time required for the debris to 
reach the lowest portion of the canal, (3) the reversal of 
the nystagmus observed when the patient sits up can be 
explained by movement of the endolymph flow in the 
opposite direction, (4) fatigability of the nystagmus upon 
repeated stimulating head movements may be due to dis-
persion of the debris within the canal, and (5) the direction 
and torsional features of the nystagmus can be explained 
physiologically.
 In the head-hanging position with the head hyperex-
tended and turned 45o toward the side of the lesion, the 
canaloliths trapped in the posterior canal move away from 
the cupula causing an ampullofugal flow of endolymph. 
The resulting deflection of the cupula produces an exci-
tatory stimulation of the posterior canal. The ipsilateral 
superior oblique muscle is activated causing depression 
and intorsion of the ocular globe, which corresponds 
to the slow phase of the nystagmus. The clinician then 
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observes the fast component of the nystagmus in the 
opposite direction with elevation and extortion of the 
globe. In other terms, the nystagmus is seen to be upbeat-
ing and geotropic (toward the ground). 
 The horizontal semicircular canal is less commonly 
involved, and studies report that horizontal canal BPPV 
accounts for 5–10% of cases.16-18 In horizontal canal canalo-
lithiasis, the particles are more often found in the long arm 
of the canal away from the cupula. When the patient turns 
his head toward the side of the lesion, an ampulopetal flow 
of endolymph occurs, producing an excitatory stimulation 
of the lateral canal. The ipsilateral medial rectus muscle is 
activated and produces adduction of the ocular globe. The 
clinician observes the fast component of the horizontal 
nystagmus in the opposite direction toward the affected 
ear and the nystagmus is viewed as geotropic. When the 
patient turns his head to the contralateral side, inhibition of 
the involved horizontal canal occurs and the nystagmus is 
in the opposite direction. This nystagmus is still geo tro pic. 
However, it is weaker compared to the one caused by 
movement of the head toward the side of the lesion, help-
ing the physician determine which side is affected.
 In horizontal canal cupulolithiasis, with the head 
turned toward the affected side, cupular deflection pro-
duces inhibition of the lateral canal and a correspond-
ing ageotropic nystagmus is observed. When the head is 
turned to the opposite direction, activation of the canal 
results in a stronger ageotropic nystagmus.

Evaluation
Diagnosis of BPPV is based on the suggestive clinical his-
tory and characteristic findings on physical examination. 
The history usually recounts episodes of vertigo elicited 
by specific head movements. These include rolling over 
in bed, lying down, extending the neck, and bending over. 
The side of the lesion can often be identified by the patient. 
The duration of the vertigo is typically less than a minute, 
although many patients experience dizziness, disequili-
brium, and nausea lasting several minutes or hours after 
an attack. The episodes tend to occur in clusters over seve-
ral weeks and can recur frequently.
 Idiopathic BPPV is not associated with other otologic 
or neurologic symptoms. However, the clinician should 
include in his questionnaire the pertinent symptoms asso-
ciated with pathologies that may predispose to BPPV, such 
as VN, head trauma, Meniere’s disease, and migraine.
 The physical examination should include the Dix–
Hallpike maneuver. This diagnostic procedure is performed 

by having the patient first seated with the head turned 45° 
toward the side to be tested. The clinician then quickly 
brings down the head of the patient ideally 30° below the 
level of the table. After a variable latency period of several 
seconds, nystagmus can be observed that lasts less than 
a minute. The patient is brought back up and the eyes 
are examined for reversal of the nystagmus. These steps 
allow evaluation of the ipsilateral posterior semicircular 
canal, and the nystagmus observed will be upbeating and 
geotropic as described previously. Superior canal BPPV is 
a much rarer pathology occurring only in 1–3% of patients 
with BPPV.17,19 Since the superior canal lies in the same 
plane as the posterior canal of the contralateral side, the 
Dix–Hallpike maneuver can also be used to test for supe-
rior canal BPPV. However, the maneuver done on one side 
evaluates the contralateral superior canal and the nystag-
mus is downbeating and ageotropic.
 A modification of the Dix–Hallpike procedure can be 
used to test for horizontal canal BPPV. The patient lies in 
the supine position with the neck flexed 30o. The head is 
turned toward one side and the eyes are observed for a 
horizontal nystagmus. The head is then turned toward the 
contralateral side. The direction of the nystagmus (geo-
tropic or ageotropic) and its intensity allow the clinician 
determine which horizontal canal is affected and the prob-
able underlying pathophysiology as discussed previously. 

Evaluation: Additional Studies
BPPV is not associated with hearing loss or other oto-
logic or neurologic symptoms. Clinical practice guidelines 
published by the AAO-HNS emphasize the diagnostic 
utility of the physical examination and discourage the use 
of imaging and ENG, while offering no recommendation 
on routine audiometry for routine cases.20 If the history 
and neurotological examination detect atypical features 
or clinical findings, then additional testing is pursued as 
appropriate. 

Treatment: Medical
The primary treatment of BPPV consists of noninvasive 
physical maneuvers. They rely on gravity to displace parti-
cles trapped in the semicircular canal back into the utricle. 
Medication can be given prior to initiating these therapies 
to minimize nausea and dizziness in patients who are par-
ticularly susceptible to these symptoms. However, medi-
cation by itself was not found to be a successful treatment 
option for BPPV and routine use is discouraged. 20,21
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 The particle repositioning technique was deve loped 
by Epley in 1992 for posterior canal canalolithiasis (Fig. 
29.2).22 This maneuver is started in the Dix–Hallpike 
position with the head turned toward the affected canal. 
After the nystagmus stops, the head is turned 90o and the 
eyes are observed for a secondary nystagmus that reflects 
movement of the particles within the canal away from the 

cupula. Once the nystagmus subsides, the head is turned 
another 90o. The patient rolls onto his side until he is fac-
ing down. Afterwards, the patient sits back in the upright 
position. 
 The Semont liberatory maneuver is an alternative 
therapeutic option to treat posterior canal cupulolithi-
asis (Fig. 29.3).23 The patient starts in the sitting position 

Fig. 29.2: Epley maneuver.
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with the head turned away from the affected canal. The 
patient is rapidly brought backward to the lying posi-
tion on the affected side and remains in that position for 
several minutes. Without turning the head, the patient is 
then rapidly moved to the opposite side lying face down. 
After several minutes, the patient sits up slowly. Patients 
can be easily taught this technique and can perform it at 
home as needed for recurrence. However, this maneuver 
is less easily employed in obese or elderly patients with 
limited mobility.
 Particle repositioning maneuvers have also been 
developed for lateral canal BPPV. The barrel roll initially 
described by Epley24 consists in having the patient roll 
360° starting with the head turned toward the affected 
canal. The patient turns the whole body 90° at a time away 
from the affected side until a full turn is achieved and the 
patient is back in the supine position. 
 Studies comparing particle repositioning techniques 
find both are highly effective, with no significant difference 

in outcomes.16 Success rates of >80% are seen with sin-
gle treatment approaches.25 Further improvement in out-
comes is seen with repetition of maneuvers. While most 
studies have been conducted by physicians or therapists 
providing supervised performance of the maneuvers, it 
is likely that high rates of success can be achieved by self-
taught techniques. In the digital age, it is easy to locate 
instructional videos demonstrating the Dix–Hallpike test 
and the particle repositioning techniques.

Treatment: Surgical
Given the ease of particle repositioning, it is difficult to 
define a surgical candidate. Our practice emphasizes repe-
titive particle repositioning that continues until resolution 
is documented. The risk of repetitive particle repositioning 
is extremely low; the technique is noninvasive and eco-
nomical. While recurrences are expected intermittently, 
the burden of disease must be great and the response to 

Fig. 29.3: Semont maneuver.
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particle repositioning very poor to consider offering surgi-
cal intervention. Using this algorithm, surgical candidates 
in the authors’ practice represent less than 1:1000 BPPV 
cases.
 Surgical intervention for BPPV initially focused on 
deafferentation. This can be accomplished by vestibular 
neurectomy, though complete loss of ipsilateral vestibular 
function is an extreme approach for isolated dysfunction 
of the posterior canal. The need for selective neurectomy 
necessitated a technique for dividing the singular nerve. 
A transcanal approach was described by Gacek in the 
early 1970s, while others approached the nerve via middle 
or posterior fossa craniotomy with medial sectioning in 
the IAC.26

 Singular neurectomy is technically challenging as the 
nerve must be divided on its lateral aspect, medial to the 
round window, and anterior to the ampulla of the poste-
rior canal. In this anatomically narrow region, the nerve 
measures <0.5 mm in diameter. The close proximity of 
the basal turn of the cochlea and posterior canal ampulla 
place these structures at risk of surgical injury.27

 Results of surgery are described as positive in the 
majority of cases. Gacek reports 97% success in a series 
of 252 procedures, though documentation of resolution 
with Dix–Hallpike testing was inconsistently reported. The 
length of follow-up (if any for some patients) is also not 
stated, and it is uncertain if the results are as durable as 
claimed. Questions arise due to the difficulty in perform-
ing and confirming sectioning of the nerve intraopera-
tively. Other series are not as successful as Gacek, though 
postoperative assessment is also more critical.28 The rate 
of sensorineural hearing loss is at least 4%, though again, 
documentation is poor. It is interesting that Gacek reports 
significant hearing loss in 4 of the last 55 cases, yet claimed 
this occurred in only 5 of the first 197 cases.
 A more practical and reproducible surgical solution for 
intractable BPPV is posterior semicircular canal occlusion. 
First described by Parnes and McClure, the goal of surgery 
is to occlude the canal preventing fluid movement.29 The 
occluded canal is rendered insensitive to angular move-
ment or gravity, while other labyrinthine structures are 
preserved. Canal occlusion has been used as an adjunct 
to central skull base approaches and for the treatment of 
superior canal dehiscence syndrome, therefore it is familiar 
to neurotologists. A transmastoid approach is used to 
skeletonize the posterior semicircular canal. Controlled 
fenestration of the canal is performed and the canal is 
occluded with bone pate (Figs. 29.4A to D). Long-term 
sustained elimination of BPPV is reported in over 90% of 

patients.30-32 Transient hearing loss and dizziness is seen in 
the early postoperative period. Persistent disequilibrium 
is rare. The hearing loss is more severe at higher frequen-
cies but typically recovers within 6 weeks. Permanent high 
frequency hearing loss can occur. Severe sensorineural 
hearing loss occurs in < 5% of cases. Postoperative reduc-
tion in caloric response in the operated ear is not uncom-
mon suggesting that a mild labyrinthitis may develop in 
these cases. Since the technique is similar to that described 
in superior canal dehiscence, the complication profile is 
expected to be similar. 

Prognosis
The natural history of BPPV includes a high rate of spon-
taneous resolution. The mean duration of symptoms 
ave rages <2 weeks.2 Those seeking medical attention can 
be successfully treated with particle-repositioning maneu-
vers with success rates exceeding 95% if repeated up 
to three times, even those with long-standing BPPV.16,23 
Additional treatment may continue until full resolution is 
documented.
 Recurrences are very common with an incidence 
of 16% in the first 6 months. With additional duration of 
follow-up, the incidence will increase. Recurrent BPPV is 
expected to respond to particle repositioning with similar 
success rates as described for primary episodes.

VESTIBULAR NEURITIS

Background
Vestibular neuritis is probably the third most common 
cause of peripheral vertigo, after BPPV and Meniere’s 
disease. Among patients presenting to an outpatient clinic 
for vertigo and dizziness, VN accounted for 8.1% of the 
diagnoses.33 VN is an acute inflammatory disorder of the 
vestibular nerve characterized by vertigo, nausea, and 
vomiting. The onset is very rapid and the vertigo is not 
associated with other oto logic or neurologic symptoms. 
Other terms have been used interchangeably with VN that 
may have rendered the older medical literature more con-
fusing, including vestibular neuronitis, epidemic vertigo, 
and vestibular paralysis.

Pathogenesis
The exact etiology and underlying pathophysiology of VN 
have not been completely elucidated. Clinical symptoms 
and histopathology implicate isolated involvement of the 
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Figs. 29.4A to D: Posterior semicircular canal occlusion for intractable benign paroxysmal positional vertigo (BPPV) through a trans-
mastoid approach. (F, facial nerve; LC, lateral semicircular canal; SC, superior semicircular canal, SS, sigmoid sinus).

vestibular nerve. Temporal bone specimens show atro-
phy within the vestibular ganglion and preservation of the 
end organs and sensory epithelium. There is no vascular 
pathology to implicate an ischemic phenomenon. Histo-
pathological findings are similar to that seen in herpes 
zoster oticus, suggesting a viral etiology.34 Supporting evi-
dence includes the frequent isolation of viral DNA from 
the vestibular ganglion in autopsy series.35-37 Both herpes 
simplex virus type 1 (HSV-1) and varicella zoster virus are 
observed, though the quantity of virus is highly variable.38 
In addition, an animal model of acute, reversible vesti-
bular dysfunction after inoculation of HSV in the middle 
ear has been described.39 VN most commonly affects the 
superior vestibular nerve with or without involvement of 
the inferior vestibular nerve. Three-dimensional record-
ings of the spontaneous nystagmus and vestibulo-ocular 
reflex (VOR) showed sparing of the posterior semicircu-
lar canal in 21 of 29 patients with VN.40 The utricular and 
saccular function may be impaired in patients with VN, 
and recording ocular and cervical vestibular evoked myo-
genic potentials (VEMP) has been proposed as a mean to 
determine which division(s) of the vestibular nerve is/are 
affected.41 The reason for preferential involvement of the 
superior division of the vestibular nerve is unclear. Among 
the possible explanations are greater susceptibility to viral 

invasion of the ganglion via vestibulofacial anastomo-
ses and anatomic differences of the cribrose region leav-
ing it more susceptible to injury due to entrapment and 
ischemia.42

Clinical Findings
The patient affected by VN usually suffers an initial acute 
episode of sudden rotational vertigo associated with 
nausea and vomiting. The vertigo is independent of the 
head position and usually lasts several hours to days. The 
symptoms are exacerbated by head movements, and their 
intensity is such that the patient usually prefers to stay still 
in the supine position. The vertigo subsides in a predict-
able manner, though associated disequilibrium is more 
variable. It may last for several months depending on 
amount of vestibular function impairment, activity, and 
associated deficits including vision, proprioception, and 
extremity strength. 

Evaluation: Physical Examination
If the patient is seen during an acute episode of VN, the 
clinician can observe a horizontal rotary nystagmus 
toward the unaffected side that may be suppressed with 
fixation. The intensity of the nystagmus correlates with the 
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degree of vestibular dysfunction and decreases over time 
due to recovery of vestibular function, central compen-
sation, or both. Within a few days, spontaneous nystagmus 
may not be observed, though gaze nystagmus in the direc-
tion of the fast phase may persist. Late findings include 
nystagmus after head shaking or a pathologic head thrust 
test, with corrective saccades observed when the head is 
briskly turned toward the affected side. Some patients also 
may develop a positive Dix–Hallpike test due to secondary 
BPPV.

Evaluation: Physiologic Tests
Electronystagmography can document reduced caloric 
responses on the affected side in the acute phase. How-
ever, this finding may be absent in cases involving only 
the inferior division of the vestibular nerve. Thus, com-
bining caloric testing with VEMP testing may better deter-
mine which division of the vestibular nerve is affected. 
The superior vestibular nerve innervates the utricle and 
anterosuperior part of the saccule while the inferior divi-
sion innervates the posteroinferior part of the saccule. 
Ocular VEMPs (oVEMPs) reflect the function of the utricle 
and cervical VEMPs (cVEMPs) the function of the saccule. 
Therefore, the pattern of changes in oVEMPs and cVEMPs 
can help classify VN as involving the superior division only 
(reduced oVEMPs, intact cVEMPs), the inferior division 
only (reduced cVEMPs, intact oVEMPs) or both divisions 
(both cVEMPs and oVEMPs reduced). However, some 
clinicians argue that this distinction is not clinically rele-
vant, especially since a small percentage of cases involve 
only the inferior vestibular nerve. 

Evaluation: Radiographic Tests
Magnetic resonance imaging (MRI) with gadolinium rarely 
shows enhancement of the eighth nerve in VN.43 If hear-
ing loss or atypical neurologic findings are present, MRI 
should be ordered to exclude intracranial lesions.

Treatment: Medical
The medical treatment of VN involves (1) symptomatic 
relief during the initial acute episode of vertigo, (2) vesti-
bular exercises to promote central compensation, (3) 
particle-repositioning maneuvers to treat secondary BPPV, 
and (4) possible treatment of the underlying pathophysio-
logic cause. Initially, vestibular suppressants, benzodiaz-
epines, and antiemetics can help control the symptoms 
of vertigo, nausea, and vomiting. Vestibular suppressants 

should be tapered as soon as possible to avoid compro-
mising central compensation. Inpatient admission should 
be considered for patients presenting with severe vomiting 
and dehydration. Patients should start vestibular exercis-
es that reinforce the VOR as soon as possible to promote 
central compensation. Secondary BPPV is successfully 
managed with particle-repositioning maneuvers as noted 
earlier. Untreated BPPV may be an impediment to per-
forming adequately the vestibular exercises, and its reso-
lution is essential to allow maximal central compensation. 
 The hypothesis of latent viral reactivation as the etio-
logy of VN opens the door to therapies aimed at the 
underlying causes of vestibular dysfunction, namely viral 
replication and neural edema. To date, only one study 
eva luated the role of antiviral agents in the management 
of VN. Strupp et al. determined that valacyclovir did not 
result in improved outcomes when used alone compared 
to placebo and did not act synergistically with methyl-
prednisolone when used in combination.44 Several studies 
have investigated the role of corticosteroids in the man-
agement of VN.44-49 Some of these papers showed faster 
improvement in symptoms at short-term46,47 and long-
term follow-up,47 and improved recovery of peripheral 
vesti bular function at long-term follow-up.44,49 However, 
Shupak et al. recently reported no differences in occur-
rence of symptoms or Dizziness Handicap Inventory scores 
in patients treated with prednisone compared to placebo 
despite an earlier recovery of the peripheral vestibular 
function on ENG.45 Overall, these studies present impor-
tant limitations in their design, including a small sample 
size and high risk of bias. Because of these studies’ limi-
tations and their conflicting results, recommendations for 
the use of corticosteroids in VN cannot be firmly suppor-
ted by the current literature. 
 Surgical management of persistent symptoms is des-
cribed. The indications for surgery are not clear and pre-
sume that persisting labyrinthine asymmetry as a result of 
neural degeneration is responsible for ongoing symptoms 
of vertigo or disequilibrium. There is not a reliable method 
for determining what symptoms are due to labyrinthine 
dysfunction and which are due to incomplete central com-
pensation. Results of vestibular neurectomy for VN are less 
favorable than in Meniere’s disease, and persisting laby-
rinthine dysfunction is more likely.50

Prognosis
Vestibutar neuritis is a benign, self-limited disease that has 
a good prognosis. The general rule is complete recovery 
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of balance with resolution of disequilibrium after a vari-
able amount of time. Patients may show persisting sensi-
tivity to rapid head movements toward the affected side if 
vesti bular function does not recover. Recurrence of vertigo 
may occur in 2–11% of patients, although it is usually less 
intense than during the initial attack.51,52 Secondary BPPV 
may develop in up to 15% of patients with VN, and it is 
treated with particle repositioning maneuvers.52

LABYRINTHITIS

Pathogenesis
The term labyrinthitis is defined as an inflammation or 
infection of the cochlea and vestibular organs. All types of 
infectious organisms entering the inner ear can induce a 
significant inflammatory response, as there are case reports 
of labyrinthitis due to many different viruses, bacteria, and 
fungi. Theoretical routes of entry to the labyrinth include 
the round and oval windows, cochlear aqueduct, internal 
auditory canal and defects in the bony labyrinth second-
ary to cholesteatoma, trauma, or surgery as well as via 
hematogenous spread. Infectious spread from the middle 
ear is termed otogenic, while spread from intracranial 
infections is deemed meningogenic.
 The degree of labyrinthine injury is determined by the 
complex interaction of the infecting organism, treatment 
rendered, and host defenses. In general, it is not possible 
to identify the pathogen based on degree of hearing loss or 
severity of vertigo. Other clinical findings (rash, middle ear 
effusion, meningeal signs) are suggestive, though defini-
tive identification rests with specific culture or genetic 
data. Bilateral labyrinthine involvement usually suggests 
a meningogenic etiology, while a unilateral dysfunction 
suggests an otogenic origin.
 Histologically, labyrinthitis has been classified as 
serous or suppurative. This cannot be defined clinically or 
radiographically, making it more of an academic distinc-
tion. In a series of temporal bones from individuals suc-
cumbing to bacterial meningitis, both types of changes 
are seen.53 In cases of suppurative labyrinthitis, inflamma-
tory cells are seen exclusively in the perilymph, are always 
seen in the cochlea, but are seen in the vestibular system 
in only 50% of cases. In contrast, cases of eosinophilic 
staining (traditionally referred to as serous labyrinthitis) 
display an inflammatory response predominantly within 
the superior and posterior canals, show equal involvement 
of endolymph and perilymph spaces, and have cochlear 
involvement in only 40% of cases. Seventeen percent of 

the temporal bones from individuals with bacterial men-
ingitis did not show any inflammatory response.53 Within 
this series, the inflammatory response observed was not 
uniform for a given infecting organism, and can even dif-
fer in temporal bones from the same individual. The likely 
route of entry to the labyrinth was the cochlear modiolus, 
as inflammatory changes in this area strongly correlated 
with the presence of suppurative infection, while patency 
of the cochlear aqueduct was not as specific.53

 Histological findings in viral labyrinthitis are less 
commonly described.54-57 The paucity of specimens is 
attributable to the rarity of fatal infections, difficulty in 
establishing a definitive diagnosis, and reduction in dis-
ease prevalence due to widespread immunization for 
measles, mumps, and rubella. Some features of the histo-
pathology in viral disease include both distension and col-
lapse of endolymph spaces and involvement of the stria 
vascularis, neither of which was observed by Merchant 
and Gopen in cases of bacterial infection.53

 A late feature of labyrinthitis is fibrosis, termed laby-
rinthitis ossificans (LO). A severe inflammatory response, 
usually due to bacterial infection, is necessary to induce 
the fibrosis. LO occurs in up to 60% of cases of deafness 
due to meningitis and any of the common meningogenic 
bacteria are capable of inducing labyrinthine fibrosis.58 
The basal turn of the scala tympani is most commonly 
involved, independent of the source of the infection.59 
Scala vestibuli involvement is less common allowing an 
alternative route for cochlear implant placement when 
the scala tympani is blocked.16 The onset of fibrosis in the 
inner ear was seen as early as 3 days after intrathecal infec-
tion in an animal model for meningogeniclabyrinthitis.60 
This finding emphasizes the importance of early coch-
lear implantation in patients with profound hearing loss 
secondary to meningitis.

Clinical Findings
Labyrinthitis is characterized by vestibular symptoms 
similar to those seen in VN, but including a variable 
degree of hearing loss. The vertigo and disequilibrium also 
follow a similar pattern of gradual improvement over days 
to weeks. Persisting disequilibrium would be expected 
in some cases, though the incidence is not well defined, 
and is probably organism specific. The hearing loss may 
be limited and transient in mild cases of labyrinthitis. 
More virulent infections, treatment delay, and altered host 
immune response may contribute to a profound hearing 
loss.
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Evaluation
Clinical vestibular findings will be similar to those des-
cribed for VN. The physical examination may provide signi-
ficant information regarding the etiology of the infection 
specifically, examination of the middle ear and assess-
ment for signs of meningismus. Myringotomy with culture 
of a middle ear effusion or assay of the cerebrospinal fluid 
is important for identification of the responsible pathogen. 
Audiometric evaluation is necessary to document sever-
ity of hearing loss and planning of auditory rehabilitation 
including the potential need for cochlear implantation. 

Evaluation: Radiographic Tests
High-resolution computed tomography (HRCT) and MRI 
can be useful in the radiographic evaluation of labyrinthi-
tis. Acutely, labyrinthitis is often hemorrhagic and a high-
intensity signal can be seen on unenhanced T1-weighted 
images. Enhancement with contrast may occur, though 
this resolves with time. If fibrosis develops, the T2 signal 
will diminish. Dense ossification within the labyrinth is 
well seen on CT, though areas of fibrosis are indistinct. The 
observation of ossification increases with time following 
the onset of deafness due to meningitis.61

Treatment: Medical
As with VN, vestibular suppressants and antiemetics can 
provide symptomatic relief during the acute attack of ver-
tigo. After the initial episode subsides, vestibular rehabili-
tation promotes central compensation and allows faster 
recovery of balance. Parenteral antibiotics are indicated 
in patients with bacterial labyrinthitis. Steroids seem to 
have a role independent of the actual pathogen due to a 
nonspecific anti-inflammatory effect. Recent studies have 
shown protective effects of systemic steroids on auditory 
function in animal models of pneumococcal meningi-
tis.62,63 Steroids also seem to prevent the development of 
LO in patients with meningogeniclabyrinthitis.64

Prognosis
Recovery of hearing is dependent on the severity of the 
hearing loss, infecting organism, and treatment given. 
Vestibular hypofunction is more likely to be permanent 
than in VN. Central compensation will ameliorate the dis-
equilibrium.
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including vestibular migraine, vascular causes, cerebellar 
ataxia, cervical vertigo, and vertigo caused by mass lesions; 
and this chapter will also discuss the clinical diagnosis and 
workup of these various conditions (Table 30.1). Each dis
order will be considered in turn. 

CLINICAL EVALUATION OF 
THE DIZZY PATIENT

The clinical evaluation of the dizzy patient should be stand
ardized and broad so as to allow for the diagnosis of any 
pathological process, be it peripheral or central in origin. 
This begins with a thorough history, which is often the 
most important diagnostic tool. It is important to charac
terize the dizzy spells by asking whether the patient is 
experiencing true rotatory vertigo or simply general dizzi
ness or imbalance. In addition, the duration of the spells 
should be characterized, e.g. benign paroxysmal positional 
vertigo (BPPV) spells last seconds, TIAs last minutes, 
Meniere’s disease episodes last hours, stroke or labyrin
thine disease lasts days, and the duration of migraine diz
ziness is variable but typically less than a day. 
 Patients presenting with new onset constant vertigo 
for more than 24 hours are termed to have acute vesti bular 
syndrome, which can be again peripheral (such as viral 
labyrinthitis) or central due to stroke. Such patients may 
present with isolated vertigo, or with associated otologic 
and/or neurologic symptoms. Note that isolated vertigo 
may have associated nausea, vomiting, sense of unsteadi
ness, sweating, or blurry vision. Any other associated symp
toms such as hearing loss, tinnitus, weakness, numbness, 
diplopia, dysarthria, dysphagia, neck pain, or headache 

INTRODUCTION
Vertigo is the false sense of motion. Central vertigo results 
from cerebellar or brainstem pathology. In contrast, peri
p heral vertigo is caused by pathology of the balance end 
organ or the eighth cranial nerve. The dizzy patient is often 
referred to the otolaryngologist before the distinction 
between central or peripheral vertigo has been established. 
It is important for the otolaryngologist to be able to distin
guish central from peripheral vertigo, as neurologists pri
marily manage central vertigo whereas otolaryngo logists 
manage peripheral vertigo. In patients with central causes 
of dizziness, it is not as important to differentiate if dizzi
ness is spinning versus lightheadedness versus presyncopal 
because often patients are vague about the type; e.g., in a 
survey, when patients were asked to describe their dizzi
ness, more than half of patients picked a different response 
on retest approximately 6 minutes later1; secondly, when 
diagnosing stroke, patients with vertigo do not have a 
higher odds of stroke/TIA (transient ischemic attack) than 
those with dizziness, while patients with imbalance have 
higher odds of having stroke than patients with either type 
of dizziness.2 For the remainder of the chapter, the term 
central vertigo is used, but keep in mind that patients who 
describe their dizziness as nonvertiginous or imbalance 
can still have central causes.
 There are many causes of central vertigo, some of which 
are acute medical conditions that require prompt diagno
sis and treatment. The diagnosis of central vertigo can usu
ally be made in the office without advanced otoneurologic 
testing, although such testing is often helpful. This chapter 
will highlight the most common causes of central vertigo 
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(VEMP, vestibularevoked myogenic potential; TPA, tissue plasminogen activator). 

Table 30.1: Common causes of central vertigo

Diagnosis Vestibular testing Workup Treatment Prognosis

Migraine Meet IHS migraine 
criteria, exclude 
peripheral causes, 
Migraine occurs 
during episodes of 
vertigo

Variable nystagmus 
with fixation sup
pression, decreased 
VEMP response

Clinical diagnosis Diet modification
TCA, betablocker, 
calcium channel 
blocker

Responds well to diet 
modification, refrac
tory cases require 
medical therapy, 
spontaneous remis
sion is common

Vascular Acute onset of ver
tigo with neurologic 
symptoms

ENG may show 
caloric paresis

Acute vertigo with other 
neurologic symptoms

TPA, vestibular 
therapy, risk factor 
modification

Often recurrent and 
irreversible

Ataxia 
syndromes

Associated ataxia 
with other neuro
logic symptoms, 
family history

Vestibuloocular 
reflex testing with 
decreased gain, 
saccades with in
creased latency and 
square wave jerks

Genetic testing Vestibular therapy, 
acetazolamide (epi
sodic ataxia)

Often progressive, 
irreversible 

Multiple 
sclerosis

Usually diagnosis is 
established prior to 
vertigo onset

Increased latency 
on VEMP

Imaging, lumbar punc
ture

Steroids Varied 

Cervical Diagnosis relies on 
history, if under
lying anatomic 
abnormality other 
associated neu
rologic sequelae 
usually present

Generally not 
pursued 

Clinical history, 
imaging (Chiari 
malformation)

Avoid triggers
Surgical inter
vention

Depends on etiology

Tumors Isolated vertigo or 
disequilibrium, 
vertigo with hearing 
loss and/or tin
nitus, concomitant 
cerebellar or other 
neurologic signs

Depends on tumor 
type and location, 
may have absent 
calorics

Imaging, auditory 
brainstem response

Observation, 
excision, targeted 
radiation

Varied depending 
on clinical behavior 
of tumor 

should be explored. It is important to note whether the 
episodes are triggered by change in head position such as 
rolling over in bed or extension of the neck or getting out 
of bed in the morning. It should also be noted whether the 
episodes have been progressive.
 Physical examination findings characteristic of cen
tral vertigo include nystagmus that changes direction with 
changes in gaze, vertical nystagmus, nystagmus that fails 
to exhibit fixation suppression, and spontaneous nys
tagmus that is chronic (since peripheral nystagmus lasts 
days). It is important to complete a thorough neurologic 
assessment in an attempt to elicit concomitant neurologic 
deficits that point to a central cause of vertigo. Ataxia is 
a symptom characteristic of central vertigo of cerebellar 
origin and is not typical with peripheral causes of vertigo. 

MIGRAINE-ASSOCIATED VERTIGO
Migraine headache is a common medical condition with 
defined diagnostic criteria established by the International 
Headache Society (Table 30.2). Migraine headache is com
monly associated with dizziness and vertigo. Migraine
associated vertigo, also termed vestibular migraine, has 
diagnostic criteria distinct from those for migraine head
ache. Migraineassociated vertigo is a common central 
cause of vertigo. It has been estimated to have a lifetime 
prevalence of about 1% of the population, and 25–50% of 
migraineurs have dizziness.3 
 The pathophysiological basis of migraine headache 
is poorly understood and that of migraineassociated ver
tigo is even less well recognized. There are several theories 
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that attempt to explain the pathogenesis of migraine 
associated vertigo. The review by Furman and Marcus4 
provides a detailed description of this condition. Patients 
with migraineassociated vertigo demonstrate both cen
tral and peripheral signs of vestibular dysfunction. As such, 
current theories about the pathophysiology of migraine
associated vertigo suggest a complex interplay between 
classical migraine pathways (thalamus, trigeminal nucleus, 
pterygopalatine ganglion, trigeminal nucleus) and vesti
bular centers (vestibular nucleus) with resultant vasodi
lation of cerebral and labyrinthine vessels, which triggers 
neurotransmitter release, activation of pain pathways, and 
stimu lation of vestibular end organs. This neurologic path
way has been suggested but not validated. 
 The International Headache Society established strict 
criteria for migraine headache both with and without aura 
(Table 30.2). Migraine without aura is more common. 
Diagnosis of migraine without aura requires (1) at least 
five headaches lasting 4–72 hours; (2) headaches with at 
least two of the following characteristics: unilateral throb
bing, pulsating quality, moderatetosevere pain intensity, 
headache resulting in avoidance of normal physical acti
vity; and (3) during headaches at least one of the following 
must occur: nausea or vomiting, photophobia, and phono
phobia (hyperacusis) (International Headache Society 
website http://www.ihsclassification.org/en). Migraine 
with aura has similar criteria; however, only two head
ache episodes are required in addition to aura (reversible 
visual symptoms, sensory symptoms such as numbness or 
pares thesias, or dysphasic speech disturbance). A diagno
sis of migraineassociated vertigo requires that the patient 
meet International Headache Society criteria for migraine 
and in addition have a central balance disorder (peri
pheral causes of dizziness/vertigo must be ruled out) and 
in addition migrainous symptoms (e.g. headache) must 
occur during episodes of dizziness/vertigo or the dizziness 
has migraine features such as if light or sound exacerbates 
the dizziness.4 
 It has been demonstrated that dizziness/vertigo 
occurs in over half of patients with migraine; however, the 
symptoms of vertigo generally lag the onset of migraine 
headaches by several years.5 Most patients with migraine
associated vertigo who present for evaluation are not 
actively dizzy but rather are between episodes. As such, 
vestibular testing is typically not fruitful. When vestibular 
testing has been completed on patients with migraine
associated vertigo with active symptoms, results point to 
both central and peripheral perturbations in the balance 

Table 30.2: Diagnostic criteria of migraine 

Diagnostic criteria for migraine without aura:

1. At least five attacks that meet criteria 24

2. Attacks last 4–72 hours

3. Headache involves at least two characteristics:

 a. Unilateral

 b. Pulsatile quality

 c. Pain is moderate to severe

 d. Exacerbated by physical activity

4. At least one associated symptom during headache:
 a. Nausea or vomiting 
 b. Photophobia and phonophobia 

5. Headache not attributed to another disorder 

Diagnostic criteria for migraine with aura: 

1. At least two attacks that meet criteria 24

2. Aura consisting of one of the following characteristics 
(no motor weakness):

 a. Reversible visual symptoms

 b. Reversible sensory symptoms

 c. Reversible dysphasic speech

3. Aura with at least two of the following characteristics:

 a.  Homonymous visual symptoms or unilateral sensory 
symptoms

 b.  Aura develops gradually over > 5 minutes, or multiple 
symptoms occur in succession over > 5 minutes

 c. Each symptom lasts between 5 and 60 minutes

4. Headache fulfills migraine without aura criteria 24. 
Migraine without aura begins during aura or within 
60 minutes of aura ending

5. Headache not attributed to another disorder 

system. Patients tested during an acute attack of vesti
bular migraine most commonly demonstrate nystagmus on 
positional testing when fixation is suppressed (100%); less 
commonly nystagmus can be seen with headshake (35%) 
or be spontaneous (19%). Nystagmus may be only elicited 
with fixation suppression. The direction of nystagmus is 
most often horizontal, but it can be vertical or torsional.6 
Patients with vestibular migraine may have increased 
vestibularevoked myogenic potential (VEMP) thresholds 
and decreased amplitudes. 
 The treatment of migraineassociated vertigo is essen
tially the same as treating migraine headache. Pharmaco
logic treatment of migraine can be divided into treatments 
that abort attacks and those which are preventative 
(Tables 30.3 and 30.4, respectively).7 Lifestyle modification, 
including diet modification such as decreasing stimulants 
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(e.g. caffeine) and limiting foods with tyramine, is effec
tive in some patients. Reploeg and Goebel showed com
plete resolution of migraineassociated vertigo symptoms 
in 13 of 81 patients with diet modification.8 For those who 
do not respond to diet modification alone, the addition of 
a tricyclic antidepressant improves treatment efficacy.8 
Some patients require addition of a second medication 
(betablocker or calcium channel blocker) or a neurology 
referral. 
 For the treatment of acute symptoms, a triptan can be 
tried with some help4; for preventive treatment, migraine 
headache medications are tried and used in a particular 
patient depending more on their side effect profile than 
their efficacy, since migraine preventive medications have 
not been studied in vestibular migraine extensively, and 
only case series exist.4 For the prevention of migraines, 
three main classes of medications exist, including the anti
hypertension group (such as propranolol), antidepression 

group (such as nortriptyline/amitriptyline), and antiepi
leptic medications group (valproic acid, topiramate, gaba
pentin, lamotrigine). Therefore, in patients with blood 
pres sure or heart rate that are on the high side, propranolol 
starting at 60 mg per day can be tried and increased as 
tole rated; for patients with concomitant insomnia, a tri
cyclic antidepressant can be tried starting at 10 mg at night 
and titrating up as tolerated up to 100 mg at night (amitrip
tyline has more sedative effect, but also more side effects 
such as dry mouth or urine retention, than nortriptyline); 
an electrocardiogram should be ordered with each tri
cyclic antidepressant dose increase. For those with obesity, 
topiramate at 25 mg per day and titrating up to 50 mg twice 
daily can be considered (since it may promote weight loss). 
Valproic acid at 250 or 500 mg/day is typically avoided in 
childbearing age females due to teratogenicity. Lamo
trigine (starting at 25 mg per day and increasing slowly by 
25 mg every 2 weeks till 50 mg twice daily) has been shown 

Source: Adapted from Goadsby and Sprenger.7 
Ergot derivatives are generally not firstline treatment. 

Table 30.3: Abortive medications for migraine 
Class Medication Dose Adverse effects

NSAID Ibuprofen 400–800 mg Gastroesophageal reflux disease (GERD), gastric ulcer, renal dysfunction, 
cardiovascular (especially if previous myocardial infarction or heart failure)

Naproxen 500–1000 mg GERD, gastric ulcer, renal dysfunction, less cardiovascular adverse effects

Triptan Sumatriptan 50–100 mg Coronary spasm, serotonin syndrome if used concurrently with SSRI

Zolmitriptan 2.5 mg

Naratriptan 2.5 mg

Rizatriptan 10 mg

Eletriptan 40 mg

Almotriptan 12.5 mg

Ergot derivative Ergotamine 2 mg Nausea, vasoconstriction (including coronary), xerostomia, drowsiness

Source: Adapted from Goadsby and Sprenger.7

Table 30.4: Preventative first-line medications for migraine 

Class Medication Dose Adverse effects

Betablocker Propranolol 40–120 mg twice daily Reduced energy, tiredness, postural symptoms, contra
indicated in asthmaMetoprolol 25–100 mg twice daily

Anticonvulsant Valproate 500–1000 mg twice daily Drowsiness, weight gain, tremor, hair loss, fetal abnormali
ties, hematological or liver abnormalities

Divalproex 500–1000 mg twice daily Diarrhea, drowsiness, dizziness, tremor, hair loss, tinnitus

Topiramate 50–200 mg twice daily Paresthesia, cognitive dysfunction, weight loss, glaucoma, 
nephrolithiasis

Tricyclic antidepressant Amitriptyline 10–100 mg daily Hypersomnolence, xerostomia, urinary retention, poor 
concentration, EKG changes

Nortriptyline 10–100 mg daily Hypersomnolence, xerostomia, urinary retention, poor 
concentration, EKG changes
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to help the dizziness in vestibular migraine, but is not 
helpful for headache. Gabapentin starting at 100 mg per 
day and titrating up is used in patients with polypharmacy 
since it does not interact with other medications. For evi
dencebased medicine review of migraine headache treat
ment, see Silberstein et al.9 Physical (vestibular) therapy 
has been anecdotally found to help vestibular migraine.4

 The prognosis for migraineassociated vertigo is 
excel lent. The only blinded, placebocontrolled trial of 
migraineassociated vertigo examined the effect of zolmi
triptan compared to placebo.10 The most compelling finding 
of this study was the large number of patients who had to be 
excluded due to lack of vertigo attacks after enrollment. 
This suggests that a large number of patients with migraine 
associated vertigo experience spontaneous reso lution, 
and for many of the remainder, diet modification and/or 
medical therapy suffice. 

VASCULAR CAUSES OF VERTIGO
Vascular causes are also a relatively common source of cen
tral vertigo, especially in the elderly. For a detailed review 
of vascular causes of vertigo, see that of Karatas.11 Around 
20% of TIAs and strokes involve the posterior circula
tion and may present with vertigo.12 Seventeen percent of 
patients with TIA/stroke present with isolated dizziness.13 
The vascular supply to the vestibular system is via the 
vertebrobasilar circulation that includes the paired verte
bral arteries, which arise from their respective subclavian 
arteries and merge to form the basilar artery, the basilar 
artery, and the three main cerebellar branches: the poste
rior inferior cerebellar artery (PICA), anterior inferior 
cere bellar artery (AICA), and the superior cerebellar artery 
(Fig. 30.1).14 The PICA supplies the vestibular nuclei as well 
as the lateral medulla and cerebellum. The AICA supplies 

Fig. 30.1: The vascular supply to the vestibular system is via the vertebrobasilar circulation that includes the paired vertebral arteries, 
which arise from their respective subclavian arteries and merge to form the basilar artery, the basilar artery, and the three main cerebellar 
branches: the posterior inferior cerebellar artery (PICA), anterior inferior cerebellar artery (AICA), and the superior cerebellar artery.
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the labyrinth as well as portions of the pons and cere bellum. 
The superior cerebellar artery supplies the cerebellum. 
Vascular compromise anywhere in this system can result 
in vertigo. This can be from hypotension, vascular spasm, 
or atherosclerotic, embolic or hemorrhagic stroke. The 
inner ear is particularly vulnerable to ischemia because 
its main blood supply, the labyrinthine artery, is an end 
artery. In the case of vascular disruption, no collateral flow 
exists for the inner ear, which is not the case for the pons or 
cerebellum where redundancy exists in vascular supply.15 
Therefore, an embolic event in the labyrinthine artery 
gene rally leads to infarction.
 Relative posterior circulation ischemia leading to TIA 
occurs due to the presence of atherosclerotic disease in 
the vertebrobasilar circulation, which causes narrowing 
of the vascular lumen predisposing to ischemia with 
relative interruptions in blood flow leading to vestibular 
symptoms. This transient posterior circulation compro
mise is common in the elderly and typically presents with 
vertigo that lasts minutes. The key to differentiating tran
sient posterior circulation compromise from other types of 
central and peripheral vertigo is to look for concomitant 
neurologic signs as isolated vertigo is uncommon. Grad 
and Baloh characterized the most common nonvestibu
lar neurologic symptoms associated with transient poste
rior circulation compromise. These include vision changes 
(69%), drop attacks (33%), incoordination (21%), extremity 
weakness (21%), confusion (17%), headache (14%), hear ing 
loss (14%), loss of consciousness (10%), extremity numb
ness (10%), dysarthria (10%), tinnitus (10%), and perioral 

numbness (5%).16 The time course of symptoms also helps 
distinguish transient posterior circulation compromise 
from other causes of vertigo as transient posterior circu
lation ischemia typically lasts minutes and fully reverses 
between episodes. In addition, it may be precipitated by 
head position. In the setting of luminal narrowing due to 
atherosclerotic disease, changes in head position, especi
ally turning and extension, can provoke vertiginous symp
toms.17 
 Generally, vascular causes of vertigo occur in indivi duals 
with underlying atherosclerotic disease. Such patients often 
have predisposing medical conditions including hyper
tension, diabetes, and hypercholesterolemia. In addi tion, 
smoking is also a risk factor for disease. 
 Typically, the diagnosis of vascular causes of vertigo 
can be made after a thorough history and clinical exami
nation. Confirmation in cases of stroke can be made with 
intracranial imaging such as head computed tomography 
(CT), in the acute setting, or magnetic resonance imaging 
(MRI). Specifically, CT is used to rule out hemorrhage, but 
it is unlikely to find the cause of dizziness; e.g., in a study 
of 200 dizzy patients, CT had a diagnostic yield of zero.18 
The brain MRI detects strokes acutely in the brainstem and 
cerebellum, but has a false negative rate of 8–19% within 
the first 24 hours (Figs. 30.2A and B).19 In an elderly patient 
with athe rosclerotic risk factors, there should be a low 
threshold for obtaining intracranial imaging. Generally 
neurotologic testing is not needed for diagnosis. 
 When patients present to the emergency room with 
acute vertigo, especially elderly patients, the clinician must 

Figs. 30.2A and B: Magnetic resonance imaging of a 75-year-old man presenting with altered mental status, vertigo, and nystagmus 
diagnosed with acute ischemic stroke of the brachium pontis, occipital lobe, and cerebellum likely from posterior cerebral artery embolic 
infarcts. Images demonstrate areas of restricted diffusion on fluid attenuation inversion recovery (FLAIR) and T2 sequences.
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have a high index of suspicion for stroke. There should be 
a low threshold for evaluation with a head CT to assess 
the possibility of stroke. If positive, prompt evaluation by 
a neurologist for consideration of thrombolytic agents 
should be considered. 
 An important set of neurotologic signs that distin
guishes central versus peripheral causes of vertigo is the 
triad of head impulse, skew deviation, and central nys
tagmus.20 For example, the presence of normal horizon
tal head impulse test, directionchanging nystagmus in 
eccentric gaze, or skew deviation (vertical ocular misalign
ment) was 100% sensitive and 96% specific for stroke, 
better than MRI within the first 24 hours.
 Treatments of vascular causes of vertigo generally 
include treating the underlying cause. If the underlying 
cause is an acute thromboembolic cerebrovascular acci
dent, then treatment with tissue plasminogen activa
tor (TPA) should be considered. The patient should be 
followed by a neurologist and is often begun on chronic 
anticoagulative therapy with aspirin, clopidogrel, or war
farin. In addition, the patient should be evaluated for risk 
factors for atherosclerotic disease and medical therapy 
should be optimized. This includes identifying and treat
ing HTN, hyperlipidemia, and hypercholesterolemia and 
encouraging smoking cessation. 
 The prognosis for patients with vascular causes of ver
tigo caused by vertebrobasilar stenosis or disruptions in 

the posterior cerebral circulation is typically worse than 
for patients with other forms of stenosis such as carotid 
stenosis and worse than those with TIA/CVA of other 
intracranial territories.21 If a patient has a TIA involving the 
vertebrobasilar circulation, they are at high risk of repeat 
events and future cerebral infarctions.21 Therefore, prompt 
referral after a presenting event is important so that risk 
factors can be modified to decrease the risk of further 
events. 

Patterns of Vascular Disruption
There are several patterns of vascular disruption that 
result in recognizable patterns of neurologic deficits. When 
recognized, prompt imaging and consultation of a neuro
logist should be pursued. These will be briefly discussed.

Lateral Medullary Syndrome 
Infarction of the ipsilateral vertebral artery or the PICA 
results in a classic constellation of neurologic deficits 
termed lateral medullary syndrome or Wallenberg syn
drome (Fig. 30.3).14 This results from infarction of the 
dorsolateral aspect of the medulla. The classic syndrome 
involves ipsilateral cranial nerve deficits, including ipsi
lateral facial numbness due to involvement of the spinal 
trigeminal nucleus and tract and contralateral body sen
sory loss (spinothalamic tract involvement). In addition, 

Fig. 30.3: Lateral medullary syndrome. The classic syndrome involves ipsilateral cranial nerve deficits including ipsilateral facial numb-
ness due to involvement of the spinal trigeminal nucleus and tract, and contralateral body sensory loss (spinothalamic tract involve-
ment). In addition, there is associated vertigo, ataxia, nausea, nystagmus, Horner’s sign, dysphagia, and hoarseness.
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there is associated vertigo, ataxia, nausea, nystagmus, 
Horner’s sign, dysphagia, and hoarseness. The vertigo 
occurs secondary to infarction of either the vestibular 
nuclei or cerebellar infarction. The dysphagia and dyspho
nia result from infarction of the nucleus ambiguous. Ataxia 
is ipsilateral and is usually present if there is concomitant 
cerebellar involvement. 

Dorsolateral Pontine Syndrome
Vascular disruption of the AICA can result in dorsolateral 
pontine syndrome due to infarction of the dorsolateral 
pons region as well as cerebellum. In most cases of AICA 
infarction, the labyrinthine artery suffers vascular com
promise often resulting in inner ear infarction, so that 98% 
of patients have vertigo and 63% will have hearing loss.22 
Importantly, about 5% of patients present with isolated 
vertigo.22 Other associated symptoms including ipsilateral 
face and contralateral body sensory loss (pain and tem
perature due to involvement of the spinal trigeminal and 
spinothalamic tracts respectively) and ipsilateral facial 
paralysis if the facial nucleus are involved. Vertigo gener
ally persists until contralateral vestibular compensation 
occurs and hearing loss is permanent if infarction occurs. 
These patients often benefit from vestibular rehabilitation 
and a contralateral routing of sound hearing aid or osse o
integrated auditory prosthesis to rehabilitate the uni lateral 
deafness. 
 A similar constellation of symptoms can occur with 
AICA distribution TIA, however, symptoms resolve within 
minutes. Again it should be stressed that those presenting 
with TIA should have a thorough risk factor assessment so 
that risk factor modification can take place. These patients 
may also benefit from vestibular rehabilitation. 

Cerebellar Stroke
Any of the above patterns of ischemia can have concomi
tant involvement of the cerebellum, as ischemia in the 
distribution of the vertebral, PICA, AICA, or the superior 
cerebellar artery can result in infarction of the cerebellum. 
Cerebellar stroke can also happen in isolation by vascular 
disruption in these territories. It is important to identify 
cerebellar infarction as the event can progress and cause 
brainstem compression and herniation. Pure cerebellar 
strokes may be distinguished from peripheral and other 
central causes by the characteristic gazeevoked nys
tagmus, which changes directions and limb ataxia. Gait 
ataxia also points to cerebellar involvement; in fact 72% of 

patients are unable to walk independently.23 Hemorrhagic 
stokes affecting the cerebellum can result in rapid patient 
decompensation due to brainstem herniation and must be 
recognized promptly, as surgical decompression can be 
lifesaving in some cases.

CEREBELLAR ATAXIA SYNDROMES
There are many genetic and sporadic syndromes that affect 
the cerebellum and result in central vertigo or nystagmus. 
For a review of cerebellar ataxias, the reader is referred to 
Manto and Marmolino 24 or Jayadev and Bird.26 

Autosomal Recessive Ataxias
There are many ataxias that are inherited in an autoso
mal recessive manner and encompass a heterogeneous 
group of disorders with diverse neurologic presentations. 
The most common inherited ataxia, Friedreich’s ataxia, 
results from an intronic GAA repeat in the FXN gene, encod
ing the frataxin protein, and is inherited in an autosomal 
recessive fashion. Like many other trinucleotide repeat 
disorders, ataxia is delayed in onset and typically pre
sents before the third decade of life. It generally presents 
with gait disturbance and falling. Neurologic examination 
typically demonstrates areflexia, distal weakness, impaired 
pro prioception, dysarthria, cardiomegaly, and diabetes 
mellitus. VOR testing typically reveals decreased gain and 
saccades have increased latency and square wave jerks.25 

Autosomal Dominant Ataxias
The autosomal dominant ataxias encompass another 
group of heterogenous disorders. This group of disorders 
includes both the spinocerebellar ataxias, which are pro
gressive, and the episodic ataxias. These disorders are 
often associated with vertigo and nystagmus suggestive of 
central origin. The spinocerebellar ataxias are a group of 
disorders unified by delayed onset, progressive cerebel
lar ataxia. Over 28 different subtypes have been identified; 
however, types 1, 2, 3, 6, and 7 are the most common. The 
phenotypes include cerebellar ataxia but other neurologic 
symptoms are variable and may include seizures, cognitive 
dysfunction, neuropathy, ocular involvement, and other 
movement disorders depending on the subtype. Some of 
the subtypes involve trinucleotide repeats. For a detailed 
review, the reader is referred to Jayadev and Bird.26 
 The episodic ataxias, which are also dominantly inhe
rited, are characterized by the episodic nature of attacks, 
which involve ataxia and vertigo and can be triggered by 
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stress. Several subtypes of the episodic ataxia disorders 
have been identified. These episodes are usually short
lived and respond to therapy with acetazolamide.27 

MULTIPLE SCLEROSIS 
Multiple sclerosis (MS) is a disease that causes demyelina
tion of axon tracts in the central nervous system (CNS). MS 
can result in vertigo if the vestibular nuclei are involved 
in demyelination (Figs. 30.4A to D). Vertigo is common 
among patients with MS; however, it is a rare presenting 
symptom. In fact, the most common cause of vertigo in 
patients with MS is BPPV. Given that peripheral causes of 
vertigo such as BPPV are common in patients with MS, it is 
important to be able to distinguish central from peripheral 
causes of vertigo. Usually, central and peripheral entities 

can be distinguished by the type of nystagmus. With BPPV 
the nystagmus is provoked by position change and is typi
cally geotropic and fatigable; however, central nystagmus 
caused by MS is often multidirectional. VEMPs can be a 
useful adjunct for diagnosing central vertigo caused by MS 
as the latency can be increased.28 Vertigo caused by a flare 
of MS can be treated with steroids; however, treatment 
should be initiated with consultation of a neurologist with 
experience treating MS. 

CERVICAL VERTIGO
Cervical vertigo is an uncommon cause of vertigo that is 
not well accepted. Cervical vertigo includes conditions 
where manipulation of the cervical spine results in dizzi
ness or vertigo. One potential mechanism for cervical 

Figs. 30.4A to D: Magnetic resonance imaging of a 50-year-old woman presenting with nausea, vertigo, and vertical nystagmus 
diagnosed with multiple sclerosis. Images demonstrate areas of abnormal T2/FLAIR signal prolongation in the cerebellum one of which 
enhances on T1 postcontrast images suggesting an acute plaque. The patient had multiple other lesions in the white matter, mostly 
periventricular, of the parietal lobes.
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vertigo is anatomic compression of the cerebellum or 
brainstem by variants in cranial base or cervical ana
tomy. Examples of this include Chiari malformations and 
upper cervical spine abnormalities. In Chiari malforma
tions, herniation of the cerebellar tonsils through the 
foramen magnum can result in vertigo. The presence of 
downbeating (or upbeating) nystagmus or other neuro
logic abnormalities such as ataxia, headache, motor, and 
sensory deficits provides clues that the vertigo is central 
in nature. Another mechanism of cervical vertigo is due to 
ischemia caused by vertebrobasilar compression during 
cervical extension. There have been case reports of neck 
extension, as during a shampoo at a hair salon, resulting in 
vertigo.29 Despite these reports, cervical vertigo is extremely 
rare and a difficult diagnosis to establish. 

TUMORS
Tumors and other intracranial masses of various types have 
the ability to cause vertigo. In addition, tumors may result 
in vertigo without concomitant other CNS symptoms as 
can be the case of vestibular schwannomas, or with other 
lesions there may be many other neurologic sequelae. The 
variability in sequelae from tumors not only is predicated 
on the behavior of the tumor cell type but is equally impor
tant in determining the clinical course, the size, and the 
location of the lesion. Vestibular schwannomas are benign 
tumors of Schwann cell origin, which arise on the vestibu
lar nerves. They are usually slow growing and often asymp
tomatic for many years. They are most commonly found 
in the internal auditory canal and cerebellopontine angle 
(CPA) and usually present with tinnitus, hearing loss, and/
or disequilibrium. They rarely cause true vertigo. The nys
tagmus, if present, can mimic other causes of peripheral 
vertigo. Larger tumors may present with other neurologic 
findings including facial numbness or headaches. Other 
tumors of the CPA can present in similar fashion, and may 
also result in abducens and/or lower cranial neuropathies. 
Tumors that originate in the posterior fossa or cerebellum 
typically can be distinguished with cerebellar signs such 
as ataxia. Patients often have spontaneous nystagmus, 
which is another defining feature. Gliomas are particularly 
aggressive and rapidly progress to involve brainstem com
pression and associated neurologic findings. 

CONCLUSION
Causes of central vertigo are varied but share features 
that are usually able to be distinguished from peripheral 

vertigo by proficient history and examination. In some 
cases, as in vascular causes, prompt diagnosis is para
mount. Vestibular testing and imaging are useful adjuncts. 
Otolaryngologists should be familiar with central causes of 
vertigo, as they are common reasons for referral.
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and procedures for facilitating adequate receptive and 
expressive communication in individuals with hearing 
impairment…”.1 Since the publication of this ASHA state-
ment, literature abounds with articles on the psychosocial 
and emotional impact that hearing loss has on a person’s 
functioning. Publications such as the World Health 
Organization's landmark International Classification of 
Functioning, Disability and Health (2001)2 highlight the 
importance of understanding the impact of impairment 
on a person’s activities and participations. As a result, 
authors have redefined the process of AR in order to high-
light the influence of hearing loss not only on communi-
cation but also on function. Montano refers to AR as “…a 
person-centered approach to the assessment and man-
agement of hearing loss that encourages the creation of a 
therapeutic environment conducive to a shared decision 
process necessary to explore and reduce the impact hear-
ing loss has on communication, activities and participa-
tions….”.3

 AR services fall under the scope of practice for both 
audiologists and speech-language pathologists (SLPs). 
ASHA4 delineates the skills and knowledge specific to both 
disciplines. While services can be provided by either pro-
fessional to patients of any age, given the impact hearing 
impairment has on speech and language deve lopment, the 
SLP is crucial for the management of this loss in children. 
The goal of AR services is not merely the management of 
hearing loss, but rather the facilitation of adjustment to it. 
This is best accomplished through patient self-manage-
ment.5 Therefore, therapeutic intervention should foster 
self-efficacy. The belief behind self-efficacy is that the per-
son has the ability and skills necessary to manage a task or 

INTRODUCTION
The management of hearing loss in adults is neither ordi-
nary nor predictable. We can often be misled when looking 
at an audiogram by making assumptions that are frequently 
proven false. While we have the capability of classifying 
hearing loss as either sensorineural, conductive, or mixed 
and determining its severity, standard audiometric evalu-
ation does not provide any information about the impact 
of this loss on a person’s quality of life. How one reacts 
to the presence of hearing loss is a personal process that 
must be explored in order to provide the necessary tools 
for effective management. For example, one person with 
a mild high-frequency sensorineural hearing loss may 
report that he/she has no difficulties in any listening con-
ditions; while, another, who perhaps works as a waitress 
in a restaurant, may find it impossible to continue her 
employment. The circumstances in one’s life influence the 
reaction to hearing loss and largely contribute to the deci-
sion to pursue rehabilitation. 

FORMULATING AN AUDIOLOGIC 
REHABILITATION PLAN

Acknowledging that some patients will reject options for 
surgery (where such options exist) that might improve or 
restore hearing, other methods must be available to assist 
with the management of hearing loss. The terms aural/ 
audiologic/auditory rehabilitation (AR) have been used 
interchangeably in the literature to describe a process that 
aims to improve the communication skills of people with 
hearing loss. This process has been defined as the “services 

Jaclyn B Spitzer, Dean M Mancuso, Joseph J Montano

Aural Rehabilitation and 
Hearing Aids

31
CHAPTER

Ch-31.indd   529 11-06-2015   10:26:57

UnitedVRG



Otology/Neurotology/Skull Base Surgery530

behavior successfully.6,7 In this case, a person with hear-
ing loss is capable of improving his/her communication 
ability and adjusting to life’s circumstances. It is a goal to 
be able to establish an environment of care conducive to 
shared decision making that takes into account the role of 
the patient in the therapeutic interaction. Commonly, we 
refer to this as patient-centered care (PCC).
 It is apparent that change in the provision of health 
care is causing a shift toward more patient-centered app-
roaches. The recently enacted Patient Protection and 
Affordable Care Act8 and the emphasis on patient- 
centered outcomes by third party insurers are evidence 
of the shift currently underway. That shift may, in some 
instances, force us to rethink the models we use to prac-
tice medicine. These models of service delivery have been 
described as the medical/biomedical or the rehabilita-
tion/biopsychosocial.5,9

 The medical/biomedical model implies a top-down 
system. The model is largely curative in nature, consist-
ing of assessment, diagnosis, and treatment. The treat-
ment, therefore, is meant to resolve the impairment. Here, 
the clinician can be described as “doing” something to/
for the patient. The patient is primarily passive and is 
instructed by the clinician. It makes the assumption that, 
in this case, hearing loss is treated more like a disease with 
the outcome of a result of medication, surgery, or hear-
ing aids. However, this model is primarily directed toward 
acute medical conditions. Hearing loss that is the object 
of AR, on the other hand, is generally not acute, but rather 
chronic.
 The rehabilitative/biopsychosocial model is more 
horizontal in nature, meaning that it is more interactive 
and encourages patient participation in the treatment 
decisions. The clinician identifies the problems associated 
with the hearing loss and looks to the patient for direc-
tion when determining the treatment options. The patient 
takes a more active role in the decisions regarding their 
individualized care.
 When using a PCC approach to intervention, both the 
medical and biopsychosocial models have their place. In 
fact, since the treatment in a PCC model revolves around 
the needs of the patient, he/she should determine the 
desired method of service delivery. Regardless, pivotal to 
any method of intervention is the need to establish a rela-
tionship with the patient and build the necessary rapport 
to encourage successful outcomes.
 Montano10 reported that AR treatments tend to empha-
size the technological aspects of patient care; that is, the 

concept that the hearing aid will be the solution to living 
with hearing loss. As a result, more time is spent talking 
about hearing aids and assistive technology systems than 
on the impact the hearing loss may have on psychoso-
cial functions. The process becomes overly dependent on 
instrumentation.11 As seen in Figure 31.1, the techno-
centric model of audiology service delivery10 highlights 
the influence of technology on the provision of service. 
Almost every aspect of patient care is technology driven. 
The assessment performed results in the audiogram that 
most people use as the basis for recommending hearing 
aids. Subsequent treatment emphasizes choices in hear-
ing aids, fitting, dispensing, and orientation. Real-ear veri-
fication, as well, is a technological means to determine the 
performance of hearing aids using a prescriptive target. 
Essentially, the patient has little input to the process other 
than wearing the hearing aid and using the ear canal for 
probe microphone measurements. Verification of hearing 
aid performance should not be confused with personal 
adjustment to hearing loss. Finally, the patient is offered 
accessories to help the hearing aids work more effectively 
in various listening conditions. All of these steps are tech-
nology driven.
 The Person-Centered Model11 places the treatment 
emphasis on counseling with the patient at the core of 
the process. It highlights the importance of the patient 

Fig. 31.1: Model representing a technology-focused delivery of 
audiologic rehabilitation services. 
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story, an important component of narrative medicine. The 
patient’s story is the basis for shared decision making 
allowing the clinician to get a glimpse of the patient’s 
needs, his/her self-perceptions, and values.12 Unlike the 
history form that elicits primarily yes/no responses, patient 
narratives provide a better understanding of the unique 
problems that occur as a result of hearing loss. 
 Montano10 emphasized the inclusion of self-assess-
ment in addition to the audiogram when trying to deter-
mine the impact of hearing loss. Self-assessment measures 
have been used to quantify healthcare service and provide 
important outcome information.13 In addition, self-assess-
ment questionnaires can be useful in the counseling pro-
cess. A tool such as the Hearing Handicap Inventory for the 
Elderly14 can provide both a level of patient self-perceived 
handicap and a basis for counseling. Such questionnaires 
can spark conversation and guide a patient into areas that 
may be in need of remediation. It provides valuable infor-
mation to the clinician while reinforcing the establishment 
of the caring relationship. Self-assessment is an underuti-
lized approach in both audiology15 and otolaryngology.
 Upon further review of Figure 31.2, the technologi-
cal aspects critical to rehabilitation are not eliminated 
but rather become part of the counseling realm instead 
of the core of treatment. Hearing aids, assistive techno-
logy systems, and verification measures remain important 

components of this rehabilitation process, as do areas 
such as communication strategy training, auditory–visual 
interventions, and the availability of consumer support. 
Counseling, however, is the emphasis of this model.

COUNSELING PATIENTS WITH 
HEARING LOSS 

Many clinicians are uncomfortable with the concepts of 
counseling, thinking they may not have adequate train-
ing to provide such services. In reality, the audiologist is 
uniquely qualified to provide the support needed to help 
patients adjust to living with hearing loss. Counseling 
allows the audiologist to help individuals adjust and make 
the changes necessary in order to develop a more posi-
tive approach to living with hearing loss, accepting the 
limitations, and embracing the technologies presented to 
them.16

 Clark and English17 describe two components of coun-
seling common in practice. These include patient educa-
tion and personal support counseling. Patient education 
stresses the importance of teaching; providing the infor-
mation necessary so patients can effectively manage such 
things as hearing aid/sensory aids troubleshooting and 
communication strategies. Personal support counseling, 
on the other hand, enters the realm of feelings and affect. 
It requires important listening skills on the part of the 
audiologist and the need to address effectively the issues 
raised by the patient. It requires matching a res ponse that 
is aligned with the affect presented by the individual with 
hearing loss.
 Counseling skills are also an important component of 
motivational engagement. Clark et al.18 describe methods 
that can be used to help the patient with hearing loss 
move toward greater self-awareness of the issues related 
to the impairment and foster efficacy. The idea behind 
motivational engagement is that a patient will have the 
greatest success when he convinces himself of the need 
for the given interventions. The process can be indivi-
dual or include input from the communication partners. 
Preminger and Lind19 likewise emphasize the importance 
of including communication partners in the rehabilitation 
process. 
 Prochaska and DiClemente20 described the transtheo-
retical approach to behavior change. Often referred to as 
the Readiness for Change Model, it is believed that one 
goes through a series of adjustments in order to achieve 
change, progressing from a point when the existence of the 

Fig. 31.2: Model representing a person-centered delivery of 
audio logic rehabilitation services. 
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problem is not recognized to gradually preparing to take 
action. While this approach was not designed with the 
management of hearing loss as its inspiration, it can easily 
be seen how patients may take years before they finally 
agree to wear hearing aids or amplification. During that 
period of time, they are progressing through the changes 
until they reach the point when they finally agree to take 
action. The audiologist can more effectively counsel their 
patients by having an understanding of where the person’s 
beliefs lie within the change process. 
 The importance of counseling cannot be overempha-
sized. It is at the heart and soul of PCC and shared deci-
sion making. But one must remember the ultimate goal is 
not that a patient agrees to obtain hearing aids or a sensory 
aid, but rather, that he/she takes control of the hearing loss 
and does whatever is necessary to manage communication 
successfully. For some, it is clear that hearing aids are the 
solution, but for others, an amplified telephone or infrared 
system for the television may be the only technology that is 
needed. Still, for others whose audiogram suggests candi-
dacy for amplification, there is likelihood that the hearing 
aid will remain in the nightstand drawer if the patient has 
not reached the stage in his/her life that will allow him/
her to proceed. The rehabilitation plan established must 
include a process that enables the audiologist and patient 
to develop a therapeutic relationship that will enable PCC. 
That means establishing rapport, obtaining patient trust, 
eliciting a narrative, demonstrating empathy and, pro-
bably most important, listening to what the patient says. 
Once this critical foundation is created, the rehabilitation 
plan can progress to include sensory aids, hearing assis-
tive technology systems, communication repair strategies, 
individual and group interventions, auditory training, 
speechreading, and, of course, continued counseling. 

GOALS OF COMMUNICATION 
THERAPY

The overall goal of AR is improvement in communica-
tion. The audiologist or SLP, in working with the person 
with hearing loss, will provide a number of tools to assist 
in the development of skills toward improvement in cop-
ing with communication breakdown. In order to combat 
the combined deleterious effects of a sensory deficit with 
an often adverse acoustic environment, suboptimal light-
ing, distance from a speaker, conversational challenges 
stemming from poor speaker habits, or situational disad-
vantages, a person with a hearing loss must be prepared 
to use a variety of techniques to make the best of bad 

circumstances to attempt to communicate successfully. 
Learning these skills under the guidance of an audiologist 
and implementing them on a daily basis will lead to reduc-
tion in stress in communication and greater confidence in 
entering into conversations.
 The categories of communication therapy include maxi-
mizing visual cues (speechreading/lipreading), improving 
utilization of the auditory channel (auditory training), 
training in how to respond in the event of communica-
tion failures (communication therapy), and, when appli-
cable, therapy for those who suffer from tinnitus (tinnitus 
management). These types of therapy may be provided 
in individual or group settings, but the interpersonal or 
communication treatments especially lend themselves to 
a group model and have been widely applied in self-help 
programs, such as Hearing Loss Association of America 
(see hearingloss.org).

UTILIZATION OF VISION: 
SPEECHREADING/LIPREADING

Acquiring information from the visual channel entails 
reading gestures, body language, facial expression, contex-
tual cues, environmental information, and speechreading. 
The person attempting to speechread must combat a host 
of factors that degrade the visibility of the visual commu-
nication signal. As seen in Table 31.1, these factors relate 
to the environment in which the conversation takes place 
as well as to the characteristics of the communication 
partner.
 Boothroyd21 referred to speechreading as “…a process 
of perceiving spoken language using vision as the source 
of sensory evidence…”. The ability to read lips is severely 
limited by the rapidity of normal speech (13 speech sounds 
per second) and the poor visibility of most speech sounds 
(only 29% of speech is visible).22 Training in the recogni-
tion of easily confused sound categories (visemes), such as 
those in Table 31.2, may be done in a word recognition or 
sentence recognition context. Visually confusable words 
are known as homophenes. The goal of such training is 
to have the participant recognize the visual categories 
and understand that some confusions may be resolved 
by eliminating homophenes that do not make sense from 
a linguistic viewpoint. Therapy will proceed from highly 
visible to less visible phonemes and work toward increas-
ing recognition speed and accuracy.
 The act of speechreading draws upon a larger linguis-
tic knowledge for an adult with a background of having 
had hearing and language learning in the past. So, using 
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Table 31.1: Factors that adversely affect visual communication

Factors

Environmental 
variables

•	 Poor	lighting

•	 Lighting	that	places	the	speaker’s	face	in	
shadow 

•	 Sun	or	light	source	in	speechreader’s	face

•	 Positioning	at	an	unfavorable	angle	(>	45°)

•	 Distance	>	20	feet

•	 Visual	barriers

Speaker 
variables

•	 Facial	hair	(beards	or	moustaches)

•	 Chewing	gum

•	 Smoking

•	 Extraneous	gestures	or	putting	hands 
near/in front of mouth

•	 Holding	hand(s)	in	front	of	mouth

•	 Exaggerated	articulation

•	 Insufficient	mouth	movement

•	 Foreign	accent

•	 Rapid	speech

•	 Thin	lips

•	 Facing	or	turning	away	from	communi
cation partner

•	 Speaking	from	the	side	of	the	mouth

•	 Gender	of	the	speaker	(females	better	
perceived)

•	 Complex	sentence	structure

Table 31.2: Examples of visemic sounds and homophenous 
words. These sounds or words will appear equivalent on the 
lips when spoken without voice or below the level of a person’s 
threshold of hearing

Visemes Homophenous words

/m, b, p/ Baby, maybe

/f,v/ Rope, robe

/n, t, d/ Man, ban, pan

/l,r,w/ Mom, bomb

/k,g/ Mail, pail, bail

Lab, lamb

contextual cues, it is possible to understand the sentence 
“Fry the egg in the pan” without confusing the word “pan” 
with its homophenes (from Table 31.2) “man” and “ban”. 
For the child acquiring language through an impaired 
auditory system, and using vision as a modality to supple-
ment diminished input through sensory device(s), the task 
is entirely different because he or she is in the process of 
learning a lexicon and the rules of syntax simultaneously 
while learning the process of lipreading.
 Training methods involve encouraging the speech-
reader to follow the gist of the conversation, rather than 
relying on a word-for-word understanding. This is referred 
to as a synthetic approach. At the same time, this dyna-
mic method is supplemented by drills that increase the 
patient’s speed and accuracy of comprehension, both for 
single words and for sentences, which is a more analytic 
approach.
 A practice technique that has gained wide use is 
speechtracking23 in which the speechreader shadows 
the clinician and must repeat read materials accurately; 
records are kept of the number of words per minute that 
the patient is able to repeat in a trial, which may consist of 

lipreading-only stimulation, and other modalities as well 
(auditory-only, or combined auditory-visual stimulation). 
Speechtracking is a vehicle for teaching the patient and 
communication partner repair strategies (see below and 
Table 31.5) to cope with a situation when there is a failure 
to lipread accurately. After experiencing several sessions 
of speechtracking, the speechreader becomes more effi-
cient and increases the number of words per minute that 
can be tracked.

MAXIMIZING THE AUDITORY 
CHANNEL: AUDITORY TRAINING

The act of applying a sensory aid (be it a hearing aid, osseo-
integrated device, cochlear implant or something as yet to 
be conceived) does not imply that the person using it will 
be able to obtain full benefit from the signal provided for a 
variety of reasons. Though we often talk about limitations 
in the neural survival that may impose restrictions on sig-
nal encoding, auditory training may allow improvement in 
performance with a device despite distortions imposed by 
the auditory system. There is strong evidence that auditory 
training is effective in changing behavior (see Sweetow & 
Palmer24 for a comprehensive review of the literature.)
 The levels of function that are targeted in an auditory 
training program are outlined and defined in Table 31.3. 
As seen in this hierarchy, a person with a hearing loss may 
initially have poor sound awareness on a reliable basis 
despite the signals being presented at a loud enough (i.e. 
suprathreshold) level. With training, however, the reli-
ability of that awareness will increase and it is possible to 
proceed through the hierarchy to be able to discriminate 
stimuli, such as two-syllable versus three-syllable words 
reliably. Once that level of skill is mastered, recognizing 
words in isolation or in sentences would be the next goal. 
Finally, comprehending connected discourse would be 
the long-term objective.
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 Many persons with hearing loss begin at a level that is 
apparently initially higher than described in the scenario 
above. Such individuals may have satisfactory function in 
quiet, but experience significantly reduced performance 
in adverse listening situations (as well as perceiving signi-
ficant activity restrictions and participation limitations or 
handicap). As indicated in Table 31.4, well-recognized fac-
tors that degrade the auditory signal are background noise, 
reverberation (echo), and competing speech, among 
others. An auditory training program teaches the patient 
(1) to manipulate the environment to reduce these adverse 
conditions whenever possible and (2) through practice, 
to perform better under such challenges as progressively 
increasing signal-to-noise ratios.
 Individualized, one-on-one therapy may be supple-
mented by the use of materials that have been generated to 
permit the person with hearing loss to develop or practice 
skills independently. Programs for practicing lipreading 
or auditory skills are widely available for use with home 
computers. Among these programs, Seeing and Hearing 
Speech25 Read My Quips26 and Conversation Made Easy27 
provide training in both auditory and visual domains. 
 One of the most widely used and validated programs 
is the Listening and Communication Enhancement 
(LACE).28 As initi ally described by Sweetow and Henderson 
Sabes,29 this program has the goal of “…better comprehen-
sion of degraded speech, enhancement of cognitive skills, 
and improvement of communication strategies” (p. 243). 
The recommended practice regimen is 30 minutes per 
day for 5 days per week for 4 weeks (10 hours total). Dur-
ing the LACE program, the patient listens to three types of 
degraded signals: time compressed speech, as a practice 
for rapid conversation; speech with a multitalker babble 
background; and speech with a single competing speaker 
background. The program also contains routines for 
increa sing auditory memory and processing speed, as well 
as developing improved communication strategies.

 Use of music in auditory training has been discussed 
by several authors.30-32 Music may be a means of teach-
ing rhythm or intonation to children with hearing loss.30 
Musical timbre is poorly represented in current coch-
lear implants33-36 while temporal envelope cues are more 
accessible.37	 Gfeller	 et	 al.33 showed that timbre recogni-
tion was amenable to training, leading to the possibility 
that patients motivated to improve aspects of their musical 
perception may be able to do so with intervention. Musi-
cal enjoyment is also of great importance to adult cochlear 
implant users in enhancing quality of life.38,39 Less system-
atic research has explored the satisfaction of hearing aid 
users in regard to music.

COMMUNICATION TRAINING
Given	a	successful	fitting	with	a	hearing	aid	or	other	sen-
sory device and active engagement with counseling about 
methods to improve communication, one of the dimen-
sions that will be addressed is how to deal with occurrences 
of	 communication	 failure.	 Given	 the	 limited	 visibility	 of	
speech sounds, the environmental and speaker variables 
that may limit the visibility (see Table 31.2) or the acoustic 
transmission (Table 31.4) of the communication signals, it 
is understandable that instances of inadequate reception 
or misunderstanding may occur multiple times during any 
conversation. It is necessary for the person with a hearing 
loss and his/her communication partner to learn methods 
to “work through” such misunderstandings. 

Table 31.3: Levels of auditory function and auditory training 
progression

Easy Awareness Can tell that a sound is present; 
cannot necessarily describe its 
characteristics

↓ Discrimination Can tell that two sounds are 
diff erent from each other; may 
not be able to recognize or 
repeat either sound

↓ Identification Can tell what the sound is

Difficult Comprehension Can understand the sound and 
its implications

Table 31.4: Factors that adversely affect auditory signal 
transmission

Factors

Environmental 
variables

•	 Background	noise

•	 Competing	speech

•	 Reverberation	(echo)

•	 Distance	(affects	intensity	of	direct	signal	
and, thereby, signal-to-noise ratio) 

•	 Physical	barriers

•	 Sun	or	fluorescent	light	source	(may	affect	
performance of assistive listening device)

Speaker vari-
ables

•	 Fundamental	frequency	of	voice

•	 Spectrum	of	speech	(females	or 
children may be poorly perceived 
in high-frequency hearing loss)

•	 Habitual	loudness	of	voice	

•	 Rapid	speech

•	 Complex	sentence	structure

•	 Foreign	accent

•	 Inadequate/substandard	articulation
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 Table 31.5 summarizes a series of techniques that may 
be used to repair communication breakdowns.40 These 
strategies are used in a communication partnership in 
which a cooperative speaker is modifying his/her message, 
not in its content, but in its method of presentation, when 
the partner with hearing loss indicates misunderstanding 
or responds inappropriately in conversation. Thus, when 
there has been a communication failure, the speaker has 
options other than only repeating verbatim what was just 
said. She might, e.g. simplify the sentence or rephrase it, or 
give a key word in order to get meaning to be clarified.
 Another component of communication training is 
teaching Clear Speech41 to communication partners, as well 
as training the person with hearing loss how to instruct 
others in what actions enhance the clarity of speech. As 
listed in Table 31.6, Clear Speech is a sensible approach to 
communication with a person with hearing loss. It entails 
slow presentation rate, normal articulation, and phrasing 
in reasonable length sentences. 
 Suggesting to a communication partner, sometimes a 
stranger, that he/she modifies speaking style as an accom-
modation for your hearing loss demands assertiveness. 
Requesting such accommodations is not natural to most 
people. Asking a speaker to face you or rephrase a difficult 

sentence requires the person with hearing loss to be will-
ing to engage with both familiar and unknown persons 
about what modifications in conversational behavior will 
make it easier to communicate. Therefore, one aspect of 
communication therapy is reinforcing the use of appro-
priate assertiveness, a difficult change in behavior that 
requires practice in many venues, and which the audio-
logist will guide in development. In most instances, patients 
with hearing loss who are seen for therapeutic communi-
cation training typically use some form of amplification.

AMPLIFICATION IN REHABILITATION
In many cases, amplification is an integral step in the treat-
ment of hearing loss. More so than at any other time in 
history, there is a greater variety of amplification options 
available. This includes not only a tremendous array of 
hearing aid styles, circuit types, and processing schemes 
from a wide variety of manufacturers but also a prolif-
eration of assistive listening devices (ALDs) that function 
either independently of, or in conjunction with hearing 
aids, often employing either FM or Bluetooth techno-
logy. Hearing aid technology is continually changing, and 
the last 10 years have been no exception. From smaller 
physical size to better, more sophisticated processing 
algorithms, the ultimate goal is always to provide greater 
benefit for the hearing aid user.42 

Hearing Aids
Generally	 speaking,	hearing	aid	 styles	are	named	on	 the	
basis of how they are worn and their physical size. The 
choice of hearing aid style should be made based on fac-
tors such as gain/power requirements, physical features 
of the ear canal (size, contour, etc.), ease of insertion 
and manipulation, need for specific features (directional Source: Based on Tye-Murray.40

Table 31.5: Repair strategies 

Repeat the sentence

Simplify 

Rephrase

Give	a	keyword

Select a more visible alternative word

Provide a definition of the difficult word

Break information up into two sentences

Table 31.6: Elements of clear speech

Element Error made in uncontrolled conversation Clear speech approach

Rate Rapid Slowed (not labored) presentation

Phrasing May ignore sentence breaks or continue 
with run-on sentences

Pauses interjected at ends of phrases or 
sentences

Articulation Slurred or exaggerated Natural articulation with an aim at clear 
pronunciation

Loudness Too soft, or when attempting to compensate 
for a person with hearing loss, too loud

Natural presentation at a moderately loud 
level but not shouted

Emphasis on key points 
in sentences

Emphasis may be haphazard Emphasis on key words
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microphones, telecoil, etc.), physical comfort and occlu-
sion considerations, and cosmetic concerns.43 Currently, 
the most common styles of hearing aids are behind–the–
ear (BTE), in–the–ear (ITE), and over–the–ear (OTE) types. 
Although eyeglass and body aid style devices are still 
available, they account for a minor percentage (< 1%) of 
hearing aids sold.44 
 The circuitry for the BTE style hearing aid (Fig. 31.3) 
is contained in an instrument behind the ear, and is usu-
ally offered in an assortment of colors, shapes, and sizes. 
This case is attached via a small length of tubing to a cus-
tom-shaped earmold. Currently, hearing aid manufac-
turers also offer a “mini-BTE”, a somewhat smaller and 
more cosmetically appealing variant. BTE hearing aids are 
frequently preferred when working with young children 
because, as the child grows, only the earmold needs to be 
replaced periodically to accommodate the change in the 
physical dimensions of the growing ear.42 This is a signifi-
cant cost advantage as compared to replacing an entire 
custom hearing aid every few months. Additionally, the 
physical size of the BTE permits the use of larger compo-
nents, making them capable of fitting the widest range of 
all the styles.42 Therefore, they are often the best choice for 
severely- or profoundly impaired patients, although they 
are suitable for all magnitudes of impairment. The BTE’s 
larger physical size as well (as the larger size of the bat-
tery) may also be easier to handle than smaller styles for 
patients who have limited manual dexterity or who suffer 
from visual deficits. Some patients, however, may find BTE 
hearing aids more difficult to manipulate because they are 
composed of three components (hearing aid, earmold, 

and tubing) instead of one component, as is the case for 
other styles.45 Additionally, there are many FM and direct 
auditory input options (to be discussed later) available on 
BTEs.42 Patients with cosmetic concerns may be dissatis-
fied with the larger size of BTE hearing aids.
 The ITE style hearing aid (Fig. 31.4) is one piece and 
fits directly into the external ear. The circuitry is contained 
in the concha in the case of a full shell or half shell size 
instrument. For smaller sized instruments, the circuitry is 
contained in the canal portion. Ongoing reduction in the 
size of circuit components makes it possible to manufac-
ture hearing aids today that are smaller than ever and rest 
completely in the ear canal (completely-in-the-canal, or 
CIC). CIC instruments are typically considered by many 
to be more cosmetically acceptable than BTE or full ITE 
instruments.42 Additionally, the deeper receiver place-
ment possible in many of these hearing aids may result in 
increased sound pressure level at the eardrum compared 
with other styles.42,46 For some patients, the ITE style may 
be easier to handle than the BTE style, because all com-
ponents are integrated into a one-piece shell.45 However, 
individual variations in ear canal anatomy and size may 
preclude some patients from wearing ITEs comfortably, 
if at all. Furthermore, it is not possible to use accessories 
such as FM boots with ITE hearing aids.
 The OTE style hearing aid (Fig. 31.5) is a relatively 
new contender in the marketplace, coming into popu-
larity in the last 10 years. This style is also referred to as 
an “open-fit” hearing aid, since it is does not occlude the 
external auditory canal. The OTE hearing aid is a mini-
BTE, with its smaller body positioned closer to the top of 

Fig. 31.3: Behind-the-ear (BTE) hearing aid. Photo courtesy of 
Unitron Hearing.

Fig. 31.4: In-the-ear (ITE) hearing aid. Photo courtesy of Unitron 
Hearing.
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the pinna. Instead of using tubing to attach an earmold to 
the main housing of the device, the OTE uses a very thin 
wire with an active receiver attached (receiver-in-the-ear, 
RITE) or a slim-tube at the end that is positioned in the 
external auditory canal. The receiver’s position in the ear 
canal is maintained with a soft, lightweight and typically 
non-occluding dome. This style has several advantages. 
First, since the ear canal usually remains open, more low-
frequencies escape the ear canal, including the patient’s 
own voice, and the patient experiences less occlusion 
eff ect.47 Secondly, the receiver wire element is usually 
modular and can be replaced in-office rather than being 
sent to the factory for repair. Third, these devices are smaller 
and lighter than the other styles, and are usually the least 
conspicuous. However, they are not suitable for severely 
or profoundly impaired patients due to their relatively 
limited power.48 It is worth noting, however, that many 
manufacturers now offer higher power receivers as an 
option. These receivers, in combination with more occlud-
ing dome styles or earmolds, can in many cases allow more 
severely impaired patients to use this style hearing aid.
 Nearly all hearing aids available today employ digital 
signal processing. Most manufacturers have discontinued 
the production of analog circuits because it is cheaper to 
produce and repair digital circuits.44 Digital signal pro-
cessing has several advantages over analog. For example, 
advancements in chip technology have allowed a reduc-
tion in circuit size and faster processing speeds than ever 
before.42 Another advantage is that current digital devices 
have lower power consumption than their predeces-
sors.49 Most significantly, and in contrast to their analog 

counterparts, digital hearing aids use algorithms to per-
form complex manipulations of the signal, allowing virtu-
ally unlimited flexibility without a change in hardware. 
These manipulations, which can often be performed within 
multi ple individual channels, include gain adjustment, 
com pression or expansion, feedback reduction, digital 
noise redu ction (filtering), frequency shifting, and speech 
enhan cement or extraction. This flexibility allows for digi-
tal hearing aids to be customized to specific hearing losses 
and specific environments.42 Finally, data logging features 
enable hearing aids to compile and store information 
about hearing aid usage time, listening environments, 
percentage of time each program has been used, charac-
teristics of input signals, and user adjustments. These data 
may be useful for improving fitting outcomes and trouble-
shooting, although there remains little objective evidence 
to support this notion.
 One of the most prevalent issues reported by hear-
ing aid users is difficulty understanding speech in noisy 
situations.50,51 Despite initial expectation and promise, 
digital noise reduction has not been shown to improve 
speech intelligibility scores in noise.51 Therefore, in an 
attempt to address this persistent problem, most modern 
hearing aids include directional microphone technology, 
which has been shown to improve signal-to-noise ratio.52 
The primary exception to this is the CIC style instrument, 
whose faceplate is physically too small to accommodate 
the requisite two-microphone array. Directional micro-
phone technology is recommended for patients who expe-
rience difficulty understanding speech in noise because it 
maintains sensitivity to sounds coming from in front of the 
listener while reducing sensitivity to sounds arising from 
other directions.53 By contrast, the omnidirectional micro-
phone does not improve signal to noise ratio because it has 
the same sensitivity for sounds from all directions, and is 
therefore incapable of favoring sounds from the front. It is 
important to remember that directional microphone tech-
nology also has some disadvantages. For example, they are 
more sensitive to wind noise, and can reduce available vol-
ume in the hearing aid. Therefore, there will be some situ-
ations for which each of the two microphone technologies 
is preferred, and many hearing aids are designed to switch 
between them either manually or automatically.
 Acoustic feedback occurs when the amplified sound 
output from a hearing aid receiver reenters the micro-
phone port of the hearing aid. As a consequence, the signal 
received by the microphone is re-amplified and will begin 
to oscillate. Leakage of the feedback signal can be either 
acoustic through the vent or poor fit, or electrical through 

Fig. 31.5: Over-the-ear (OTE) hearing aid. Photo courtesy of 
Unitron Hearing.
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the components of the hearing aid.54 In the past, reducing 
feedback in hearing aids usually entailed some combina-
tion of high-frequency gain reduction, decreasing vent 
size, remaking or recoating the earmold or shell. These 
measures often substantially limited the amount of ampli-
fication available to the hearing aid user, and resulted in 
a reduction of benefit from the aid. Modern digital cir-
cuitry attempts to prevent feedback by reducing gain more 
selectively around the offending frequency through notch 
filtering, frequency shifting, negative feedback/phase can-
cellation, and other adaptive measures.47 While acoustic 
feedback remains problematic in some cases, it is now 
much less a limiting factor.

CROS/BiCROS Hearing Aids
A contralateral-routing-of-signals (CROS) hearing aid sys-
tem consists of a pair of hearing aids where one aid con-
tains only a microphone and transmitter, and the other 
contains the amplifier, signal processing circuitry, and 
receiver. A cable connected older style CROS instruments, 
but in recent years the transmission is accomplished wire-
lessly. A patient is considered a candidate for a CROS hear-
ing aid system if he or she has one good hearing ear and 
one ear where the loss is so great or the word recognition 
so poor that the ear is considered “unaidable”, that is, a 
hearing aid will provide no benefit.55 The principle of the 
CROS system is to bring sounds arriving at the poorer ear 
to the better ear. A BiCROS system also features a micro-
phone and amplifier on the receiver side, and is used in 
cases where the better ear also has some degree of impair-
ment.

ALDs/Bluetooth Options
ALDs are a broad category of devices designed to either 
expand the functionality of hearing aids, or provide assis-
tance independently of hearing aids. These devices exist 
to help hearing-impaired listeners overcome difficulties 
such as hearing distant speech, understanding speech in 
noisy environments, listening in environments with poor 
room acoustics or reverberation, or some combination of 
these.4 Examples of ALDs include amplified telephones, 
TV listeners, and alerting devices such as specialized 
smoke alarms, doorbells, and alarm clocks. Currently, 
the most development has been in the area of Bluetooth 
wireless technology, which uses radio waves to transmit 
and receive information within the user’s personal space, 
up to 164 feet. This relatively small operating distance is 

in contrast to other types of radio technology, such as 
FM, cellular phones, and television, which are designed 
to broadcast many people over much greater distances.56 
Applications of Bluetooth technology with hearing aids 
include wireless “streaming” of cell phone signals to hear-
ing aids, the use of remote wireless microphones to over-
come problems of distant speech or speech in noise, and 
wireless transmission of TV sound to hearing aids. In addi-
tion to Bluetooth technology, FM, infrared, and induction 
or hearing loop systems are available. These technologies 
use radio waves, light waves, or magnetic fields, respec-
tively, to transmit the desired signal to the hearing instru-
ments.
 Another application of wireless technology is binau-
ral linkage wherein two hearing aids fitted bilaterally 
are in communication with one another. The goal of this 
application is to improve binaural hearing and sound 
quality through synchronization and comparison of sound 
arriving at each ear, and also to facilitate ease of use by 
enabling simultaneous activation of controls such as 
volume, and program adjustments.

EVALUATION
Evaluation for hearing instrument candidacy typically 
involves the completion of diagnostic testing (i.e. tonal 
and speech audiometry, immittance measures), procure-
ment of medical clearance against contraindications for 
amplification (abnormalities of the external auditory 
canal, infections, etc.), and a thorough counseling ses-
sion to assess the patient’s individual needs.57 In the past, 
the “Carhart method” was used; however, this method of 
briefly auditioning several different BTE circuits has largely 
fallen out of favor. Nowadays, more emphasis is placed 
on selecting hearing instruments and assistive technol-
ogy that will allow the patient to function to the best of 
their ability given their particular hearing loss, lifestyle 
needs and demands, and in consideration of any physi-
cal or cognitive limitations that exist with that particular 
patient. Handicap scales and questionnaires, such as the 
HHIE and the Abbreviated Profile of Hearing Aid Benefit 
(APHAB)58 may be used, or the examining audiologist may 
prefer an interview format. Items typically discussed dur-
ing the hearing aid evaluation appointment include, but 
are not limited to, those listed in Table 31.7.
 When selecting amplification, it is important that the 
audiologist consider each patient’s needs as indicated by 
personal preference, lifestyle demands, and the indivi-
dual’s physical and cognitive limitations. This is often best 
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accomplished by eliciting input and comments from the 
patient’s family members or friends, who should be encou-
raged to attend all hearing aid-related appointments. 
These individuals are often helpful to the audiologist in 
addressing and overcoming any objections, resistance, 
or uncertainties that the patient may have about hearing 
aids. The items listed in Table 31.7 should, ideally, serve as 
a springboard for further discussion and elaboration, and 
should not be used simply as a checklist of topics to be dis-
cussed during the hearing aid evaluation.

FITTING
The hearing aid fitting session is where the actual program-
ming, orientation, and dispensing of the hearing aids takes 
place. The audiologist will input the patient’s audiometric 
data into the hearing aid manufacturer’s fitting software 
and configure the instruments to the patient’s individual 
needs. This configuration includes the provision of one or 
more program variations (i.e. a “quiet” listening program, 
a “restaurant”, or noisy environment program), activation 
of the telecoil, activation of various auditory indicators 

(signals for low battery, program change, etc.), and activa-
tion of the feedback reduction parameters. After this takes 
place, the audiologist may ask the patient several ques-
tions about the sound quality and comfort of the hearing 
instruments. These questions will address such issues as 
the sound of their own voice (the occlusion effect), over-
all loudness of the instruments, relative loudness of one 
hearing instrument to the other, physical comfort of the 
devices, etc. Depending on the patient’s responses to these 
questions, various adjustments will typically be made in 
the programming software, and possibly to the physical 
device itself (e.g. changing venting, physical alteration of 
the shell or earmold, and changing dome size or receiver 
wire length). At this time, a demonstration of the various 
auditory indicators for low battery status, program changes, 
and other functions will also take place.
 Next, the patient will be trained in the use and daily 
care of the hearing instruments. Topics typically discussed 
at this time include: a review of the basic components of 
the hearing aid, insertion and removal of the battery, dif-
ferentiation of right versus left instruments, cleaning and 
maintenance the hearing aids, insertion and removal of 

Table 31.7: Items to be discussed at hearing aid evaluation appointment
The patient’s hearing loss •	 A	review	of	the	type,	magnitude,	and	severity	of	the	patient’s	hearing	loss	as	shown	on	the 

audiogram
•	 Review	of	the	patient’s	word	recognition	scores
•	 Discussion	of	how	the	patient’s	hearing	loss	may	limit	outcomes	(i.e.	realistic	expectations	and 

size or style of instrument that is appropriate)

Preconceived notions about 
amplification

•	 Does	the	patient	have	past	experience	with	amplification?	
•	 Does	the	patient	have	any	opinions	about	amplification?
•	 Has	the	patient	talked	to	friends	or	family	about	amplification?
•	 Does	the	patient	have	past	experience	with	amplification?

The patient’s individual 
needs/lifestyle issues

•	 Does	the	patient	have	difficulty	hearing	at	work?
•	 Does	the	patient	have	difficulty	with	TV?	
•	 Does	the	patient	have	difficulty	talking	on	the	telephone?	
•	 Does	the	patient	have	difficulty	in	noisy	environments,	such	as	restaurants?
•	 Is	there	a	particular	group	of	people	that	the	patient	has	more	difficulty	hearing	than	others?
•	 Does	the	patient	believe	they	have	a	hearing	problem,	or	are	they	primarily	discussing	amplifica-

tion	at	the	urging	of	family	members	or	friends?
•	 Does	the	patient	have	trouble	understanding	distant	speech?
•	 Are	there	any	other	problems	the	patient	is	experiencing,	such	as	reduced	enjoyment	of	music?
•	 Does	the	patient	have	any	physical	limitations	that	may	affect	the	type	of	hearing	aid	that	will	fit	

into	the	ear	(i.e.	physical	size	of	pinna	or	ear	canal)?
•	 Does	the	patient	have	any	limitations	with	vision	or	manual	dexterity	that	might	make	it	difficult	

to	handle	the	hearing	aid	or	the	batteries?
•	 Is	the	patient’s	comfort	level	with	technology	a	limiting	factor	in	the	selection	of	accessories	for	

the	hearing	aid,	or	selection	of	the	hearing	aid	style	itself?

Price levels and technology •	 An	overview	of	the	benefits	of	technology	available	at	different	price	levels
•	 A	recommendation	of	which	technology	level/price	level	of	instrument	would	be	the	most	suit-

able for the patient’s needs
•	 A	recommendation	of	whether	or	not	additional	assistive	accessories	are	warranted	at	this	time
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instruments into the ear, battery safety, and storage, and 
strategies for troubleshooting. Training on the use of other 
assistive equipment that accompanies the hearing aids 
should also take place at this time. 
 Lastly, a discussion of acclimatization to the new hear-
ing instruments and realistic expectations regarding out-
comes must occur. Despite the numerous advances in 
hearing aids and assistive technology as described above, 
there are still limitations that exist when fitting this equip-
ment. While it is safe to assume that most patients will 
benefit from such technology, it is nonetheless important 
to remember that outcomes will still typically be at least 
somewhat suboptimal when compared to normal hear-
ing. For example, for most patients, hearing and compre-
hension of speech in the presence of background noise 
remains a challenge.50,51 so that other strategies, such as 
speechreading, must be employed. Additionally, many 
hearing aid wearers still complain of loudness recruit-
ment, direction dependent performance, and unnatural 
sound quality from their hearing instruments. For these 
and many other reasons, it is important to counsel patients 
that their expectations must be realistic.

FOLLOW-UP/PROBLEMS
A significant portion of the cost of hearing aids is due to 
the intensive research and development on the part of 
the manufacturers, who, among other things, attempt to 
assure a comfortable and effective initial fitting of the hear-
ing instruments. Despite this, most follow-up appoint-
ments for hearing aid fittings will include adjustments 
to the sound quality and behavior of the hearing aids 
that are based on comments, complaints, and concerns 
voiced by the patient. Although the initial fitting param-
eters are generally within an accepted range of efficacy, it 
is unrea listic to expect that a single formula will be suit-
able for all patients. Differences in personality, expecta-
tions, physiology, and etiology of hearing impairment, 
lifestyle, and other factors all influence the patient’s level 
of satisfaction and success with the initial fitting. There-
fore, due to these factors, as well as other problems that 
may occur, the follow-up session after the initial fitting will 
usually involve making further refinements in the manu-
facturer’s fitting software to address the patient’s needs. 
Real-ear measures, as well as soundfield testing, and other 
verification measures can assist the audiologist with the 
decision making behind these adjustments. Furthermore, 
the patient may report issues such as physical discomfort 
of the hearing instruments in the ear canal, problems or 

difficulties with cleaning and maintenance, changes in 
motivation or attitude towards hearing instruments, frus-
tration or disappointment with early outcomes, or the 
arising of other issues or circumstances that were unfore-
seen previously. Often times, these issues can be resolved 
in one or two follow-up sessions, although for a smaller 
percentage of the patient population, multiple visits may 
be required to arrive at a satisfactory outcome. The hear-
ing aid fitting process does not end with technical adjust-
ments. Ongoing counseling and support, albeit time 
consuming, is central to the continued success.

TINNITUS MANAGEMENT
Audiologic rehabilitation for tinnitus may take many 
forms. (The reader is also referred to Chapter 20, which 
addresses tinnitus treatment from many perspectives.) The 
audiologic component of a tinnitus treatment program 
should be seen in a team approach that entails medical, 
dental, psychological, neurologic, physical therapy, and 
other specialists.59 It is assumed that all of these assess-
ments take place following a comprehensive audiologic 
evaluation including pure tone and speech audiometry, 
immittance measurements (i.e. tympanometry, acoustic 
reflex thresholds, and reflex decay), otoacoustic emissions, 
and auditory brainstem response measurement and such 
neurotologic evaluation as demanded by the presentation.
 Assessment of the severity of tinnitus annoyance and 
the components of a tinnitus evaluation are summarized 
in Table 31.8. It is necessary to determine a description of 
the patient’s functional disruption by his tinnitus. This may 
be accomplished through in-depth interview that touches 
on the impact that tinnitus has on the individual’s life-
style, hearing, emotional status, and general health. Pre-
vious attempts to address tinnitus therapeutically should 
be revealed during the interview as well. The impact of 
these issues can be probed further through measurement 
of his or her activity restrictions and participation limita-
tions using questionnaires that have known psychometric 
qualities, such as the Tinnitus Handicap Inventory (THI)60 
or the Tinnitus Functional Index (TFI).61 Due to its ease 
of administration and high test-retest reliability, the THI 
is the most widely used tinnitus questionnaire, translated 
and validated into a number of languages.62 An extensive 
review of tinnitus handicap measurement can be found in 
Newman et al.63 Magnitude estimation of tinnitus is often 
performed using direct estimation or visual analog scales 
for loudness (e.g. ranging from 0 for “very quiet” to 10 for 
“very loud”) or for pitch. This approach has been suggested 
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as a step to allow the patient a means to quantify his symp-
tom in a manner that is understandable from his per s-
pective.64

 A formal tinnitus evaluation is composed of audiologic 
measures under earphones. The components of a tinnitus 
evaluation include pitch matching, loudness matching, 
determining a minimum masking level, trials to deter-
mine if, in addition to masking, residual inhibition can be 
achieved, and, finally, measurement of loudness discom-
fort levels for pure tones or broadband stimuli including 
speech. Such evaluation is complicated by the likelihood 
that the patient’s tinnitus is not a tonal signal but instead 
a complex combination that is not precisely comparable 
to that produced by audiometric equipment. Addition-
ally, there is the possibility the evaluation may reveal that 
the tinnitus believed to be unilateral was in fact bilateral 
of asymmetric loudness or nonequivalent in some other 
dimensions, As a result, judgments are difficult for the 
patient. Failure to obtain residual inhibition during the 
formal tinnitus assessment does not preclude effective use 
of sound therapies.

 Sound therapy refers to application of a wide range of 
devices that provide an enriched sound environment and 
relief from tinnitus. It has been known for many years that, 
for people with hearing loss and tinnitus, wearing a hear-
ing aid may provide relief from tinnitus annoyance. There 
are many other devices and strategies that can substan-
tially improve the tinnitus sufferer’s day-to-day experi-
ence. Some of these devices are generic sound generators 
while others, like hearing aids, tinnitus maskers and tin-
nitus habituation devices, can only be obtained by audio-
logist prescription. The selection of the most appropriate 
device for a given individual is the outcome of intensive 
counseling and the review of options. The options will also 
include the type of masker to be employed, which may 
vary from noises to natural sounds to modified musical 
applications.
 Two trends in customized sound therapy exist for 
moti vated persons with severe tinnitus. These two trends, 
the use of tinnitus masking versus the approach of tinni-
tus habituation or retraining, employ signals to be present 
at the same time as the person’s tinnitus. Both of these 

Table 31.8: Components of tinnitus evaluation
Component Purpose

Interview Determine tinnitus-related impact on: 
•	 	Lifestyle: sleep, persistence of tinnitus, pattern, relationship to noise exposure 

(past and current), impact on social relationships, current practices relating to quiet 
environments;

•	 Hearing	effects,	such	as	speech	understanding;
•	 Emotional	consequences,	such	as	frustration,	depression,	changes	in	concentration,	

confusion, worry;
•	 Impact on general health: use or dependence on drugs, headaches

Handicap assessment or assessment of 
participation limitations 

•	 Use	of	selfreport	questionnaires	for	detailed	review	of	impact	of	tinnitus	on	activi-
ties of daily life

Examples:
•	 Tinnitus	Handicap	Inventory	(THI)60 
•	 Tinnitus	Functional	Index	(TFI)61

Magnitude estimation of loudness •	 Use	of	visual	analog	scales	to	quantity	patient’s	degree	of	perceived	loudness

Tinnitus evaluation under earphones •	 Pitch	matching	entails	use	of	pure	tones	or	noise	stimuli	to	derive	a	match	or	near	
match to perceived tinnitus

•	 Loudness	matching	involves	establishing	an	intensity	which	the	patient	states	is	
comparable to the loudness of his/her tinnitus, usually within 10 dB of his threshold 
at that frequency

•	 Minimal	masking	level	involves	a	trial	attempting	to	mask	the	person’s	tinnitus	with	
an effective masker, usually a narrow band or broad band signal produced by the 
audiometer

•	 Trial	to	measure	residual	inhibition	is	an	attempt	to	measure	whether	the	masker	
produces a time period of cessation (inhibition) or reduction in perceived tinnitus 
after withdrawal of the masker

•	 Measurement	of	loudness	discomfort	levels	is	assessment	of	maximal	levels	that	
should not be exceeded in employing sound therapy devices
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app roaches employ sound generators in their therapeutic 
techniques, but there are essential differences in intent. 
In the application of tinnitus masking, sound generators 
are worn with the purpose of covering the person’s tinni-
tus either completely or partially. The expectation in this 
approach is that the tinnitus sufferer will obtain relief from 
his symptom as soon as he begins to wear the masker 
device. This is to be contrasted with tinnitus habituation or 
retraining therapy65 in which a process of adjustment to a 
(lower level or partial) masking is required over a period of 
18–24 months. Through counseling, the patient learns that 
tinnitus is a nonthreatening signal and emotional responses 
are diminished; during this time, the brain is thought to 
readjust its limbic responses to the negative stimulation of 
the tinnitus. 
 Decades of experience with cochlear implants have 
opened the tantalizing possibility of the use of electri-
cal stimulation specifically for the treatment of tinnitus. 
Whereas we have seen electrical stimulation provide 
relief in many instances, there is still uncertainty as to the 
proper selection criteria for candidates that will permit 
the maximal desired effect for this treatment modality. As 
audiologists will be involved in evaluation, postimplanta-
tion programming, and research to determine such ele-
ments as efficacious stimulation parameters, this may be a 
future tinnitus management that has promise of providing 
relief for many people.

SUMMARY
The rehabilitation plan for patients with hearing loss 
varies from individual to individual. Regardless of the 
degree or nature of hearing loss, it is important to establish 
a relationship with the patient. This should be conducive 
to shared decision making so that a rehabilitative plan can 
be developed. Whether it is a hearing aid fitting, speech- 
reading, or group therapy, goals must be established early 
in the process and this can only be accomplished by having 
an understanding of the patient’s needs and expectations. 
The audiogram is merely a start of a sometimes complex 
patient journey with the audiologist and physician as guid-
ing partners. 
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IMPLANTABLE MIDDLE EAR DEVICES
It is estimated that 34.25 million Americans suffer from 
hearing loss; however, only one in four of these individuals 
use hearing aids. Although rates of hearing aid adoption 
have been steadily increasing, the majority of those who 
could benefit from hearing aid use do not take advantage 
of it.1 Even among hearing aid users, dissatisfaction is 
high (17.3%), and as many as 12.4% of users keep their 
hearing aids in devices in a drawer.2 Despite technological 
advances, conventional hearing aids remain subject to 
several limitations. The degree of sound amplification, or 
gain, is limited by acoustic feedback. Tightly fitted hearing 
aids can minimize feedback, albeit at the expense of 
canal occlusion, which may result in pain or discomfort, 
autophony, and otitis externa. Sound fidelity, moreover, is 
suboptimal, in part because of the occlusion phenomenon 
and in part because of the sound processing characteristics 
of the hearing aid itself. Conventional hearing aids are 
typically optimized to function in the 500- to 2000-Hz 
range, which corresponds to speech; the lack of upper and 
lower register amplification, however, can give sounds 
an artificial, hollow or “tin can” sound. Other important 
limitations to conventional hearing aids include cost, 
maintenance, appearance/visibility, and the social or 
psychological stigma associated with hearing aid use.
 The designs of implantable middle ear devices address 
many of these limitations specifically. Direct coupling to 
the ossicular should theoretically improve functional gain, 
reduce distortion, and eliminate the adverse acoustic 
and clinical effects of canal occlusion. Moreover, in the 
case of fully implantable devices, the possibility of total 
implant concealment may overcome the aforementioned 
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psychosocial stigma. One of the major disadvantages of 
implantable hearing aids, however, is the need to undergo 
a surgical procedure. In addition to the risks inherent 
to ear surgery, in some cases the procedure may entail 
significant surgical alterations to the native middle ear 
anatomy.

Vibrant Soundbridge (MED-EL 
Corporation, Innsbruck, Austria)
The Vibrant Soundbridge (VSB), a semi-implantable middle  
ear device, was invented by Geoffrey Ball, a biomedical 
engineer with sensorineural hearing loss (SNHL) since 
childhood (Fig. 32.1). Motivated by his dissatisfaction with 

Fig. 32.1: Mechanisms of action of different assistive hearing 
devices. (BAHDs, bone-anchored hearing devices; HAs, conven-
tional hearing aids; MET/c, middle ear transducer and MET Carina 
devices. VSB, vibrant Soundbridge).
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conventional hearing aids, he developed the concept of  
a miniature transducer to mimic the vibrations within the 
middle ear, called “direct drive”. This led to his invention 
of the floating mass transducer (FMT) in 1992, which 
was patented in 1993. Ultimately, he was one of the first  
recipients of the VSB and later had a second device implan-
ted in the contralateral ear.3 The VSB was introduced in 
Europe in the year 1997 and the United States in 2000. The 
VSB was initially manufactured by Symphonix Devices, 
Inc. (San Jose, CA, USA), which declared bankruptcy in 
2002 and was subsequently acquired by the MED-EL 
Corporation (Innsbruck, Austria). 
 The VSB device consists of an external component,  
called the audio processor (AP), and an implanted com-
ponent, termed the vibrating ossicular prosthesis (VORP) 
(Fig. 32.2A). The AP consists of a microphone, a digital 
signal processor, and a battery; it is worn on the head 
behind the ear, where it is held in place by a magnet. The 
VORP consists of a receiver/stimulator unit, a conductor 
link, and an electromagnetic FMT. The FMT consists of a 
coil, a magnet, and an attachment clip designed to clamp 
onto the long process of the incus. Sound traveling in air  
is registered by the AP unit, much like a conventional 
hearing aid. The processed signal is transferred to the  

VORP via induction, in a manner similar to that of a coch-
lear implant. The signal then travels along the conductor 
link to the FMT, which vibrates in a controlled fashion, 
causing the middle ear structure to which it is coupled to 
vibrate as well.
 The device may be implanted by one of two approa ches: 
a posterior tympanotomy through the facial recess, or a 
transmeatal approach. The facial recess approach is carried 
out in a standard fashion, taking care to create an aperture 
wide enough to accommodate the FMT, a drum-shaped 
structure 2.3 mm in length and 1.8 mm in diameter. In 
the transmeatal approach, a tympanomeatal flap is eleva-
ted and a longitudinal groove drilled along the infe rior 
aspect of the external auditory canal; the conductor link 
is laid into the groove, and the redundant length coiled 
once within a shallow partial mastoidectomy cavity. In 
both cases, a well (or seat) for the VORP demodulator 
is drilled using a template, and the unit is secured with 
sutures (Figs. 32.2B and C).4,5 Figure 32.3 summarizes the 
manufacturer’s clinical and audiometric selection criteria 
for implantation.
 In 2002, results from the US phase III clinical trial 
demonstrated statistically significant improvement in 
func tional gain at all frequencies (and >10 dB at 2000, 4000, 

Figs. 32.2A and B: Vibrant Soundbridge. (A) Vibrating ossicular prosthesis (VORP) schematic with close-up view of floating mass 
transducer (FMT). (B) Approximate location of VORP and standard S-shaped incision. (C) VORP in situ. (D) Placement of FMT in incus 
vibroplasty.
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 The application of direct vibratory stimulation to middle  
ear structures (i.e. by way of a middle ear implant) has 
been termed vibroplasty. Although incus vibroplasty was  
the intended purpose of the VSB device (Fig. 32.2D), seve-
ral variations have proved successful. In round window 
vibroplasty, the FMT is placed against the round window 
membrane and stimulates it directly. In a retrospective 
study of 50 patients from 2013, Colletti et al. have demons-
trated the safety and efficacy of this technique in patients 
with moderate to severe mixed hearing loss resulting 
from a variety of ossicular chain and other middle ear 
pathologies.9 A third variation on the vibroplasty involves 
the use of surgical devices termed couplers. Coupler 
vibroplasty involves the interposition of a metallic device 
optimally shaped to fit the round window, oval window, or 
head of the stapes.10

 Given the magnetic nature of the FMT, concerns regar-
ding the safety of magnetic resonance imaging (MRI) have 
been raised. A retrospective questionnaire study by Todt 
et al. has found noise, middle ear pain, and pressure at 
the receiver bed to be frequent complaints among VSB 
implantees undergoing MRI. In two (of thirteen) cases, 
alterations in FMT position required surgical reposition-
ing via a transtympanic approach. None of the patients 
experienced SNHL after MRI scanning.11 Wagner et al. in 
a review of the literature, found no evidence of injury to 
middle or inner ear structures as a result of MRI scanning. 
Furthermore, no cases of FMT demagnetization have  
been reported. In their review, the authors argue that 1.5 
Tesla MRI can be carried out at calculated risk, provided 
that a clear and compelling indication exists.12

Middle Ear Transducer (MET) and MET 
Carina (Otologics, LLC, Boulder, CO, USA)
The MET, also known as the MET Ossicular Stimulator, 
was a semi-implantable middle ear device manufactured 
by Otologics, LLC (Boulder, CO, USA).13 Eventually, it came 
to be replaced by a fully implantable version, the MET 
Carina (Fig. 32.4A).14 The two devices share a common 
actuator but differ in that the MET Carina’s microphone 
and rechargeable battery are placed beneath the skin.
 The origin of the MET dates back to the 1970s, when 
Dr. John M. Fredrickson induced vibrations of a magnet 
implanted onto the stapes of rhesus monkeys using an 
electromagnetic coil. By the 1990s, Drs. Fredrickson, 
Coticchia, and Khoslaat (Washington University, St Louis)  
had demonstrated that safe stimulation could be accomp-
lished using an electromechanical, motorized transducer 

Fig. 32.3: Vibrant Soundbridge: Manufacturer’s clinical and audio-
metric criteria for implantation. (CHL, conductive hearing loss; FMT, 
floating mass transducer. MHL, mixed hearing loss; SNHL, senso-
rineural hearing loss). 

and 6000 Hz) relative to presurgery-aided hearing for all 
53 subjects. Feedback and occlusion were essentially 
eli minated. Further statistically significant improvements 
were noted in terms of patient satisfaction and device 
preference.6 A 2008 study by Mosnier et al. aimed to 
provide long-term follow-up data by examining the first 
125 patients in France at 5 to 8 years postimplantation 
(compared with initial follow-up). This study found no 
change in functional gain for the frequency range of 500 to 
4000 Hz and a high satisfaction rate of 77%. Seven patients 
in this study required reimplantation for device failure; 
however, failures were only observed in patients implanted 
before 1999, the year in which the device underwent 
redesign.7 In a review of 1000 cases by the manufacturer 
published in 2005, device failure rates were reported to 
be 0.3%.8
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 Bruschini et al. studied outcomes of MET Carina implan-
tation in eight adult patients with moderate to severe sen-
sorineural and one with mixed hearing loss. All patients 
showed improvements in speech perception abilities 
and reported subjective benefits. The main adverse effect 
identified consisted of feedback noise in seven patients. 
This problem resolved with minor fitting adjustments in 

Figs. 32.4A and B: (A) Otologics MET Carina fully-implantable system. (B) Diagram of MET Carina in situ. (MET, middle ear transducer).

Fig. 32.5: MET/MET carina. Manufacturer’s audiometric criteria for  
implantation.

placed into a laser-drilled sleeve in the incus of rhesus 
monkeys. In 1996, the MET technology was sold to 
Otologics, LLC, which relocated to Boulder, CO, USA. The 
Food and Drug Administration (FDA) evaluation began 
in 1998 and by 2000 a semi-implantable version of the 
device was available in Europe. In 2006 the Otologics fully 
implantable MET received the European CE-mark.
 For both devices, the implantation procedure begins 
by exposing the mastoid cortex through a postauricular 
incision. The middle ear is approached through a limited  
mastoidectomy, essentially a modified posterior attico-
tomy fashioned by tunneling between the external auditory  
canal and the tegmen mastoideum until exposure of the 
incus body and malleus head is achieved (Fig. 32.4B). 
A metallic stage is affixed to the ledge of cortical bone 
surrounding the cavity. A KTP laser incudotomy is then 
performed, targeting the posterosuperior aspect of the 
incus; then, the transducer probe is embedded into 
the orifice. In the case of the MET Carina, the receiver 
and trans ducer are positioned into a well drilled on the 
retromastoid cortical bone, and the microphone may be 
placed at the mastoid tip or in the retroauricular region.14 
At least one case of successful round window implanta-
tion via a facial recess approach has been reported.15 
Figure 32.5 summarizes the audiometric selection criteria 
for implantation.

A B
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all but one patient, who required surgical repositioning of 
the microphone unit. Two cases required revision surgery: 
one because of microphone extrusion, the other because 
of device failure.16 A prior study of five patients by the same 
author had shown improvements in hearing thresholds, 
speech perception, and also reported subjective benefits. 
Although no complications were noted, four patients had  
trouble with feedback noise, but most resolved with minor  
fitting adjustments.14 Tringali et al., moreover, have repor-
ted a benefit over conventional hearing aids (39 dB mean 
functional gain versus 29 dB) in patients with severe  
SNHL (range of 71–90 dB HL).17

 Some reports have suggested that the standard 
imp lantation approach may be especially susceptible to 
pecu liarities of the patient’s anatomy.18 For instance, in a 
retrospective case series of 22 patients receiving either the 
standard MET or MET Carina implants, a dural–meatal 
distance of < 8 mm was associated with dural exposure in 
nine cases.19 
 In 2012, Otologics LLC, Boulder, CO, USA, filed for 
bankruptcy.20 Previously, Cochlear Corporation, Sydney, 
Australia, had acquired patent rights to Otologics LLC 
technologies and entered into joint development activi-
ties with the company, with the stated intent of develop-
ing a fully implantable cochlear implant.21 However, at  
present, the future of the MET and MET Carina implants 
remains uncertain.

Esteem Hearing Implant (Envoy Medical 
Corporation, St. Paul, MN, USA)
Envoy Medical Corporation (St. Paul, MN, USA) was 
originally founded as St. Croix Medical in 1995, with the 
mission to develop and market the first fully implantable 
hearing aid that did not require a microphone or speaker. 
In 2004, clinical trials began in the United States and in 
Europe, with subsequent European CE Mark approval 
in 2006. In 2010, the FDA approved the Esteem Hearing 
Implant for commercial distribution.22

 The Esteem Hearing Implant is a fully implantable 
device with a piezoelectric actuator. In contrast to other 
implantable hearing devices, the Esteem uses the tympanic 
membrane and malleus as a microphone. A piezoelec-
tric sensor sur gically fixed to the incus detects vibrations 
of the tympanic membrane. It then routes these signals 
to the processor, which amplifies them before delivering 
them to the piezo electric actuator, which vibrates the stapes 
directly  (Figs. 32.6A and B). To avoid feedback, implanta-
tion requires  the disarticulation of the ossicular chain at 
the incudo stapedial joint, along with resection of a 2-mm 
segment of the long process of the incus. The approach 
is performed through wide-field canal wall up mastoid-
ectomy with extended facial recess dissection. The device is 
powered by a nonrechargeable battery, which may last 4.5 
to 9 years, depending on usage. A significant disadvantage 
is that replacement of the battery requires surgical inter-
vention. Figure 32.7 summarizes the manufacturer’s clinical 
and audiometric selection criteria for Esteem implanta-
tion. Disarticulation of the ossicular chain is another signi-
ficant drawback, since it introduces a maximal con ductive 
hearing loss. Following implantation, a patient is obligated 
to keep the device turned on to hear, in con trast to other 
devices, which preserve the ossicular chain and therefore 
maintain patients’ baseline, albeit impaired, hearing.
 In a prospective, nonrandomized, multicenter FDA 
phase 2 trial, 57 subjects with bilateral, mild to severe 
SNHL were implanted. Improvements were noted in 
terms of speech reception threshold (29.4 dB compared 
with 41.2 under best-fit aided conditions, p  <  0.001) and 
word recognition scores at 50 dB HL (68.9% with Esteem, 
compared with 46.3% under best-fit aided conditions). 
Adverse effects reported included wound infections in  
two cases (one requiring explantation), delayed facial 
para lysis in one case (resolved with conservative manage-
ment) and three cases requiring revision surgery due 
to insufficient benefit.23 A similarly designed phase 2 
trial evaluated the Esteem in five patients with profound 

Figs. 32.6A and B: (A) Envoy Esteem system. (B) Schematic representation of Esteem in situ. 

A B

Ch-32.indd   549 10-06-2015   16:33:51

UnitedVRG



Otology/Neurotology/Skull Base Surgery550

high-frequency SNHL. Results showed an improvement 
in speech reception threshold (26 dB with the Esteem 
at 12 months, compared with 48 dB under best-fit aided 
conditions and 65 dB unaided). Word recognition score 
at 50 dB improved significantly, from an average of 23% 
under best-fit aided conditions to 78% postimplantation.24

 The manufacturer’s indications for implantations are  
as follows: ≥ 18 years of age; stable bilateral SNHL; mode-
rate to severe SNHL defined by Pure Tone Average; unai-
ded speech discrimination tests score ≥ 40%; normally 
functioning Eustachian tube; normal middle ear ana-
tomy; normal tympanic membrane; adequate space for 
the Esteem implant determined via a high-resolution 
computed tomographic scan; and a minimum 30 days of 
experience with appropriately fit hearing aids. 

BONE-ANCHORED HEARING DEVICES
Unlike conventional hearing aids, bone-conduction hear-
ing devices bypass the apparatus of the middle ear to 

stimulate the inner ear directly. In general, these devices 
are indicated for patients with conductive or mixed hearing 
loss not amenable to surgical reconstruction and patients 
with single-sided deafness. An externally worn processor 
unit functions as a receiver and transducer, registering 
acoustic energy, amplifying it, and transferring it through 
the bones of the skull to the cochlea. Nonimplanted 
versions of these devices are typically held against the skull  
with a soft headband and transmit sound energy transcu-
taneously. However, the skin and soft tissues interposed 
between transducer and bone limit the efficiency of sound 
transduction. 
 Implantable bone-conduction devices, or bone- 
an chored hearing devices (BAHDs), on the other hand, 
take advantage of osseointegration to achieve more effi-
cient transduction of sound energy. Osseointegration, a 
concept described by Branemark in 1983, refers to the 
formation of a direct functional and structural connection 
between a load-bearing implant and living bone tissue.25 
To date, three BAHDs have been approved by the US FDA: 
the Baha (Cochlear Corporation, Sydney, Australia), Ponto 
(Oticon Medical, Askim, Sweden), and Alpha 2 (Sophono, 
Inc., Boulder, CO, USA) systems. The Baha and Ponto 
systems both utilize a surgically implanted percutaneous 
abutments (a titanium screw affixed into the skull) to 
which a sound processor attaches externally. In contrast, 
the implantable portion of the Alpha 2 device lies entirely 
beneath the skin, and the external processor is held in 
place by magnets.

Baha (Cochlear Corporation,  
Sydney, Australia)
The Baha systems (Cochlear Corporation, Sydney, 
Australia) consist of three components: a screw-shaped 
titanium fixture, a percutaneous abutment, and a sound 
processor unit. Implantation of the Baha may be carried 
out under sedation or general anesthesia. Typically, the 
operation is performed in a single stage; however, a two-
stage procedure is recommended for patients with soft, 
compromised or thin bone (< 3 mm in thickness).26

 The traditional implantation procedure for the Baha 
device begins by elevating a square flap of thin, hairless 
skin from the postauricular region. The flap is placed far 
enough from the auricle to avoid contact with it once the 
externally worn processor is attached. Elevation of the 
flap may be carried out with either a scalpel or a specially 
designed dermatome. In an effort to reduce the potential 
dampening effects of subcutaneous soft tissues contact ing 

Fig. 32.7: Envoy Esteem: manufacturer’s clinical and audiometric 
guidelines for implantation. (CT, computed tomography; PTA, pure 
tone audiometry; SNHL, sensorineural hearing loss). 
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the implant, all soft tissues between the skin and perio-
steum are excised, and the outer layer of the periosteum is 
thinned. The periosteum is then incised and a guide hole 
is drilled into the hole beneath. Osseointegration requires 
viable osteocytes at the implant site; for that reason, guide 
hole drilling during Baha surgery is performed in short 
sequences (of a few seconds at a time) and at low speeds 
(approximately 2000 rpm), which limits thermal damage. 
The self-tapping fixture is screwed into the guide hole. 
After attaching the abutment, the skin flap is laid over the 
implant and sutured closed. Finally, a hole is made in the 
skin using a skin biopsy punch and the abutment is passed 
through the skin.27

 The so-called “punch method”, as described by 
Gold man et al. in 2013, represents a simpler and less 
invasive method of BAHD implantation. This approach 
foregoes the creation of skin flaps; instead, a 12-mm dis-
posable skin punch is used to create a cut through the full 
thickness of the scalp. The resulting soft tissue cylinder is 
excised, the periosteum elevated, and the cortical bone 
beneath exposed. In patients with thick scalps (e.g. males), 
limited soft tissue thinning is performed in a circumfe-
rential fashion. Drilling of the guide hole and fixture 
placement are carried out as described above. However, 
longer abutments are used (i.e. 8.5 mm for the Baha device 
and 9 mm for the Oticon Ponto device, discussed below). 
Among its advantages over the traditional procedure are 
faster healing, decreased operative times and improved 
appearance.28

 Indications for Baha system implantation fall under 
two broad categories: (1) conductive and/or mixed hearing 
losses (e.g. from chronic otitis media, COM, congenital 
mal formations, ossicular fixation, otosclerosis) and (2) 
single-sided deafness (e.g. from trauma, sudden SNHL, 
vestibular schwannoma).29

 The Baha system has been evaluated extensively in 
the context of conductive and mixed hearing loss. An 
early study of 34 patients with bilateral conductive/mixed 
hearing loss and chronic ear disease showed that Baha 
was superior to conventional air-conduction hearing aids 
in terms of speech recognition in noise. The improvement 
was more pronounced with wider air-bone gaps. Moreover, 
patients expressed a preference for the Baha system; this 
preference was related to a decrease in the frequency of 
ear infections.30

 Two particular clinical scenarios merit mention in  
this category: external auditory canal (EAC) atresia and 
COM. In the setting of EAC atresia, Baha implantation has 
been shown to achieve excellent hearing results. Moreover, 
compared with surgical atresia repair, Baha implantation 

is associated with fewer postoperative visits and compli-
cations; it is also significantly more cost-effective on a 
decibel-for-decibel basis.31

 Baha placement may be indicated in COM when 
traditional tympanoplasty techniques have failed or 
when a conventional hearing aid is not feasible because 
of persistent otorrhea. One retrospective study evaluated  
the role of EAC closure (with and without Baha implan-
tation) in patients with chronically draining ears; although 
limited by a small sample size, the study demonstrated  
this to be a feasible and safe option.32 Another study follo-
wed patients with COM exacerbated by behind-the-ear 
hearing aids over a 5-year period; this study documented  
a significant decrease in the number of monthly treat-
ments and visits required, which resulted in a consider-
able reduction in costs associated with medical care.33

 Single-sided deafness is a relatively newer indication 
for device implantation. Patients with single-sided deaf-
ness and normal hearing in the contralateral ear have been 
shown to have improved speech reception thresholds and 
speech recognition in noise, though not necessarily sound 
localization.34,35

 Recent modifications to the Baha implant include a  
wider diameter (4.5 mm versus 3.75 mm), intended to  
increase implant stability; smaller size thread at the implant  
neck, to improve optimum load distribution, and a rough-
e ned intraosseous surface, designed to increase the rate  
and strength of osseointegration. These innovations were  
found to result in a higher stability quotient and accele-
rated osseointegration relative to the older model in a 
prospective trial of 77 patients.36

 The Baha Attract system, available since late 2013, 
represents the company’s first effort to create a fully sub-
cutaneous implant. Similar to the traditional Baha systems,  
the Baha Attract uses an osseointegrated screw-like tita-
nium fixture; however, instead of a percutaneous abut-
ment, the fixture is connected to an implanted magnet. 
Externally, a sound processor is coupled to an outer 
magnet, which keeps the implant in place and is avail-
able in several different strengths. This design is con-
ceptually similar to the Alpha 2 system (Sophono, Inc.,  
Boulder, CO, USA, discussed below) but differs in that it 
uses a single attachment point rather than a five-point 
configuration (Fig. 32.8).

Ponto (Oticon Medical, Askim, Sweden)
The Ponto system (Oticon Medical, Askim, Sweden), 
intro duced in 2009, shares a very similar design with the 
Baha system, and consequently very similar strategies for 
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implantation (Figs. 32.9A to D).37 An affiliate of Oticon 
(Smørum, Denmark), the world’s second largest hearing 
aid manufacturer, Oticon Medical cites access to Oticon’s 
sound processing technologies and fitting software as a dis-
tinct advantage over the competition. According to manufac-
turer estimates, more than 3000 Ponto implantations have 
been performed since its introduction. Early clinical data 
from the manufacturer have been positive, both in terms 
of performance and safety.38 An independent, compara-
tive study of 12 first-time users of BAHDs from Denmark 
showed that 67% of users preferred the Ponto Pro over the 
Baha BP100, and cited a nicer look, ease of use, and better 
speech intelligibility as their reasons.39 The Ponto Pro sys-
tem, the latest generation of Ponto implants, featu res auto-
matic adaptive multiband directionality, noise reduction, 
and learning volume control.40 The abutment, moreover, is 
available at a 10° inclination if needed.Fig. 32.8: Baha Attract system. 

Figs. 32.9A to D: Ponto system. (A) Diagram of Ponto system in situ. (B) Ponto system components. Ponto receiver (C) in place and 
(D) after removal from abutment.

A

C D
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Alpha 2 (Sophono, Inc., Boulder, CO, USA)
The Alpha 2 (Sophono, Inc., Boulder, CO, USA) system 
consists of an externally worn sound processor and a 
surgically implanted magnetic implant. In contrast to the  
Baha and Ponto systems, the implanted portion does not  
use an abutment: it lies entirely subcutaneously and 
is affixed to the skull with five titanium screws, which 
undergo osseointegration (Figs. 32.10A to D). The sound 
proces sor is held in place by magnetic force.41 In theory, 
the fully subcutaneous placement would avoid adverse 
skin reac tions related to the percutaneous abutment. 
However, a comparative study of 12 patients showed no 
difference in skin reactions between the subcutaneous 
Sophono implant and the percutaneous Baha system. 
Moreover, the study showed slightly worse performance 
with regard to thresholds in sound field, speech reception 

thresholds, and speech comprehension at 65 dB.42 As of 
2013, the FDA approved the Alpha 2 for use with MRI.43

CONCLUSION
Implantable hearing devices represent a synthesis of 
cutting-edge biotechnological and surgical innovation. 
Many of these devices offer considerable advantages over 
conventional means of sound amplification. However, 
in many cases, their cost and need for specialized surgi-
cal training currently limit their widespread availability. 
Never theless, the therapeutic promise of these technolo-
gies will likely outweigh these obstacles in the future.
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contains a receiver coil, stimulator, and a multichannel 
electrode array. Briefly, acoustic information is received 
by the external microphone, encoded by a speech pro
cessor (based on various strategies described below), 
and transcutaneously transmitted to the internal device 
via electromagnetic induction. The surgically implanted 
receiverstimulator receives and converts the transmit
ted acoustic information to electrical impulses, which are 
then able to directly stimulate remaining auditory neu
rons within the cochlea through a multichannel intrac
ochlear electrode. In the United States, there are primarily 
three currently available CI devices: the Advanced Bionics 
HiRes 90K with a 16electrode array (Valencia, CA, USA), 
the Cochlear Ltd. Nucleus Freedom with a 22electrode 
array (Sydney, Australia) and the MEDEL Concert (Inns
bruck, Austria) with a 24electrode array (Figs. 33.1A to C) 
(the Neurelec SP is not currently available in the United 
States). The following section will include a more indepth 
description of currently available, manufacturerspecific 
hardware and software. 

Software Technology: Sound Processing 
and Stimulation Strategies
The overall goal of all sound processing strategies is to 
create a coded signal that most accurately represents the 
ori ginal acoustic information. In general, the default strat
egies for each manufacturer are, respectively, high resolu
tion (HiRes) for the Advanced Bionics device, the advanced 
combination encoder (ACE) for the Cochlear device, and 
fine structure processing (FSP) for the MEDEL device.1 
While a full discussion of sound processing strategies is 

INTRODUCTION
Since their approval by the US Food and Drug Administra
tion (FDA) in 1985, multichannel cochlear implants (CIs) 
have become an accepted, wellrecognized treatment for 
severetoprofound sensorineural hearing loss (SNHL) 
in adults and children. While SNHL can result from mal
function or injury to any portion of the auditory pathway, 
damage to the inner hair cells accounts for the majority 
of severetoprofound deafness. In these patients, a CI 
restores varying amounts of auditory function by bypass
ing the inner hair cells and transmitting electrical impul
ses directly to the auditory nerve through a surgically 
implanted, intracochlear electrode.
 In the last 25 years, nearly all aspects of cochlear 
implan tation have undergone significant evolution rang
ing from technological improvements to surgical tech
nique to broadened candidacy criteria. This chapter will 
address available CI technology, including hardware and 
software, candidacy and patient selection, operative tech
nique, and outcomes in both adults and children. 

COCHLEAR IMPLANT TECHNOLOGY
Worldwide, there are four manufactures of CI systems: 
Advanced Bionics Corp (CA, USA), Cochlear Ltd (Sydney, 
Australia), MEDEL and the Neurelec, SA, recently pur
chased by Oticon Medical (Gothenburg, Sweden.) All CI 
systems, regardless of manufacturer, have certain basic 
components: an externally worn processor and a surgi
cally implanted internal device. The external component 
includes a microphone, power source, speech processor, 
and a radiofrequency transmitter coil. The internal device 
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beyond the scope of this chapter, basic approaches to 
speech coding focus on spectral information, tempo
ral cues or a combination of these. Currently available 
strate gies are manufacturer specific; however, all involve 
a combination of amplification, compression, filtering or 
extraction of the encoded acoustic information. In addi
tion, all share a similar attempt to mimic the innate tono
topic organization of the organ of Corti. Specifically, high
erfrequency bands are associated with electrodes in the 
basal cochlea, resulting in the perception of higher pitches, 
while lowerfrequency bands to electrodes are positioned 
more deeply in the direction of the apex, creating the per
ception of successively lower pitches. Advancements in CI 
software have led to increasingly complex sound process
ing strategies that attempt to not only allow speech under
standing in quiet environments but also permit hearing in 
noise, music appreciation, and improved speech percep
tion of tonal languages.

 FSP, developed by MEDEL, provides CI users with 
improved pitch perception, which in theory enhances 
speech perception in noise, melody recognition, music 
appreciation, and sound localization.2 Improving on prior 
strategies, FSP allows both temporal and tonotopic cod
ing of sounds in CIs by using filters with a bellshaped fre
quency response. In addition, the FSP strategy is thought 
to provide temporal fine structure by using stimulations 
at the one to three most apical electrodes that are elicited 
at a variable rate that corresponds to the fine structure 
of the signal in the specific filter band. Studies compar
ing the FSP to previous strategies in the MEDEL system 
have demonstrated variable clinical effects on speech 
intel ligibility and music sound quality and appreciation. 
One study, in which 14 CI users received new speech 
processors with FSP in exchange for their old continuous 
interleaved sampling (CIS) processors, showed significant 
improvements on speech and music perception tests as 

A B

C

Figs. 33.1A to C: Cochlear implant internal receiver. The photo-
micrographs show the internal receiver for three manufacturers 
currently approved by the US Food and Drug Administration. (A) 
Advanced Bionics Corporation’s HiRes 90KM Advantage. (B) 
MED-EL Corporation’s CONCERT Cochlear Implant. (C) Cochlear 
Corporation’s Nucleus CI24RE Implant. Note the similarity in size, 
shape, and the material used for the receiver. The internal receivers 
are small, thin, and covered with silastic. 
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well as higher satisfaction with the FSP strategy.3 Notably, 
however, a 1year followup of eight of the 14 subjects from 
the previous study demonstrated nonsignificant differe
nces between the baseline CIS results and the FSP results.4 
A blinded paired comparison between FSP and CIS per
formed for subjective speech intelligibility demonstrated 
that although most individuals showed no significant pre
ference, more individuals rated CIS as significantly better 
at the first two annual visits, but after 2 years, more indi
viduals rated FSP as significantly better.5

 To improve processing of the fine structure of acoustic 
information, the HiRes speech processing software from 
Advanced Bionics employs virtual channel (VC) techno
logy. Through either simultaneous or sequential stimu
lation of more than one electrode, an intermediate pitch 
can be conveyed that corresponds to a “virtual” channel. 
Given the lack of space for more electrodes in the coch
lea, research has investigated using focused stimulation to 
increase spectral resolution and VCs to increase the num
ber of functional channels. Prior research suggests that 
while only four frequency bands are necessary for speech 
understanding in a quiet environment, eight bands are 
required for speech perception in a noisy environment, 
and an even greater number of bands are required for 
effective music perception.6 Modern CIs typically have 
12–22 intracochlear electrodes, but most CI users do not 
demonstrate significant improvement beyond the use 
of 4–8 channels, perhaps because of the broad current 
spread from stimulated electrodes and the resulting chan
nel interaction from overlapping neural populations.7 
Multiple methodologies attempting to minimize current 
interactions between electrodes have been investigated, 
including the use of monopolar, tripolar, and even quad
rupolar techniques for VC creation. Landsberger and 
Srinivasan7 found better VC discrimination with quad
rupolar VCs than with monopolar VCs. Srinivasan et al.8 
found that there was a sharper peak in the spread of excita
tion (measured with psychophysical forward masked 
excitation curves) with quadrupolar VCs than with mono
polar VCs, which may explain better VC discrimination 
with quadrupolar VC stimulation.7,8

 While some studies report clinical benefit in speech 
perception and music appreciation with HiRes, others 
suggest that benefits may be limited to a small number of 
users. A study conducted by Firszt et al.9 of eight postlin
gually deafened adults demonstrated a small but signifi
cant clinical benefit in both speech perception and music 
appreciation with the HiRes 120 current steering techno
logy.9 However, Donaldson et al. showed no clear evidence 

that HiRes 120 supports improved sentence recognition in 
noise.10 Current steering via monopolar VCs has not been 
shown to significantly improve speech perception, des pite 
the increased number of singlechannel pitch percepts.11 
Multichannel metrics, such as spectral modulation detec
tion and spectral ripple resolution, tend to be more 
strongly correlated with speech perception, likely because 
multichannel metrics more accurately account for chan
nel interactions across electrodes than do singlechannel 
measures.12 Given these discrepancies, ongoing research 
is necessary to assess effectively the clinical implications 
of current steering technology.
 ACE is the default speech processing strategy available 
from Cochlear Corp. This highrate spectral analysis strategy 
combines elements of both the temporal and spectral 
approaches with reliable results. In the feature extraction 
component of this strategy, speech is analyzed for spe
cific characteristics such as the fundamental frequency, 
formant information, voicing cues, and acoustic energy 
peaks, and only the information related to those features 
is extracted and ultimately conveyed to appropriate elec
trode. Used alone, this strategy would sequentially stimu
late various appropriate electrodes for a given acoustic 
signal. In ACE, this spectral strategy is combined with a 
highrate temporally based strategy, a process that con
veys the entire spectrum of auditory detail through simul
taneous stimulation of electrodes. 

Hardware
External Components

As with software, significant technological advances have 
improved on the basic external hardware of CIs (Figs. 33.2A 
to C). Overall trends among all devices include miniatu
rization and incorporation of preprocessing strategies. 
Directional microphones have been heavily used in hear
ing aids to decrease the signaltonoise ratio, but they 
have been only recently incorporated into external CI 
components, in particular with SmartSound Beam (Coch
lear Corporation) and UltraZoom in the recently released 
Naida CIQ70 (Advanced Bionics). Directional micro
phones allow increased sensitivity to sounds emanating 
from a specific location, such as in front of the listener, 
and have been demonstrated to reduce background noise, 
improve sound quality, and enhance listening comfort in 
hearing aid users. There is enthusiasm surrounding the 
application of this hearing aid technology to the CI speech 
processor, and data on its effect on performance is emerg
ing. In 2009, Chung and Zeng found improved speech 
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Figs. 33.2A to C: Cochlear implant speech processor. The photo-
micrographs show the speech processor for the three manufac-
turers currently approved by the US Food and Drug Administration. 
(A) Advanced Bionics Corporation’s Naida CI Q70. (B) MED-EL 
Corporation’s RONDO Single Unit Processor and OPUS 2X Audio 
Processor. (C) Cochlear Corporation’s Cochlear Nucleus 5 Sound 
Processor CP810. 

A B

C

recognition in 18 postlingually deafened CI users when 
an adaptive directional microphone was used over fixed 
directional and omnidirectional microphones.13

 ClearVoice, developed by Advanced Bionics Corpora
tion, is a preprocessing strategy that uses a digital signal 
analysis algorithm to distribute the incoming signal among 
frequency channels and to estimate each channel’s signal
tonoise level. Channels with lower signaltonoise levels 
are reduced, emphasizing those more likely to contain 
speech signals. Results obtained in Europe show improve
ment in speech perception in noise in a group of 13 expe
rienced HiRes 120 users immediately following ClearVoice 
activation.14

 MedEL recently introduced a singleunit processor 
(Figs. 33.2A to C), the RONDO. This is the first and only 
currently available external device that combines the coil, 
control unit, battery pack, and sound processor into a 
single component.

Electrode Array

The electrode array interfaces directly between the electri
cal output of the speech processor and the auditory neural 
tissue. Over the past few decades, these electrode arrays 
have undergone improvements; originally singlechannel 
and positioned near the lateral wall of the scala tympani, 
they are now multiple channels with 12–22 active contacts 
and typically placed closer to the modiolus (Figs. 33.3A 
to C).15 Depth of insertion of a multichannel CI has been 
suggested as a clinical variable that may correlate with 
word recognition, perhaps because deeper insertion may 
allow stimulation of spiral ganglion cells serving lower fre
quencies.16 Current literature regarding the optimal depth 
of insertion is divided, with some studies arguing for longer 
MEDEL electrodes to obtain complete cochlear coverage, 
others suggesting that deep insertion yields poorer perfor
mance.17 In a study conducted by Lee et al., examination 
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of cadaveric temporal bones with CIs found no correlation 
between histologically documented depth of insertion and 
last recorded measures of speech perception.18 Length, 
configuration, and number of electrodes within the imp
lanted array vary by manufacturer and to date, there have 
been no randomized controlled trials comparing available 
CI device and electrode features.

CANDIDACY ASSESSMENT AND 
PATIENT SELECTION

Audiologic Assessment
Adults
Comprehensive audiologic assessment is the founda
tion of CI candidacy evaluation. Overall, the assessment 
should quantify the patient’s audiologic baseline, speech 
understanding, and use of prosthetic devices (i.e. hearing 

aids) to determine if expected results with a CI will 
improve on their present functional hearing. In adults, this 
consists of behavioral audiometry, including pure tone air 
and bone conduction thresholds, and speech discrimina
tion testing using consonant–nucleus–consonant words. If 
not currently in use, a trial period of appropriate amplifica
tion may be indicated in some patients. Speech perception 
information, specifically openset word or sentence rec
ognition in the bestaided condition, is a crucial element 
of candidacy evaluation. In general, patients who perform 
below what would be expected with a CI should be con
sidered for implantation. In the past 25 years, audio metric 
candidacy criteria have expanded from postlingually, 
profoundly deafened adults to patients with significant 
residual hearing. Therefore, specific scores cited here are 
guideposts at best and may become obsolete with future 
advances in CI technology. At present, scores of ≤ 60% 
on tests of hearing in noise (such as the HearinginNoise 

Figs. 33.3A to C: Cochlear implant electrode array. The photomi-
crographs show the electrodes available for the three manufac-
turers currently approved by the US Food and Drug Administration. 
(A) Advanced Bionics Corporation’s HiFocus Mid-Scala Electrode 
(A1), HiFocus 1J Electrode (A2), HiFocus Helix Electrode (A3). 
(B) MED-EL Corporation’s FLEX Electrode. (C) Cochlear Corpo-
ration’s Contour Advance Electrode (C1), and Slim Straight Array 
Electrode (C2). 

A B

C
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Test, HINT, or the Arizona Biodesign sentences, AzBio) 
in the bestaided condition typically suggest CI candi
dacy. Current Medicare guidelines require stricter crite
ria and cover CIs for patients with scores of ≤ 40% correct 
in the bestaided listening condition on taperecorded 
tests of openset sentence recognition. It is important to 
note, however, that ultimate candidacy determination 
remains at the discretion of the treating clinicians and 
should attempt to identify those individuals in whom a CI 
will provide better hearing.

Children

Audiometric testing in prelingual children requires a dif
f erent set of techniques than those used in older children 
and adults (described above). The gold standard for beha
vioral evaluation of hearing in infants is visual reinforce
ment audiometry (VRA). VRA can reliably be applied to 
children who have reached 6 months’ developmental age, 
but its efficacy decreases in cases of prematurity or neuro
cognitive delay. Older children may be evaluated by play 
audiometry or standard behavioral techniques used with 
adults. Immittance testing, including tympanometry and 
acoustic reflex testing, is another important component 
of the objective audiometric evaluation of infants and 
children with suspected hearing loss. Unique mechani
cal properties of the infant ear require the use of a high
frequency 1 KHz probe tone versus a 226 Hz tone typically 
used in older children and adults.
 In children, objective audiometric assessments include 
otoacoustic emissions, auditory brainstem response, and 
auditory steadystate response. Otoacoustic emissions are 
generated from the outer hair cells of the cochlea in res
ponse to an auditory stimulus, while auditory brainstem 
response and auditory steadystate response assess the 
afferent neural connections between the inner hair cells, 
the vestibulocochlear nerve, and the brainstem. In general, 
the audiometric component of pediatric CI candidacy 
evaluation employs a combination of behavioral and elec
trophysiologic testing. 
 Speech perception testing of infants remains chal
lenging, as most tests are based on speech production. 
For the youngest children, the InfantToddler Meaningful 
Auditory Integration Scale (ITMAIS), a parental survey of 
early speech development, has been employed reliably to 
measure speech perception and linguistic development. 
This 10question structured interview assesses the fre
quency of specific auditory behaviors, including vocali
zation, alerting to sound, and deriving meaning from 
sound. Also acceptable for children under 24 months of 

age is the Meaningful Auditory Integration Scale or Early 
Speech Perception Test. For children older than 2 years 
of age, open set word and sentence testing can be used, 
including the Lexical Neighborhood test, Multisyllabic 
Lexical Neighborhood test, BanfordKowlBench sente
nces, Glendonald Auditory Screening procedures, Ling 
Sound test, and Phonetically Balanced Kindergarten word 
list.
 An important aspect of the pediatric candidacy assess
ment includes the infant or child’s response to amplifi ca
tion. An increase in early diagnosis afforded by the advent 
of universal newborn hearing screening has allowed greater 
opportunities for early intervention. Regardless of age at 
diagnosis or degree of hearing loss, attempts should be 
made to provide all hearingimpaired children access to 
amplification. Even children with profound SNHL tra
ditionally undergo a hearing aid trial prior to implanta
tion. Longterm data suggest that auditory rehabilitation 
commenced prior to 6 months of age, including hearing 
aid amplification, leads to significant gains in vocabulary, 
speech intelligibility, general language abilities, social–
emotional development, parental bonding, and parental 
grief resolution when compared to lateidentified peers.19 
Infants with bilateral severetoprofound SNHL who do 
not benefit from a trial of conventional amplification (and 
who meet anatomic and medical criteria) are considered 
for cochlear implantation prior to 1 year of age.

Other Audiovestibular Testing

Promontory stimulation may be an adjunctive test used 
in the candidacy evaluation of CI. This testing can be per
formed either at the promontory via a needle electrode 
inserted through the tympanic membrane or at the round 
window via a round window electrode. A positive response 
is obtained when the patient can perceive sound with 
stimulation. Once routinely applied to all CI recipients, 
it is now uncommonly included in routine CI evaluation 
as patients with a negative response to stimulation at the 
promontory will often responds to intracochlear stimu
lation. Current applications of promontory stimulation 
include choosing a side for implantation in cases of a long
deafened ear. Vestibular evaluation, including vestibular 
nystagmography, is not routinely applied in candidacy 
evaluation for CI. 

Medical Evaluation
A complete history and physical evaluation are crucial 
in CI evaluation and should identify any factors that 
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influence a patient’s ability to undergo general anesthesia 
or postoperative rehabilitation. In patients with signifi
cant comorbidities, additional preoperative consultation 
from medical specialists such as cardiology or nephrology 
may be indicated. Laboratory studies appropriate to each 
patient’s medical condition should be obtained prior to 
general anesthesia, but are not unique to the procedure 
itself. If otologic disease is suspected on physician exam, 
patients should undergo otomicroscopy to better assess 
the middle ear for chronic otitis media or cholesteatoma. 
Mastoid disease can be further evaluated on computed 
tomography (CT), described in more depth below. When 
discovered, middle ear or mastoid disease is an important 
factor to consider and may influence the timing or later
ality of cochlear implantation. Ideally, purulent drainage 
should be treated maximally prior to implantation. Once 
thought to be an absolute contraindication for cochlear 
implantation, unique surgical techniques such as staged 
surgery or the creation of a blind sac may be employed to 
create a safe ear for implantation in certain cases.  
 In addition to the above, medical evaluation in the 
pediatric population involves a detailed perinatal and 
immunization history, as well as serologic investigation 
for infectious and genetic causes of SNHL. If syndromic 
hearing loss is known or discovered, additional testing 
appropriate for that particular syndrome (such as electro
cardiography, ophthalmologic exam) should be pursued.
 Genetic mutations account for approximately 50% 
of cases of nonsyndromic, hereditary congenital hearing 
loss. Of these, 30% of these are associated with clinical 
features from a known syndrome, while 70% are consid
ered “nonsyndromic”.20 Among children with nonsyndro
mic profound SNHL, approximately half have mutations 
in the gene GJB2, which codes for a gap junction protein 
involved in celltocell diffusion and recycling of ions such 
as potassium in the inner ear.21 In 2005, Preciado et al. sug
gested early GJB2 testing for infants with indications of 
severe to profound deafness to assist with early interven
tion, including cochlear implantation.22

Radiologic Evaluation
Assessment of cochlear anatomy is an important compo
nent of the CI candidacy evaluation and can be accom
plished using highresolution CT (HRCT) of the temporal 
bones and/or magnetic resonance imaging (MRI) of the otic 
capsule and internal auditory canal. Careful examination 
of the inner ear anatomy is important for identification 
of cochleovestibular abnormalities that could account 
for SNHL and influence surgical planning. Preoperative 

identification of partial or complete ossification of the scala 
tympani, congenital malformations of the inner ear, and 
ossification or fibrous occlusion of the round window are 
not contraindications to implantation, but will influence 
surgical planning and technique as well postoperative out
come and expectations. Aeration of the mastoid, course 
of the facial nerve (FN), and presence of otologic disease 
(such as chronic otitis media or cholesteatoma) should 
also be noted as they may influence timing of implanta
tion and/or surgical technique. Overall, MRI is superior 
in identification of early labyrinthine ossification and 
luminal patency of the cochlea as well as soft tissue abnor
malities, including the cochlear nerve aplasia or cochlear 
agenesis (contraindications for cochlear implantation).23 
HRCT, on the other hand, is superior for diagnosis of 
bony abnormalities, including estimation of the caliber of 
the cochlear canal and enlarged vestibular aqueduct. 24 
Studies suggest a high specificity and negative predictive 
value for each modality independently and no benefit with 
dualmodality screening.25 At present, choice of radiologic 
modality is institution or physician dependent. 

Patient Counseling and Expectations
Preoperative counseling should include the surgical pro
cedure, choice of ear or bilateral implantation and, post
operative rehabilitative process, specifically programming 
sessions. A commitment to postoperative rehabilitation by 
the patient and/or family is a crucial part of preimplanta
tion counseling and the informed consent process. Once 
routine, a formal psychological evaluation is no longer 
common in routine CI evaluation; however, if may be 
indi cated in rare cases. While finite predictions for post
implantation outcomes are not possible, realistic expecta
tions should be discussed with patients and their families. 
To the greatest extent possible, these expectations should 
be individualized, and for unique populations such as 
prelingually deafened adolescents/adults or patients with 
developmental disabilities or multiple handicaps, this 
discussion should address the range of outcomes and the 
limitations of cochlear implantation. 

SURGICAL CONSIDERATIONS

Surgical Procedure for Patients with 
Normal Cochlear Anatomy
CI surgery is performed under general anesthesia with 
continuous intraoperative electromyographic monitoring 
of the FN. In the standard surgical technique, the implant 
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is inserted via a transmastoid facial recess approach to the 
scala tympani and may utilize a cochleostomy or round 
window insertion. Other uncommon techniques, such as 
the suprameatal approach, have been described but will 
not be discussed here. 
 Overall, optimal electrode placement is a prerequisite 
for maximizing postimplantation success. While numer
ous modifications to the CI procedure exist, full minimally 
traumatic scala tympani electrode placement is the goal 
of each surgery. Incorrect or suboptimal placement, dam
aged, or kinked electrodes can lead to suboptimal CI func
tion, poor postoperative outcomes, and may subject the 
patient to additional or revision surgery. 
 Using a postauricular incision, a standard mastoidec
tomy is performed using microsurgical techniques. Unlike 
mastoidectomy performed in chronic ear surgery, sau
cerization of the mastoid borders is not emphasized in CI 
surgery. Instead, creation of an overhang of bone around 
the mastoid borders is encouraged to provide an addition
al layer of protection for the implant as it courses from the 
cochlea to the receiverstimulator. 
 Placement of the receiverstimulator is commonly 2 cm 
posterior to the postauricular incision and with its inferior 
border approximating the superior border of the external 
meatus or tragus. To avoid postoperative wound compli
cations, the internal device should be placed far enough 
from the periauricular region so as not to contact the exter
nally worn speech processor. While multiple techniques 
exist for internally securing the receiverstimulator, most 
agree that some attempt to eliminate device migration and 
its potential impact on superficial wound complications or 
electrode extrusion is important. At present, two methods 
for securing the CI predominate: drilling a devicespecific 
bony well or creation of a subperiosteal pocket. In the for
mer, a customfit bony “seat” (or “well”) is created to fit 
the specific CI device, often using manufacturerspecific 
operative templates. Variations in the depth or configura
tion of the bony seat are device or surgeon dependent and 
may also be influenced by patient age or anatomy. Crea
tion of a central bony island with circumferential dural 
exposure to better recess the CI device and its profile in 
the skull have been described for use in young children. 
In contrast, the subperiosteal or “tpocket” technique 
secures the device using anatomical fixation points and 
does not require drilling.26 These anatomical landmarks 
include the condensation of the temporalis fascia and 
pericranium at the temporal–parietal suture (anteriorly) 
and the pericranial attachment at the lambdoid suture 
(posteriorly.) A subperiosteal pocket is created using 

blunt dissection to match the disposable silicon template 
included with each implant device. The receiverstimulator 
can be secured with nonabsorbable suture to the bone 
(using customdrilled suture retaining holes) or to the 
periosteum. Modifications to both techniques can be 
expe cted to parallel technological advances that allow 
further miniaturization of the internal device. 
 Knowledge of facial recess anatomy is crucial to a safe 
and adequate cochlear visualization and ideal cochleos
tomy position. Anteriorly, thinning of the posterior external 
auditory canal is the first step in creation of an ideal facial 
recess. A thin posterior canal wall will improve identifica
tion of, and thus minimize injury to, the chorda tympani 
nerve. This anterior border will also maximize the amount 
of light entering the facial recess, ultimately improving visu
alization of the cochlea and middle ear structures. To begin 
the facial recess, the descending or mastoid portion of the 
FN is identified. As mentioned above, although thorough 
review of preoperative imaging of can alert and prepare 
the surgeon for anatomic aberrations such as an abnor
mal course of the FN or presence of chronic ear disease, 
a high level of intraoperative vigilance and precise identi
fication of anatomic landmarks remains critical to safe 
CI surgery. 
 Superiorly, the fossa incudis is enlarged until the short 
process of the incus can be seen, keeping a thin bone 
bridge or incus bar intact. Anatomically, the short process 
points toward the center of the facial recess and this 
relationship can be especially helpful in poorly developed 
or minimally aerated temporal bones where identification 
of the facial recess may be more challenging. Although 
the integrity of the incus bar is typically maintained, this 
bone bridge (and the incus itself) can be removed for 
increased visualization of the middle ear, if needed. Next, 
the chorda tympani nerve is identified from its origin at 
the FN to the chorda iter posterior, where it enters the 
middle ear. Bone in the facial recess, between the chorda 
tympani anteriorly, the FN posteriorly and the incus bar 
superiorly, is then carefully removed using serially smaller 
diamond burs. An adequate facial recess includes good 
visualization of the stapedial tendon, round window and 
cochlear promontory. To achieve full access to the round 
window niche and inferior cochlea, bone anterior to the 
FN and inferior to the stapedial tendon must be carefully 
removed. (Fig. 33.4) Integrity of the chorda tympani can 
be preserved in nearly all cases and maintenance of this 
landmark can protect against damage to the annular liga
ment of the tympanic membrane that lies more ante riorly. 
Damage to the FN or chorda tympani can result from the 
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bur itself, as well as the heat or pressure from the drill shaft. 
Copious irrigation and vigilant monitoring of both the drill 
and burr position during creation of the facial recess and 
cochleostomy are vital to minimize injury. 
 In general, fixation of the receiver/stimulator is desir
able before electrode insertion. The reverse may result in 
extrusion of a perfectly placed electrode and require rein
sertion. Electrode insertion can proceed via an anterior, 
inferior cochleostomy or via the round window. (Fig. 33.5) 
Choice of technique may be influenced by surgeon prefer
ence, patient anatomy, electrode choice or some combi
nation of the above. Both approaches attempt to maximize 
scala tympani insertion with minimal trauma to the intra
cochlear structures, specifically spiral ligament, basilar 
membrane and modiolus. As discussed above, optimal CI 
position in the scala tympani requires a thorough under
standing of the cochlear orientation through the facial 
recess. The lumen of the basal turn is oriented in a plane 
virtually parallel to that of the external auditory canal wall. 
Therefore, regardless of insertional method, the direction 
of electrode insertion should be down the midportion of 
the proximal turn, avoiding both the outer wall and the 
medial modiolar wall. Unlike creation of the facial recess 
and cochleostomy, electrode insertion is best accom
plished on low power with a wide view of the mastoid 
cavity and cochleostomy in the distance. This view allows 
complete visualization of the entire electrode array and 
insertion instrument. A variety of tools specific to each 
electrode type and company are available. Regardless of 
electrode choice, however, gentle, smooth insertion and 

avoidance of excessive force are universal principles. 
Tactile feedback during insertion is important: the per
ception of resistance indicates a problem and stopping to  
reassess and evaluate anatomic circumstances may pre
vent electrode tip rollover or malposition. Complete inser
tion is dictated by electrode type and brand. Packing of the 
cochleostomy or round window can be done with fascia 
or periosteum around the electrode array. This enhances 
scar tissue formation around the electrode and seals the 
cochleostomy, thereby minimizing perilymph leakage and 
preventing resultant vertigo, infectious complications and 
electrode extrusion. 
 Following electrode insertion, intraoperative monitor
ing of the implanted device may be performed, including 
electrode impedances, neural response telemetry and 
radiologic imaging. While not standard in all centers, these 
tests provide information on the patient’s auditory system 
response to electrical stimulation. They may also serve as 
a baseline for postoperative device programming in some 
difficult to program populations. Radiologic confirmation 
via Xray may provide confirmation of intracochlear elec
trode location and position.27

 A unique surgical modification to the above technique 
has been described for cochlear implantation in patients 
with cochleovestibular abnormalities, a full discussion of 
which is beyond the scope of this chapter. 

Fig. 33.4: Facial recess. The facial recess is bordered by the chorda 
tympani (CT) anteriorly, the facial nerve (FN) posteriorly, and the 
incus bar (IB) superiorly. (I, incus; LSCC, lateral semicircular canal).

Fig. 33.5: Electrode insertion: cochleostomy and round window 
approach. Electrode insertion can proceed via an anterior, infe-
rior cochleostomy, or via the round window (RW). Choice of tech-
nique may be influenced by surgeon preference, patient anatomy, 
electrode choice, or some combination of the above. An adequate 
facial recess includes good visualization of the stapedial tendon 
(ST), round window (RW), and cochlear promontory (P). Asterisk 
indicates the location of the cochleostomy.
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Complications
In both adults and children, cochlear implantation is both 
safe and effective and major complications are rare. Com
plications common to all ear and mastoid surgery include 
FN injury, cerebrospinal fluid (CSF) drainage, infection, 
meningitis, and all risks associated with general anes
thesia. Additional risks unique to cochlear implantation 
include device failure and need for reimplantation. 
 CI complications may be classified as early (within 14 
days of implantation) or late (more than 2 weeks postim
plantation.) Overall, infection predominates in the both 
time periods and may present as a wound infection or 
otitis media. Perioperative antibiotics are commonly pre
scribed to all CI patients to prevent these sequelae. FN 
injury, either paresis or paralysis, is a rare complication of 
CI surgery. Multiple surgical steps should be taken to avoid 
damage to the FN during implantation, including routine 
use of electromyographic monitoring of the FN, copious 
irrigation during creation of the facial recess, and attempt
ed identification of abnormal FN anatomy or location pre
operatively. Chorda tympani injury has been reported in 
up to 20% of pediatric CI recipients.28 CSF leaks can occur 
as a result of iatrogenic injury to the tegmen during mas
toidectomy or the squama of the temporal bone during 
bony fixation of the receiverstimulator. A high preopera
tive suspicion for CSF gusher is appropriate for pediatric 
patients with congenital inner ear malformations as these 
individuals are at increased risk of intraoperative CSF 
gusher. Device failures can occur with any device and may 
occur early or late following implantation. Overall rates of 
device failure are reported at 2%.28,29

 Meningitis, historically of great significance following 
use of an electrode with positioner, is now rare. Volun
tarily discontinued by the manufacturer in 2002, the risk of 
meningitis >96 months after implantation with that device 
is significantly reduced. 30,31 Currently, stringent following 
of immunization protocols for Streptococcus pneumoniae 
and Haemophilus influenzae is the cornerstone of preven
tion of bacterial meningitis following cochlear implanta
tion. 

OUTCOMES FOLLOWING 
COCHLEAR IMPLANTATION

Success following cochlear implantation can be assessed 
across a wide variety of quantitative and qualitative 
domains, such as speech reception and production, qua
lity of life, and socioeconomic impact. While this chapter 

will primarily address speech performance outcomes, 
technological advances in CI hardware and software 
(described above) have made previously unattainable 
goals, such as hearing in noise and music appreciation, a 
reality for some CI recipients.
 Research outcomes have identified a wide spectrum of 
variables known to affect postimplantation performance 
(Table 33.1). These variables relate to the device itself, 
including electrode design, speech processing strate
gies, and device reliability, as well as individual patient 
charac teristics such as cochleovestibular anatomy, pres
ence of associated disabilities, or etiology of deafness. On 
a cellular level, factors believed to affect spiral ganglion 
cell survival and function have been shown to influence 
postoperative performance, including auditory depriva
tion, duration of deafness, and age at implantation. Social 
and educational factors, such as mode of communication, 
parent/family expectations, postimplantation rehabilita
tion, and socioeconomic status, are additional variables 

Table 33.1: Variables affecting outcomes following cochlear 
implantation

1. Neuronal cell physiology and function

 a. Age at implantation

 b. Duration of deafness/auditory deprivation

 c. Auditory neuroplasticity

2. Binaural hearing

3. Presence of multiple disabilities

 a. Autism

 b. Auditory neuropathy spectrum disorder

4. Medical/surgical issues

 a. Cochleovestibular anatomic malformations

 b. Meningitis

 c. CHARGE

5. Cochlear implant technology

 a Processing strategy

 b. Electrode design

6. Preoperative hearing level and speech performance

7. Rehabilitative environment

 a. Mode of communication

 b. Postimplantation rehabilitative services

8. Auditory training

9. Social factors

 a. Socioeconomic status

 b. Parent/family expectations and motivations
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for speech and language development. Ideally, cochlear 
implantation should occur before this window is closed 
to prevent impaired development. Currently, cochlear 
implantation is FDA approved for children 1 year of age 
and older, but some centers implant younger children. 
Studies support the safety and efficacy of the procedure, 
and preliminary data seem to indicate language growth 
rates comparable to those of normalhearing children.35,36

 Perioperative safety, particularly anesthetic risk, is an 
important consideration in very young children. Epidemio
logical studies of anesthesiarelated complications found 
the incidence of morbidity, mortality, and lifethreatening 
adverse events in children younger than 12 months to be 
significantly higher than in older children.37 Closer evalu
ation of these populationbased studies, however, reveals 
that the greatest risk factors of anestheticrelated compli
cations include emergency surgery and inadequate fasting 
period, neither of which applies to a scheduled CI surgery. 
Growing data support safety in children implanted under 
1 year of age, with complication rates comparable to those 
of older children and adults.35,38,39

 Over the past decade, there has been a growing body 
of literature supporting improved auditory and linguistic 
outcomes in children implanted before 12 months of 
age. In a study conducted by LesinskiSchiedat, children 
implanted prior to 12 months of age demonstrated superior 
speech understanding compared to children implanted 
between 1 and 2 years of age.39 Using ITMAIS, Waltzman 
and Roland and Roland et al. found speech perception 
scores of children implanted prior to 12 months of age were 
comparable to those of their normalhearing peers.35,40 In 
2005, Colletti et al. showed that 10 children implanted 
under 12 months of age had significantly better outcomes 
than children implanted at an older age, as measured by 
the Category of Auditory Performance, a global measure 
of auditory receptive abilities.41 Dettman et al. used the 
Rosetti InfantToddler Language Scale (RITLS) to examine 
communication abilities of 19 children implanted before 
12 months of age; these children achieved receptive and 
expressive language growth rates comparable to their 
normalhearing peers and significantly greater than 
rates achieved by children implanted between 12 and 24 
months of age.36 Notably, Holt and Svirsky found improved 
receptive language skills in children implanted under 1 
year of age, but negligible differences in expressive ability 
between those implanted before 12 months and between 
12 and 24 months.42

 Given that multiple studies suggest benefit in areas 
of receptive and expressive language development and 

shown to affect postoperative performance. Novel vari
ables cap able of affecting performance, such as auditory 
training and focused attention, continue to emerge with 
increased understanding of auditory pathway develop
ment and neural plasticity.
 In all, the most consistent variable affecting perfor
mance is duration of deafness. Adults and children with 
postlingual deafness (i.e. hearing decrement after lan
guage development) generally have more consistent suc
cess following cochlear implantation than prelingually 
deafened individuals who receive a CI after a prolonged 
period of deafness. In general, cochlear implantation 
allows most average, postlingually deafened pediatric, and 
adult CI recipients to achieve meaningful auditory sensa
tion and speech understanding. Age at implantation is also 
an important variable affecting performance, especially in 
children with congenital hearing loss. In those children, 
the data on receptive and expressive language develop
ment support early implantation (discussed in more detail 
below). 
 Open set tests of speech perception used during can
didacy evaluation can be readministered postoperatively 
to specifically assess the impact of on electrical stimula
tion on a particular individual’s speech perception. There 
is considerable variability in postoperative performance 
across populations and this remains incompletely under
stood. As mentioned above, estimation of postimplantation 
benefit should be individualized and based on compre
hensive preoperative assessment, with attention to the 
com plex interplay of the aforementioned patient and 
device characteristics. 

OUTCOMES IN CHILDREN 
UNDER 1 YEAR OF AGE

Since the advent of pediatric cochlear implantation, for
mal candidacy criteria have included increasingly younger 
patients, a trend influenced by the correlation of earlier 
implantation with improved communication outcomes.32 
In a study by Miyamoto et al., a comparison of receptive 
and expressive language skills of children who received a 
CI before 1 year of age to those who received an implant 
between 1 and 3 years of age showed higher language 
scores for children implanted at a younger age.33 In 2010, 
Houston et al. found that children implanted during the 
first year of life had larger vocabularies than children 
implanted between 16 and 23 months after birth; however, 
there was no significant difference in speech perception.34 
These results suggest that there may be a sensitive period 
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speech perception, and current data support minimal 
anesthetic and longterm complications to young chil
dren, early implantation may maximize a child’s ability to 
achieve full linguistic potential with minimal risk.

Outcomes in Elderly Patients
Hearing loss is one of the most common disabilities in the 
aging and can negatively impact quality of life and over
all health status. Studies suggest that limited or minimal 
access to acoustic information can lead to social isola
tion, loss of selfesteem, depression, personality changes, 
cognitive impairment and reduced functional status.43,44 

Unfortunately, elderly patients remain underserved by 
cochlear implantation due to concerns about periopera
tive safety and rehabilitative outcomes.
 Cochlear implantation in geriatric patients has long 
faced concerns about anesthetic risk and surgical com
plications, in particular flap necrosis, infection, FN injury 
and CSF leak. However, recent research on anesthetic risk 
supports safety and efficacy of CI in the elderly and contra
dicts the pervasive myth that advanced age is an important 
risk factor for anesthesiarelated perioperative complica
tions. In a retrospective review of 70 CI recipients over 70 
years of age, Coelho et al. found that general anesthesia 
was well tolerated by elderly patients, with only 4 patients 
requiring intraoperative pressor support for hypotension 
and only 3 patients suffering from postoperative anesthe
siarelated complications. These complications included 
urinary retention, delayed extubation and congestive heart 
failure. No longterm morbidity or perioperative mortality 
was noted.45 Eshraghi et al. found no longterm medical or 
surgical complications or mortality in 21 patients of ages 
79–89 following CI.46

 Other concerns about candidacy include the age 
related degeneration of the peripheral and central audi
tory systems and the overall cognitive deterioration and 
decreased neural plasticity associated with aging.47 Suc
cessful cochlear implantation requires an intact and func
tional auditory processing pathway, from spiral ganglion 
cells to auditory cortex. Dickstein et al. demonstrated an 
overall decrease in the number of dendrites and dendritic 
spines in the elderly brain, suggesting a decrease in synap
tic activity and neural plasticity.48

 Despite concerns related to agerelated degenera
tion, multiple studies have documented improved speech 
perception outcomes in older adults after cochlear implan
tation. Budenz et al. compared speech perception out
comes in postlingually deafened adults implanted at age 

70 and older with those from postlingually deafened adults 
implanted between ages 18 and 70. Although younger 
patients outperformed elderly subjects, differences corre
lated with duration of deafness rather than age.49 Vermeire 
et al. and Eshraghi et al. reported improved social life, con
fidence, and overall quality of life after implantation in the 
elderly population.46,50 Furthermore, increased commu
nicative ability of elderly CI recipients allows many indi
viduals to continue or return to fulltime employment, a 
measure of the global societal impact of CI in this expand
ing population.51

EMERGING AND UNIQUE 
POPULATIONS 

Candidacy and Outcomes in Auditory 
Neuropathy Spectrum Disorder
The diagnosis and management of auditory neuropathy 
spectrum disorder (ANSD) remains controversial. CI can
didacy in individuals with ANSD continues to be hotly 
debated. ANSD describes a heterogenous group of audi
tory processing abnormalities typically characterized by 
presence of otoacoustic emissions and/or cochlear micro
phonic potentials with a greatly abnormal or absent 
auditory brainstem response. In ANSD, the outer hair cells 
function normally, but sound is not properly transmit
ted from the outer hair cells to the auditory cortex due to 
desynchronized action potentials in the auditory nerve. 
For children and adults with ANSD and minimal auditory 
capacity, multiple studies have confirmed CI outcomes 
commensurate with those of peers with other forms of 
SNHL. Rance and Barker reported significant improve
ment in speech ability (consonantnucleusconsonant 
phoneme scores) of children diagnosed with ANSD after 
cochlear implantation.52 A recent longitudinal study by 
Teagle et al. followed the largest cohort of participants 
receiving CI interventions to date. Of the 52 participants 
studied, 11 did not have sufficient pre and postdata 
for analyses; the remaining 41 demonstrated improved 
speech perception abilities.53 Rance and Barker sugges
ted that outcomes for a selected group of children with 
ANSD treated with hearing aid amplification may equal or 
exceed outcomes for those managed with CI.52

 Current literature is inconclusive regarding audio
logic treatment of ANSD in children. While some studies 
indicate that children with ANSD benefit from acoustic 
amplification, other studies focus on the effect of cochlear 
implantation on individuals with ANSD. Studies thus far 
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have focused on the ability to perceive and recognize 
sounds or words, but further work is needed to address 
other functional aspects, including speech, language, 
learning, and social/emotional development in patients 
with ANSD.

Patients with Single-Sided Deafness
Historically, patients with unilateral severetoprofound 
deafness were not surgical candidates for cochlear implan
tation. In patients with singlesided deafness (SSD), 
rehabilitation of hearing on the deaf side traditionally was 
accomplished with specialized hearing aids allowing con
tralateral routing of sound (CROS) and boneanchored 
hearing systems (BAHS), allowing contralateral routing of 
signal through the skull base bone. However, recent litera
ture has investigated the outcomes of cochlear implanta
tion in patients with unilateral profound SNHL. A review 
of these studies shows a modest, but significant improve
ment in sound localization and speech perception after 
cochlear implantation in patients with SSD, as compared 
to CROS and BAHS strategies.
 Arndt et al.54 assessed speech perception in unilateral 
hearing loss patients utilizing CROS, BAHS, and cochlear 
implantation. The patients were tested in three listening 
conditions: (1) sound and noise presented directly in front 
of the patient, (2) sound on the normalhearing side and 
noise on the deaf side, and (3) sound on the deaf side and 
noise on the normalhearing side. The study demonstra
ted significant improvement in sound localization abi
lity and in speech comprehension in CI patients over 
those with CROS, BAHS, and unaided strategies.54 Stelzig 
et al.55 evaluated four patients with unilateral deafness 
months following cochlear implantation. Monaural (unila
teral normal hearing) and binaural (normal and CI) hear
ing were tested. The study demonstrated a modest, but 
significant improvements in speech intelligibility on the 
HochmairSchulzMoser sentence test [4.6 and 6.3% at 
speech reception thresholds of 0 and –5 dB, respectively].55

 In addition, patients with SSD have reported improve
ment in quality of life after cochlear implantation. Ver
meire and Van de Heyning56 used the Speech Spatial and 
Qualities of Hearing Scale, a scale composed of questions 
addressing speech understanding, spatial hearing, and 
hearing quality, to evaluate quality of life in patients after 
implantation. The authors reported a significant improve
ment in both the contralateral normal hearing and con
tralateral hearing aid groups in the speech understanding 
and hearing quality components of the scale following 
cochlear implantation.56

Patients with Low-Frequency 
Residual Hearing
Expanding CI candidacy criteria now include individuals 
with lowfrequency residual hearing. These individuals 
undergo cochlear implantation with specifically designed 
electrodes and surgical techniques designed to preserve 
and minimize damage to the native acoustic function of 
the apical region. The FlexEAS electrode from MEDEL 
and the Nucleus HybridL24 electrode from Cochlear 
Corporation are promising new devices that are currently 
being investigated for lowfrequency hearing preserva
tion surgery. Postoperatively, these patients undergo elec
troacoustic stimulation (EAS) in which high frequencies 
are stimulated electrically using the implanted electrode, 
while a hearing aid is used for acoustic stimulation of the 
preserved lowfrequency hearing. 
 Normalhearing individuals utilize various cues, includ
ing pitch, timing, and localization, to separate background 
speech from the speech of a target individual in a compet
ing talkers condition. Systematic variation in these cues 
in normalhearing individuals suggested that pitch reso
lution may be the most important skill in eliminating the 
distracting effects of multitalker background speech.57 
Thus, when lowfrequency residual hearing is preserved 
following implantation, fine pitch discrimination, and 
thus speech perception in noise, would be expected to 
improve. Data suggests that maintenance of residual low 
frequency hearing improves speech understanding in 
noise and music appreciation, although rates of hear
ing preservation are inconsistent. Using round window 
insertion and partial implantation of a standard length 
electrode, Kiefer et al. accomplished some degree of low
frequency hearing preservation in 11 of 13 patients; the 
remaining 2 patients experienced total hearing loss.57 
A study conducted by Lorens et al. includes data on 11 
of 17 total EAS subjects; two subjects were excluded for 
total hearing loss occurring between 1 month and 2 years 
postoperatively, and an additional four could not utilize 
combined EAS.58 More recently, Skarzynski and Lorens 
reported improved rates of speech perception in quiet and 
noisy environments following EAS in 15 children.59

CONCLUSION
Since the introduction of cochlear implantation, changes 
in CI candidacy, hardware, software, and speech process
ing technology have allowed greater numbers of adults 
and children with various degrees of hearing impair
ment access to sound. Electrode design and atraumatic 
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insertion techniques appear to allow some preserva
tion of lowfrequency residual hearing. Advances in the 
technology related to CI hardware, software, and speech 
processing strategies demonstrate improved hearing in 
noise and may afford some music appreciation. Expand
ing candidacy criteria now allows an increasing number 
of hearingimpaired individuals, including infants, the 
elderly, and patients with ANSD, SSD, and those with some 
residual hearing access to cochlear implantation. Ongo
ing research in CI technology, candidacy, and outcomes 
is on the horizon and future research in these areas will 
ultimately affect clinical practice.
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INTRODUCTION

The auditory brainstem implant (ABI) for patients was 
originally developed for patients with neurofibromatosis 
type 2 (NF2) in order to electrically stimulate the cochlear 
nucleus complex. Drs. William House and William Hit-
selberger first used the ABI in such a patient in 1979,1,2,3 
who continues to use it daily. Patients with NF2 usually 
have bilateral vestibular schwannomas (VS) necessitating 
tumor removal, which often results in profound deafness, 
and cochlear implants (CIs), which electrically activate 
peripheral neural processes within the cochlea, are usually 
not an option for patients with NF2 because of their loss of 
integrity of the auditory nerve. The ABI is introduced into 
the lateral recess of the fourth ventricle and placed over 
the area of the ventral and dorsal cochlear nuclei after 
tumor removal. The ABI is similar in design and function 
to multichannel CIs, except for differences in the design of 
the stimulating electrode arrays.4,5,6 Multichannel CIs and 
ABIs were developed to capitalize on the frequency tun-
ing of neurons in the human cochlea and cochlear nucleus 
complex, respectively. The programming of ABI devices, 
however, differs in several important aspects from CI pro-
gramming.
 In multichannel CIs, the electrode is placed into the 
cochlea. Consistent placement of the electrode carrier 
and its depth of insertion are assured in normal cochleas. 
However, in ABI recipients, anatomical landmarks that 
are used in electrode array placement may be altered or 
obscured due to the presence of tumors making electrode 
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array placement more challenging. This chapter describes 
the surgical anatomy of the cochlear nucleus complex, our 
experience, and results with ABI placement in individuals 
with and without NF2.

NEUROFIBROMATOSIS TYPE 2

NF2 is an autosomal dominant condition. Bilateral acous-
tic neuromas (VS) are the hallmark of this disease and are 
pathognomonic for NF2. The diagnostic criteria for NF2, 
redefined by the US National Institutes of Health Consen-
sus Development Conference, are met if a person has (1) 
bilateral eighth-nerve masses seen with computed tomo-
graphic scanning or magnetic resonance imaging (MRI) or 
(2) a first-degree relative (parent or sibling) with NF2 and 
either unilateral eighth-nerve masses or one of the follow-
ing: neurofibroma, meningioma, glioma, schwannoma, or 
juvenile posterior subcapsular lenticular opacity. The inci-
dence of NF2 is one in 33,000–40,000 live births.7,8 Patients 
with NF2 present complex and challenging management 
problems. Previously, delayed diagnosis, growth of tumor, 
or surgical removal of the acoustic tumors usually resulted 
in total hearing loss. Early diagnosis using gadolinium-
enhanced MRI and refinements in hearing preservation 
surgery has improved our ability to prevent total hearing 
loss while achieving complete tumor removal. Appropri-
ate family screening and DNA analysis have helped early 
diagnosis. For patients with larger tumors or no useful 
hearing, the ABI allows restoration of some auditory func-
tion when the tumor is removed. 
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PATIENT SELECTION
The nucleus ABI (Cochlear Corporation, Centennial, CO) 
(Fig. 34.1) is approved by the US Food and Drug Adminis-
tration (FDA) for implantation at the time of VS removal. 
Suitable candidates are patients undergoing translabyrin-
thine VS removal who have (1) nonaidable hearing or an 
only-hearing ear with a symptomatic tumor or (2) service-
able hearing in the contralateral ear but a contralateral 
tumor of sufficient size to indicate that hearing will likely 
be lost in a short period. Criteria for patient selection 
for receiving an ABI are as follows: evidence of bilateral 
eighth-nerve tumors, competency in the English language, 
age 12 years or older, psychological suitability, willingness 
to comply with the follow-up protocol, and realistic expec-
tations.
 While there are some exceptions, the large majority of 
patients to have received the ABI at the House Clinic have 
NF2 and bilateral acoustic neuromas. In these patients, 
the goal is to restore some auditory function in order for 
these individuals to continue to be a part of the hearing 
world and to improve their quality of life. The ABI may be 
implanted during removal of either the first- or second-
side tumor, even if some hearing remains on the other 
side, which is often the case. This approach allows patients 
to become familiar with the use of the device and prepares 
them for when all hearing is lost.9-11

 More recently, other potential indications for ABI 
placement have developed. Postlingually deafened adults 
with cochlear ossification following meningitis or with 
cranial trauma resulting in bilateral cochlear nerve trans-
ection or avulsion have been implanted. In Europe, con-
genitally deaf young children who are deemed not to be 

candidates for CI due to severe cochlear malformation 
or cochlear nerve aplasia have been implanted with very 
good results. FDA-approved trials of patients with these 
diagnoses are now beginning in the United States. 12-14

SURGICAL TECHNIQUE AND 
ANATOMY OF THE COCHLEAR 
NUCLEUS

The cochlear nucleus complex (dorsal and ventral coch-
lear nuclei) lies in the lateral recess of the fourth ventricle. 
It is partially obscured by the cerebellar peduncles. A sur-
face electrode array introduced in the lateral recess cross-
ing the taenia choroidea will stimulate viable cochlear 
nucleus structures.
 At the House Clinic, we have almost exclusively used 
the translabyrinthine approach for placement of the ABI. 
Typically, we use a C-shaped incision that starts behind 
the pinna and is approximately 2 cm away from the post-
auricular fold at the level of the mastoid tip, as shown in 
Figure 34.2. It allows the placement of the internal receiver 
and magnet under the scalp. It is important that the inci-
sion not directly cross the area of the receiver/stimulator. 
 The translabyrinthine approach provides direct access 
to the cochlear nuclei. The jugular bulb is skeletonized to 
provide the widest access to this area (Fig. 34.3). Anatomi-
cal landmarks used for placement include the stump of the 
eighth nerve, the glossopharyngeal nerve, the facial nerve, 
and the taenia choroidea as well as the mouth of the lateral 

Fig. 34.1: Nucleus auditory brainstem implant.

Fig. 34.2: C-shaped incision currently used for the placement of 
an auditory brainstem implant (ABI). The incision starts behind the 
pinna and is approximately 2 cm away from the postauricular fold 
at the level of the mastoid tip.
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recess where all of these structures converge (Fig. 34.4). 
Two features frequently used to identify the lateral recess 
are its relationship to the ninth nerve and the position 
of the jugular bulb. In the surgical setting where there is 
almost always distortion of the brain stem from the tumor, 
the lateral recess is superior to the ninth nerve. The ninth 
nerve is generally in a fixed anatomic position, and going 
from there, the lateral recess may be identified in almost 
every case. The jugular bulb is important because its 
position may vary. Indeed, with a contracted mastoid and 
a high jugular bulb, the exposure may be more difficult 
although it should not be an impediment to placement of 
the ABI electrode.
 Location of the ventral cochlear nucleus, the main 
target for placement of the ABI, can be problematic. After 
clearly identifying the basic anatomic landmarks of the 
lateral recess, including the choroid plexus and the more 
reflective ependymal surface, dissection is temporarily 
stopped and the posterior fossa is occluded with Gelfoam. 
At this point, a subgaleal pocket is created superior and 
posterior to the mastoidectomy site. A seat is then drilled 
in the outer table of the skull to secure the position of the 
ABI receiver. Next, dissection continues in the posterior 
fossa with the ABI on the operative field. After placing 
the ground electrode under the temporalis muscle, the 
ABI electrode array is carefully inserted into the lateral 
recess. Correct anatomic placement is confirmed using 

electrophysiological monitoring. Electrically evoked audi-
tory brainstem responses are elicited by stimulation of the 
nucleus, and the position of the ABI electrode array is 
optimized using information derived from electrophysio-
logical monitoring, as determined by an experienced 
auditory physiologist.15 In addition to facial nerve moni-
toring, the lower cranial nerves are also monitored to 
avoid side effects and nonauditory sensations. 
 Once the optimal position is determined, Teflon felt 
or muscle is used to secure the electrode in the lateral 
recess of the fourth ventricle. In patients with NF2 who will 
require frequent MRIs, the magnetic disc in the receiver/ 
stimulator is replaced with a nonmagnetic plug. The 
receiver is then placed in the subgaleal pocket prior to fill-
ing the mastoid cavity with abdominal fat, carefully insert-
ing a titanium mesh cranioplasty, and closing the scalp 
(Fig. 34.5).
 In other centers, the retrosigmoid approach has been 
used to implant ABIs with similar success. Both supine/
lateral and semi-sitting positions have been used. The lat-
ter may offer some benefit in terms of brain relaxation and 
ease of access to the lateral recess. In young children, the 
retrosigmoid approach is used universally.14

 In the case of the previously investigational penetrat-
ing ABI (PABI), after establishing landmarks and identi-
fying the cochlear nuclei, the penetrating electrode was 
placed first into the ventral portion of the nucleus, which 
is then followed by placement of the surface electrode as in 
a regular ABI surgery (Fig. 34.6).

Fig. 34.3: The bed for the internal receiver/stimulator and place-
ment of the magnet under the periosteum. The seat for the receiver 
is connected to the translabyrinthine craniotomy. The trough crea-
ted allows running the electrodes into the CPA.

Fig. 34.4: A histological section showing the area of the lateral 
recess of the fourth ventricle, cranial nerves VI, VII, VIII, and the 
relationship between ventral cochlear nucleus (VCN), dorsal coch-
lear nucleus (DCN), inferior cerebellar peduncle, and the vestibu-
lar nuclei. The cerebellum (CE) is also shown.
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 Implantation is facilitated by preservation of landmarks 
during tumor resection. Great care is also taken during 
exposure of the lateral recess, which may be obstructed 
by arteries, veins or a thin membrane, and during device 
placement. Very gentle manipulation of brainstem, tumor, 
and surrounding neurovascular structures may lead to 
improved audiologic results. With the largest tumors, this 
may be very difficult or impossible. 12

DEVICE
We use the current-generation nucleus ABI, manufactured 
by Cochlear Corporation (Centennial, CO, USA). This 
device, which is the only one approved for commercial 
use by the FDA, consists of 21 electrodes embedded in a 
silicone carrier that is fixed to a fabric mesh, connected to 
an implantable internal receiver/stimulator. A competing 
device manufactured by MedEl Corporation is of similar 
construction and has an array of 12 electrodes. This device 
has not been approved by the FDA but is in use in Europe 
and elsewhere. The external equipment for both devices 
consists of an external transmitter coil held in place by a 
tape and metal disk placed on the scalp over the receiver/
stimulator coil and connected to a microphone and sound 
processor, which contains the battery power source. All of 
this is similar to a CI. As long as the magnet is removed 
from the implanted receiver/stimulator, follow-up serial 
MR imaging scans (1.5 Tesla maximum) can be obtained 
with minimal artifact. The MedEl implant does not have 
a removable magnet, and therefore further MR imaging 
requires externally securing the implant in place. Presence 

of the magnet may further affect ability to assess ipsila teral 
disease, and coronal MR imaging may be more able to 
assess the cerebellopontine angle in such situations.16

 The sound processing unit (speech processor) requires 
appropriate programming and must be fitted to individual 
users. Programming speech processors involves psycho-
physical assessment of electrically induced auditory (and 
nonauditory) percepts including threshold, comfort level, 
and pitch. The outcomes of these measures are used to 
program the sound processor appropriately and control 
the amplitude and the sequential patterns of stimulation. 
 In multichannel auditory implants, different sites of 
stimulation can often generate different pitch percepts for 
the listener. Changes in the frequency spectrum of sound 
can therefore be coded by appropriate changes in the pat-
terns of electrode activation. CIs can usually employ a 
relatively standard pattern of neural stimulation because 
of the homogeneous tuning of neurons in the cochlea. ABI 
recipients, however, have variations in brainstem anatomy, 
electrode array placement, and tumor effects that require 
the use of more individualized stimulus patterns to code 
frequency cues and manage any nonauditory sensations. 
Therefore, special techniques and additional time are usu-
ally required to program ABI sound processors. 
 Initial testing and activation of the ABI is typically 
carried out 1–2 months after the surgery. Any nonaudi-
tory sensations are reduced or, if possible, eliminated by 
altering the electrical parameters of stimulation (parti-
cularly pulse duration and reference ground electrode). 
Non uditory sensations have included dizziness, sensation 
of vibra tion in the eye, throat sensations, and ipsilateral 

Fig. 34.5: Placement of the electrode in the lateral recess and the 
mastoid. The facial nerve, cochleovestibular nerve stump, lower 
cranial nerves, and the choroid plexus emerging from the lateral 
recess of the fourth ventricle are shown.

Fig. 34.6: Penetrating auditory brainstem implant (ABI) device 
with both surface and penetrating electrode arrays.
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tingling sensations in the head or body. Generally, non-
auditory sensations have decreased in magnitude when 
longer pulse duration stimuli are used. 

RESULTS
Auditory outcomes and speech perception performance 
have generally improved significantly since initial deve-
lopment of the ABI. The first 25 patients implanted prior to 
1992 at the House Research Institute (HRI) received a sin-
gle-channel system.4 Since 1992, we have used the nucleus 
multichannel ABI device that has resulted in improved 
performance.9 The nucleus multichannel ABI completed 
clinical trials and received approval from the FDA for com-
mercial release on October 20, 2000. 
 A number of articles have been published detailing 
results obtained with the ABI. To date, more than 280 
patients have been implanted at HRI, with more than 1250 
total recipients worldwide. The safety of this device has 
been comparable to the safety of CIs. At our institution, 
only two patients (early users of the “single-channel” ABI) 
were explanted due to infection, and this was likely related 
to the percutaneous connector in use at the time rather 
than the ABI electrode array.
 Presently, 80% of the patients are device users, and 
92% have received auditory sensations from their ABIs. 
Approximately 25% of ABI users have achieved open-
set speech discrimination (at least 20% correct with-
out lipreading cues on the CUNY Sentence Test).4,5,9,10 

Ten of our patients have scored 65% or better, and three 
patients have scored 82% or better on this test. The majo-
rity of patients recognize a high percentage of environ-
mental sounds, and speech understanding ability has 
enhanced an average of 35% when ABI sound is combined 
with lipreading. This enhancement has reached as high as 
75% in some individuals. 
 Initially, most of our patients with NF2 were implan-
ted at the time of surgery to remove second side VS, but 
in the mid-1990s application was made to the FDA to 
begin implanting when first side acoustic tumors were 
being removed. This can assist in easing the transition of 
patients to hearing exclusively with the ABI after becoming 
completely deaf. Now, about a third of our patients have 
received ABIs on their first tumor sides, and their ABIs 
have been activated soon after surgery. Even though 
usable hearing may remain on the second-tumor side, this 
experience has resulted in as much as a 25% “headstart” in 
speech perception when patients ultimately become com-
pletely reliant on ABI sound. Most first-side recipients have 

commented on practical advantages of this approach, 
including avoiding any substantial period of complete 
deafness, being able to remain on the job, and maintaining 
some ability to hear and monitor their children’s activities.
 Since about 9% of our NF2 cases do not ultimately 
obtain hearing sensations from their ABIs, another advan-
tage of first-side implantation is that it can provide a valu-
able second opportunity to achieve a hearing result when 
needed. Usually, the second opportunity has resulted in 
beneficial hearing outcomes; however, in about 20% of 
these patients, the second ABI did not provide substantia-
lly better outcomes than the first. This suggests that what-
ever affected outcomes on the first side can also influence 
outcomes on the second side. 
 In our NF2 cases, we have found that very large acous-
tic tumors can sometimes distort or damage brainstem 
anatomy, complicate device implantation, and impact ABI 
outcomes. Some treatments of acoustic tumors, includ-
ing surgery, also may affect the stimulability of brainstem 
auditory structures. For example, we have noted that 
patients with a history of “gamma knife” radiation therapy 
for acoustic tumors have had a higher rate of not getting 
hearing from their ABIs than patients without this history 
(about 30% vs. 9%). However, there are many examples of 
patients with large acoustic tumors, or a history of gamma 
knife, who have experienced great benefit from their ABIs. 

EXPANDED APPLICATIONS 
FOR THE ABI

The PABI,17 developed at HRI and Huntington Medical 
Research Institute (Pasadena, CA) in collaboration with 
Cochlear Corporation, was an effort to improve the effi-
ciency of the ABI through microstimulation with needle 
electrodes, and to increase access to the subsurface tono-
topic organization of the ventral cochlear nucleus. We 
hoped that this would contribute to higher levels of speech 
understanding. The PABI was studied in clinical trials 
the under the auspices of the FDA. Patients had both nee-
dle electrode arrays and conventional surface arrays.
 Ten patients were implanted, and we found that micro-
stimulation resulted in hearing sensations at much lower 
electrical levels than conventional surface electrodes, that 
a wide range of pitch percepts could be elicited depending 
on the location and depth of the penetrating electrodes, 
and that sound quality and speech perception perfor-
mance were better with sound processor maps that used a 
combination of penetrating and surface electrodes. In two 
PABI recipients, we also found that stimulation on longer 
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electrodes (2 mm in length) could result in uncomfortable 
facial sensations, possibly related to activation of trigemi-
nal tracts. Unfortunately, microstimulation with the PABI 
alone did not substantially improve speech recognition 
over the conventional surface electrodes. This may have 
been due to difficulty in identifying the precise location of 
the subsurface cochlear nucleus structures in NF2 patients 
with distorted brainstem anatomy, and thus obtaining a 
high percentage of useable penetrating electrodes. Once 
placed, the position of the penetrating array could not 
be adjusted if needed. Clear EABR waveforms also could 
not be observed when recording from scalp electrodes to 
assist with accurate placement of the penetrating array. 
Therefore, the PABI is not in current clinical use. Given 
their demonstrated advantages, however, newer penetrat-
ing electrode array designs are continuing to be studied.
 While the original purpose of the ABI was to treat deaf-
ness in adults with NF2, we anticipated that it could be 
useful in treating deafness in non-NF2 cases without viable 
auditory nerves or implantable cochleas. Recently, many 
of these cases have been implanted, primarily in Europe. 
Positive outcomes have led to renewed interest in the ABI 
as an effective treatment of deafness resulting from trau-
matic transection or avulsion of the auditory nerve, coch-
lear ossification after meningitis, and congenital cochlear 
aplasia/agenesis.
 Such non-NF2 cases, both adult and pediatric, were 
first implanted by Vittorio Colletti in Verona, Italy.18 While 
outcomes have been variable, in general results have 
exceeded those in the historic NF2 population. Many of 
these cases also were reported to have substantial “sound-
only” word recognition ability. Such patients are implan-
ted without concurrent tumor resection and generally 
have more normal brainstem anatomy, which helps pre-
serve neural function and facilitates the identification of 
important anatomical landmarks used in device implan-
tation. This may be particularly important in maximizing 
ABI outcomes in pediatric cases. 
 ABIs are now being used in the treatment of deafness 
in pediatric cases with cochlear malformations or coch-
lear nerve aplasia. In 2004, we reported on ABI outcomes 
in 21 children with NF2 implanted as young as age 12.19 
We found that these individuals could experience substan-
tial communication benefit. A key factor was appropriate 
family and other support. Several years ago, we also con-
ducted device programming and comprehensive evalua-
tion of a 3-year-old non-NF2 case implanted with an ABI 
in Verona,20 and then subsequently four other very young 
children implanted at the age of 2–3 years (also in Verona). 

Our findings have demonstrated that considerable, and 
in some cases remarkable, benefit is possible. Some of 
these children have developed a substantial level of audi-
tory function, including discrimination of environmental 
sounds, some open set recognition of speech, and deve-
lopment of useful speech and language, and in some cases 
have been able to attend a normal hearing classroom with 
appropriate support services. 
 Generally, pediatric cases without concurrent develop-
mental delay or syndromic problems have been reported 
to perform best.21 Of course, benefits of ABI implantation 
must be weighed against the risk of surgery in this group of 
patients in whom craniotomy is performed solely for ABI 
placement. In the pediatric population, a retrosigmoid 
surgical approach is typically used, as the mastoid is less 
developed. As with pediatric CIs, early implantation seems 
to provide the best outcomes with generally diminishing 
returns as duration of deafness increases. 
 In a recent retrospective cohort study,22 a group of chil-
dren were studied who initially underwent CI and failed 
to progress with auditory perception. Before CI, all of the 
children had severe-to-profound sensorineural hearing 
loss and a diagnosis of cochlear nerve deficiency. Explan-
tation of the CI and simultaneous ABI on the same side 
was performed, and all patients demonstrated an absent 
cochlear nerve at surgery.
 Performance as measured by the categories of audi-
tory performance scale was significantly improved after 
ABI. Patients with cognitive deficits did gain performance 
benefits from the ABI, but the difference in performance 
compared to children without cognitive impairment was 
significant. Additionally, children implanted before age 3 
also performed better than children implanted at an older 
age.
 Cases of a small cochlear nerve on imaging may in 
reality represent an absent cochlear nerve. The decision 
on whether to place a CI in a patient with cochlear nerve 
deficiency is never an easy one, and currently both imag-
ing and electrophysiology are not fully predictive of out-
come with CI. Although this cohort was selected from 
patients with failed CI, ABI is a potential alternative to CI 
in select cases. In patients who fail to progress with inten-
sive rehabilitation with CI, ABI may be considered as an 
alternative. While in this study the CI was explanted, we 
may see more situations where an ABI is considered on 
the contralateral side, if any CI benefit has been obtained, 
to allow for continued use of both a CI and an ABI. After 
more than 33 years of experience with ABIs in adults, we 
have initiated our own pediatric ABI clinical trials under 
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the auspices of the FDA. Ten children aged 2–5 years will 
be implanted and their auditory performance tracked on 
an extensive battery of tests.
 Since the beginning of our ABI program in 1979, we 
have utilized a team approach to maximize patient bene-
fit, satisfaction, and safety. We feel that this is particularly 
necessary in pediatric ABI implantation given the possi-
bility for eliciting nonauditory sensations, and the much 
more limited ability of young children to provide detailed 
feedback about the effects of electrical stimulation. They 
also are not typically capable of making precise judgments 
regarding the psychophysical parameters (e.g. electrical 
threshold, comfortable loudness, and electrode-specific 
pitch) that are normally considered necessary to properly 
program ABI sound processors. Initially, best estimates of 
these perceptual effects and parameters must be deter-
mined by skilled clinicians using age-appropriate beha-
vioral testing. The efficacy of the ABI depends on the 
accu racy of the processor settings that must be objectively 
verified by further sound-field testing and close observa-
tion of the child at home and at school. Regular follow-ups 
for further behavioral testing and device reprogramming 
are critical in achieving maximum benefit. Since hearing 
with the ABI can change over time, some electrodes may 
become useable that could not be used initially. 
 Electrophysiological measures in sedated young chil-
dren have been used, mostly in Europe, to program ABI 
sound processors23; however we have found that these 
tests can significantly underestimate required stimulation 
levels. Therefore, we do not consider electrophysiologi-
cal measures as a substitute for reliable behavioral res-
ponses in programming sound processors in pediatric ABI 
recipients. One area where both electrophysiological and 
behavioral measures fall short in pediatric cases is in the 
assessment of electrode-specific pitch sensations. In very 
young deaf children, the concept of perceptual pitch may 
not exist, or at least may not be reliably testable. In adults, 
such testing is used to sensibly assign electrodes to pro-
cessor frequency analysis bands so that lower and higher 
frequency spectral cues are sent to electrodes that gener-
ate appropriate-sounding pitch percepts. Of course, each 
adult ABI user is somewhat different in this respect. In 
pediatric cases, the lack of this data has not been a seri-
ous obstacle, and both a generally increasing and a gene-
rally decreasing assignment of frequency information 
across electrodes have resulted in good performance. 
With little if any prior auditory experience, pre- or perilin-
gually deafened young children appear to have adapted to 

either electrode-assignment strategy. We feel, however, 
that a reasonable practice for very young children is to 
apply the predominant pitch pattern seen in adults, 
which is a tendency for pitch percepts to rise in a lateral to 
medial direction across the electrode array.9 Despite these 
psychophysical complexities, it is clear that experienced 
pediatric ABI teams can safely implant and program the 
devices with very beneficial outcomes.
 Recently, there have been encouraging data regard-
ing the long-term safety of ABI use.24 Histological sections 
through the cochlear nuclei on both sides were obtained 
from an adult patient who used his ABI daily for 15 years. 
This individual demonstrated very high levels of speech 
recognition performance up until the time of his death 
from complications of NF2. The analysis showed good 
and comparable populations of auditory neurons on both 
implanted and unimplanted sides with no deleterious 
effects from long-term electrical stimulation. Also in this 
regard, the very first recipient of an ABI initially implanted 
in 1979 continues in 2013 to use her ABI daily with bene-
fit. This is a very encouraging finding for pediatric cases 
potentially facing a lifetime of ABI use.
 Recent ABI results in patients with NF2 also have been 
encouraging. Performance improvements were first seen 
in patients operated via the retrosigmoid approach in 
the semisitting position with the 12-electrode MedEl ABI 
device. In this group, reports indicated that about 30% of 
patients were experiencing some degree of “sound-only” 
word recognition ability. Due to concerns of other possi-
ble intraoperative complications, such as air embolism, 
the sitting position is not typically used for VS resection in 
the United States. When taking care to achieve meticulous 
tumor resection and brainstem handling via the translaby-
rinthine approach, our group is also achieving about a 25% 
incidence of “sound-only” speech understanding ability.

CONCLUSION
The ABI has been utilized to provide auditory benefit to 
deaf patients who are not candidates for cochlear implan-
tation due to loss or absence of the cochlear nerves or 
abnormalities of the cochlea itself. By far the most com-
mon indication for ABI is NF2. The safety of the stimula-
tion of the cochlear nuclei using this device has been 
established. Most patients perceive beneficial auditory 
sensations and improve their communication abilities 
over lipreading only. A smaller number achieve substan-
tial speech discrimination using only ABI sound, and 
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nontumor patients may achieve greater average benefit. 
A key factor is regular device use, and with that improve-
ments can occur for 10 years or more. More recent ABI 
results demonstrate the possibility of achieving improved 
auditory results even in patients with NF2. Additionally, 
ABI implantation in prelingually deafened children who 
are not CI candidates holds much promise for providing 
auditory stimulation and allowing for language and speech 
development.
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INTRODUCTION
This is a particularly interesting time for inner ear thera-
pies. In recent years, there has been a move toward locally 
directed rather than systemic therapies, which has opened 
up new possibilities for achieving high drug concentra-
tions in the ear without systemic toxicity. The mechanisms 
of injury for many otologic insults are being elucidated, 
and found to share many commonalities, which can be 
exploited in otoprotection. Cell regulation mechanisms 
are becoming understood, opening up exciting potential 
in cell repair and replacement. New drugs are being tested, 
and pharmacokinetic manipulation to target various com-
partments in the inner ear is becoming possible. 
 The inner ear is relatively isolated from the rest of the 
body, which presents both challenges and opportunities 
for drug delivery. It contains many delicate structures that 
respond to mechanical stimuli, and which can be easily 
damaged by numerous toxic factors. These factors include 
noise, ototoxic drugs, various chemicals, bacterial toxins, 
ischemia, infectious agents, aging, physical trauma, sur-
gical trauma, barotrauma, and various genetic problems. 
Unlike avian ears, mammalian inner ear hair cells do not 
show any capacity for regeneration or cell division and are 
terminally differentiated.2 Similarly, spiral ganglion cells, 
in keeping with other neurons, also do not regenerate, 
although the peripheral nerve processes contacting hair 
cells may regrow.3 
 Several inner ear therapies are already in use. To date, 
these have mostly consisted of generalized therapies that 
affect the whole inner ear, such as otoprotective therapy 
centered around the time of an insult to prevent continued 
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inner ear damage (e.g. steroids after sudden sensorineural 
hearing loss), anti-inflammatory therapies (e.g. steroids 
for autoimmune inner ear disease), or therapies centered 
around treatment of Meniere’s disease (e.g. gentamicin 
or steroids). Some therapies attempt to target one part of 
the inner ear more than another, e.g. ablative gentamicin 
therapy for vestibular ablation in Meniere’s disease. More 
recently, other targeted therapies are emerging, specifi-
cally certain cell types, e.g. neuropeptides to preserve 
spiral ganglion neurons (SGNs) after hair cell trauma, 
or specific gene replacements, at least in experimental 
models. Therapeutic advances have occurred not only in 
new classes of drugs but also more rapidly in new delivery 
systems, and in controlling the pharmacokinetics of exist-
ing drugs in the inner ear. 
 The presence of a blood–labyrinth barrier4 (BLB) pre-
sents a challenge for inner ear drug delivery. This barrier 
means that systemic therapy is only moderately effective in 
reaching the inner ear. The BLB is maintained by the tight 
endothelial junctions in the capillaries of the inner ear.4 In 
fact, there are really two BLBs, one being from the capillaries 
of the stria vascularis to the endolymph and the other 
from the nonstrial capillaries, such as those in the spiral 
limbus, basilar membrane, and spiral ligament, to the 
perilymph. There is evidence that some drugs when given 
systemically, such as aminoglycosides, preferentially enter 
hair cells directly via the endolymph, rather than through 
the perilymph.5 Another hurdle for systemic therapy is the 
limited inner ear blood supply, means that systemic or 
regional intra-arterial therapy provides only limited access. 
One option is to increase inner ear concentrations is to try 
and make the BLB more “leaky”. For instance, Li et al.5 used 
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acoustic stimulation to change permeability of the BLB. 
This approach, however, is fraught with problems. Alter-
ing the BLB may also change the blood–brain barrier, and 
still has all the downsides of exposing the whole body to 
various active chemicals, whose action is desired only in 
the inner ear. 
 The relative isolation of the cochlea also offers some 
advantages. Chief among them is therapy directed locally 
at the inner ear can be relatively sequestered from the rest 
of the body, without systemic side effects. The inner ear is 
accessible for local therapy through semipermeable mem-
branes that connect it to the middle ear space, which itself 
is relatively accessible. These membranes are primarily the 
round window membrane (RWM), but to some extent also 
the stapedio vestibular ligament in the oval window (OW). 
 To a large extent, the rational design of inner ear drug 
delivery depends on the tissues being targeted. Drugs can 
be intended for a specific tissue (e.g. vestibular versus 
cochlear), or as very general therapy to all of the inner ear 
(e.g. in protection against nonspecific ototoxic agents). 
Targeting a specific tissue depends on manipulating the 
relative activity of the molecular agent against the target 
tissue versus other tissues, and also in manipulating the 
pharmacokinetics of the delivered therapy to increase 
exposure to the target versus nontarget tissues. Actually 
getting the drug into the inner ear can be a challenge, and 
the best route may again depend on the tissue being tar-
geted. For instance, if a vasculitis is suspected in the inner 
ear, then systemic therapy would make more sense, as an 
intact BLB (which in actual fact might be compromised by 
the disease) would prevent high perilymph concentrations 
achieved through RWM therapy reaching the intravas-
cular compartment. If the target is in the inner ear tissues, 
the RWM is likely to be more permeable than the BLB for 
many drugs. 
 The ability to directly access the inner ear through 
the tympanic membrane, primarily via the semiperme-
able RWM, has led to a great interest in directing therapy 
directly to the inner ear for a host of inner ear disorders, 
including sudden and autoimmune hearing loss, Meniere’s 
disease, tinnitus, autoimmune disorders and also to miti-
gate injury from insults such as acoustic trauma, chemo-
therapy, or cochlear implantation. The exact mechanisms 
of action of many, if not most drugs in the inner ear, are 
largely unknown. Drugs may have effects on inflam-
mation, electrochemical gradients, blood flow, or inner 
ear fluid composition or pressure. How most diseases 
affect these different aspects of inner ear function is also 

unknown. The ear only has a limited range of responses, 
either vertigo, pain or pressure, imbalance, hearing loss or 
tinnitus, so the etiologic cause of symptoms is often diffi-
cult to identify. These uncertainties result in much of our 
current drug therapy being, in essence, “a shot in the dark”. 
We do not have the interrogation tools available currently 
to understand how various drugs interact with the myriad 
of complex processes in the inner ear. Targets could be as 
diverse as electrochemical gradients, blood flow, electro-
lyte composition, fluid dynamics, or actual transduction 
processes in the hair cells. 
 In this chapter, we will focus on molecular therapies 
for the inner ear, particularly locally directed therapy. In 
practice, the current tools for administration are fairly 
crude. In general, the drug and carrier is simply injected 
into the middle ear until it is full, and left in contact with 
the RWM (and perhaps the OW) for some small amount 
of time. The main parameters controlled are drug concen-
tration, frequency of injections, and how long the patient 
is left lying down after injection. Potentially, a multitude 
of other parameters could be manipulated. Examples are 
sustained release devices or carriers, agents to increase 
permeability of the RWM, agents to increase the perme-
ability of the BLB, and agents to carry the drug, protein, or 
gene toward a specifically targeted tissue. We will review 
some of these current and future therapeutic options for 
the inner ear, many only tested so far in animal models. 

ANATOMY AND PHYSIOLOGY OF THE 
ROUND WINDOW MEMBRANE

The RWM is the primary route for drugs to enter the 
inner ear in topically directed therapy; hence, it is impor-
tant to appreciate its anatomy and physiology. This struc-
ture is recessed in a bony niche and the round window 
niche. There are species differences in the RWM, which 
mitigates the ability to extrapolate from animal studies on 
drug absorption from the middle ear to human applica-
tions. In humans, the area of the RWM is approximately 
2.5 mm2. Its thickness varies by species, being approxima-
tely 10–14 μm in chinchillas, 20–40 μm in cats, 40–60 μm 
in rhesus monkeys, and 40–70 μm in humans (for review, 
including description of cross species ultrastructure, see 
ref. 6). (Fig. 35.1). 
 The ultrastructure of the RWM follows that of most 
biological membranes, with an inner and other epithelial 
layer with intervening connective tissue. The outer layer is 
probably the most important in determining permeability. 
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It consists of extensively interdigitating low cuboidal cells, 
with a continuous basement membrane. These cells also 
have well-developed endoplasmic reticulum, and Golgi 
complexes and occasional microvilli. These point to poten-
tial active transport mechanisms. 
 The middle connective tissue layer contains collagen 
and elastic fibers, with fibroblasts, blood vessels, lympha-
tic vessels, and nerve endings whose function is unde-
fined. The connective tissue layer is divided approximately 
into thirds, with a gradient of increasing fibroblasts, colla-
gen, and elastic fibers toward the inner surface. The outer 
third contains primarily loosely arranged collagen fibers 
without elastic fibers, which first appear in the middle layer 
along with fibroblasts and blood vessels. The blood ves-
sels are concentrated at the edges of the RWM, and some 
traverse the whole thickness of the RWM.6 These are more 
densely packed closest to the inner surface. 
 The inner layer consists of squamous cells with long 
lateral extensions and large spaces between the cells. 
Hence, some of the middle layer can be in contact with the 
perilymph directly. Figure 35.2 depicts the histologic com-
plexity of the RWM.
 The accessibility of the RWM is variable from ear to 
ear, which leads to considerable variability in the ability 
of drugs to cross this membrane. For instance, the degree 
of bony recessing of the RWM is variable, with shallow 
niches with exposed RWMs and deep recesses in which it 

is not visible. Other factors limiting access to the RWM are 
adhesions, scarring, and mucosal folds that obscure the 
true RWM. Alzamil and Linthicum found some form of 
obstruction in about one-third of cadaveric temporal 
bones,7 being either a false RWM (21%), a fibrous plug 
(10%), or a fatty plug (1.5%) in this particular study. Of 
bilaterally available bones, 22% had bilateral obstruc-
tion and 21% had only unilateral obstruction.7 In living 
patients, Silverstein et al.8 found partial RWM obstruction 
in 17%, and total obstruction in 12%. Obviously this will 
affect the ability of drugs to access the RWM, and may be 
the cause of failure of therapy in some cases. For instance, 
Crane et al.9 explored eight ears in patients who had failed 
intratympanic (IT) gentamicin for Meniere’s disease, and 
found that all eight had obstructions that they removed 
prior to reapplying gentamicin directly on the RWM, with 
successful results in 6/8 of the subjects. Not all authors 
agree, however, on the extent of the problem in RWM 
access. For instance, Banerjee and Parnes10 report that at 
endoscopy in 68 consecutive ears, they found complete 
RW obstruction in only one ear (1.4%). The very high rates 
of resolution of vertigo in IT gentamicin administration 
(about 80–90%, see below) would also argue that in most 
ears, the RWM is relatively accessible to small molecules. 
The development of microendoscopes may allow better 
visualization of the RW area, and lysis of adhesions in the 
outpatient clinic.11

Fig. 35.1: Round window bony recess, with the actual round 
window membrane highlighted with silver stickers. Notice the 
membrane is recessed from the bony niche, and may often have 
mucosal folds covering it. The degree of recessing and orientation 
of the membrane is very variable.

Fig. 35.2: Schematic representation of the microanatomy of the 
round window membrane, showing the complexity and multiple 
layers in the membrane. Redrawn from Pritz et al.227
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 Variability in the RWM thickness, orientation, and 
access is thought to play a role in interpatient variabi-
lity in drug absorption across this membrane. There is a 
large variability in the human RWM in vivo, as shown by 
gadolinium uptake studies from the middle ear in living 
humans.12

PERMEABILITY OF THE RWM
The RWM, like other membranes, is physiologically active 
and participates in body responses such as those to patho-
gens and inflammatory mediators, and to bacterial toxins. 
For instance, in otitis media, the epithelial cells and fibro-
blasts become hyperplastic with dilation of the capillaries 
allowing extravasation of fluid, neutrophils, and macro-
phages, with resulting edema in the membrane.13,14 The 
largest inflammatory reactions are seen in the subepithelial 
layer near the basement membrane.14 Bacterial toxins can 
have a pronounced effect on the RWM, e.g. pseudomonas 
exotoxin results in a doubling in RWM thickness,15 and in 
contrast, streptolysin O breaks down the RWM, increasing 
markedly its permeability.16

 For small molecules, the RWM essentially acts as a 
semipermeable membrane, with passive diffusion of most 
molecules. For larger molecules, active processes may be 
involved. Many substances have been demonstrated to 
cross the RWM. These include gentamicin, steroids, anes-
thetics, albumin, horseradish peroxidase, latex spheres, 
water, bacterial toxins and other macromolecules, and, 
of note recently, various nanoparticles (NPs) (see section 
below on nanoparticles, p. 600). Many factors determine the 
abi lity of molecules to cross the RWM. These include size, 
molecular weight, electrical charge, lipid solubility, and 
the condition of the membrane. The effect of particle size 
was explored in some of the earliest studies in this area by 
Goycoolea et al.,6 who showed that 1 μm microspheres 
could cross the RWM, but 3 μm microspheres could not. 
Examples of the effect of molecular weight are that horse-
radish peroxidase (MW 45,000) can cross the RWM,17 but 
albumin (MW 75,000) cannot, unless there is inflamma-
tion in the RWM.18 Molecular charge is also important; 
cations cross the RWM preferentially to anions as eviden-
ced by cationic ferritin entering the inner ear better than 
anionic ferritin.6

 Various mechanisms have been shown to increase 
RWM permeability, including drugs such as histamine,19 
bacterial endotoxins and exotoxins,20 drying of the RWM, 
osmotically active compounds and benzyl alcohol—a 

preservative in many drugs,21 and various collagenase 
enzymes.22 Newer exciting ways to transport larger mole-
cules include viral vectors such as adenovirus, various 
NPs, and microbubble-based ultrasound techniques.23

OVAL WINDOW PERMEABILITY
It is usually widely assumed that drug entry into the inner 
ear is through the RWM alone, and that any drugs found 
in the scala vestibuli (SV) arise because of local communi-
cation channels at the basal cochlear region between the 
scala tympani (ST) and the SV, a process that has been well 
demonstrated.24,25 
 The OW, however, can also act as an entry point to 
the inner ear. This is important to appreciate, as drugs are 
usually widely instilled in the middle ear, and will usually 
contact both windows. Where exactly the entry point in the 
OW is, is not clear. Possibilities include the annular liga-
ment and the thin bone of the stapes footplate. As early as 
1981, Tanaka and Motomura26 reported that horseradish 
peroxidase could pass through both the RWM and the OW 
in guinea pigs. More recently, with human imaging of the 
inner ear using with IT injections of gadolinium (a mag-
netic resonance imaging contrast agent), Zou et al.27 have 
shown that the vestibule and semicircular canals show 
enhancement less than 2 hours after injection, which 
can only be explained with direct uptake from the stapes 
region. Indeed, a guinea pig study suggests that 90% of 
the inner ear uptake of gadolinium is from the OW, rather 
than the RWM.28 In an elegant guinea pig study, Salt et al.29 
showed that the ionic marker trimethylphenylammonium 
(TMPA) was likely absorbed about 65% from the RW, and 
35% from the OW. Drug loading of the vestibule through 
the OW is also important in that it prevents the large 
volume of the vestibule and labyrinth from acting as a 
“sink” for drugs in the cochlear basal turn. 
 For vestibular therapy, OW drug entry would be ideal. 
Indeed, in drug-loaded NP therapy, many NPs have been 
shown to enter the inner ear via the OW,28-31 which could 
be therapeutically utilized to direct therapy to the vestibu-
lar structures. 

BASIC CONCEPTS IN INNER 
EAR DAMAGE

The most common injury to the cochlea is loss of the hair 
cells and the supporting cells. A variety of insults can cause 
this. Once hair cells are lost, the remaining hair cells have 
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to seal the interface between endolymph and perilymph 
to avoid toxicity from the high potassium endolymph. 
With severe scarring, the range of cells can be lost, and are 
replaced by a simple epithelial monolayer.32,33

 There are two classic mechanisms of cell death: apop-
tosis and necrosis, although the situation in the last few 
years has turned out to be substantially more complex 
than this simple dichotomous scenario. Which pathway is 
primarily activated may depend on the magnitude of the 
insult; e.g. noise at high levels will activate apoptotic path-
ways, but at very high toxic levels may result in necrotic 
cell death. 
 Readers are referred to reviews such as Vanlangenak-
ker et al.34 for details of this complex process of cell death. 
Necrotic cell death can be thought of as due to unexpected 
and unplanned physical or chemical trauma, radiation, 
heat, hypoxia, and similar insults. It is usually thought of 
as an uncontrolled cell death, as apposed to the active, 
controlled, and programmed cell death mechanisms in 
apoptosis. However, there is evidence that some aspects 
of necrosis may also be controlled.34 In necrosis, the cell 
structure is disrupted, the membranes become porous, 
and intracellular structures and materials are released 
outside the cell. Calcium is able to flood the cells from its 
high extracellular concentration, and this in turn changes 
the actions of numerous intracellular enzymes. 
 Apoptosis is thought of as a programmed active cell 
death, and indeed is normal during the developmen-
tal stages of an organism as structures are resorbed and 
reformed. Various insults can start this apoptotic process. 
Two such pathways are the formation of reactive oxygen 
species (ROS) or free nitrogen species.35-38 Apoptosis is 
executed by a cascade of proteins called caspases, which 
can be “upstream” initiator caspases, or “downstream” 
executioner caspases. The process is actually hugely com-
plex, and research is rapidly evolving our understanding 
of the mechanisms of cell death and survival. Readers are 
referred to recent reviews of this very complex process, 
such as that by Portt39 or Elmore40 for more details. 
 Below is a basic description of this complicated path-
way; in fact many more families of proteins are involved. 
The apoptotic pathway can be activated by a variety of 
insults, both by an intrinsic pathway and an extrinsic 
pathway. More recently, a third granzyme a and b path-
ways used by killer T cells have been mapped out.41,42 The 
intrinsic pathway starts inside the cell, and is governed by 
a family of proteins termed Bcl-2. This family of proteins 
is crucial to maintaining a balance of proapoptotic and 

antiapoptotic signals, and when unbalanced, can result in 
cell death, or abnormal cell survival despite cell damage. 
When a cell undergoes severe DNA damage or oxidative 
stress, proapoptotic proteins (e.g. Bax) are increased and 
cause mitochondria to become “leakier” allowing cyto-
chrome c to leak into the cell cytosol. This binds to other 
proteins (Apaf-1 and dATP) to form an “apoptosome”, and 
so activates an upstream caspase, caspase 9. This in turn 
activates downstream effector caspases (caspase 3 and 7) 
to initiate the process of cell death. 
 In addition to the mitochondrial pathway, another 
parallel signaling pathway is mediated by mitogen-acti-
vated protein kinases. Oxidative stress and cell damage 
can activate phosphorylation of c-jun N-terminal kinase 
(JNK) that then phosphorylates c-jun, a transcription 
factor modulating apoptosis induction. 
 An extrinsic pathway begins outside the cell, by acti-
vated proapoptotic ligands on the cell surface. These then 
ultimately create a death inducing signaling complex, 
which then feeds into a common final pathway with the 
intrinsic system. Extrinsic pathways (either pro or antiapo-
ptotic) maybe activated by toxins, hormones, growth fac-
tors, cytokines, or nitric oxide. 

IONIC INNER EAR MECHANISMS
A large part of the physiologic function of the inner 
ear depends on maintaining ion and voltage gradients 
between different compartments. The inner ear has many 
ion transport mechanisms. The scala media endolymph 
has a unique high potassium content, similar to intracel-
lular fluid, which surrounds the stereocilia. The hair cell 
bodies are surrounded by perilymph, which is high in 
sodium, and low in potassium, and is similar to extracellu-
lar fluid. These ion gradients also generate the +80 to 90 mV 
potential inside the cochlear duct. 
 To maintain these ion gradients, there is constant 
recycling of potassium (and of sodium in the opposite 
direction) from endolymph, through the hair cell bodies 
(which it enters as part of the transduction process), and 
back to the lateral wall to be resecreted back to the endo-
lymph by the stria vascularis (for reviews, see ref. 43–45). The 
stria vascularis is specialized to achieve this, with basal 
and marginal cells and capillary endothelial cells hav-
ing tight junctions to control the movement of ions and 
solutions. Numerous genes control these ion transport 
mechanisms, and many disorders of hearing have been 
attributed to malfunction of these channels. 
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 Indeed, one of the ways that many insults will damage 
hearing mechanisms is by triggering inflammatory pro-
cesses in the endothelial cells, which open up the tight gap 
junctions, and so disrupt the ion and voltage gradients that 
allow transduction (for review see ref.46). One method by 
which drugs such as glucocorticoids affect the inner ear 
is through stabilizing these processes, both by their anti-
inflammatory mechanisms and by their mineralocorticoid 
actions. 
 Also involved in ion and water hemostasis are the fam-
ily of aquaporin channels, in addition to hormones aldos-
terone and vasopressin (antidiuretic hormone), which 
regulate numerous genes in the inner ear.47 This is also 
a rapidly evolving area of research, and may become a 
thera peutic window in the future for many inner ear dis-
orders. Certainly, currently used drugs such as diuretics 
affect these ion channels, and drugs such as furosemide 
affect the vascular permeability of the inner ear, potentiat-
ing other ototoxic drugs.48

PHARMACOKINETICS

Despite the complex three-layered structure of the RWM, 
it acts primarily as a semipermeable membrane, with most 
small molecules entering by passive diffusion.25 Before 
proceeding, it is worth pointing out that almost all studies 
on inner ear pharmacokinetics have been performed in 
animals, and extrapolation of these results to humans 
has to proceed with caution. Most substances applied 
to the inner ear will lead to much lower concentrations 
in human cochleae than is reported in animal coch-
leae. There are many reasons for this. For instance, there 
are major differences in the thickness of the RWM, with 
human RWM begin much thicker than murine models 
(see RW anatomy section), which will limit diffusion. The 
human cochlear duct is much longer than most experi-
mental animals, which will limit apical concentrations 
arising though diffusion into the basal turn from the RWM, 
even more so than is already seen in animals with smaller 
cochleae. The volume of perilymph in the guinea pig ST is 
in the order of 4–6 μL, with about 10 μL in total volume,23,49 
compared to human perilymph volumes of about 160 μL, 
and endolymph volumes of 35 μL.24,50 There is also passage 
of drug directly through the very thin otic capsule in small 
animals, which does not happen in humans.51

 In general, bioavailability of drugs applied to the 
RWM to the inner ear is generally low, and very variable, 

depend ing on many factors. These factors include how 
much drug escapes via the Eustachian tube, accessibility 
and permeability of the RWM, concentration and time of 
delivery, and efficacy of removal by middle ear mucosa. 
It has been estimated in guinea pigs that the basal turn of 
the cochlea experiences only about 2.5% of the gentamicin 
and 1.4% of the applied dexamethasone concentration 
with round window irrigation.52,53 The ST concentration 
has been calculated to be in a range of 0.005–2.9% of the 
applied concentration of various tested drugs.54 
 Once drugs are inside the cochlea, there is little active 
flow of endolymph or perilymph to distribute the drug, 
and substances are primarily distributed by passive diffu-
sion, a process that is affected by their molecular weight.25 
Therapeutic agents applied to the RW area tend to show 
a strong concentration gradient in the cochlea, with the 
highest concentrations in the basal turn area next to the 
RWM, and progressively less concentration as the apical 
low frequency cochlear areas are approached.55-58 This 
makes it difficult to treat these apical regions. While there 
maybe some uptake through the otic capsule in small ani-
mals,18,52 this is unlikely in humans because of the much 
thicker otic capsule, despite the presence of microfissures 
in the otic capsule in histological specimens in human 
temporal bones.6 Primarily, drug absorption is through the 
RWM, although the OW is certainly a site of absorption of 
some substances.29

 Salt and Plontke51 have calculated some actual fluid 
flow rates in the guinea pig cochlea, to explain the slight 
variance in apical concentrations predicted from pas-
sive diffusion alone, and estimate these flow rates to be 
in the order of 0.01–0.002 μL/min. The lack of stirring and 
flow in the intact cochlea results in a very slow diffusion 
(approximately 4.4nl/min) of the drug from basal turn to 
the apex. 
 Figure 35.3 shows concentration gradients along the 
ST of the guinea pig.51 Figure 35.3 also shows the rapid fall 
in concentration of drug from basal to apical turns, and the 
large interanimal variation in drug concentrations, which 
can be 10-fold, and is attributed to variations in RWM 
permeability. In these experiments, the drug was applied 
for 2–3 hours to the RWM. Salt and Ma,56 in simulations 
based on fluid kinetic models based on data recorded 
using RWM application of a small ion called TMPA, cal-
culate that altering RWM permeability would be predicted 
to increase basal concentrations, but not flatten the base 
to apical gradient very much as the diffusion out of the 
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cochlea is much more rapid than the diffusion to the apex. 
For ions such as TMPA, the apical region would be difficult 
to load even with prolonged RWM exposure.
 A confounding factor in animal studies is that most 
experimental animals have a much more patent coch-
lear aqueduct than humans. In experiments where there 
is a leak at the infusion site or in which a perforation is 
made somewhere in the inner ear to sample fluid, this will 
drastically change the diffusion of drugs as cerebrospinal 
fluid (CSF) through the patent cochlear aqueduct rapidly 
replaces the lost perilymph. This will result in much faster 
apparent “diffusion” flow inside the cochlea than really 
exists. Another confounding factor in many studies is that 
the sampling volumes are so great (typically 10 μL) that 
they overwhelm the 4.6 μL of perilymph volume in the ST 
of the guinea pig, and if sampled from the basal cochlea 
(as in many studies), have been estimated to consist about 
85% of CSF flowing through the cochlear aqueduct rather 
than perilymph.51

 Inside the cochlea, drugs can easily diffuse through 
from the ST next to the RWM through the spiral lamina 
and basilar membrane to the SV, or through the canaliculi 
perforantes into the modialus.51 Indeed, for many drugs, 
the primary route of access to the vestibule and SV is not 
via diffusion all the way around the apical turns through 

the helicotrema, but rather direct diffusion across the 
spiral ligament into the SV that results in levels in the SV 
and vestibule rising almost as fast as the ST, and certainly 
higher than the apical levels in the ST.
 Diffusion into the endolymph compartment, the scala 
media, is greatly affected by the charge of the molecule 
because of the large endolymphatic positive charge, so 
that cationic markers are excluded,44,59 and anionic ones 
being able to enter and accumulate.51,60

 Many factors determine the distribution of a drug 
inside the cochlea. Primarily these affect the loading rate 
and the clearance rate. Loading mechanisms determine 
the dose delivered to the cochlea. If loading is through 
the RWM, this will depend on the species or individual 
permeability of the RWM (human RWMs are some of the 
thickest), the specific permeability of the RWM to the par-
ticular drug being tested, the permeability of the OW to the 
same drug (this also effects the clearance, as if the vesti-
bule is loaded, it doesn’t act as much of a “sink” from the 
cochlea), time of contact with drug (i.e. sustained release 
versus bolus), and the concentration of the drug solution. 
Elimination mechanisms that affect the concentration 
gradient at any part of the cochlea include the interscala 
permeability (i.e. ST to SV diffusion), uptake by cells, 
metabolism by cochlear tissues, and clearance to blood. 
In the inner ear, it is not clear where clearance to blood 
would take place; there are few blood vessels directly in 
contact with the perilymph. The most likely sites for indi-
rect clearance are through the capillary beds of the spiral 
ligament and the modialus.51,56 A recent study suggests the 
spiral ganglion vascular bed is the most important site for 
drug elimination, as the ST eliminates drugs far faster than 
the SV,61 and the ST is connected to the open spaces of the 
spiral ganglion.62

 Factors affecting inner ear concentrations are sum-
marized in Figure 35.4. Measurements of drug kinetics for 
some common drugs used for inner ear therapy have been 
made. Although difficult to measure for technical reasons, 
the elimination half times have been estimated to be 500 
minutes for gentamicin in chinchilla perilymph, and 130 
minutes for prednisolone in guinea pig perilymph.61

 Duration of contact with the RWM seems to be an 
important factor in determining the basal to apical con-
centration gradient. This is because most of the drop along 
the ST occurs because of distribution to other parts of the 
inner ear, and continuous or long-term delivery will load 
the other parts of the ear, so that apical regions can also be 

Fig. 35.3: Concentration gradients along the scala tympani by 
distance from RWM, following application of various drugs to 
the RWM for 2-3 hours, measured in guinea pigs. Results are 
shown for the ion TMPA (blue lines), gentamicin (green lines), and 
dexamethasone (red lines). This shows the steep concentration 
gradients from base to apex and the marked variability between 
animals, particularly in the basal turn.
Source: Redrawn from Salt and Plontke.51
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Fig. 35.4: Factors affecting drug concentration in different parts 
of the inner ear.

loaded. Simulations and calculations suggest that repeat-
ed applications or continuous application result in both 
higher basal concentrations and somewhat higher apical 
concentrations for some drugs.63 This can be exploited, 
e.g. if steroids are required to reach the cochlear apex, a 
gel-based 24 hour delivery system for steroids results in a 
more even concentration from base to apex in the cochlea 
than a 30-minute bolus injection.64 Conversely, if cochlear 
dosing is to be minimized, e.g. for gentamicin ablation, 
then a single shot IT dose will maximize the ratio of ves-
tibular to cochlear dose, as not much drug will reach the 
cochlear apex, although the maximal vestibular dose will 
be lower than for repeated or continuous delivery. Also, 
sustained release results in a more even (less peaks and 
troughs) then a 30-minute bolus injection.64

 Despite these potential mechanisms to exploit inner 
ear drug delivery, it is still difficult to get larger molecules 
to some segments of the inner ear. For instance, only very 
small quantities of neurotrophins (NTs) infused directly 
into the ST reach the SGN bodies in Rosenthal’s canal.65 
Below we will review pharmacokinetics of the two most 
commonly used drugs in IT therapy of the inner ear, ster-
oids, and gentamicin.

STEROIDS IN INNER EAR THERAPY

Pharmacokinetics of Steroids
IT delivery of steroids is attractive because of the higher 
concentrations achieved in the perilymph when com-
pared to systemic administration, as shown in several 
studies.19,66-68 One of the earliest such studies, performed 
in guinea pigs, was by Parnes et al.66 In this study, the 

perilymph dexamethasone levels at 1 hour after high-dose 
IV injection were much higher (1.5 mg/mL) then after IT 
injection (0.22 mg/mL). Even higher levels were found in 
simultaneous sampling of the endolymph (9 mg/L). Later 
authors, primarily Salt and Plonke, found much lower con-
centrations of dexamethasone in the endolymph than in 
the perilymph, and these authors speculate that this may 
be because Parnes et al. used a cationic salt that is concen-
trated in the positively charged endolymph.64 The Parnes 
study also compared three different types of steroids, 
methylprednisolone, dexamethasone and hydrocortisone, 
and found (adjusted for anti-inflammatory effects) methyl-
prednisolone levels to be the highest, both in perilymph 
and endolymph. This differentiation between different 
steroid groups has not been re-examined in other studies, 
to our knowledge. Salt and Plontke have pointed out some 
caveats to this study, in that the basal repeated sampling 
volume was equal to or greater than the total perilymph 
volume in the inner ear, and that most of the sample was 
in fact CSF; it has been estimated that the true methylpred-
nisolone concentration in the inner ear must have been at 
least 10x greater than that reported in the samples in the 
Parnes study.25 
 While many early studies were contaminated by sam-
pling from the ST basal region, with the resulting influx of 
CSF from the cochlear aqueduct, later studies using more 
sophisticated protocols have, in general, shown similar 
qualitative results. These confirm the basal to apical drug 
gradient, and peaking of the perilymph concentration of 
steroids at approximately one hour after delivery (this was 
true for both for IT and for systemic administration), with 
elimination by around 6 hours. There is almost complete 
elimination by of the steroid by 24 hours.66-69

 The elimination half-life of steroids in the inner ear is 
not clear. There are many divergent studies. In most stud-
ies (primarily by Salt and Plontke), a parameter-fitting 
algorithm has been used to fit experimental data, and 
elimination half-lives calculated. Based on this tech-
nique, fitting the data reported in various studies has 
yielded cochlear perilymph half-lives of 130 minutes70 
when fitting to a guinea pig prednisolone dosing study,71 
and 27 minutes72 when fitting to a previously published 
human methylprednisolone study.68 In a dexamethasone 
guinea pig study,64 the cochlear perilymph half-life was 
estimated to be 85 minutes. In all the above studies, the 
elimination includes all routes of elimination, including 
redistribution to other parts of the inner ear as well as 
elimination by blood. 
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 To measure the half-life of blood elimination alone, 
Salt et al.61 loaded the inner ear with dexamethasone, 
fluorescein and TMPA via the lateral canal until all 
inner compartments were loaded. They were then able 
to measure elimination by the blood route alone, with-
out contamination by redistribution to other parts of the 
cochlea. They found an elimination half-life in the ST 
of 22.5 minutes and in the SV of 111 minutes for dexa-
methasone. For fluorescein and TMPA, the half-lives in 
ST were 54.1 and 24.5 minutes, respectively. All of these 
are far faster than previously appreciated, and more 
consistent with the human data of Bird et al.,68 who 
Plontke et al.72 calculated to have a 27-minute half-life for 
methyl prednisolone. Because of this rapid elimination, the 
basal to apical concentration gradient is for dexametha-
sone is likely to be even more pronounced than previously 
thought. 
 One way to decrease the variability of dexamethasone 
levels in the inner ear is to have a prolonged release for-
mulation. Salt et al.64 tested and confirmed this using a gel 
based poloxamer hydrogel sustained release formulation. 
They showed a flatter base to apex gradient for the drug 
compared to non sustained release formulations. Based 
on this, they developed a model to predict base to apex 
gradients with differing durations of exposure to drug at 
the RWM (see Figs. 35.5A and B below). Again they found 
lower levels in the endolymph than the perilymph for 
dexamethasone. 

 Hahn et al.73 compared injection of dexamethasone 
directly into the ST via the RWM (using hyaluronic acid to 
prevent leakage,) versus RWM application for 2–3 hours. 
They found concentrations in the ST were up to 10 times 
higher using the injection, and, perhaps because of the 
flow created by the injection, a much less pronounced 
base to apex gradient for the drug if injected directly, 
resulting in much higher apex concentrations. The drug 
was also detectable for much longer, up to 220 minutes. 
One method for reaching the apex, then, might be to con-
sider direct injections through the RWM. 
 Whilst basal to apical gradients are understandable 
for applications to the RWM, an interesting recent study74 
has suggested that these gradients apply even for systemic 
administration of steroids. These authors did not measure 
perilymph concentrations directly, but rather used an anti-
body to dexamethasone in sectioned tissue after steroid 
IT and IV administration. Interestingly, they report the 
same basal to apical gradient for systemic delivery as for IT 
delivery, unless extremely high systemic doses were used. 
Also, this study found a much higher affinity for dexa-
methasone by inner hair cells than outer hair cells. This is 
unfortunate, as most insults seem to damage outer hair 
cells more than inner hair cells. In this study, there was 
labeling of cochlear tissues at 24 hours from the IT group, 
but not the systemic intraperitoneal group. This might be 
explained if hair cells retain dexamethasone after peri-
lymph levels are undetectable. 

Figs. 35.5A and B: Using a diffusion model for dexamethasone, these are the concentration gradients from the RWM, after application 
to the RWM for various time durations, calculated by Salt et al.64 Gradients are calculated both for the guinea pig (A) and for the human 
(B) ear. Redrawn from Salt et al.64

A B
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 Overall, while there is much variability in the various 
studies, but all seem to point to a marked basal to apical 
gradient for steroids, and higher perilymph concentra-
tions with IT versus systemic steroids. The apical low- 
frequency regions of the cochlea are difficult to provide 
with high levels of drug.

Clinical Usage of Steroids
Steroids have been recognized treatment option for sud-
den SNH,75,76 autoimmune hearing loss77 and Meniere’s 
disease.78 There are varying degrees of evidence for these 
indications. We will briefly overview use in sudden hear-
ing loss and Meniere’s disease

Steroids in Sudden Sensorineural 
Hearing Loss (SSNHL)

There are various treatment regimens that have been 
reported, either oral steroids alone, IT steroids alone, com-
bined therapy, or salvage therapy with IT steroids after 
failed oral therapy. 
 There are numerous confounding variables in all such 
studies, because of various factors that have been shown 
in one study or another to affect recovery prognosis for 
hearing loss. These include different times from onset of 
loss to treatment, configuration of hearing loss, number of 
“dead” ears in the study, presence of absence of vertigo or 
tinnitus, dosage and duration of steroids. Because of these 
confounders, it still remains unclear if firstly oral steroids 
are effective, and secondly, if they are, for which subgroups 
of patents are they most effective. 
 Indeed, in a comparison of 6 randomized trials of 
active versus placebo controls, using diverse treatments 
such as Realogic agents (prostacyclin or hydroxyethyl 
starch) and steroids, Labus et al.79 found that the mean 
gain in hearing for the active arm was 15.8 dB and for the 
control arm was 14.3 dB, which was not statistically signi-
ficant. It is possible therefore, that no treatment is more 
effective than spontaneous recovery for this condition. 

Oral Steroids

There are many relatively low quality retrospective stud-
ies suggesting efficacy of oral steroids in SSNHL, and oral 
steroids for SSNHL have become commonly accepted in 
clinical practice. A recent Cochrane Review80 looked at 
this treatment option, with an intention to perform meta- 
analysis. They found that steroid doses and populations 

treated were too heterogeneous to perform a meta- 
analysis, and only three trials,76,81,82 met their inclusion 
criteria for high quality evidence, representing 267 sub-
jects. Of these studies, Cinamon et al.81 found a response 
rate of 60% in the steroid group, and 63% in the control 
group, using a criterion of improvement of 15 dB or more 
in the pure-tone average. They concluded that steroids 
showed no benefit over placebo, in any measure including 
speech discrimination outcomes or acute or delayed hear-
ing outcomes in their 41 patients. This trial treated only for 
5 days at 1 mg/kg prednisolone. 
 Nosrati-Zarenoe et al.82 studied 103 subjects treated 
using prednisolone 60 mg/day for 3 days, and then a taper-
ing dose for total of 8 days. They found a mean improve-
ment in hearing of 25.5 dB in the prednisolone group, 
and 26.4 dB in the control group at day 8, and at 3 months 
improvements of 39.1dB in the steroid group, and 35.1dB 
in the control group. They conclude there was no signifi-
cant difference in the groups. Both of the above studies 
used relatively short duration therapy. 
 The only randomized trial of the three finding a posi-
tive effect of steroids was the Wilson et al.76 study with 
123 subjects, and had many methodological flaws; it was 
conducted over two sites, who reported very different 
outcomes, but are pooled overall. Complete recovery was 
defined as recovery to within 10 dB of the normal hear, with 
various partial recovery criteria. The treatment consisted 
either of dexamethasone tapering over 10 days or methyl-
prednisolone tapering over 12 days. In this study, the over-
all improvement rate was 61% in the steroid treated group, 
and 32% in the control group, suggesting a large effect size. 
Wei et al.80 conclude that the role of oral steroids remains 
unclear, partly because of conflicting protocols, and partly 
because of small numbers in each sample. The only study 
that has shown definitive benefits76 used a longer duration 
of treatment of oral steroids, and it is possible that this is an 
important factor, but not proven. 

IT Steroids for SSNHL

Because the inner ear concentration that can be reached 
with IT steroids is higher than that for oral steroids (see 
section above), it is feasible that IT steroids may work 
better than oral steroids for SSNHL. Hu and Parnes83 
reviewed 25 studies examining IT steroid use for SSNHL, 
and found 22 showed positive results and only 3 showed 
negative results. They comment on the lack of well-con-
trolled studies in this area. 
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 A more recent systematic review by Spear and 
Schwartz.84 also examined studies in this area, finding very 
few high-quality ones. Of these, only two were “Tier 1” 
studies. The majority looked at IT steroids as salvage therapy 
(21/32), with only eight looking at IT steroids as initial 
therapy. The steroids used varied, e.g. dexamethasone in 
18 studies, methylprednisolone in 10 studies, and both in 
4 studies. Interestingly, despite the guinea pig data from 
Parnes et al.,66 there was no difference found overall in 
results between methylprednisolone and dexamethasone 
groups. When examining the use of IT steroids as initial 
therapy for SSNHL, there was only one Tier 1 study, and 
it did show any benefit of IT steroids over conventional 
oral steroids,85 similar to the findings in the two Tier 2 
studies,86,87 although mean PTA improvement couldn’t be 
calculated from these.
 As salvage therapy, there were five Tier 2 studies, all 
of which demonstrated some benefit of IT therapy. There 
was only one Tier 1 study,88 which showed no benefit, 
was deemed to be underpowered and methodologically 
flawed. A random effects meta-analysis combining these 
Tier 1 and 2 studies suggested a significant effect of salvage 
therapy, with an improvement of salvage therapy over 
con trols of 13.3 dB, which was highly significant. Another 
subsequent randomized double blind study looking at 
injection of 4 shots of IT steroids over 2 weeks as salvage 
therapy compared to saline injections,89 also found a 
higher rate of improvement, in the active arm, with PTA 
increase of 9.8 dB with greater than 10 dB improvement in 
44% of subjects, compared a recovery of 4.5 dB and greater 
than 10 dB improvement in only 10.7% of subjects in the 
control arm. 
 As first line treatment for SSNHL, a recent study90 was 
a large randomized multicenter trial with 250 subjects 
comparing a high dose of oral prednisone (60 mg/day) for 
a long time interval (14 days, tapering over 5 days) to four 
injections methylprednisolone 40 mg/mL over 14 days. It 
could be said that the dosage was “maximized” for practi-
cal purposes for each arm. The average PTA improvement 
in the oral group was 30.7dB, and 28.7dB in the IT group, 
which was concluded to be essentially equivalent.
 With regard to combined IT and oral versus mono-
route therapy for first line treatment of SSHL, the literature 
is again unclear. Battaglia et al, in a well-designed study85 
with a placebo control group, report combined therapy 
outcomes to be better than monotherapy, but two other 
studies showed no benefit from combined therapy over 
monotherapy.86,91 A more recent randomized study92 used 

fairly maximal oral therapy for 14 days alone, and com-
pared this to combined therapy using both oral therapy 
with the addition of four injections of IT methylpredniso-
lone over 2 weeks. At 4 weeks, they found a PTA improve-
ment of 44 dB in the combined group, compared to 27.7dB 
for the oral steroids alone group, which was highly signifi-
cant in favor of combined therapy. It is interesting that the 
recovery for steroids alone was similar to that in the Rauch 
et al.90 study, which also used long duration oral therapy. 
 At this time, it is difficult to conclude definitively for 
the superiority of one treatment regimen over another in 
SSNHL. IT steroids seem to be at least as efficacious as 
oral steroids, but with little evidence of superiority for first 
line treatment. The use of IT steroids as salvage therapy 
for failed oral therapy has some supporting evidence and 
maybe worth considering. Combined IT and oral therapy 
also has some supporting evidence for being more effica-
cious than either modality alone, recognizing there are 
some contrary studies. 
 In practice, oral steroids are much easier to administer 
logistically than repeated IT injections, which has been the 
IT paradigm in most high quality studies. There are no high 
quality studies that we are aware of that used logistically 
simpler single shot IT steroids alone or in combination 
with oral steroids. There is also the risk of tympanic mem-
brane perforation and otitis media with IT injections, as 
well as the patient discomfort. On the other hand, systemic 
steroids can have a plethora of side effects, which will not 
be reviewed here, although these are much reduced for 
short-term therapy compared to long-term therapy. 

IT Steroids for Meniere’s Disease

The mechanism of action, if any, of steroids in Meniere’s 
disease is unclear. Despite this, they have become accep-
ted, in the IT form especially, as a form of therapy for this 
disorder. Again, this field also has little high quality evi-
dence to form a definitive recommendation. 
 Hu and Parnes83 reviewed published studies on IT ster-
oids for Meniere’s disease, and found that of the 13 studies 
they reviewed, 8 showed a positive effect, and 5 showed a 
negative effect, although few had any controls. 
 A Cochrane review94 of IT steroids for Meniere’s disease 
with Shea grade 393 Meniere’s disease identified only one 
study that met criteria for being placebo controlled and 
of sufficient quality to review. In this study, by Garduno- 
Anaya et al.,95 patients with definite Meniere’s disease 
were treated with either IT dexamethasone (4 mg/mL) 
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or placebo injections for 5 days. There was a significant 
diffe rence in outcomes at 24 months between the con-
trol and active arms, with complete control of vertigo in 
82% or the IT steroid group versus 57% of controls, and 
also a significant effect on aural fullness and tinnitus (but 
exact reporting is a bit ambiguous for these symptoms). 
However, there was no significant difference in the pure 
tone average hearing outcomes. 
 The only other randomized double-blind study was 
performed by Silverstein et al.96 This group, however, 
used a crossover design at 3 weeks, in which the drug and 
control groups switched over. This leads to difficulties in 
assessing residual effects of the drug. In this study the 
active group received of 8 mg/mL dexamethasone and 
the control group saline. Another problem with this study 
is that the patient group were Shea grade 4, i.e. mostly 
not experiencing attacks of vertigo anymore, but having 
aural fullness, hearing loss and tinnitus. There were no 
differences in the outcomes for these measured variables 
between the two groups.
 Steroid effects could be dose dependent, but it could 
be argued that limits of steroid effectiveness were tested 
with a study by Shea et al.,97 who used high-dose IT dexa-
methasone (16 mg/mL) with the patient lying with ear up 
for 3 hours, in addition to IV dexamethasone given con-
currently for 3 consecutive days, followed by 0.25 mg of 
oral dexamethasone for 30–90 days. This intense treatment 
resulted in vertigo control in 77%, hearing improvement in 
35.4%, and hearing loss in 6.3% of subjects. Overall, using 
the 6 point function level score from the AAOHNS,98 61% of 
patients were improved, 32% unchanged, and 6 % worse. 
With no control arm, it is difficult to assess how much was 
steroid effect, but these kinds of doses put an upper limit 
on the possible effectiveness of steroid therapy. 
 While not related to the effectiveness of steroids alone, 
an interesting study by Casani et al.99 used a randomized 
protocol to compare outcomes at 2 years of patients with 
definite Meniere’s disease injected via the IT route, either 
with gentamicin (maximum of two injections) or with 
dexamethasone (4 mg/mL, three injections every 3 days). 
The study was unblinded. Complete control of vertigo 
rates were 82% in the gentamicin arm, versus 43% in the 
steroid arm. In terms of the hearing results, there was a 
clear tendency for slightly worse hearing results over the 
2 years with gentamicin, compared to IT steroids, but this 
did not achieve statistical significance. The authors do not 
comment on dizziness or balance outcomes that might 
have resulted from gentamicin vestibular deafferentation. 

GENTAMICIN IN INNER EAR THERAPY

Pharmacokinetics of Gentamicin
As with steroids, various clearance rates of gentamicin 
from the perilymph have been reported, but half-lives in 
the inner ear are all reported to be longer than for steroids. 
These range from 505 minutes24 to between 360 and 5000 
minutes in rats following systemic infusion.100 Salt et al.63 
pooled a number of studies to derive a half-life of 1500 
minutes to use in their simulations. 
 While Salt et al. have shown that gentamicin will dif-
fuse through the spiral ligament and rapidly access the 
SV and the vestibular structures if applied to the RWM,51 
recent reports also indicate that drugs can potentially 
access vestibular structures directly through the stapedial 
ligament.28,29 The differential toxicity often attributed to 
gentamicin for vestibular rather than cochlear structures 
may be as much a manifestation of its IT pharmacokinetics 
as any intrinsic predilection, as it does not reach the apical 
cochlea well, and may reach the vestibule through the OW 
as well as through the spiral ligament. 
 The method of delivery will have a profound impact 
on how much of the drug reaches various cochlear 
regions. In general, higher and more sustained dosing 
will result in more of the drug reaching the apical regions 
of the cochlea. A very interesting simulation study us-
ing cochlear microfluidics modeling is shown below in 
Figure 35.6, from Salt et al.63 It can be seen, if these simula-
tions are correct, that with more frequent dosing, there is 
increasing dose delivery to the more apical regions of the 
cochlea. 
 Also of great interest is the analysis in the same paper, 
in which the cumulative area under the curve (AUC) for 
differing gentamicin infusion protocols is compared with 
the risk of hearing loss (Fig. 35.7). Several features are 
important to note in this figure, which summarizes results 
for 568 patients in 19 studies. The authors calculated the 
peak dose and AUC based on their models. Firstly, there 
is a huge spread in the hearing loss rates. Secondly, while 
the single IT dose protocols (open circles) had the lowest 
rates of hearing loss, it should be noted that, in fact, most 
protocols showed low hearing loss rates. Important to 
note, however, is that the protocols with higher total dose 
or peak dose, had the highest incidence of dead ears (black 
filled circles). 
 Not shown here is the microdose study by Hoffer et al.101 
This study used a lower gentamicin dosing (10 mg/mL), so 
called microdosing by continuous catheter infusion. With 
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Fig. 35.6: Calculated effects of dosing regimens at the RWM on gentamicin concentrations at different sites along the scala tympani. 
Calculated graphs are shown for studies using single injection (Driscoll et al.), daily injections (Takei et al.), and three-times-daily 
injections (Kaplan et al.).116 The top row shows the dose at the RW niche, the middle at 0.5 mm from the base, and the bottom row the 
concentration with time at various cochlear locations by distance.
Source: Redrawn from Salt et al.63

this protocol, they authors report hearing loss in only 1 of 
27 subjects. Interestingly, they report almost no caloric 
loss signifying no vestibular ablation in this subject group, 
and hence the mechanism of action of the drug is not clear. 
It is possible that different levels of the gentamicin activate 
different pathways. These authors investigating microdos-
ing further in a chinchilla study,102 in which they compared 
the pharmacokinetics and morphologic changes in the 
inner ear for the microdose continuous microcatheter 
infusion versus a single dose IT injection. The main find-
ings were that when compared to continuous infusion, 
single IT injection lead to a higher peak dose, much more 
variability in perilymph levels and more hearing damage 

than the microcatheter dosing. However, the micro-
catheter dosing was not free of audiovestibular damage, 
and with increasing duration of exposure, the incidence 
of hearing loss increased accordingly even with this proto-
col. In this study, there was no immunity from hearing low 
using this low-dose gentamicin, unlike their in their clini-
cal study, and this microdosing protocol, to our knowledge, 
has not been reported by other authors for comparison. 
 Gentamicin may take a few days to become maximally 
active in inner ear cells, and then seems to have quite a 
prolonged washout time in the order of weeks. Lopez 
et al.103 described severe vestibular cell damage in chin-
chillas from IT gentamicin administration, with signs of 
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recovery of some cells at 28 days. Hirvonen et al.104 also 
using IT administration in chinchillas, described maximal 
head tilt at 5–25 days. In the cochlea, the greatest uptake 
was in outer hair cells and peaked at 3 days, with retention 
for at least 3 weeks.105 A recent study by Zhang et al.106 used 
immunofluorescence in guinea pigs after IT injection of 
gentamicin, and found peak uptake in cells, most intense 
in the saccule, between 3 and 14 days. This had decreased 
significantly by day 28, but was still present at this time. 
Other authors have reported that gentamicin is retained in 
inner ear tissues for up to 6 months.107,108

 While it is often stated that gentamicin is selectively 
toxic to vestibular as opposed to cochlear hair cells, many 
studies suggest that damage to both organs is similar and 
dose dependent.109,110 Differential effects may be a manifes-
tation of pharmacokinetics, and access to the cochlear and 
vestibular compartments. This is keeping with the fact that 
most hearing loss with IT gentamicin, is high frequency, 
and the pharmacokinetics of IT gentamicin results in a 
large gradient in base to apex concentration of this drug.53

 Some authors have suggested that some vestibular 
structures are mores susceptible than others to genta-
micin. For instance, based on patient vestibular testing, 
De Waele et al.111 suggested the saccule is more suscepti-
ble than the lateral semicircular canal, and Helling et al.112 
suggest the saccule is more susceptible than the utricle. 
Supporting this, a recent study in guinea pigs106 clearly 
shows higher affinity for gentamicin binding in the saccule 
than in other vestibular structures. Within the semicircular 
canals, several authors have reported that Type 1 hair cells 
are more susceptible than Type II hair cells, and that the 
central zones of the crista and otolith organs are more sus-
ceptible (for a review see Zhang et al.106

 Some authors113-115 have suggested that one mecha-
nism of action of aminoglycosides is to preferentially dam-
age dark cells, which are thought to regulate endolymph 
production. This theory has been advance to support 
some reports of actual recovery of inner ear function after 
gentamicin treatment for Meniere’s disease. There have 
been reports of increase in hearing post gentamicin for 
Meniere’s disease,116-118 and in a microcatheter perfusion 
treatment study, 78% of patents actually recovered some 
vestibular function.119 This has led to a theory that by 
reducing secretion by dark cells, the inner ear is restored 
toward normal in Meniere’s disease patients.120,121 How-
ever, the findings of dark cell damage have not been borne 
out in actual animal studies. For instance, Chen et al.109 did 
not find any evidence in a chinchilla model for dark cell 
damage, nor do human temporal bones examined short-
ly after a short course of systemic gentamicin treatment 
show any evidence of dark cell damage.122 In addition, a 
recent study in humans with IT gadolinium to demon-
strate hydrops did not show any evidence of reversal of 
hydrops after IT gentamicin.123

Clinical Use of Gentamicin
Aminoglycosides have long been known to ablate vestibu-
lar function as a side effect of their therapeutic use. As early 

Fig. 35.7: Effect of gentamicin dosing regimen on hearing loss. 
From the same data from Salt et al.63 in Figure 35.6, in this case 
Salt et al. have plotted the changes in hearing sensitivity tested 
at frequencies corresponding to the distances in Figure 35.6. The 
doses are calculated as either the maximum concentration (upper 
plot, Cmax) or as the cumulative dose (lower plot, area under the 
curve or AUC). The symbols represent the four delivery protocols 
depicted in Figure 35.6 (pink circles: one shot; blue triangles: one 
or two × daily; red diamonds: 3 × daily; inverted red triangles: con-
tinuous). Solid red circles indicate patients who were deaf after the 
gentamicin treatment.
Source: Redrawn from Salt et al.63
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as 1948, Fowler124 described the use of systemic streptomy-
cin to treat Meniere’s disease. Shuknecht125 first described 
IT injection of streptomycin in 1957 to treat Meniere’s 
disease, with a high rate of hearing loss. Later, lower dose 
IT gentamicin strategies were adopted that allowed pres-
ervation of hearing with resolution of symptoms.126

 Different treatment philosophies for Meniere’s disease 
have been espoused, from a goal of total ablation of the 
vestibular labyrinth using a fixed maximal dose protocol, 
to minimal therapy to control symptoms without neces-
sarily ablating the labyrinth, i.e. titrating to effect. 
 There have been several systematic reviews on the use 
of gentamicin for Meniere’s disease.127-131 For instance, 
Chia et al.129 reviewed 27 studies, most retrospective, and 
found an overall vertigo control score of 73.6%. They found 
lower dose studies tended to have lower vertigo control 
scores. In the same study, they found overall hearing loss 
rates of about 25.1%, and in this review they also included 
multiple daily dosing regimens, which had a hearing loss 
rate of 34.7% versus about 24% for other types of delivery. 
In general, the proportion of profound hearing loss sub-
jects was also higher in the multiple daily dosing studies. 
They report that patients that achieved complete vesti bular 
ablation, tended to have a higher rate of complete vertigo 
control (92%) than those with partial ablation (75%). 
 Cohen-Karem et al.128 in the same year (2004), reviewed 
15 studies, of which about half were retrospective studies 
and half prospective studies. The AAOHNS Committee has 
published a scoring system for control of Meniere’s disease 
vertigo, ranging from A to F, which is based on dividing 
the number of attacks of vertigo from 18 to 24 months post 
treatment by the number in the 6 months prior to treat-
ment. Class A (total control) or B (substantial control) is usu-
ally considered successful treatment. Cohen-Karem et al. 
found an overall vertigo control rate of 74.7% for class A 
control, and 92.7% for class A or B control in gentamicin 
studies. The overall reduction in hearing was 1.5 dB, which 
was not statistically significant from zero in their analysis. 
 The most recent systematic review, by Huon et al. in 
2012,131 included over 559 patients in 14 studies that were 
all prospective, of which two were placebo controlled and 
double blinded. These studies covered a variety of proto-
cols, but none of the ones reviewed were the very high-dose 
multiple daily injections protocols. The mean dose was 2.1 
injections. These authors found that control of vertigo in 
the total population was class A in 71.4%, Class B in 16.1%, 
Class C in 4.3%, Class D in 2.4%, Class E in 2.9% and Class F 
in 2.9%. Overall successful treatment (Class A and B) was 
found in 87.5% of patients. The mean weighted PTA and 

SDS score did not change significantly from before to after 
treatment, although 1.8% of subjects experienced total 
deafness. This is similar to the findings in the review by 
Cohen-Kerem et al.128

 In the Huon et al.131 review, tinnitus improved in 12.4% 
of patients, which was significant, but the improvement in 
aural fullness in 7.7% did not achieve significance. There 
was no difference in vertigo control or hearing loss out-
comes between the fixed dose and titration protocols, 
although titration protocols had a significantly higher tin-
nitus improvement rate (43.5% versus 15.5%) than fixed 
dose protocols. Huong et al. interestingly put forward a 
subanalysis, based on a much smaller group, that sug-
gests that the minimal dose required for effective control is 
13.4 mg of gentamicin sulphate. 
 It is worth examining in more detail the only two ran-
domized double-blind placebo controlled studies of gen-
tamicin in Meniere’s disease. These are by Postema et al. in 
2008,132 and Stokroos et al. in 2004.133 These are reviewed in a 
Cochrane review by Pullens et al.130 Both were small studies, 
of 22133 and 28132 patients, with relatively low power to 
show effect, and many ambiguities in the reporting, as out-
lined by Pullens et al.130 Stokroos et al.133 used a 30 mg/mL 
buffered gentamicin solution, repeated every 6 weeks with 
the end points being either control of vertigo, a cumula-
tive does of >360mg, or hearing loss. On average, they used 
1.5+/– 0.51 injections. The Postema132 study used a dose of 
30 mg/mL of gentamicin once a week for 4 weeks. In both 
groups, vertigo control was superior in the gentamicin 
group than the control group. In the Stokroos study, ver-
tigo spells fell from a very high 74 events/6 months to 0 
events/6months in the gentamicin group, and from 25 to 
11 events/6 months in the placebo group. Clearly the start-
ing point of severity was very different in the active and 
placebo arms, but despite the higher severity, apparently 
the gentamicin group did much better. In the Postema 
study, a visual analogue vertigo score was used, and scores 
fell 2.1 to 0.5 in the gentamicin group, with no change 
(2.0 to 1.8) in the placebo group. Confusingly, despite the 
100% control for the gentamicin arm in the Stokroos study, 
the same group seems to have published a retrospective 
review of their vertigo control, presumably including some 
of the same data set, of only 61.4% in 2007.134

 In the Stokroos study, neither active or control groups 
showed significant hearing loss. The Postema study 
repor ted a fairly high incidence of hearing loss, the ave-
rage hearing loss was 8.1dB in the gentamicin group, 
with 4 patients (25%) showing a hearing loss greater than 
25 dB.
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 None of the studies really comment on overall health 
of the patients. For instance, Boleas-Aguirre et al.135 note 
that 15.5% of patients experienced dizziness after gen-
tamicin injections, which may not be captured with vertigo 
reporting alone. Also, if there is vestibular damage, there 
maybe long-term consequences as this patient population 
ages, with aging related vestibular, vision and proprio-
ceptive losses. It is not clear, however, that gentamicin in 
low-dose protocols causes significant vestibular damage, 
caloric results from these studies are difficult to assess, but 
do not always show evidence of vestibular loss, and it may 
be possible that gentamicin in low doses may control ver-
tigo without a necessarily a vestibular ablative effect. For 
instance in the Stokroos study,133 there was no change in 
the cumulative caloric response in either the active or the 
control group. 

Otoprotection
Acquired hearing loss occurs in various insults that can 
interact with each other. The most commonly identified 
ototoxic insults are noise, aging, and drugs, most often cis-
platin and aminoglycosides. There are many compounds 
that have been shown to be otoprotective, if given around 
the time of a major insult, but primarily these have only 
been proven in animal studies. Almost all agents work 
much better if given in a pre-exposure phase, as opposed 
to a postexposure phase; it remains a challenge to find 
agents that are effective when administered significantly 
delayed after exposure. If the damage is primarily to hair 
cells, then the fact that SGN death is much delayed after 
hair cell loss3 allows a window of opportunity for salvaging 
SGNs after hair cell damage has already occurred. 
 A common mechanism for damage in many tissues 
is through the side effects of aerobic respiration, which 
generates ROS. Many ototoxic insults cause damage by 
increasing the generation of ROS through oxidative stress 
in all compartments and cell types in the cochlea, which 
are a strong activator for apoptosis pathways. The apop-
totic cascade itself can also generate ROS, rather than 
being the initiator of these pathways. For instance, Shulz 
et al.15 found that blocking caspases, in addition to miti-
gating apoptosis, also blocked ROS formation, and similar 
findings have been reported for BDNF (a NT) inhibition 
of apoptosis.136 Most drug strategies are either antioxidant 
in nature and act to block ROS, or are anti-inflammatory, 
which encompasses many effects, some of which are also 
antiapoptotic. Experimental drugs are available to specifi-
cally block elements of the apoptotic pathway. 

 The literature in the field of otoprotective agents is 
rather muddied, with many conflicting studies, with a large 
number of agents found to be effective in animal studies. 
Few or these translate to human studies, and often these 
are not of sufficient quality or power to show efficacy. 
For noise-induced damage studies, a precaution is that 
the mechanisms for temporary threshold shift (such as 
mechanical buckling of the stereocilia) are different from 
those of permanent threshold shift, and drugs effective 
against one may not be effective against the other. Despite 
this, many human studies focus on the effects of drugs on 
temporary threshold shifts. Some compounds found effec-
tive in vitro cannot cross the RWM, but may be induced 
to do so in the future with novel drug delivery agents, and 
this field is rapidly evolving. Otoprotective drugs tested in 
human clinical trials (for review see ref.137) can be catego-
rized into:

Antioxidants
This is probably the largest category of otoprotective 
drugs. Here we can only briefly touch on a few exam-
ples. The most important cellular antioxidant is reduced 
glutathione (GSH). Some drugs such as N-acetylcysteine 
(NAC) and d-methionine are prodrugs for replenishing 
glutathione, others are exogenous antioxidants. 
 A clinically used antioxidant is sodium thiosulfate for 
cisplatin toxicity. This thiol containing compound unfor-
tunately also binds cisplatin, and inactivates it.138 This is its 
major limitation, as it decreases the antitumor efficacy of 
the cisplatin. This is a large molecule compound, and does 
not seem to be effective administered IT.139 D-methionine, 
which raises antioxidant levels, has also been studied 
extensively in cisplatin induced toxicity140,141 and found 
to reduce toxicity, and also has been studied in noise 
induced hearing loss.142 However, it also binds cisplatin 
and may reduce its efficacy.
 NAC has been shown to protect against many types 
of inner ear damage in animal studies, and particularly 
studied is its effect against noise.143,144 It has been shown 
to be effective in industrial noise settings in humans145 in 
some trials, but not in others,146 and trials are ongoing test-
ing its otoprotective effects against cisplatin.137 For a review 
of NAC mechanisms of action and animal data, see Kopke 
et al.147 A recent trial of IT 2% NAC for cisplatin ototoxi-
city did not find significant hearing preservation benefit 
overall in the whole group (using the contralateral ear as 
a control,148 but did show a significant effect in two of the 
tested patients. A similar study using IT 10% NAC found a 
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mild benefit at 8 kHz, but this mild effect at this frequency 
is clinically not meaningful.149 NAC has been used in mili-
tary settings. 
 Other antioxidants studied include Gingko Biloba, 
found to be effective against cisplatin ototoxicity in rat 
studies,150 and Alpha Lipoic Acid, which also shows effi-
cacy against a variety of insults in rat.151-153 A human trial 
testing protection against cisplatinum is ongoing.137 Ring-
ers lactate has shown protective activity in some studies,154 
but not in others.155

 Some vitamins and dietary supplements are also pow-
erful antioxidants. Animal studies suggest that antioxi-
dant vitamins such as A, C, and E can act to reduce noise 
induced hearing loss,156 sometimes in combination with 
magnesium. Resveratrol (found in red grapes) has also 
been shown to protect against hearing loss in rats.151 
Other supplements variably found to be protective in ani-
mal studies include melatonin,157 acetyl-L-carnitine, and 
lazaroid.142,157

 Other potent antioxidants studied have been ebse-
len, in combination with allopurinol, and found in ani-
mal studies to reduce cisplatinumdamage158 and noise 
induced damage.159 Lecithin has also been reported to be 
active in otoprotection.160 Also very intriguing are the vari-
ous classes of flavonoids that seem to have numerous neu-
roprotective effects, a large portion of which are through 
preventing ROS formation.48 Despite these advances, what 
is missing is a potent oral antioxidant that has been well 
studied in humans, and shown to be effective against a 
wide variety of insults. 

ANTI-INFLAMMATORY DRUGS
In animal studies, salicylates have been found to be oto-
protective in cisplatin toxicity,161 in noise-induced hearing 
loss,162 and in humans in a Chinese study on gentamicin-
induced hearing loss.163

 Steroids are used extensively in otology, and will be 
reviewed in more detail here. The inner ear contains 
receptors for both glucocorticoids, and mineralocorti-
coids, the affinity of the mineralocorticoid receptor is 
much higher than the glucocorticoid receptor, and the 
mineralocorticoid receptor is probably fully saturated at 
basal body levels, whereas the glucocorticoid receptor is 
not.164 Several studies in animals and cochlear implants 
have shown mitigation of hearing loss,165-167 both in terms 
of cell preservation and in terms of hearing recovery post 
cochlear implantation (for review see ref.168). In various 
models, including tumor necrosis factor alpha (TNF-α) 

challenged explant hair cells, steroids have been found to 
be very effective in reducing apoptotic cell death.169

 Glucocorticoid receptors are found in hair cells, spi-
ral ligament, and SGNs, and seems to work via both the 
classic described action of genomic nuclear binding via 
the GR receptor and controlling transcription of genes, as 
well as via a much more rapid nongenomic pathway that 
regulates immune responses (for review, see ref.170).
 Indeed, the mechanisms of action of steroids are com-
plex and multifold. At a systemic level, they reduce circu-
lating white cells and inflammatory mediators and prevent 
release of many proinflammatory agents such as cytokines, 
TNF-α, interferon, interleukins and many others.171 These 
will reduce systemic inflammatory responses, includ-
ing those that might affect the inner ear. Some authors 
have proposed172 that the majority of effects of autoim-
mune inner ear disease are not due to inflammation in the 
inner ear, but rather on the vasculitis that results from sys-
temic inflammation, which results in loss of the endolym-
phatic potential by damaging the ion-flow limiting action 
of normal epithelial tight junctions, leading to inner ear 
cell damage. There is some data supporting this, as inner 
ears of subject temporal bones with immune mediated 
inner ear disease rarely show evidence of direct inflamma-
tion.173-175 
 Glucocorticoids can help restore the BLB172 by limiting 
this vasculitis. To support this hypothesis, a inflammatory 
response created with lipopolysaccharide (which results 
in a vasculitis and tissue damage) can be mitigated with 
dexamethasone.176 
 In addition, steroids may change ion gradients in the 
inner ear by affecting Na-K-ATPase and potassium secre-
tion by marginal cells, as well as up regulating genes 
asso ciated with other ion channels and aquaporins.177,178 
Indeed, combination therapy with mineralocorticoids and 
glucocorticoids may be efficacious when either alone is 
not, as shown in an animal model of autoimmune inner 
ear disease.179

 In the inner ear, while glucocorticoids may bind to the 
high affinity mineralocorticoid receptor, blocking binding 
to the GR receptor causes increased susceptibility to noise 
damage in mice, dexamethasone administration reduces 
it, and blocking binding to the mineralocorticoid receptor 
has little effect,180 suggesting that the mineralocorticoid 
effect is not important in protection from acoustic trauma. 
Modulation of steroids in the hypothalamic pituitary axis 
is also thought to be the mechanism for sound condition-
ing, in which prior exposure to low levels of sound protect 
animals against later acoustic trauma.170 
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 As seen above, how exactly glucocorticoids protect the 
cochlea is not well understood, their effects on the inner 
ear are extremely complex. In an Affymetrix gene array 
study, steroids were found to alter the expression of over 
8000 of the 17,500 genes identified in the mouse ear within 
6 hours.181 Many of these are genes controlling inner ear 
hemostasis and the BLB, which may be a more important 
function than any direct anti-inflammatory effect. 
 TNF-α inhibitors have also been used in inner ear 
otoprotection. Many forms of damage lead to proinflam-
matory cytokine release, and TNF-α antibodies such as 
infliximab or etanercept can provide protection from cis-
platinum ototoxicity in66,182 animals, and in autoimmune 
hearing loss.67,183

 Apoptosis inhibitors would be very useful in many cell 
death pathways. Inhibitors of the JNK cascade by drugs 
such as AM-111 and SPB00125 by IT injection have been 
found to show effective otoprotection in animals.70-72,184-186 
AM-111 has been used IT in a small group of human sub-
jects and found protective against noise-induced hearing 
loss, but this study was without a control group.187 In other 
experimental approaches, inhibitors of caspase 3 and 9 
protected against cisplatin ototoxicity188 in guinea pigs. 
Rolipram is another promising agent that prevents apop-
tosis by downstream upregulation of cAMP and BDNF and 
TRKB targets.189

NEUROTROPHINS (NTS)
Because there is continuous NT support of the SGNs by 
hair cell secretion of NT-3 and BDNF, hair cell loss can lead 
to subsequent SGN loss. This has been noted in numerous 
studies (see ref.190 for review). Sometimes loss of SGNs 
can occur alone, without hair cell loss, e.g. through excito-
to xicity by prolonged stimulation. In a later section, we 
will review the role of NTs in hair cell differentiation and as 
growth factors, but here we will review their otoprotective 
role. 
 Neurotrophic support seems crucial to prevent apop-
totic cell death. This has been demonstrated for various 
cell types in various studies.191 NTs seem to provide tonic 
suppression of proteins in the apoptotic cascade.192 With-
drawal of NT support seems to increase intracellular ROS 
in cultured auditory neurons,193 and interestingly, blocking 
caspases not only blocked apoptosis, but also ROS forma-
tion.15 NTs have a host of effects in neuronal and hair cells, 
including calcium homeostasis,194 and regulation of endo-
genous free radical scavengers.15,136,193

 NTs have been shown to protect inner ear cells from 
a variety of insults, e.g. noise, ototoxicity,195 and amino-
glycoside toxicity.196 Why hair cells, NT secretors, are also 
protected is not clear. It maybe that hair cells also require 
trophic support from SGNS, and there may be complex 
local NT recycling networks. 
  In humans there is a window of opportunity between 
hair cell loss and SGN loss in which NTs may have utility 
as therapeutics. This has been studied extensively for NT-3 
and BDNF, and to a lesser extent with GGNF, and much 
less so with nerve growth factor (NGF).190 Unfortunately, 
this protective effect requires an ongoing supply of NTs, 
so requires some ongoing source of NT delivery or pro-
duction.197 Other studies have not shown such a dramatic 
loss of protection after NTs were stopped,198-200 and it has 
been speculated that this is because electrically stimulat-
ed eABRs were used to measure hearing function, which 
could have acted as SGN protectant. A few authors190,201 
have shown that continued electrical stimulation could 
preserve SGNs after exogenous NTs were stopped. Another 
possibility is that SGNs take on an autocrine mechanism 
and can start to secrete their own NTs. It is at present 
unclear if electrical stimulation is adequate in humans to 
preserve SGNs if they were prevented from dying by tem-
porary NT support initiated soon after hair cell loss. This 
would be a useful strategy in cochlear implantation if 
proven to be effective. 
 Almost all types of NTs, whether expressed in the adult 
cochlea or not, seem to have a protective effect on SGNs. 
It seems, however, that the morphology and functional 
aspects of response may vary by NT.202,203 NTs have been 
delivered through a variety of approaches. The most effec-
tive route is intracochlear injection (including through 
cochlear implants), other somewhat less effective methods 
are IT injections, and IT infusion with hydrogels, Gelfoam 
(Upjohn, Kalamzoo, MI), and alginate beads.204-206

 In addition to SGN survival, NTs can also increase 
axonal sprouting of peripheral processes of SGNs toward 
the hair cells.207 This could be used to bring peripheral pro-
cesses closer to cochlear implant electrodes for instance. 

INNER EAR DRUG 
DELIVERY METHODS

Inner ear drug delivery mechanisms have been devised 
to provide drugs over a longer period of time, to control 
drug release, or to increase drug concentration inside the 
inner ear. 
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 Essentially, drug delivery mechanisms can be divi-
ded into those that bypass barriers to entry (such as direct 
inner ear injection and some NP carriers) and those that 
provide sustained drug concentrations, such as pumps 
or drug eluting compounds. Of course these mecha-
nisms interact in that a higher concentration (whether by 
increase in applied drug concentration or increase in 
RWM permeability) will provide active drug for longer 
before elimination (i.e. prolonged exposure in the inner 
ear), and sustained release will result in higher concen-
trations if the RWM is not normally very permeable to the 
drug, i.e. increased concentration. Some technologies, 
such as cochlear implants can combine direct access with 
longer term drug delivery. 

Injections or Bolus Administrations
Intratympanic Injections

The commonest method to deliver drugs directly to the 
inner ear, apart from systemic administration, is via direct 
IT injections. These are simple and cost effective, even 
with multiple injections, and well proven.
 IT injections provide a “bolus” of drug, but have little or 
no sustained delivery of the drug. IT injections are plagued 
by various limitations. Firstly, the solutions are usually low 
viscosity, and easily run down the Eustachian tube. The 
dose delivered is unpredictable, and may vary from patient 
to patient, or from injection to injection. More viscous or 
gel formulations may stay in the middle ear for longer, and 
provide a more controlled and repeatable dosing scheme. 
Secondly, bolus administration results in high peak con-
centrations over a short time, but low plateau concentra-
tions. These high peaks may be harmful so some inner 
ear tissue that it would be advantageous to preserve. Sus-
tained release formulations may result in better-targeted 
or more potent effects on the target tissue. Thirdly, the 
primary entry point to the inner ear is the RWM, which 
has varying degrees of permeability to various com-
pounds. Carriers maybe able transport the drug across 
the RW, or the RW can be made more permeable to the 
drug. 
 Despite these limitations, as of yet, there is little con-
vincing evidence in humans that any other drug delivery 
mechanism outperforms direct IT injection for common 
drugs such as steroids or gentamicin. However, there are 
many drugs that will likely not achieve adequate concen-
trations inside the inner ear by IT injection alone, and this 
limits the scope of IT therapy to only a few drugs currently. 

Direct Inner Ear Injection
Otologic surgeons have long experience in opening the 
inner ear and preserving hearing through operations 
such as stapedotomy or lateral canal fenestration. More 
recently, the cochlea itself has been opened for coch-
lear implantation in hearing preservation short electrode 
imp lants, and it is now accepted that hearing preserva-
tion is possible despite insertion of an implant into the ST. 
Direct injection is likely to result in the greatest concentra-
tion of drug in the inner ear. However, cochlear opening 
(e.g. for cochlear implantation) is rarely, if ever, performed 
in the presence of good residual hearing in the high fre-
quencies that reside at the basal region near the RWM. If 
intracochlear therapies are used to address ears that are 
still hearing well, there is understandably concern as to the 
hearing risks. This has led to development of new techno-
logies and drug injection techniques that are less trauma-
tic to the inner ear. 
 Methods to access the inner ear directly include stape-
dotomy, round window injection, endolymphatic sac (ELS) 
injection, lateral canal fenestration and cochleostomy. 
Gadolinium injected into the human ELS was shown to 
reach all areas of the cochlea without residual hearing 
damage,208 and in animal studies, ELS dexamethasone injec-
tions were able to modulate aquaporin 3 expression.209

 Access to some compartments maybe preferentially 
achieved by injecting in specific areas, e.g. injection via 
stapedotomy will allow better access of vestibular com-
partments than round window injection. To minimize 
the hearing loss risk inherent in opening the cochlea, 
some researchers have tested accessing cochlear fluids by 
opening the vestibule instead, e.g. Praetorius et al. were 
able to show expression of viral particles introduced into 
the vestibular system in both the vestibular and cochlear 
organs.210 The semicircular canals have also been reported 
for injections for inner ear gene transfection, but there was 
loss of vestibular function in the tested mice.211

Depot Injections
Various polymers or depot compounds can be use to hold 
and elute drugs more slowly. The release of the drug is due 
to slow degradation of the material, drug diffusion or a 
combination of these. Polymers can be biostable or biode-
gradable, depending on the function required. 

Hydrogels and Polymers
Hydrogels are promising for short term (in the order of 
days) delivery of drugs, but not for chronic long-term 
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delivery. The best clinically known hydrogel is probably 
Gelfoam. Gelfoam, and similar products, are biodegrad-
able polymers, which have been used clinically, e.g. to 
deliver gentamicin212 on the RWM. It has been used also 
in many animal studies to deliver various substances, 
including BDNF.205 In the BDNF study, the BDNF effect was 
mainly noted in the basal cochlear region. Certainly other 
carriers have been shown to perform better for specific 
applications. For instance, comparing radioactive NT3 
concentrations in he inner ear with delivery on Gelfoam 
pledgets versus alginate polymer microspheres, Noushi 
et al.206 found higher concentrations with the alginate. 
Alginate is a polysaccharide polymer, which can incorpo-
rate bioactive peptides, and is broken down into harmless 
metabolites. 
 Another commonly used hydrogel is hyaluronic acid, 
an anionic nonsulfated glycosaminoglycan polysaccharide. 
A commercial preparation of this is Seprapack (Genzyme, 
Boston MA), which has been used to deliver dexametha-
sone205 and NAC213 to the inner ear via IT injection, and 
has been reported to reduce the hearing loss seen follow-
ing cochlear implantation when used in this manner.214 
Seprapack has been shown to provide a higher and more 
sustained concentration of dexamethasone in the coch-
lea after IT injection than injecting the dexamethasone 
alone drug alone.215 This has also been reported with other 
hydrogels.216 Various other hydrogels have been stud-
ied204,217 and found to be effective in delivering drug to the 
inner ear, including bioadhesive chitosans.218 Chitosan is a 
glucosamine polysaccharide, and have been used in ani-
mal experiments to deliver steroids219 and neomycin218 to 
the cochlea.
 Of particular interest are hydrogels that are tempera-
ture sensitive polymers. These can be injected as liquids, 
but transition into gels at body temperature, allowing sus-
tained delivery. These types of hydrogels can be formu-
lated from chitosan, or other polymers, e.g. Poloxamer. In 
animal models, Poloxamer provided a better concentra-
tion gradient along the cochlea from base to apex through 
its sustained release action than IT injections of drug 
alone.64

Microwicks

Wicks act to channel externally applied drug or molecules 
to the RWW, i.e. they act as a refillable reservoir. One 
such example is the Silverstein Microwick, (Micromedics, 
Minnesota), made from polyvinyl acetate. This is intro-
duced through a ventilation tube and placed in the round 

window niche. Whilst there do not appear to be any con-
trolled studies comparing the Microwick to IT injection 
alone, it has been shown to be effective in various treat-
ment regimens. Gentamicin applied to the wick (10 mg/mL) 
was shown to control vertigo in 76.8% of Meniere’s 
disease patients,220 and with self-applied steroids also for 
Meniere’s disease an improvement was reported in 67% of 
subjects.221 As noted, it is unclear at this point if this meth-
od of delivery outperforms weekly IT injections. 

Pumps

Various types of pumps, primarily osmotic mini-pumps, 
have been used to deliver drugs over a longer time period 
to the cochlea. Previously the IntraEar Microcatheter 
(Durect, Cupertino, CA) was available as device for longer 
term delivery of drugs to the inner ear, and several publi-
cations showed efficacy of this system in delivering gen-
tamicin and steroids to the inner ear.222 This has been used 
in the past in interesting “micro-dose” paradigms for gen-
tamicin, in which it is claimed that vestibular function was 
not compromised, and perhaps even enhanced.101 This 
particular pump is no longer available commercially, and 
at present there are no micro-pumps that are available for 
widespread clinical use. 
 Other types of pumps are reciprocating perfusion sys-
tems, which have zero net fluid volume change, through 
a process of pulsed drug injection, and perilymph fluid 
withdrawal, incorporating a recirculation element.223,224 
By mixing perilymph with a reservoir of drug, these sys-
tems could potentially provide drug delivery for months 
or years. These can be programmed for complex dosing 
schedules. Because there is zero net fluid flow, there is less 
likelihood of spread of material to the CNS and contralat-
eral ear. 
 Other investigators have also proposed bone anchored 
subcutaneous micropumps, and shown proof of concept 
in rat models.225

Nanoparticles

Various kinds of NPs have been studied for inner ear drug 
delivery, and numerous publications have shown in ani-
mal models that they can increase drug delivery and the 
sustained release of compounds to the inner ear, when 
compared to free drug alone. As of yet, however, none have 
been applied for clinical use in the inner ear, and their 
safety in the inner ear in humans has yet to be established, 
although most NPs seem safe in animal studies to date. 
NPs can increase transport across the RW, and increase 
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solubility, as many compounds have low aqueous solu bility. 
NPs can also provide sustained release of their cargo drugs 
or compounds. They can also be coated with surface com-
pounds such as peptides or antibodies, which allow them 
to target-specific structures. For instance, Zhang et al.226 
used NP coated with TET1 peptide, and compared with 
non-TET1 coated particles, only TET1 coated ones were 
taken up by the cochlear nerve. However, this surface 
modification also changed the RWM permeability for the 
particles, and this may be a difficult additional challenge. 
All the NPs described below have been shown to cross the 
RWM, by both a paracellular and an intracellular route 
involving endocytosis (for a recent review, see ref.227). 
RWM transition efficiency decreases with increasing NP 
diameter.228 Interestingly, the OW maybe a site of entry 
for some NPs, allowing preferential treatment of vesti-
bular structures. Some of the major categories of NPs are 
reviewed below:

Poly(lactic-co-glycolic acid) (PGLA): This is a biodegrad-
able lactic acid/glycolic acid copolymer, which breaks 
down into naturally occurring metabolites. It is a versa-
tile carrier, able to accept both hydrophilic and hydro-
phobic loads, and has been used for a wide variety of 
loads, including protein, steroids, antibiotics and nucleic 
acids.227,229 PGLA NPs are endocytosed and their pack-
aging can modulate their release characteristics. They 
have been shown to distribute inside the cochlea when 
applied to the RWM, and could provide a way to provide 
sustained release inside the cochlea.230 They offer a safe 
and versatile way to deliver a variety of compound to the 
inner ear.

Lipid nanocapsules: These contain a hydrophobic lipid (usu-
ally triglyceride) core, and a nonionic surfactant shell. They 
are cheap and very stable, for up to 1.5 years, and are very 
good for hydrophobic cargo. They have been used for a 
variety of purposes in the body, and in the inner ear to suc-
cessfully deliver rolipram to the SGNs.231,232 They have been 
shown to penetrate the RWM and reach spiral ganglion 
cells in the rat, within 30 minutes of application.233

Polymersomes: Also known as polymeric vesicles, they are 
biomimetic structures that overcome the body’s natural 
defenses, are stable and their membrane properties can 
be configured for specific targets. They can accept both 
hydrophilic and hydrophobic loads, and drug delivery is 
through diffusion though the membrane, depending on a 
concentration gradient. They have been successfully used 
to deliver peptides to the cochlear nerve in rats.226

SPIONs: Magnetically active ferrous Fe3O4 particles can 
be coated with polymers such as PGLA, and made to enter 
the inner ear by external magnetic fields, by so called “mag-
netic injection” in guinea pigs, rats, and human temporal 
bones.234 Du et al. delivered dexamethasone to guinea pig 
cochleae using this technique.235 PGLA NPs encapsulated 
within iron oxide NPs can be made to cross the RWM when 
a magnetic field is applied. There are some safety con-
cerns, however, with these ferrous particles, with reports 
of neural activity disruption even at low concentrations.236

Cochlear Implants as Drug Delivery Devices
Cochlear implants enter the inner ear perilymph space 
anyway, and could be designed as a portal to deliver 
drugs.237,238 Primarily the interest in there use has been 
to preserve SGNs from any implantation trauma, and to 
prevent their ongoing degeneration. SGNS will degener-
ate without trophic support from hair cells, over time.190 
If neurotrophic supporting factors such as NT3 or BDNF 
can be applied, however, SGNs survive, and these neuro-
peptides can be made to elute from CI coatings.239 These 
have to be continuously supplied, however, as their SGN 
supportive actions cease a few weeks after their supply 
ceases. There is some evidence, however, that electrical 
stimulation alone may provide some preservation of SGNs 
(see section above on neuropeptides). Steroids may also 
be supplied via the CI, and may reduce hearing loss from 
the trauma of implant insertion.240-243

REGENERATIVE AND GENE THERAPIES

Cell Cycle Regulation
It has long been appreciated that hair cell recovery can 
occur after cochlear damage in avian cochleae,244,245 but 
that this does not seem to happen spontaneously in the 
adult mammalian inner ear. In birds, hair cell regeneration 
can occur using two mechanisms, mitosis and transdiffer-
entiation. Mitosis does not occur in adult mammals, but 
does in adult birds. In this process, actual hair cells divide, 
providing new hair cells. Another mechanism, which adult 
birds also exhibit, is transdifferentiation of supporting 
cells directly into hair cells. 
 In general, cells in mammalian cochleae cells are pre-
vented from reentering the mitotic cell cycle by various fac-
tors, such as the tumor suppressor gene p27kip1.246 Other 
cell cycle regulation genes such as p19/ink4d and Rb1 can 
also be manipulated to cause mammalian cochlear cells to 
divide, but the cells seem to enter programmed cell death 
soon after being produced. 
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 In transdifferentiation, certain transcription factors 
bind to cell DNA and code for specific types of inner ear 
cells. One powerful such factor is Atoh 1 (also called Math1) 
that signals undifferentiated cells to become hair cells. 
Another important transcription factor is Sox 2. The Atoh1 
factor is only one present in the developing cochlea, and 
but is turned off in the adult mammalian cochlea. 
 Cells in the cochlea also exhibit lateral inhibition, 
in which local signals from neighboring cells prevent an 
overabundance of one cell type. With death of certain cell 
types, cell differentiation pathways are turned on in neigh-
boring cells. This local control pathway is partly regulated 
by a receptor protein called Notch, and signals transcrip-
tion factors Hes 1 and Hes 5.247,248

 Cells in the adult organ of Corti are postmitotic, and 
there has been much research to try to induce these cells 
to proliferate. For an overview, the reader is directed to 
Raphael et al, and Okano et al.249,250 Cell phase transitions 
are controlled by cyclins and cyclin dependant kinases, 
which are controlled by many factors including the lnk4 
cyclin-dependant inhibitor family, and Cip/Kip factors.251 
It appears that p27kip1(also know as Cdkn1b) is highly 
expressed in supporting cells, but not in hair cells, and 
maybe a major reason for lack of regeneration in hair cells. 
For instance, mice lacking p27kip1 exhibit supernumerary 
cochlear hair cells and supporting cells, although function 
of the cochlea is disrupted by this overabundance.246,252 
Raphaels’ group showed that inhibiting p27kip1 leads to 
division of the auditory epithelium, but not to the pro-
duction of hair cells.33 Hence, inhibition of p27kip1 is not 
suffi cient, by itself, for hair cell generation. Numerous  
other factors are known to be involved, including Rb, Rb12, 
Cdkn2d, Cdkn1a, and Cyclin D.250

 The final step in cochlear development is the commit-
ment of the prosensory cells to their hair or supporting cell 
fate. This is where Atoh 1 has been shown to be a crucial 
factor in driving cells toward a hair cell fate. Indeed Atoh 1 
seems both necessary and sufficient to drive these cells in 
the early development phase toward hair cell differentia-
tion. Atoh 1 is itself regulated through a complex mecha-
nism that involves the transcription factor Sox2. Atoh 1 is 
not the only regulator of hair cell differentiation, however, 
as Notch signaling, through lateral inhibition, also deter-
mines the quantity of Atoh-1 positive cells that become 
hair cells; disrupting Notch signaling increases the num-
ber of hair cells.250 Despite these possibilities, generating 
actual new cells rather than transdifferentiating existing 
ones is important, as the population of supporting cells is 
not depleted, and it also allows the opportunity to insert 

large genes during into the genome, e.g. using retroviruses 
that is only possible during mitosis. 

ROLE OF CELL DEATH AND 
CELL REPLACEMENT

Many of the common ototoxic agents, such as aminogly-
cosides, cisplatinum and noise exposure, have their effect 
on hair cells by an apoptotic pathway, often by generat-
ing ROS (for review see section on cell death above, and 
ref.253).
 SGN cell death is often apoptotic as well, but occurs 
later than hair cell death in most insults. However, it can 
also occur by direct neuronal insult (as can happen from 
aminoglycosides), but more often from loss of neuro-
trophic support from hair cells.254

Neurotrophins
In addition to their role in otoprotection, reviewed above, 
NTs have also been studied as growth factor proteins, and 
are involved in neurogenesis and synaptic and neuronal 
differentiation. They are generally produced by the inner-
vation target cells, and then affect more central neurons. 
Four types of NTs have been identified in mammals. These 
include NGF, brain-derived neurotrophic factor (BDNF), 
neurotrophin-3 (NT-3), and neurotrophin 4 (NT-4). In 
the greater family of neurotrophic factors, other impor-
tant proteins in the nervous system are glial-line derived 
neurotrophic factor [CDNF0, ciliary neurotrophic factor 
(CNTF) and fibroblast growth factor (FGF)]. These pro-
teins activate extensive intracellular signaling pathways,190 
and are known to be essential for the differentiation and 
survival of cochlear neurons. Hair cells secrete BDNF and 
NT-3, and these factors can act to stimulate formation of 
synapses with nerves attracted to the cells.255,256 Expression 
of these NTs by various cells (vestibular and cochlear), 
however, varies during developmental and mature phases. 
NT-3, e.g. is expressed by inner hair cells throughout deve-
lopment and adulthood, but not in outer hair cells in adult-
hood.190 This regulation of secretion of all the NTs, and 
expression of their target receptors is modified throughout 
the embryonal, early developmental and mature phases 
of the animal’s life in a highly complex and regulated 
manner. Null-mutation studies show that mice lacking 
BDNF only show a mild loss of type II SGNs, which innervate 
outer hair cells, primarily at the apical turn,257 whereas 
NT-3 null mutation mice show lack of inner and outer hair 
cell innervation, but primarily in the basal turn.258
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 When any of the four NT receptors are activated, they 
initiate a complex intracellular cascade that affects cell 
diff erentiation, proliferation, plasticity, axonal growth, and 
sometimes apoptosis (for review see references190,259,260).
 NT3 and BDNF have a vital role in maintaining SGNs 
in the mature cochlea, and their loss results in secondary 
degeneration of SGNs in various animal models, and the 
time course of the loss varies from species to species, 
occurring within a month in guinea pigs, and taking possi-
bly years in humans. Conversely, SGN loss can actually 
occur without hair cell loss,261,262 presumably by excitato-
xicity by overstimulation of the SGNs, e.g. by prolonged or 
intense acoustic stimulation. 
 Many of the NTs have been found to be protective 
against ototoxic and acoustic trauma. However, they are 
relatively large molecules and difficult to get into the 
cochlea. 

Small Molecule Regulation 
Tissue differentiation in many tissues is controlled partly 
by the Notch signaling pathway,263 including in the inner 
ear, which controls progenitor cell differentiation into 
hair cells and supporting cells by a process of lateral inhi-
bition.264-266 Supporting cells are prevented from becom-
ing hair cells, by Notch signaling from adjacent hair cells. 
Blocking Notch receptors diminishes activation of Hes1 
and Hes5, which are a bHLH (basic helix-loop-helix) family 
of transcription factors and negative regulators of hair cell 
differentiation, and suppress Atoh 1.267 Notch inhibition 
could result in transdifferentiation of nonsensory cells to 
hair cells by increasing Atoh1 expression. Direct trans-
fection of Atoh1 leading to cochlear hair cell generation 
directly has only been proven to be successful in embryo-
nic or newborn ears tissues.268-270 Izumikawa et al.271 used 
adenoviral transfection of Atoh 1 in adult damaged coch-
lea, and shown some hair cell differentiation, but it is 
unclear if these were cells that had recovered from trauma, 
or truly newly transdifferentiated hair cells.272

 In a breakthrough recent study, Mizutari et al.272 
were clearly able to restore hair cells damaged by noise, 
by transdifferentiation of supporting cells in adult mice, 
instead of newborn mice, by using a Notch inhibitor 
selected for potency from a range of gamma secretase inhi-
bitors. These mice showed both hair cell numbers increase 
and a functional increase in hearing ability. This may not 
be possible in long term deafened individuals when the 
Notch signaling pathway has returned to baseline levels, 
as opposed to the recently deafened animal model. Notch 

inhibitors such as gamma secretase inhibitors are small 
molecules that could be delivered to the inner ear through 
the round window, as proven by Mizutari et al.272 Other 
methods would be by the use of siRNA to block Hes gene 
product formation. These are exciting, as drug delivery 
to the inner ear is potentially easier to deliver than gene 
therapies, but at the expense of shorter term effects. 
 Another small molecule that has exciting potential 
is DAPT, a molecule that inhibits gamma secretase and 
increases Atoh1 expression. Using this approach, various 
authors have shown generation of new hair cells in vitro273 
and in vivo.274

GENE THERAPY
The relative isolation of the cochlea makes it a difficult tar-
get for pharmacotherapy, but the same isolation makes it 
a very good candidate for gene therapy. Gene therapy can 
provide ongoing, perhaps lifetime, sources of molecules 
that are necessary for inner ear health, make the ear less 
susceptible to various insults by overexpressing protective 
factors, replace missing factors, down regulate or inhibit 
harmful factors, and potentially regenerate the inner ear. 
Gene therapy requires some kind of vector to deliver the 
gene cargo. The reader is referred to papers from Raphael’s 
group recent reviews on gene therapy.275

Gene Therapy Vectors
Gene therapy holds great potential for inner ear regenera-
tion, and has been studied for decades. Some of the ear-
liest work was from the Lalwani group.276 Various vectors 
have been proposed, and they differ in their ability to cross 
the round window, transfect various types of cells, the size 
of the gene they can carry, their potential pathogenicity, 
and the duration of transgene expression that occurs. In 
gene ral, they can be divided into viral and nonviral vectors. 
Nonviral vectors include nonpackaged plasmids, or cati-
onic liposomes or dendrimer carrier structures.275 While 
these induce less inflammation than viral vectors, they are 
generally less effective at gene transfection as well. 
 Many different viruses are available for transfection 
in the inner ear, including adenovirus, adeno-associated 
virus (AAV), herpes simplex virus (HSV), vaccinia virus, 
lentivirus, and Sendai virus. For various reasons, among 
them concern about possible toxicity and unwanted trans-
fection and pathogenicity in human use, and considering 
those most investigated to date, the most likely vectors 
for human use in the near term are adenovirus and AAV. 
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Adenovirus crosses the RWM well, and is expressed with-
in 2 days across a wide variety of tissue types. However, 
its limitations are its possible toxicity and host immune 
responses to the adenovirus, and the transient gene 
expression.275 AAV shows long-term expression of genes, 
but can only carry relatively small genes, and is more dif-
ficult to transfect the inner ear with across the RWM.277

 Among candidate vectors, AAV are unique in that the 
wild type virus does not cause any known human disease, 
and is probably the most promising viral vector for human 
use for small gene payloads. 
 Genes can be delivered via the RWM using gel foam, 
partial digestion of the RWM,22 cochleostomy, injection 
through the RWM, or via infusion pumps. Other reported 
routes are via the semicircular canals and the ELS. For ears 
that are already deafened, cochleostomy openings may 
ensure efficient delivery with little additional risk to the 
inner ear, but for hearing ears, the risks of cochleostomy 
include hearing loss and damage, and other portals are 
more attractive. 
 Most gene therapy to date has focused on hair cell 
regeneration, or on chronic delivery of NTs. For instance, 
Staecker et al.278 used a Herpes Simplex virus to deliver 
BDNF. After neomycin injection, the gene therapy group 
showed a 94.7% cell salvage rate, versus a 64.3% rate in 
control animals. Lalwani et al.279 showed a significant pro-
tective effect using an AAV to deliver BDNF, although the 
expression was very low, and far from the optimal dose. 
Since then, there have been several other studies show-
ing effective gene transfer of NT-3280,281 showing protection 
against cisplatinum, as well as adenovirus mediated trans-
fection of BDNF,282-284 which was protective against a variety 
of otologic insults. More recent work has shown that in 
addition to hair cell protection, NTs can induce auditory 
fiber growth toward the basilar membrane.285,286

 Of particular interest are genes such as the X-linked 
inhibitor of apoptosis (XIAP), because they should be effec-
tive against many apoptotic processes. These genes have 
been studied by Wang’s group in mice, and found to show 
impressive protection against aging and noise,22,287,288 and 
shown by Cooper et al.289 when transfected with AAV, to 
prevent cisplatinum toxicity to hair cells. 
 Once damage has occurred, the “holy grail” is hair 
cell and neuronal regeneration. So far, it seems that coch-
lear hair cell transdifferentiation from supporting cells is 
primarily effective in the neonatal period.290,291 A particu-
larly well-studied gene is that Atoh/Math 1 gene, which 

seems particularly heavily involved in transdifferentiation 
of supporting cells into hair cells. Using a plasmid vec-
tor expressing Math 1 to transfect neonatal organ of Corti 
cultures resulted in supernumerary hair cells.292 A similar 
study using a human homologue of Math 1, with adeno-
virus transfection resulted in regeneration of vestibular 
neuroepithelium in vitro.293 Similarly, Kawamoto et al. 
delivered Math 1 to mature guinea pigs and showed pro-
duction of ectopic hair cells that attracted some inner-
vation,294 and in ears deafened with kanamycin and 
ethacrynic acid; this treatment was also shown to pro-
duce some recovery of hearing suggesting functional 
regrowth.271 However, in general the effects of transfection 
of Atoh 1 into wild type animals (as opposed to transgenic 
mice models overexpressing Atoh 1) have shown limited 
success in the mature cochlea, although they seem to be 
more successful in vestibular regeneration.275

 Another exciting application of gene therapy is in 
hereditary disease. In these cases, hair cell regeneration 
is likely to lead to renewed death of the hair cells, as the 
underlying defect is still present. However, replacement of 
the faulty gene or supplementation may be possible. An 
example of this is that hearing was successfully restored in 
VGLUT3 mice mutants with AAV1-VGLUT3 gene delivery 
in knockout mice, improving hearing thresholds.295

 Certainly, there are numerous obstacles to overcome 
before gene therapy becomes a reality. Not least of these 
are safety concerns, both with the pathogenicity and toxi-
city of the vector, and of uncontrolled expression of the 
gene. Genes may migrate to nontarget tissues, e.g. Lalwani 
et al.276 for AAV, and Stover et al.296 showed expression of 
the Adenoviruses in the contralateral cochlea. 

RNA Therapies 
At the interface of peptide and gene incorporation strate gies 
are strategies that involve the RNA interface. RNA strate-
gies involve inactivating faulty messenger RNA (mRNA) 
by particles called small interfering RNAs, (siRNA), made 
from cleaving double strand RNA and incorporating them 
in a protein complex.297,298 These siRNAs are 20–30 nucleo-
tides in length, and can “silence” specific genes by binding 
to mRNA to inactivate it. In the serum, siRNAs have a short 
life span, but in the cochlea, their life span maybe more 
prolonged. They are particularly suited to silencing aber-
rant mRNA in dominant-negative types of disorders. The 
GJB2 protein, e.g. has been silenced by this mechanism 
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in the mouse inner ear.299 In other uses siRNA therapy has 
been used in the rat to prevent cisplatin ototoxicity.300,301 
Other uses have been in the inhibition of NOX3, which is 
one of the primary sources of ROS in the cochlea. siRNA 
directed against NOX3 prevented SGN and HC damage 
from cisplatinum, for instance.301

Stem Cell Therapies 
Although stem cell therapies are not strictly molecular 
therapies, they will be briefly reviewed here. Stem cells 
are defined by their ability to proliferate into multiple dis-
tinct cell lines. Stem cell research overcame a huge hurdle 
in 2006, when it was demonstrated that expressing only 
4 genes (Sox2, Pou5fl, Klf4, and Myc) was sufficient to 
induce many adult cell types to become pluripotent,302,303 
avoiding the need for embryonal stem cells. 
 Ito et al.304 showed, as early as 2001, that hippocam-
pal cells injected into the neonate rat cochlea took on 
morphologies similar to cochlear cells. Work since then 
has shown that some stem/progenitor cells are present in 
the mammalian inner ear, but after birth, their numbers 
drop rapidly.250 Various authors250 have shown that isolated 
stem cells can be made to develop into hair cell like struc-
tures with the right growth and transcription factors, but 
the yields have been low, and much still is unknown about 
this process. While stimulating endogenous stem cells to 
differentiate into hair cells, neural cells and supporting 
cells would be the ideal solution, the population of such 
cells is likely very low in the adult inner ear.
 This has led to investigations into the use of transplan-
ted stem cells into the inner ear. Numerous authors have 
investigated various types of stem cell transplants into the 
inner ear, and have shown that they can develop into neural 
cells, supporting cells and hair cells, but the yield is low 
and the cells population seems to fall within several weeks. 
The functional status of the cells is also not clear in most 
reports. It is also difficult to get cells into various inner ear 
compartments, because of the tight junctions between 
cells to maintain the electrochemical gradient in the scala 
media. The high potassium in the scala media is also likely 
toxic to cells. Cells must also attract innervation once diff e-
rentiated into hair cells. Also, in many ears, both the hair 
cells and neural cells have been lost, and both would have 
to be replaced in a coordinated manner to achieve audi-
tory function. 
 Another target, perhaps more advanced in terms of 
research, has been replacement of spiral ganglion cells 

using stem cells. Many investigators have successfully 
derived neural cells from implanted stem cells, and shown 
that they will extend processes toward the organ of Corti. 
To date, no study has clearly shown that these cells will 
sense auditory function (for review see ref. 250) The rela-
tive accessibility of the spiral ganglion makes this a pro-
mising area of research however.
 Other targets have been to implant cells that secrete 
various neurotrophic or growth factor that maintain health 
of the inner ear, or promote repair. This is another promis-
ing approach, and one that may be functionally easier to 
achieve, and may help improve function of devices such as 
cochlear implants. 

CONCLUSION
This is an exciting time in inner ear molecular therapy. The 
ability to target the inner ear directly through the RWM 
and OW will increase even further with new carriers that 
allow drugs to cross these windows more efficiently, and 
with little risk to residual inner ear function. These carriers 
and vectors will also allow us to manipulate the pharma-
cokinetics of drugs to target various tissues, and avoid 
injury to other sensitive tissues. They will also allow us to 
get classes of drugs into the inner ear that currently are 
unable to access it efficiently.
 We are only beginning to understand the complexi-
ties of inner ear homeostasis, and the actions of various 
drugs in the inner ear, and indeed the actions of various 
diseases in the ear. This may allow us to develop new types 
of drugs to specifically address deficits caused by specific 
otologic diseases. Some drugs may prove to be nonspeci-
fic protectants against a wide variety of insults. One such 
insidious damaging factor is simple aging. It may be pos-
sible to make the inner ear generally more “robust” to any 
inner ear insult, so protecting against noise, ototoxicity, 
and other traumas for a lifetime.
 Of course, the most exciting development would be 
the ability to completely regenerate healthy, functioning 
and stable inner ear tissue in damaged ears. Significant 
strides have been made in this area, but there are numer-
ous hurdles, both scientific, safety related and regulatory 
before such treatments become feasible. These regenera-
tive treatments could be combined with artificial implants 
to improve function of the implants, or perhaps even to 
improve function beyond human “normal” auditory and 
vestibular abilities. 
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INTRODUCTION
The facial nerve is uniquely complex in terms of its form, 
function, and physiology. The facial nerve, the seventh 
cranial nerve, is involved in congenital anomalies and 
degenerative disorders and affected by a range of acquired 
pathology, from infectious to neoplastic conditions. A 
thorough understanding of its embryology, anatomy, and 
physiology enables the physician to accurately diagnose 
and treat disorders of the facial nerve. 

EMBRYOLOGY

Intratemporal Development
The facial nerve (Figs. 36.1A to C and Table 36.1) begins 
to form near the end of the first month of gestation. A col-
lection of neural crest cells gives rise to the acousticofacial 
primordium that develops adjacent to the primordial 
inner ear, the otic placode, and eventually gives rise to 
the facial and acoustic nerves.1 As the facial and acoustic 
portions differentiate, the otic placode invaginates, form-
ing the otocyst, a precursor to the eventual membranous 
labyrinth of the inner ear. Anlagen of the geniculate gan-
glion appears early in the second month of gestation. 
Adjacent to the geniculate ganglion, the distal segment of 
the acousticofacial primordium differentiates into cau-
dal and rostral trunks, which represent the eventual main 
trunk of the facial nerve and chorda tympani nerve, respec-
tively. The complex, tortuous course of the facial nerve and 
chorda tympani is explained by their separate origin and 
subsequent intersection.2 During the sixth week of gesta-
tion, the motor division of the facial nerve establishes its 
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position in the middle ear between the membranous laby-
rinth (an otic placode structure) and the developing stapes 
(a second arch structure). During this time, the chorda 
tympani nerve becomes associated with the trigeminal 
nerve, which carries the chorda tympani on its way to the 
tongue via the lingual nerve. The greater superficial pet-
rosal nerve, which carries preganglionic parasympathetic 
fibers toward the pterygopalatine ganglion, also develops 
during this time period.3

 Anatomic relationships of the facial nerve are estab-
lished by the end of the second month; when the car-
tilaginous otic capsule forms around the membranous 
labyrinth, while the facial nerve travels in a sulcus within 
the cartilaginous capsule. The otic capsule begins to ossify 
at the end of the fourth month, while the fallopian canal, 
the bony canal that transmits the facial nerve through the 
temporal bone, begins ossification in the fifth gestational 
month, in a process that is not complete until several years 
after birth.3-5 Formation of the fallopian canal occurs when 
two periosteal shelves of bone surround the facial nerve. 
Fusion of the shelves occurs in an anterior to posterior 
direction, concluding postpartum in the region of the oval 
window.6 Incomplete development of the fallopian canal 
in this model represents normal anatomic variation, rather 
than a congenital anomaly. These natural dehiscences may 
contribute to facial palsies associated with otitis media 
or barotrauma, while also placing the facial nerve at risk 
during middle ear surgery.7-9 

Extratemporal Development
During the sixth gestational week through the end of 
the second gestational month, all five divisions of the 
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Figs. 36.1A to C: A schematic illustration demonstrating the 
embryo logy of the facial nerve. (A) The location of the facial nerve 
in the developing embryo is shown in relation to the other impor
tant nerves in the head and neck. The trigeminal nerve (5) supplies 
the first pharyngeal arch and has three branches: the ophthalmic, 
maxillary, and mandibular. The nerve of the second arch is the 
facial nerve (7); that of the third is the glossopharyngeal nerve 
(9). The musculature of the fourth arch is supplied by the superior 
laryngeal branch of the vagus nerve (10), and that of the sixth 
arch by the recurrent branch of the vagus nerve. (B) The location 
of the second branchial arch, giving rise to the main trunk of the 
facial nerve, is shown in relation to the other branchial arches. (C) 
Other derivatives of the second branchial arch are shown, which 
help explain the complex innervation pattern of the facial nerve. 
Labels I-V represent the first through fifth branchial arch deriva
tives, respectively.
Source: Adapted with permission from Sadler TW. Langman’s 
Medical Embryology, fifth edition. Baltimore: Lippincott, Williams 
and Wilkins; 2006.

A B

C

extratemporal nerve—the temporal, zygomatic, buccal, 
mandi bular, and cervical branches—are present. With time, 
inter connections develop between peripheral branches 
of the facial nerve, while communications also develop 
between extratemporal facial nerve branches and branches 
of the cervical plexus and trigeminal nerve.10,11 
 During the third month, the parotid bud enlarges and 
engulfs the facial nerve.10 Gland ductules grow between 
the developing nerve branches, resulting in myriad con-
nections between the superficial and deep portions of the 
gland, without any discrete capsule separating these two 
aspects. The facial muscles (Fig. 36.2), developing inde-
pendently, are formed at 7–8 weeks’ gestation and must be 
innervated by the distal facial nerve branches or else the 
muscle will degenerate, although this critical time period 
before degeneration is not currently known. By the end of 
the third gestational month, a majority of the facial muscu-
lature is identifiable and functional.5

Postnatal Development
At birth, the facial nerve is located just beneath the skin 
near the mastoid tip as it emerges from the temporal bone, 
and is vulnerable to the postauricular incision in a young 
child. As the mastoid tip forms and elongates during 
child hood however, the facial nerve assumes its more 
medial and protected position. Individual axons of the 
facial nerve also undergo myelination until the age of 
4 years, an impor tant consideration during electrical test-
ing of the nerve during this time period.12

CENTRAL NEURONAL PATHWAYS

Supranuclear Pathways
The primary somatomotor cortex of the facial nerve, con-
trolling the complex motor function of the face, is located 
in the precentral gyrus, corresponding to Brodmann areas 
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Table 36.1: Facial nerve development

Gestational 
month Development

1 Acousticofacial (AF) primordium gives rise to 
both the facial and acoustic nerves 

2 Geniculate ganglion develops
Caudal trunk of AF primordium develops into 
main trunk of facial nerve (FN)
Rostral trunk of AF primordium develops into 
chorda tympani nerve
Motor division of FN establishes position 
between labyrinth and stapes
Chorda tympani nerve becomes associated with 
trigeminal nerve
Greater superficial petrosal nerve develops
Five extratemporal branches develop
Facial muscles develop independently

3 FN elongates
Fallopian canal develops, continuing through 
birth
Parotid bud engulfs extratemporal FN
Facial musculature is identifiable and functional

4-Birth FN elongates
Fallopian canal continues to develop

Postnatal FN axon myelination, continuing through age 
4 years
Lateral location of extratemporal FN gradually 
medializes under developing mastoid tip

Fig. 36.2: An adaptation of Sir Charles Bell’s classic illustration 
of the muscles of facial expression, with the muscles labeled. 
Source: Reproduced from Bell C. Essays on the Anatomy of Facial 
Expression, 2nd edition. London: Murray; 1824.

4, 6, and 8 (Fig. 36.3). Neural projections from this area 
making up the corticobulbar tract descend through the 
internal capsule and then through the pyramidal tracts 
within the basal pons. In the caudal pons, most of the 
facial nerve fibers cross the midbrain to reach the con-
tralateral facial nucleus. A small number of facial nerve 
fibers innervate the ipsilateral facial nucleus, a majority of 
which are destined for the temporal branch of the nerve.13 
This innervation pattern explains why central nervous sys-
tem lesions spare the forehead muscle, since they receive 
input from both cerebral cortices, whereas peripheral 
lesions involve all branches of the facial nerve.14-17 More 
recent somatotopic primate studies suggest an alternate 
explanation: upper facial motor neurons receive little 
direct cortical input, while lower facial muscles depend 
heavily on cortical innervation. Thus, the forehead- 
sparing aspect of cortical lesions may in fact be explained 
by this regions relatively lower dependence on cortical 
innervation.18 
 In addition to these voluntary neural projections to the 
facial nerve, there is also an extrapyramidal cortical input 
to the facial nucleus from the hypothalamus, the globus 

Fig. 36.3: A schematic illustration of the complete pathway of the 
motor division of the facial nerve.
Source: Redrawn with permission from Sadler TW. Langman’s 
Medical Embryology, 12th ed. Baltimore: Lippincott Williams & 
Wilkins; 2012. 

pallidus, and the frontal lobe, all of which control involun-
tary facial expression associated with emotion. Additional 
projections to the facial nuclei from the visual system are 
involved in the blink reflex. Projections from the trigeminal 
nerve and nuclei contribute to the corneal reflex, whereas 
those from the auditory nuclei help the eye close involun-
tarily in response to loud noises.
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Facial Nucleus and Brainstem
The efferent projections from the facial motor nucleus 
emerge dorsomedially to form a compact bundle that 
loops over the caudal end of the abducens nucleus 
beneath the facial colliculus or internal genu (or turn). The 
neurons then pass between the facial nerve nucleus and 
the trigeminal spinal nucleus, emerging from the brain-
stem at the pontomedullary junction (Fig. 36.4).

Nervus Intermedius
The nervus intermedius, or Wrisberg’s nerve, mediates 
taste, cutaneous sensation of the external ear, propriocep-
tion, lacrimation, and salivation. The nervus intermedius 
exits the brainstem adjacent to the motor branch of the 
facial nerve (Table 36.2 and Fig. 36.5). The nerve common-
ly clings to the adjacent cochleovestibular nerve complex 
rather than the facial nerve and crosses back to the seventh 
nerve as it approaches the internal auditory meatus.19

 General visceral efferent fibers of the nervus inter-
medius are preganglionic parasympathetic neurons that 
innervate the lacrimal, submandibular, sublingual, and 
minor salivary glands. The cell bodies of these nerves 
arise in the superior salivatory nucleus and join the facial 
nerve after it has passed the abducens nucleus. They travel 
together until reaching the geniculate ganglion in the tem-
poral bone. At this point, the greater superficial petrosal 
nerve branches off, composed of neurons destined for the 
pterygopalatine ganglion. The greater superficial petrosal 
nerve ultimately innervates the lacrimal, minor salivary, 
and mucosal glands of the palate and nose. Remaining 
fibers form part of the chorda tympani nerve, proceed to 
the submandibular ganglion, and eventually proceed to the 
submandibular and sublingual salivary glands.

Fig. 36.4: The anatomy of the facial nerve (CN VII) and cochleo
vestibular nerve (CN VII) as they exit the brainstem at the level of 
the pontomedullary junction.
Source: Redrawn with permission from Sadler TW. Langman’s 
Medical Embryology, 12th ed. Baltimore: Lippincott Williams & 
Wilkins; 2012.

Table 36.2: Subdivisions and functions of the facial nerve
Facial nerve subdivision Function

Branchial motor Muscles of facial expression 
Posterior belly of the digastric 
muscle
Stylohyoid muscle
Stapedius muscle

Visceral motor Salivation—lacrimal, submandi-
bular, and sublingual glands
Nasal mucosa or mucous mem-
brane

General sensory Sensory to auricular concha
External auditory canal
Tympanic membrane

Special sensory Chorda tympani nerve—taste to 
anterior two-thirds of tongue 

Fig. 36.5: The anatomy of the visceral motor portion of the facial 
nerve, making up the nervus intermedius, or nerve of Wrisberg. 
The preganglionic, parasympathetic portions of this nerve have 
cell bodies located in the abducens nucleus. From there they travel 
toward the geniculate ganglion in the temporal bone, located at 
the first genu of the facial nerve on the floor of the middle cranial 
fossa. Fibers from this nerve are destined to innervate the lacrimal 
gland, minor salivary glands, and mucosal glands of the palate 
and nose.
Source: Redrawn with permission from Sadler TW. Langman’s 
Medical Embryology, 12th ed. Baltimore: Lippincott Williams & 
Wilkins; 2012.

 The special visceral afferent fibers, which also form a 
portion of the chorda tympani nerve, receive input from 
the taste buds of the anterior two-thirds of the tongue, as 
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well as the hard and soft palates (Fig. 36.6). The sensory 
afferents for taste have their cell bodies in the geniculate 
ganglion and will eventually synapse in the medulla, in the 
nucleus solitarius.
 The general sensory afferent neurons of the nervus 
intermedius are responsible for cutaneous sensory infor-
mation from the external ear canal and postauricular 
region. These cutaneous sensory fibers enter the spinal 
trigeminal tracts without synapsing in the geniculate gan-
glion.

Cerebellopontine Angle
The facial nerve leaves the brainstem at the pontomedul-
lary junction, where it lies in close approximation to the 
vestibulocochlear nerve (see Fig. 36.4). This intimate rela-
tionship takes on critical importance when lesions arise in 
the region of the cerebellopontine angle (CPA), a common 
location for central nervous system tumors. In this loca-
tion, the facial nerve is placed in jeopardy both during the 
growth of the tumor and during attempted surgical resec-
tion in this area. During its lateral course through the CPA 
and internal auditory canal (IAC), the relative positions of 
the facial and cochleovestibular nerves change by rotat-
ing 90°.20 In the CPA, the facial nerve is covered with pia, 

is bathed in cerebrospinal fluid, and is devoid of epineu-
rium, leaving it susceptible to manipulation trauma during 
intracranial surgery.
 Lesions involving the CPA commonly include vestibu-
lar schwannomas, meningiomas, and primary cholestea-
tomas. Larger lesions can cause compression of the CPA 
that leads to deficits affecting more than just the vesti-
bulocochlear nerve, involving the fifth, then ninth, tenth, 
and eleventh cranial nerves. Also of note, the presence of 
coursing arteries in proximity to the facial nerve at the CPA 
has been implicated as one cause of hemifacial spasm; 
treatment with microvascular decompression at the facial 
nerve root is a well described.21

INTRATEMPORAL NERVE PATHWAYS
After traversing the CPA, the facial nerve enters the tempo-
ral bone along the posterior face of the petrous bone. Within 
the temporal bone, the facial nerve successively passes 
through four regions before its exit out of the stylomastoid 
foramen: (1) the IAC, (2) the labyrinthine segment, (3) 
the intratympanic segment, and (4) the descending seg-
ment (Figs. 36.7 to 36.9). From the lateral end of the IAC 
to its exit out the stylomastoid foramen, the nerve travels 
approximately 3 cm within the fallopian canal.

Internal Auditory Canal
The facial nerve enters the temporal bone along the poste-
rior face of the petrous bone, piercing the internal audi-
tory meatus. At the lateral end of the IAC, the traverse crest 
divides the IAC into superior and inferior portions. The 
superior portion is in turn further divided by the smaller 
and more laterally located vertical crest or “Bill’s bar”. At 
this lateral portion of the IAC, the anatomy is most consis-
tent: The superior portion is occupied by the facial nerve 
anteriorly and the superior vestibular nerve posteriorly 
(Fig. 36.8). Within the IAC, the dural covering of the facial 
nerve transitions to epineurium.

Labyrinthine Segment
At the lateral portion of the IAC, the facial nerve pierces 
the meatal foramen to enter the labyrinthine segment. 
This portion of the nerve runs beneath the middle cranial 
fossa, passing posterior to the cochlea and anterior and 
medial to the ampulated ends of the horizontal and supe-
rior semi circular canals. The distance between the facial 
nerve and basal turn of the cochlea that is less than the 
standard size of the smallest diamond drills (0.6 mm) in 

Fig. 36.6: The anatomy of the special sensory component of the 
facial nerve, comprising the chorda tympani nerve.
Source: Redrawn with permission from Sadler TW. Langman’s 
Medical Embryology, 12th ed. Baltimore: Lippincott Williams & 
Wilkins; 2012.
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the vast majority of patients, underscoring the importance 
of meticulous dissection of the facial nerve during middle 
cranial fossa approaches.22The geniculate ganglion is con-
sidered the end of the labyrinthine segment of the nerve 
and lies just superior to the nerve. Arising from the genicu-
late ganglion is the greater superficial petrosal nerve, con-
taining preganglionic parasympathetic fibers destined for 
the lacrimal gland, as well as for the nasal and palatine 
mucosal glands. The nerve also contains some minor taste 
neurons that supply the posterior palate.
 The labyrinthine segment is further notable in that 
it is the narrowest portion of the fallopian canal, where 
it averages < 0.7 mm in diameter, occupies the canal to 
the greatest proportional extent, and is lined by a fibrous 
annu lar ligament.23 As a result, it is believed that infections 
or inflam mations causing edema of the facial nerve within 
this region can lead to temporary or permanent paralysis 
of the nerve, such as in Bell palsy.

Tympanic Segment
At the geniculate ganglion, the facial nerve makes its first 
genu and becomes the tympanic segment of the facial 

nerve, so called because it travels within the middle ear 
space. This portion of the nerve is approximately10 mm 
long. Landmarks for the nerve at this location include the 
cochleariform process, which gives rise to the tensor tym-
pani muscle, and the “cog”, a small bony prominence pro-
jecting from the roof of the epitympanum. The facial nerve 
then travels posteriorly, just superior to the oval window 
and stapes. The nerve then curves inferiorly at its second 
genu, just posterior to the oval window, pyramidal pro-
cess, and stapedial tendon, and anterior to the horizontal 
semicircular canal. It is this portion of the nerve that is 
most susceptible to injury during surgery because pro-
cesses such as cholesteatoma frequently erode the bone 
covering the facial nerve in this region, leaving it precari-
ously exposed.
 In addition to bony dehiscence from pathology, natu-
ral fallopian canal dehiscences have also been described 
in cadaver specimens, a majority of which occurred in the 
tympanic segment. In more than 80% of cases, the dehis-
cences involved the portions of the canal adjacent to the 
oval window.24

Vertical, Descending, or 
Mastoid Segment
After the second genu, the nerve traverses the synony-
mously named vertical, descending, or mastoid segment 

Fig. 36.7: The intratemporal divisions of the facial nerve. After 
passing through the internal auditory meatus on the posterior face 
of the petrous temporal bone, the nerve enters its canalicular seg
ment, as it traverses between the cochlea and the vestibular laby
rinth. After making its first genu (bend) at the genicular ganglion, 
it becomes the tympanic segment, coursing through the middle 
ear space, just superior to the oval window. It then makes its sec
ond major genu at the level of the horizontal semicircular canal, 
and becomes the vertical or descending segment. After passing 
through the stylomastoid foramen, it becomes extracranial. 

Fig. 36.8: A stylized representation of the lateral aspect of the 
internal auditory canal. The facial nerve lies at the most anterior 
and superior location at this level. 
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en route to the stylomastoid foramen. As the facial nerve 
descends inferiorly in this portion, it gradually assumes 
a more lateral position. Important branches of the nerve 
in this segment include the nerve to the stapedius muscle 
and the chorda tympani nerve. As it arises from the facial 
nerve, the chorda tympani nerve makes an approximately 
30° angle and delineates a triangular space known as the 
“facial recess”, an important surgical route of entry into the 
middle ear space.
 In its most inferior portion, the facial nerve takes on a 
close proximity to the digastric ridge and muscle, where 
the nerve is consistently medial and anterior to these 
structures. On exiting the stylomastoid foramen, the nerve 
becomes encased in the thick fibrous tissue of the cranial 
base periosteum and digastric muscle.
 Although the facial nerve most commonly descends in 
its vertical segment as a single nerve, bifurcations, trifurca-
tions, and hypoplasia of the facial nerve have been found 
within the mastoid segment.7 In addition, the chorda 

tympani nerve has been noted to arise from the facial 
nerve anywhere from the stylomastoid foramen to the 
geniculate ganglion.25

Peripheral Facial Nerve Anatomy
The facial nerve exits the skull base through the stylomas-
toid foramen, between the mastoid tip laterally and the 
styloid process medially (Fig. 36.10). At the stylomastoid 
foramen, the facial nerve passes into the parotid gland, 
typically as a single large trunk. The nerve then divides 
within the parotid gland into its temporofacial and cervi-
cofacial branches. Rarely, this division can occur within 
the temporal bone and exit the stylomastoid foramen as 
separate branches.
 Within the parotid gland, the nerve can assume nume-
rous configurations, with frequent anastomoses between 
branches. However, generally five main branches of the 
nerve can be identified: (1) the temporal, (2) the zygomatic, 

Figs. 36.9A to C: Histologic cross sections of the facial nerve at 
three points along its course within the temporal bone. Proximally 
within the temporal bone at the level of the internal auditory canal 
(A), the individual nerve fascicles are not defined, and nerve ele
ments appear homogeneous. (B) As the nerve proceeds through 
the tympanic segment and (C) at the level of the stylomastoid fora
men, individual nerve fascicles become increasingly defined. 

A B

C
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(3) the buccal, (4) the mandibular, and (5) the cervical. 
The temporal branch innervates the frontalis muscle, 
which allows for the voluntary raising of eyebrows. The 
zygomatic branch innervates the orbicularis oculi muscle 
and is critical for proper eye closure. The buccal nerve 
innervates the buccinator and orbicularis oris, allowing 
for proper mouth closure and cheek muscle activity. The 
mandibular branch innerves the platysma. The posterior 
auricular nerve, arising just after the exit of the facial nerve 
from the stylomastoid foramen, sends branches to the 
occipitalis muscle posteriorly on the skull.

FACIAL NERVE PHYSIOLOGY

Anatomic Considerations
The facial nerve trunk consists of approximately 10,000 
nerve fibers, approximately 7000 of which are myeli-
nated motor fibers. The facial nerve sheath consists of 
several layers. The endoneurium, closely adherent to the 
layer of Schwann cells of the axons, surrounds each nerve 
fiber. The perineurium, which is the intermediate layer 
surrounding groups of fascicles, provides tensile strength 
to the nerve and is believed to represent the primary bar-
rier to the spread of infection. The outermost layer of the 
nerve is the epineurium. This outer layer contains the vasa 
nervorum, which provides the blood supply to the nerve.

Classification of Facial 
Nerve Degeneration
If the facial nerve is injured, various degrees of injury may 
result.26 The most widely used model of clinicopathologic 
classification of nerve injury is the classification originally 
proposed by Sunderland (Fig. 36.11):
 1. First-degree injuries are characterized by compres-

sion causing the blockage of axoplasmic flow (neuro-
praxia). There are no morphologic changes. Although 
an action potential cannot be propagated across the 
lesion site, a stimulus applied distal to the lesion will 
conduct normally to produce an evoked response. 
Complete recovery is expected.

 2. Second-degree injuries entail axonal and myelin dis-
ruption distal to the injury site as a result of the pro-
gression of a first-degree injury (axonotmesis). Wallerian 

Fig. 36.10: A portion of an illustration from Sir Charles Bell, demon-
s trating the exit of the facial nerve from the stylomastoid foramen.
Source: Reproduced from Bell C. The Nervous System of the 
Human Body. Longman; 1830.

Fig. 36.11: A model of graded neural injury that details clinical–
pathologic classifications. Microanatomic changes in cranial nerve 
injury are demonstrated in cross section. The potential for approxi
mate axonal regeneration across the site of injury is dictated prin
cipally by the status of connective tissue elements.
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degeneration occurs distal to the site of injury, which 
eliminates the propagation of an externally applied 
stimulus. Axon regeneration occurs at 1 mm per day; 
near complete recovery is expected, except in fibers 
that suffer progression to third degree injury. 

 3. Third-degree injuries involve complete disruption of the 
endoneurial tube, including the axon plus its surround-
ing myelin and endoneurium (neurotmesis). Axonal 
regrowth may occur, but is susceptible to synkinesis, 
the contraction of multiple muscle fibers simultane-
ously with voluntary movement, e.g. mouth movement 
with eye closure. 

 4. Fourth-degree injuries entail the disruption of the per-
ineurium (partial transection). Profound long-term 
weak ness is expected.

 5. Fifth-degree injuries entail the disruption of the epine-
urium (complete transection). No recovery is expected 
without intervention. 

 6. Sixth-degree injuries, a proposed addition to the Sun-
derland classification by later authors, take into account 
the observed patterns of blunt and penetrating inju-
ries of the nerve. These injuries are characterized by 
normal function through some fascicles and varying 
degrees of injury (first-degree through fifth-degree 
injuries), differentially involving fascicles across the 
nerve trunk.

 Central to the Sunderland classification is the notion 
that axonal recovery depends on the integrity of the connec-
tive tissue elements of the nerve trunk. This model predicts 
a high likelihood for the complete recovery of peripheral 
innervation when endoneurial tubules remain intact to 
support reinnervation, as is the case with first- and second- 
degree injuries. In contrast, disruption of the endoneu-
rium—a third-degree injury or worse in this model— 
increases the likelihood of irreversible axonal injury and 
aberrant patterns of regeneration.
 An example of abnormal neural regrowth is “crocodile 
tears”, or increased lacrimation associated with eating. It 
occurs when efferent fibers normally targeted to travel 
with the chorda tympani nerve to the submandibular and 
sublingual glands are misdirected through the greater 
superficial petrosal nerve to the lacrimal gland. This 
results in parasympathetic innervation of the lacrimal 
gland as well as the normal target, the salivary glands.
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FACIAL NERVE DEVELOPMENT 
AND ANATOMY

The facial nerve is a complex nerve composed of motor, 
sensory, and parasympathetic fibers that develop at 3 
weeks of gestation. Complete separation of the facial and 
acoustic nerves occurs at 5–6 weeks, at which time the 
nervus intermedius also develops. At 8 weeks, the fallopian 
canal begins to develop and by the 16th week, the neu-
ral connections are completely developed. The fallopian 
canal continues to develop after the 16th week until birth, 
enclosing the facial nerve in bone throughout its course 
except at the facial hiatus in the floor of the middle cra-
nial fossa.1 Dehiscence of the fallopian canal is most com-
monly seen adjacent to the oval window, at a reported rate 
of 25–55%.2 At birth, the facial nerve’s anatomy is similar 
to that of an adult, except in the region of the stylomastoid 
foramen. This area continues to develop after birth as the 
mastoid tip develops.
 Motor fibers originate from cell bodies located in the 
precentral and postcentral gyri of the frontal motor cortex. 
These fibers travel in the posterior limb of the internal cap-
sule inferiorly to the caudal pons. There, the motor fibers 
supplying the facial musculature beneath the brows cross 
the midline to reach the contralateral motor nucleus in the 
reticular formation of the lower pons anterior to the fourth 
ventricle. The majority of motor fibers that supply the mus-
culature of the forehead also cross the midline; however, a 
few fibers do not, instead traversing in the ipsilateral motor 
nucleus. Thus, muscles of the forehead receive innerva-
tion from both sides of the motor cortex, and so forehead- 
sparing facial paralysis raises suspicion of a central etiology. 
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The motor fibers then pass dorsally, loop in a medial- 
to-lateral manner around the abducens nucleus, and 
create a bulge in the floor of the fourth ventricle (the facial 
colliculus). This loop of the facial nerve forms the internal 
genu of the facial nerve.3-4

 The nervus intermedius contains sensory, special sen-
sory, and parasympathetic fibers. The nervus intermedius 
provides sensation to the posterior concha and external 
auditory canal. The nervus intermedius special sensory 
fibers supply taste sensation to the anterior two-thirds 
of the tongue. Afferent sensory fibers synapse with cell 
bodies in the geniculate ganglion at the first genu of the 
facial nerve. These sensory afferents then join the para-
sympathetic fibers, passing via the nervus intermedius 
to the nucleus tractus solitarius in the medulla. The para-
sympathetic portion of the nervus intermedius originates 
in the superior salivatory nucleus in the dorsal pons and 
innervates the lacrimal, submandibular, sublingual, and 
minor salivary glands. 
 Both the motor root of the facial nerve and the nervus 
intermedius leave the brainstem near the dorsal pons at 
the pontomedullary junction (the cisternal segment of the 
facial nerve). Within the cerebellopontine angle (CPA), 
the nerve travels anterolaterally into the porus acusticus 
of the internal auditory canal (IAC), anterior to the vesti-
bulocochlear nerve. The cisternal segment is typically 
24 mm in length.5 The nervus intermedius either integrates 
with the facial nerve as they emerge from the brainstem or 
joins near the meatus of the IAC.6 The facial nerve runs in 
the anterosuperior quadrant of the IAC. This intracanali-
cular segment of the facial nerve is approximately 8 mm 
in length. At the lateral end of the meatus, a horizontal 
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segment of bone (the transverse or falciform crest) sepa-
rates the facial nerve from the cochlear nerve that lies 
inferi orly. Vertically, a segment of bone (Bill’s bar) sepa-
rates the facial nerve from the superior vestibular nerve 
(which lies posteriorly).
 The fallopian canal begins as the facial nerve exits the 
IAC at the fundus. The major blood supply for the facial 
nerve proximally within the canal is the superficial petrosal 
artery, a branch of the middle meningeal artery, while the 
stylomastoid artery supplies the fallopian canal distally.7-8 
The fallopian canal has three segments: labyrinthine, tym-
panic, and mastoid. The labyrinthine segment runs from 
the fundus of the IAC to the geniculate ganglion. It is both 
the narrowest (<0.7 mm diameter) and shortest segment 
(3–5 mm in length). The labyrinthine segment travels 
anterolaterally from the IAC, superior to the cochlea up to 
the geniculate ganglion.
 While the geniculate ganglion is typically covered by 
bone, in up to 18% of cases the ganglion is instead in direct 
contact with the dura of the middle cranial fossa.6,9 The 
first branch of the facial nerve, the greater superficial 
petrosal nerve (GSPN), exits the anterior aspect of the 
geniculate ganglion. The GSPN carries preganglionic para-
sympathetic fibers from the superior salivatory nucleus, 
and runs along the superior surface of the temporal bone 
into the pterygoid canal (Vidian canal). It then synapses at 
the pterygopalatine ganglion in the pterygopalatine fossa. 
Postganglionic parasympathetic fibers then join the maxil-
lary nerve to innervate the lacrimal gland and minor sali-
vary glands in the nose and palate. At the geniculate gang-
lion (first or anterior genu), the facial nerve makes a 75° 
turn posteriorly to become the tympanic segment.
 The tympanic segment is 10 mm in length and runs 
from the geniculate ganglion to the second (or posterior) 
genu.10 Within the tympanic cavity, the facial nerve passes 
medial to the incus. It runs posterosuperior to the coch-
leariform process, superolateral to the oval window, and 
then inferior to the lateral semicircular canal. Bony dehis-
cence of the facial nerve canal is common in this segment  
41–74%).7,8,10 At the pyramidal process, the tympanic seg-
ment turns inferiorly at a 95-125° angle to become the 
mastoid, or vertical, segment.10

 The mastoid segment of the facial nerve runs from the 
second genu posteromedial to the external auditory canal 
to its exit from the temporal bone at the stylomastoid 
foramen (a course measuring approximately 13 mm).10 
Two branches arise from the mastoid segment: the nerve 
to the stapedius muscle and the chorda tympani. The stylo-
mastoid foramen arises between the styloid process 

anteriorly and the mastoid process posteriorly. The nerve 
exits the temporal bone at the stylomastoid foramen, 
entering the substance of the parotid gland.
 Extratemporally, the facial nerve separates into 
two main branches at the pes anserinus: the temporo-
facial branch and the cervicofacial branch. Within the 
parotid gland, these branches further divide into five main 
branches that supply the facial musculature: temporal (or 
frontal), zygomatic, buccal, marginal mandibular, and cer-
vical (Fig. 37.1).

FACIAL NERVE PHYSIOLOGY
As stated previously, the facial nerve is composed of 
motor, sensory, and parasympathetic fibers. Peripherally, 
the facial nerve sheath is composed of three layers: endo-
neurium, perineurium, and epineurium. Endoneurium 
surrounds each nerve fiber, and is adherent to Schwann 
cells of the axons. Perineurium is an intermediate layer 
surrounding fascicles of nerve fibers, providing tensile 
strength and a barrier to infection. Epineurium is the out-
ermost layer, and contains vasa nervorum. Centrally, the 
intracranial and intracanalicular segments of the facial 
nerve lack perineurium and epineurium, making these 
segments more susceptible to injury.
 Sunderland devised a classification that is widely used 
to describe degrees of nerve injury. First-degree injuries, 
also known as neuropraxia, are characterized by block-
age of axonal flow. Second-degree injuries, also known as 
axonotmesis, are characterized by disruption of the axon 
and distal Wallerian degeneration. In both first- and 
second-degree injuries, the endoneurium is intact and 
thus there is a high likelihood of complete recovery. Third-
degree injuries are characterized by disruption of the 
endoneurium. Fourth-degree injuries are characterized 
by disruption of the perineurium. Lastly, fifth-degree inju-
ries are characterized by disruption of the epineurium. In 
third- , fourth- , and fifth-degree injuries, there is injury to 
the neural connective tissue and thus a high likelihood of 
aberrant regeneration. 

FACIAL NERVE TESTING
Facial nerve testing provides information about the 
extent of injury and prognosis for recovery. Early detec-
tion of nerve degeneration may permit interventions that 
can optimize facial nerve recovery. The facial nerve can be 
affected by a number of disorders resulting in weakness or 
paralysis of the facial musculature. One of the critical steps 
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in the clinical evaluation of facial paralysis is discerning 
whether a central nervous system process (e.g. cerebro-
vascular accident and multiple sclerosis) or peripheral 
disease (e.g. Bell’s palsy and middle ear cholesteatoma) is 
the cause of the weakness.

TOPOGRAPHIC TESTING
Topographic testing aims to identify the location of facial 
nerve injury by testing specific branches of the facial nerve 
(Table 37.1). The Schirmer test assesses lacrimal flow, 
which depends on the presence of an intact geniculate 
ganglion, where the GSPN arises. The GSPN supplies auto-
nomic, parasympathetic fibers to the lacrimal gland. The 
test is performed by administering a topical anesthetic, 
and placing a piece of filter paper in the lower lid conjunc-
tival fornix. After 5 minutes, normal lacrimal flow should 
yield at least 5 mm of wet filter paper. Also, the tested side 
should have at least one-half the amount of lacrimation 
seen on the healthy side, as shown by Fisch.11 Decreased 

lacrimation suggests injury to the GSPN, the geniculate 
ganglion, or the facial nerve proximal to the geniculate 
ganglion. 
 Other topographic testing modalities include stape dial 
reflex testing, electrogustometry, and salivary secretion test-
ing. Stapedial reflex testing is typically performed during 
audiological evaluation, and tests the stapedius branch of 
the facial nerve. This branch arises from the mastoid seg-
ment, just distal to the second genu. A loud tone is pre-
sented to the ipsilateral or contralateral ear, which results 
in simulation of the stapedius branch of the facial nerve 
and contraction of the stapedius muscle. The tension of 
the tympanic membrane increases, causing a change 
in the impedance of the ossicular chain. Absence of the 
stapedial reflex with an intact vestibulocochlear nerve 
suggests injury to the facial nerve proximal to the stape-
dius branch.
 Electrogustometry is utilized to assess taste, which 
in the anterior two-thirds of the tongue is dependent on 
the chorda tympani nerve. A controlled, anode current is 

Fig. 37.1: Facial nerve anatomy.
Source: Redrawn from Gray H. Anatomy of the Human Body. Philadelphia: Lea & Febinger; 1918.
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Table 37.1: Topographic tests of the facial nerve

Topographic test Facial nerve function tested Facial nerve site tested

Schirmer test Lacrimation Greater superficial petrosal nerve

Stapedial reflex Stapedius muscle contraction Stapedius branch of facial nerve

Electrogustometry Taste Chorda tympani

Salivary secretion testing Salivary flow Chorda tympani

Table 37.2: Electrophysiologic tests of the facial nerve

Electrophysiologic test Measure Prognostic significance

Nerve excitability test Lowest stimulus that elicits a facial 
twitch

Threshold difference of 3.5 mA or greater predicts incom-
plete recovery with 80% accuracy

Maximal stimulation test Stimulus that elicits maximal facial 
twitching

Markedly diminished facial contraction (<25% of healthy 
side) within first 2 weeks of facial paralysis predicts 75% 
chance of incomplete recovery

Electroneuronography Compound muscle action potential 
(CMAP) elicited by a supramaximal 
stimulus 

CMAP<10% of healthy side within first 2–3 weeks of facial 
paralysis may predict poor recovery, decompression can be 
considered 

Electromyography Spontaneous and voluntary muscle 
action potentials

Fibrillation potentials within first 2 weeks of facial paralysis 
predict incomplete recovery in 81% of patients

passed through the tongue, resulting in the perception of 
a metallic or sour taste. The lowest thresholds necessary 
to elicit the change in taste are recorded. Patients with 
injury to the chorda tympani have increased thresholds 
on electrogustometry, as has been shown following injury 
during middle ear surgery.12,13 Salivary secretion testing is 
performed by cannulating the submandibular ducts and 
measuring salivary flow over 5 minutes. A flow rate of 25% 
or less than that of the normal side is considered signifi-
cant, indicating an injury to the facial nerve proximal to 
the chorda tympani.14

ELECTROPHYSIOLOGIC TESTING
Electrophysiologic testing is based on the principle that 
electric stimulation produces an electromyographic res-
ponse in intact nerve fibers. Testing can help delineate 
the severity of nerve injury in complete facial paralysis, 
and is useful for determining prognosis and optimal treat-
ment (Table 37.2). Electrophysiologic testing indirectly 
evaluates injury to the intratemporal facial nerve, as nerve 
stimulation is performed in branches of the extratemporal, 
peripheral facial nerve. Thus, for testing to be valid, degene-
ration has to progress from the intratemporal to the extra-
temporal nerve. This process of Wallerian degeneration 
requires 48–72 hours. Testing performed before Wallerian 
degeneration has ensued can underestimate the degree of 
facial nerve injury.

 Nerve excitability testing (NET), maximal stimulation 
testing (MST), electroneuronography (ENoG), and elec-
tromyography (EMG) are most commonly utilized. NET 
was first introduced by Laumans and Jonkees,15 and is per-
formed by placing a stimulating electrode on the skin over 
the stylomastoid foramen or a peripheral nerve branch, 
and a return electrode on the forearm (Figs. 37.2A and B). 
Electrical pulses are delivered at increasing current levels 
until a facial twitch is elicited. The healthy side is simulated 
first, and the lowest current level that elicits a facial twitch is 
set as the normal threshold. The injured side is then tested, 
and a 2.0–3.5 mA difference between the sides’ thresholds 
is considered abnormal. A difference of 3.5 mA has been 
used to predict complete versus incomplete recovery from 
facial paralysis with 80% accuracy.15 In terms of absolute 
threshold values, abnormal thresholds are considered to 
be ≥1.25 mA in the upper divisions and 2.0 mA in the lower 
divisions of the extratemporal facial nerve.16 Advantages of 
NET are that the equipment is portable and the test itself 
causes less patient discomfort as compared to other tests. 
A disadvantage is that the test is subjective, relying on 
visual detection of facial twitches.
 MST measures the stimulus that elicits the greatest 
amplitude of facial movement. Beginning with the healthy 
side, facial nerve branches are simulated with increasing 
current levels until the maximal facial twitch is elicited 
(Fig. 37.3). This maximal current level is then used to stimu-
late the injured side, and the degree of facial contraction 
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is expressed in relation to the healthy side’s contraction 
as equal, minimally diminished (50%), markedly dimi-
nished (<25%), or absent. When MST results are normal in 
facial paralysis, 88% of patients recover completely.17 Con-
ver sely, when the injured side has markedly diminished 

function within the first 2 weeks of facial paralysis, it has 
been shown that there is a 75% chance of incomplete 
recovery.18 Like NET, this test is also subjective, relying on 
visual detection of maximal facial twitches.
 ENoG is useful within the first 2–3 weeks of facial 
paralysis by providing information on prognosis as well 
as candidacy for facial nerve decompression. In ENoG, a 
bipolar simulating electrode is placed on the skin at the 
stylomastoid foramen, and a bipolar recording electrode 
is placed in the nasolabial groove (Fig. 37.4). A supramaxi-
mal stimulus is used, and the evoked compound muscle 
action potential (CMAP) is measured. The CMAP ampli-
tudes are then compared between the healthy and injured 
sides. More than 50% of patients with idiopathic facial 
paralysis who exhibit CMAP amplitude reductions to 
<10% of the healthy side (>90% degeneration) have incom-
plete recovery.18,19 In these cases, authors have shown that 
decompression of the facial nerve medial to the genicu-
late ganglion within the first 2 weeks of paralysis signifi-
cantly improves the chances of complete or near-complete 
recovery.20 When the CMAP amplitude is >10% of the 
healthy side (<90% degeneration), excellent recovery gener-
ally occurs. In those patients with complete facial para-
lysis and <90% degeneration, it has been recommended 

Figs. 37.2A and B: Nerve excitability testing. (A) Electrode placement for testing of upper divisions. (B) Electrode placement for testing 
of lower divisions. A threshold difference between the two sides of >2.0–3.5 mA is considered abnormal.
Source: Redrawn from Gates GA. Nerve excitability testing: technical pitfalls and threshold norms using absolute values. Laryngoscope. 
1993;103:379-85.

A B

Fig. 37.3: Maximal stimulation testing electrode placement. Facial 
contraction is expressed as a fraction of the healthy side: equal, 
minimally diminished (50%), markedly diminished (<25%), or absent.
Source: Redrawn from Jackler R. Neurotology. Philadelphia: Mos-
by; 2005.
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that ENoG be repeated every other day during the first 
2–3 weeks to detect degeneration that progresses to >90%. 
Once degeneration is >90%, decompression can be con-
sidered. 
 EMG records spontaneous and voluntary muscle 
potentials using needles introduced into facial muscles. 
EMG is particularly useful for assessing facial motor units 
after Wallerian degeneration has occurred. Testing should 
be performed in at least two muscle groups to accurately 
assess the degree of denervation.21 Prior to 10 days after 
the onset of facial paralysis, electrical evidence of nerve 
degeneration is absent. After 10–14 days, denervated mus-
cle membrane undergoes changes that cause spontane-
ous depolarizations. On EMG, these fibrillation potentials 
indicate the degeneration of facial motor units. In 81% of 
these patients, incomplete recovery will occur.22 Absence 
of volitional potentials serves as confirmation of a severe 
injury and supports the decision to offer facial nerve 
decompression. Surgeons often use EMG as a confirma-
tory test of denervation in addition to a finding of >90% 
degeneration on ENoG after 2–3 weeks.20 However, if 
reinnervation begins at 4–6 weeks, polyphasic potentials 
replace fibrillations. This portends a higher likelihood of 
recovery.
 After long-term facial paralysis, EMG is also useful for 
determining the best procedure for facial reanimation. If 
fibrillation potentials are still present, nerve grafting is a 
viable option as the motor units are available. However, if 
the paralysis has been present for over 12 months, muscle 
atrophy can occur, and EMG recordings become silent. In 

these cases, nerve grafting is inadequate, and neuromus-
cular transfers (e.g. gracilis muscle microneurovascular 
transfer) are necessary for reanimation.

INTRAOPERATIVE FACIAL 
NERVE MONITORING

Facial nerve injury is a potential complication of oto logic 
and neurotologic surgery. Intraoperative facial nerve inte-
grity monitoring has been advocated to reduce the risk of 
facial nerve injury. A number of intraoperative nerve moni-
toring systems are available for use in the operating room. 
Current stimulator probes can be set to as low as 0.01 mA. 
Subdermal electrodes made of platinum or stainless steel 
are often used for EMG recordings. Uninsulated needles 
are preferred, as they have lower impedance and the larger 
surface area can record activity from a larger amount of 
muscle fibers.23 It is important that the patient is not given 
any paralytic agents during nerve monitoring. An adequate 
depth of anesthesia must be achieved such that the patient 
does not move, yet still has spontaneous and evoked EMG 
activity. In addition, care must be taken to ensure that 
local anesthetic is not infiltrated near the stylomastoid 
foramen, as the facial nerve can then be anesthetized and 
not provide spontaneous or stimulated EMG activity. 
 In neurotologic surgery, intraoperative facial nerve 
monitoring can detect any changes in the sponta neous EMG 
that occur with nerve irritation (e.g. vestibular schwan-
noma tumor dissection), and can help determine the func-
tional status of the facial nerve. Two channels are typi cally 
used for monitoring, with electrode pairs placed in the 
orbicularis oculi and orbicularis oris muscles. In the poste-
rior fossa, large CPA tumors can stretch or widen the facial 
nerve. In these cases, electrical stimulation assists in identi-
fying and tracing the facial nerve. The most common site of 
injury is just medial to the porus acusticus, where it can 
be difficult to separate tumor from the nerve.24 Tumor dis-
section is thus performed primarily in a medial-to-lateral 
direction, so as to avoid a distal conduction block that 
would prohibit stimulation of the nerve at the brainstem. 
Following tumor resection, it has been suggested that the 
ability to elicit an EMG response with low-threshold stimu-
lation at the brainstem can predict long-term facial nerve 
function.25 At 1 year postoperatively, Lalwani et al. found 
that 98% of patients with electrical thresholds of 0.2 volts 
(V) or less had House-Brackmann grade 1 or 2 facial nerve 
function, as compared to only 50% of patients with thresh-
olds between 0.21 and 0.6 V.26 Selesnick et al. found that at 
1 year postoperatively, 90% of patients with thresholds of 

Fig. 37.4: Electroneuronography electrode placement. Compound 
muscle action potentials (CMAPs) are compared between the two 
sides. Excellent recovery generally occurs when the CMAP ampli-
tude of the injured side is >10% of the healthy side.
Source: Redrawn from Jackler R. Neurotology. Philadelphia: Mos-
by; 2005.
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0.1 mA had grade 1 or 2 function, as compared to 58% of 
patients with thresholds of 0.2 mA.27 Fenton et al. demons-
trated in their series that all patients with an elicited EMG 
response after tumor resection recovered to at least grade 
3 function at 2 years' follow-up. They contended that the 
best predictor of long-term facial nerve function was the 
level of early postoperative function, which had a sensitiv-
ity of 95% and positive predictive value of 96%.28

 The routine use of facial nerve monitoring in otologic 
surgery is controversial. However, the current evidence 
suggests that facial nerve monitoring can be useful when 
the nerve is dehiscent and at higher surgical risk. In a pros-
pective study of 260 consecutive otologic surgeries per-
formed for chronic ear disease, monitoring identified 93% 
of dehiscent facial nerves prior to visual identification. 
This early detection could help identify facial nerves at risk 
of injury, particularly in the residency training setting.29

DIFFUSION TENSOR 
TRACTOGRAPHY IMAGING

In cases of large vestibular schwannomas, it can be diffi-
cult to distinguish between the facial nerve and the tumor 
on magnetic resonance imaging (MRI). Both the facial 
nerve and the schwannoma have similar signal intensi-
ties, and larger tumors cause thinning of the facial nerve. 
Additionally, there is typically no intervening cerebrospi-
nal fluid.30 In these cases, diffusion tensor (DT) tractog-
raphy has proven useful for assessing facial nerve course 
and displacement. Taoka et al.30 evaluated the accuracy 
of facial nerve DT tractography in eight patients. MRI 
was performed using a 1.5 Tesla scanner, and DT images 
were obtained using a single-shot echo-planar sequence. 
Tracts of the facial nerve were constructed from the pons 
to the internal auditory meatus, and compared with the 
facial nerve course visualized on high-resolution, heavily 
T2-weighted sequence of the brainstem. Tractography 
images were also compared with the facial nerve course 
observed intraoperatively. In seven of eight patients, all of 
whom had tumors >20 mm in size and for whom MRI was 
unable to distinguish facial nerve from tumor, DT tracto-
graphy accurately localized the facial nerve from the pons 
to the internal auditory meatus.30

 Chen et al. used a 3 Tesla scanner to obtain three- 
dimensional (3D) visualization of the facial nerve in cases 
of vestibular schwannoma. DT images were acquired 
with an echo-planar/spin-echo sequence.31 T1 anatomic 
axial images were used to construct a 3D tumor model. 

Detailed anatomy of the fibers was better visualized in 
larger tumors, with small fibers seen coursing inferior to 
the tumor from the porus acusticus to the brainstem. For 
the smallest tumor, the VII/VIII complex was visualized 
at the porus, but the cisternal segment of the facial nerve 
could not be visualized with as much detail. The authors’ 
ability to distinguish between cranial nerves VII and VIII 
was limited due to their proximity and similar size. Thus, 
even further technical improvement is needed to better 
distinguish between individual nerve fibers using MRI 
tractography.31

CONCLUSION
Facial nerve testing can provide critical information 
about the extent of nerve injury and the prognosis for 
recovery. Topographic testing can help localize the site of 
facial nerve injury. Electrophysiologic testing in the form 
of ENoG and EMG can help predict which patients with 
facial paralysis will benefit from surgical decompression. 
EMG is also helpful when planning facial reanimation pro-
cedures. DT tractography is a new imaging modality that 
shows promise for 3D visualization of facial nerve fibers, 
potentially lowering the risk of facial nerve injury during 
treatment of vestibular schwannomas.
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INTRODUCTION
Facial paralysis may result from a variety of central and 
peripheral disorders (Table 38.1). Although Bell’s palsy 

Elizabeth H Toh 

Facial Nerve Paralysis
38

CHAPTER

Contd…

Contd…

Table 38.1: Causes of facial paralysis
Congenital
 Möbius syndrome
 Hemifacial microsomia
 Congenital lower lip palsy
Traumatic
 Penetrating injuries to the face and temporal bone
 Skull base fracture
 Barotrauma
 Iatrogenic trauma
Neoplastic
 Parotid tumors
 Facial nerve tumors
 Acoustic neuroma
 Meningioma
 Intratemporal glomus tumors
 Sarcoma
 Squamous cell carcinoma
 Metastatic carcinoma
 Leukemia
Infectious
 Otitis media
 Malignant otitis externa
 Mastoiditis
 Herpes zoster oticus
 Infectious mononucleosis
 Lyme disease
 Leprosy
 Syphilis
 Human immunodeficiency virus
 Coxsackie virus
 Meningoencephalitis
 Poliomyelitis (type I)
 Mucormycosis
 Botulism

Metabolic
 Pregnancy
 Diabetes mellitus
 Hyperthyroidism
 Renal osteodystrophy
Toxic
 Alcoholic neuropathy
 Thalidomide toxicity
 Tetanus
 Diptheria
 Lead poisoning
 Carbon monoxide
Vascular
 Sigmoid anomaly
 Petrous carotid aneurysm
 Benign intracranial hypertension
 Hypertension
 Cerebrovascular thromboembolism
Neurologic
 Opercular syndrome (cortical lesion in facial motor area)
 Millard-Gubler syndrome (ventral pontine syndrome)
 Guillain-Barré syndrome
 Multiple sclerosis
Others
 Bell’s palsy
 Melkersson-Rosenthal syndrome
 Sarcoidosis
 Hyperostoses
 Myasthenia gravis
 Amyloidosis
 Hereditary hypertrophic neuropathy
 Autoimmune syndromes
 Eosinophilic granuloma

is the commonest cause of peripheral facial paralysis, it 
remains a diagnosis of exclusion. Since treatment and 

Ch-38.indd   635 10-06-2015   16:38:29



Otology/Neurotology/Skull Base Surgery636

prognosis for facial paralysis is dictated primarily by the 
etiology of the paralysis, an effort must be made to seek 
other causes of facial palsy. Traumatic injuries are typi-
cally obvious to diagnose whether they be due to pene-
trating injuries, barotrauma, temporal bone fractures, or 
iatrogenic events. Determining if the paralysis is a single 
episode, recurring, bilateral, or alternating gives clues to 
the etiology as well. Lesions affecting the intratemporal 
facial nerve pose a unique challenge from a diagnostic and 
management perspective due to our inability to accurately 
assess the structural and functional integrity of the nerve 
at the site of injury, and therefore prognosticate recovery. 
The functional and aesthetic sequelae resulting from facial 
paralysis can have a devastating impact on one’s psycho-
logical and emotional well-being. Proper diagnosis and 
treat ment offers the best opportunity to minimize unwan-
ted long-term sequelae. This chapter will review com-
mon causes of facial paralysis, clinical evaluation of these 
patients, and management options for specific causes of 
the condition. Facial nerve tumors are covered in detail in 
a separate chapter, as facial nerve rehabilitation.

PATHOGENESIS
A basic knowledge of the anatomy and physiology of the 
facial nerve is imperative for understanding the patho-
physiologic mechanism for facial paralysis and recovery. 
These topics are covered extensively in earlier chapters.
 Fundamentally, most diseases causing facial paralysis 
do so by interfering with electrical conduction of nerve 
impulses through some or all of the myelinated motor 
axons innervating the facial muscles. The Sunderland 
classi fication system for peripheral nerve injuries elegantly 
summarizes the pathologic changes occurring within the 
injured nerve and correlates these to anticipated functional 
outcomes (Fig. 38.1).1

 First-degree injuries (neuropraxia) result in a tempo-
rary conduction block, which reverses rapidly and com-
pletely with relief of the compressive insult. In these cases, 
the nerve distal to the site of compression retains normal 
electrical excitability. Evoked electromyography (EMG) 
tests therefore remain normal through the course of the 
disease. Functional recovery is usually complete within 
days to weeks. 
 Second-degree injuries (axonotmesis) result from mode-
rate to severe nerve compression. Incremental nerve com-
pression results in proximal and distal nerve edema. This 
in turn causes vascular strangulation and axonal degene-
ration distal to the site of injury, a process referred to as 
Wallerian degeneration. Electrical testing distal to the site 

Fig. 38.1: Sunderland classification system for peripheral nerve 
injuries correlates degree of injury, histopathologic changes in 
the nerve, and expected functional recovery. First-degree injury—
compression without structural violation; expect normal recovery. 
Second-degree injury—axonal degeneration with consistent rege-
neration and satisfactory recovery. Third-degree injury—disrup-
tion of endoneurium; incomplete recovery with synkinesis. Fourth- 
degree injury—disruption of endoneurium and perineurium; recovery 
is poor. Fifth-degree injury—nerve transection; no recovery.
Source: Redrawn from May M, Schaitkin BM. (eds). The facial 
nerve, 2nd edn. New York: Thieme; 2000.

of injury will demonstrate some muscular denervation 
correlating to the degree of neural degeneration and gra-
dual onset of muscle reinnervation potentials. Since the 
neural support structures remain intact in second-degree 
injuries, subsequent axonal regeneration is complete and 
functional outcomes, although delayed in comparison to 
neuropraxic injuries, are generally good.
 In third to fifth-degree injuries (neurotmesis), pro-
gressively more neural support structures are violated. 
As such, axonal regeneration is expected to be incom-
plete and inconsistent. The long-term functional impli-
cations of this are residual facial paresis and synkinesis, 
respectively. Recovery occurs in a delayed manner and 
may take many months in third- and fourth-degree inju-
ries. A fifth-degree injury is essentially a complete nerve 
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transection, necessitating surgical intervention as the only 
hope for any functional recovery. Electrical testing with 
third- and fourth-degree injuries will reveal similar find-
ings to second-degree injuries with progressive degrees 
of muscle denervation, reflecting increased severity of 
neural degeneration. Electrical silence is noted with fifth-
degree injuries on evoked EMG [ENoG (electroneuro-
nography)] testing, followed 3 weeks later by fibrillation 
potentials. 
 Facial nerve injury associated with Bell’s palsy, Herpes 
zoster oticus (HZO), otitis media, tumors, and most blunt 
traumatic injuries (temporal bone fractures and birth 
injuries) are first- to third-degree injuries. Extent of nerve 
injury with surgical and penetrating trauma can vary.

CLINICAL FINDINGS
A detailed history and physical examination of the patient 
presenting with facial paralysis are vital in making the app ro-
priate diagnosis. Clinical features helpful to some extent 
in determining the underlying etiology of facial paralysis 
include onset, rate of progression, unilateral versus bilat-
eral involvement, segmental facial involvement, recur-
rence, and associated symptoms and signs.2 It is important 
to remember that none of these characteristics singularly 
offer any diagnostic clue on the etiology of facial paralysis. 
However, severity of paresis, time course for progression 
of paresis, and onset of recovery are very helpful in prog-
nosticating functional recovery. A comprehensive physical 
examination must include examination of the ears, parotid 

gland, neck, eyes, skin, and cranial nerves. The degree of 
facial weakness involving all the nerve branches must be 
carefully assessed and documented.

Grading Facial Function
Several standardized global and regional grading sys-
tems have been used to report facial function. In 1985, 
the House-Brackmann scale was endorsed as the univer-
sal standard for reporting facial function recovery by the 
American Academy of Otolaryngology–Head and Neck 
Surgery (Table 38.2). Other commonly used grading sys-
tems such as the Sunnybrook and Yanagihara grading sys-
tems rely on a more comprehensive regional assessment 
of facial function for increased accuracy and reduced 
interobserver and intraobserver variability. These descrip-
tive grading systems continue to be used in clinical practice, 
but efforts are being made to develop more accurate com-
puter-based video approaches to quantify facial function.

Bell’s Palsy
Bell’s palsy accounts for the vast majority of cases of acute 
onset unilateral facial palsy in all ages, affecting 15–40 per 
100,000 individuals per year. The condition affects males 
and females equally and has been found to occur more 
commonly between age 15 and 45 years. The risk of Bell’s 
palsy appears to be increased with pregnancy, severe 
preeclampsia diabetes, and hypertension.3 Bell’s palsy is 
usually self-limited with spontaneous recovery of normal 
facial function in 71% of patients.4 

Table 38.2: House-Brackmann facial nerve grading system

Grade Description Characteristics

I Normal Normal facial function in all nerve branches

II Slight weakness Gross: Slight weakness on close inspection, slight synkinesis
At rest: Normal tone and symmetry
Motion: Forehead—good to moderate movement; eye—complete closure with 
minimum effort; mouth—slight asymmetry

III Moderate weakness Gross: Obvious but not disfiguring facial asymmetry. Synkinesis is noticeable but not 
severe. May have hemifacial spasm or contracture
At rest: Normal tone and symmetry
Motion: Forehead—slight to moderate movement; eye—complete closure with effort; 
mouth—slight weakness with maximum effort

IV Moderate to severe weakness Gross: Asymmetry is disfiguring and/or obvious facial weakness
At rest: Normal tone and symmetry
Motion: Forehead—no movement; eye—incomplete closure; mouth—slight movement

V Severe weakness Gross: Only slight, barely noticeable movement
At rest: Asymmetrical facial appearance
Motion: Forehead—no movement; eye—incomplete closure; mouth—slight movement

VI Total paralysis No facial function
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 The isolation of herpes simplex virus (HSV) genomic 
material in the perineural fluid of patients affected with 
Bell’s palsy has led to the prevailing notion that the con-
dition is a result of an HSV viral infection.5 The resulting 
inflammatory response results in neural edema and vas-
cular compromise of the facial nerve within the fallopian 
canal. This entrapment neuropathy is most evident in the 
labyrinthine segment of the facial nerve where the fallo-
pian canal is narrowest in diameter.
 In 50% of patients with Bell’s palsy, the onset is rapidly 
progressive over the course of 72 hours. Weakness peaks 
within the first 10 days and does not progress beyond then. 
Progression beyond 3 weeks should alert one’s suspicion 
for an underlying tumor and prompt further investigation. 
Paralysis may be complete or incomplete with Bell’s palsy. 
In the remaining 50% of patients, unilateral facial paraly-
sis is sudden and complete. These patients tend to have a 
less favorable prognosis for recovery. Ipsilateral otalgia is 
a common complaint preceding or associated with Bell’s 
palsy as well, reported in 60% of patients. Other associated 
symptoms may include hyperacusis, dry mouth, dysgeu-
sia, and decreased tearing or dry eye. With Bell’s palsy, 
spontaneous recovery begins within 3 weeks after onset 
of paralysis in 85% of patients and is complete in over two 
thirds of patients within a few months.4 The absence of any 
sign of recovery 4–6 months after onset of paralysis should 
elicit further diagnostic evaluation for other etiologies of 
facial paralysis. Clinical features atypical for Bell’s palsy 
are listed in Table 38.3.
 Bell’s palsy may recur in 10–12% of patients. Contra-
lateral recurrence is more common. A positive family his-
tory is present in 14% of cases, leading one to consider the 
diagnosis of Bell’s palsy if the affected individual has other 
family members with a history of facial paralysis.

Herpes Zoster Oticus (Ramsey Hunt Syndrome)

Herpes zoster oticus is the second most common cause of 
acute facial paralysis after Bell’s palsy. It occurs most com-
monly in adults with an increasing incidence with age, 
presumably due to decreased cell-mediated immunity in 
older adults. Serologic and epidemiologic data suggest 
that the reactivation of a latent varicella zoster virus, as 
opposed to a reinfection, is the mechanism of infection.
 The condition is characterized by acute unilateral 
facial paralysis accompanied by severe pain and vesicu-
lar eruptions over the dermatome(s) innervated by the 
involved sensory afferent nerve fibers, including the pinna, 
ear canal, face, neck, and oral cavity (Fig. 38.2). Unlike 
Bell’s palsy, facial weakness may continue to evolve over 
a 3-week period. A viral prodrome is not uncommon. The 
vesicular eruptions may sometimes precede the onset 
of facial paralysis, in which case, the diagnosis of herpes 
zoster infection may be confirmed on serologic or cere-
brospinal fluid analysis for antibodies to varicella zoster 
virus.6

 Unlike Bell’s palsy, the clinical course of HZO tends to 
be more aggressive and may sometimes involve of other 
cranial nerves. Peitersen’s series reported complete facial 
paralysis in 88% of patients with HZO.6 Sensorineural 
hearing loss and vestibular symptoms occur more often in 
HZO.6 Hearing loss is generally irreversible and recovery 
from vestibular symptoms is often protracted. Posther-
petic neuralgia and persistent facial dysfunction are also 
more likely. Satisfactory recovery of facial function is 

Fig. 38.2: Cutaneous manifestations in the external meatus in 
herpes zoster oticus. 

Table 38.3: Clinical features atypical for Bell’s palsy

Progression of palsy beyond 3 weeks

Absence of recovery after 6 months

Hyperkinetic function (twitching, spasm)

Segmental paresis

Recurrent ipsilateral palsy

Bilateral simultaneous palsy

Involvement of multiple cranial nerves

Presence of other neurologic symptoms

Presence of mass in parotid or ear

Presence of vesicular lesions
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often reported in over 80% of Bell’s palsy patients but only 
in < 50% of patients diagnosed with HZO.6 Fortunately, 
recurrence of HZO is rare. 

TRAUMA

Birth Injuries
Approximately, 90% of all congenital peripheral facial 
nerve paralysis improves spontaneously and most can be 
attributed to difficult deliveries, cephalopelvic dispropor-
tion, high forceps delivery, or intrauterine trauma. These 
types of congenital facial paralyses are often unilateral and 
partial, especially involving the lower division of the facial 
nerve. 

Blunt Head Trauma
Blunt trauma resulting in temporal bone fracture is 
another cause of facial paralysis or paresis in all ages. The 
pathogenesis of facial paralysis in such cases is either direct 
injury with nerve transection or traction injury with result-
ing nerve edema and entrapment neuropathy. Rarely, the 
facial nerve may be compressed by a bony spicule within 
the fallopian canal. Temporal and parietal blows to the 
head result in longitudinal fractures of the temporal bone. 
This is the most common type of temporal bone fracture 
(approximately 90%) and is also the most common type of 
fracture associated with facial nerve injury. The geniculate 
ganglion region of facial nerve is most frequently injured 
(Fig. 38.3).

 Frontal and particularly occipital blows to the head 
tend to result in transverse fractures of the temporal bone. 
More severe head injury is usually required to cause these 
fractures. Since these fractures often extend through the 
internal auditory canal or across the otic capsule, senso-
rineural hearing loss and vertigo are common (Fig. 38.4). 
Although only 10–20% of temporal bone fractures are 
tran sverse in orientation, they cause facial nerve injury in 
appro ximately 50% of patients. The anatomic region of the 
facial nerve most commonly injured is the labyrinthine 
segment.
 Immediate complete facial paralysis in the setting 
of temporal bone fractures is concerning for nerve tran-
section or severe traction injury. This should prompt 
urgent exploration for confirmation of neural violation 
and early repair or nerve decompression, especially if 
a bony spicule is found to impinge the facial nerve on 
temporal bone computed tomography (CT) imaging. In 
many such cases, significant intracranial trauma coe xists 
and takes priority over surgical management of the facial 
nerve. Incomplete paralysis and delayed onset facial para-
lysis, even if progressive to complete paralysis, carry a 
good prognosis for recovery of function and can there-
fore be managed conservatively. Other clinical findings 
associated with temporal bone fractures include hearing 
loss, dizziness, bleeding from the ear or hemotympa-
num, ear canal laceration, tympanic membrane perfora-
tion, postauricular ecchymosis, and cerebrospinal fluid 
otorrhea or rhinorrhea. These are further reviewed in a 
separate chapter.

Fig. 38.3: Longitudinal temporal bone fracture through the peri-
geniculate region of the fallopian canal. 

Fig. 38.4: Transverse temporal bone fracture through the internal 
auditory canal, cochlea, and labyrinthine facial nerve. 
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Penetrating Injuries
Penetrating injuries to the extratemporal facial nerve are 
easily diagnosed by history and clinical presentation. 
Nerve transection is common in such cases. Gunshot 
wounds to the head can violate the facial nerve in its intra-
temporal course and usually cause immediate onset facial 
paralysis.

Iatrogenic Injuries
The facial nerve may be injured in surgery of the parotid 
gland, neck, ear, or skull base. The most straightforward 
mechanism of injury in otologic surgery, and the one 
most easily recognized intraoperatively, is when the nerve 
is injured directly by the dissecting instrument, otologic 
drill, laser, or electrocautery instrument. The incidence 
of iatrogenic injury is highest with parotid surgery since 
nerve dissection is commonly part of the procedure. 
However, clinical evaluation and management is incre-
mentally more challenging with facial nerve trauma in 
temporal bone surgery since the injury may not be evident 
at the time of surgery. Such direct injury may occur in the 
mastoid cavity, the facial recess, the second genu, or the 
tympanic segment. The facial nerve is naturally dehis-
cent in the tympanic segment in up to 30% of patients and 
therefore prone to injury when dissecting cholesteatoma 
or granulation tissue in this region.7 The risk of otologic 
surgical injury of the facial nerve is also particularly high 
in children with congenital ear malformations and cases 
where the disease has significantly distorted or obscured 
normal temporal bone anatomy. More subtle mechanisms 
of nerve damage include heat injury and possible viral 
reactivation. These mechanisms may lead to delayed 
nerve paresis through progressive neural edema following 
intraoperative nerve trauma. 

INFECTION

Bacterial
Infections involving the ear that may cause facial para-
lysis include acute suppurative otitis media, chronic otitis 
media, mastoiditis, and malignant otitis externa. In sup-
purative otitis media, a natural dehiscence in the fallopian 
canal serves as a portal of entry for bacterial invasion and 
inflammatory products to cause neural edema. Facial 
paralysis often progresses rapidly over the course of 
2–3 days and is preceded by severe ear pain with or with-
out otorrhea, hearing loss, and sometimes dizziness.

Chronic Otitis Media
Facial paralysis complicating mastoiditis or cholesteatoma 
is usually secondary to inflammation, edema, and subse-
quent entrapment neuropathy. Alternatively, extraneural 
and intraneural compression may also result from an 
enlarging cholesteatoma or abscess. The tympanic seg-
ment and second genu are most often the site of involve-
ment. A history of ear infections, prior ear surgery, hearing 
loss, and dizziness must be sought. Facial paresis is usually 
gradual in onset and slowly progressive. Clinical examina-
tion of the ear is revealing and extent of disease should 
be confirmed with a high-resolution temporal bone CT 
scan (Fig. 38.5). Resolution is rapid and complete with 
eradication of the inflammatory tissue or cholesteatoma. 
Patients with chronic suppurative otitis media without 
cholesteatoma appear to have a better functional outcome 
compared with those with cholesteatoma.8 The prognosis 
for recovery of facial function in these patients is related to 
the time of intervention.9

Malignant Otitis Externa
Facial paralysis may occur with advanced malignant otitis 
externa. The patient is usually an older adult, diabetic, or 
immunocompromised. A history of severe ear pain and 
purulent discharge is obtained. The finding of painful 
inflammatory swelling of the external auditory canal with 
fleshy granulation tissue along the inferior aspect of the 
canal at the bony–cartilaginous junction is characteristic. 
Pseudomonas aeruginosa is the most common pathogen, 

Fig. 38.5: Attic cholesteatoma with erosion of the fallopian canal 
in the tympanic segment.
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accounting for up to 98% of documented cultures. In 
rare cases, methicillin-resistant Staphylococcus aureus or 
fungal pathogens may be found. The nidus of disease origi-
nates in the external auditory canal but spreads into adja-
cent tissues. The temporal bone, parotid gland, and lower 
cranial nerves may become involved. Involvement of the 
facial nerve is indicative of advanced disease and asso-
ciated with a mortality rate of over 50%.10 Complete recovery 
of facial nerve function is unlikely in these cases.

Lyme Disease
Infection with the spirochete Borrelia burgdorferi can 
result in facial paralysis. This tickborne infection is ende-
mic to the Northeast and is named for the town of Lyme, 
CT, USA. Widespread infections have been reported 
in the West Coast, Midwest, and East Coast as well as 
throughout Europe and Australia. As is the case with other 
spirochete infections, the clinical manifestations of Lyme 
disease are protean. In the early stage of the disease, flu-like 
symptoms are reported, along with a characteristic macu-
lopapular rash which extends outward with central clear-
ing (erythema chronicum migrans) lasting up to 3 weeks. 
Neurologic manifestations occur in 10–20% of patients. 
Facial paralysis is the most common of these. Bilateral 
involvement has been reported but is uncommon. 

BENIGN AND MALIGNANT NEOPLASMS
Facial nerve tumors are reviewed in detail in a separate 
chapter. A history of malignant neoplasms involving the 
parotid gland, skin, breast, lung, thyroid, upper aerodi-
gestive tract, kidney, ovary, or prostate with unilateral 
facial paralysis is suspicious for metastatic disease as a 
cause of the palsy. Imaging studies are needed to confirm 
this suspicion and determine extent of disease, even if 
clinical evaluation reveals an obvious site of facial nerve 
involvement. 

BILATERAL FACIAL PARALYSIS
The onset of simultaneous bilateral facial paralysis suggests 
Guillain-Barré syndrome, sarcoidosis, Lyme disease, HIV 
infection, or some other systemic disorder (Table 38.4). 
 Guillain-Barré syndrome is an acute inflammatory 
polyradiculoneuropathy that progresses to varying deg-
rees of paralysis. The etiology remains unknown; however, 
autoimmune or viral mechanisms have been considered. 
Classical histopathologic features of the syndrome include 

a lymphocytic cellular infiltration of peripheral nerves and 
destruction of myelin. The facial paralysis seen in these 
cases is typically bilateral and often resolves spontane-
ously after a prolonged course of paralysis. 
 Sarcoidosis is a granulomatous disease of unknown 
etiology affecting multiple organ systems. Facial paralysis 
may be unilateral or bilateral and is the most common neu-
rologic finding in sarcoidosis. Perineural inflammation is 
the postulated underlying pathology causing neuropathy. 
Since the integrity of the facial nerve is maintained, treat-
ment of sarcoidosis with systemic steroids usually results 
in complete functional recovery. Other associated clini-
cal findings may include bilateral tender parotid enlarge-
ment, cervical lymph node enlargement, and uveitis. 

RECURRENT FACIAL PARALYSIS
Differential diagnoses for recurring facial palsy include 
Bell’s palsy and Melkersson-Rosenthal syndrome. Recur-
rence more commonly affects the contralateral side in 
both of these conditions. Multiple recurrences with pro-
gressive residual palsy can occur. 
 Melkersson-Rosenthal syndrome is a neuromuco-
cutaneous disease with a classic triad of recurrent facial 
(labial) edema and recurrent facial paralysis associated 
with a fissured tongue. Patients with Melkersson-Rosenthal 
syndrome may not present with the complete triad, and 
although facial paralysis is the most common neurologic 
symptom, it is not mandatory for the diagnosis. Head-
ache, granular cheilitis, trigeminal neuralgiform attacks, 
dysphagia, laryngospasm, and a variety of cranial nerve 
and cervical autonomic dysfunctions may also occur. The 
patient with Melkersson-Rosenthal syndrome may pre-
sent at any age and with any variety of classic and asso-
ciated features, which may wax and wane. Approximately 
one third of the patients have recurrent facial paralysis as 

Table 38.4: Causes of bilateral simultaneous facial palsy

Guillain–Barré syndrome

Möbius syndrome

Sarcoidosis

Lyme disease

Skull base trauma

Infectious mononucleosis

Cytomegalovirus infection

Human immunodeficiency virus

Botulism
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part of their syndrome. Bilateral facial paralysis has been 
reported as well.11 The underlying etiologic factor has been 
thought to be a neurotropic edema causing compres-
sion and paralysis of the facial nerve as it passes through 
the fallopian canal. Recurrent paralysis over a prolonged 
period of time usually results in increasing residual dys-
function. If evidence of residual paresis exists, total facial 
nerve decompression is recommended at the time of the 
next episode of paralysis.12

CONGENITAL DISORDERS

Möbius Syndrome (Congenital 
Facial Diplegia)
This is a rare congenital disorder presenting with con-
genital bilateral facial paralysis and unilateral or bilateral 
abducens nerve paralysis. It is inherited in an autosomal 
dominant manner with variable penetrance. The inheri-
tance pattern is thought to be no higher than 1 in 50 fami-
lies in whom myopathies or other extremity anomalies 
such as club foot, arthrogyposis, or digital anomalies are 
not present.
 The etiology of Möbius syndrome is unclear. Neuro-
pathologic studies have noted that the nuclei of cranial 
nerves 6, 7, and 12 are abnormal, with lesser abnormalities 
being found in the nuclei of cranial nerves III and XI. Other 
authors have reported that the facial nerves are smaller or 
absent at autopsy.13 Alternatively, primary failure of facial 
muscle development has been proposed as a possible 
etiology since normal facial nuclei were found in post-
mortem studies.14 
 Magnetic resonance imaging (MRI) reveals no struc-
tural abnormalities or masses. Ophthalmologic consul-
tation and management is mandatory. Reinnervation 
procedures such as cross-face grafts or hypoglossal-facial 
nerve anastomosis yield poor results, either due to the 
paucity of motor endplates or the atrophic seventh nerves. 
Significant improvements in resting tone and voluntary 
facial movement can be achieved with temporalis muscle 
transposition, which brings in a new neuromuscular 
system.

Hemifacial Microsomia
Hemifacial microsomia refers to patients with unilat-
eral microtia, macrostomia, and mandibular hypoplasia, 
result ing in underdevelopment of the lower half of the 
face on one side. This can occur bilaterally in 31% of cases 

with one side being more affected than the other. Gold-
enhar’s syndrome (oculoauriculovertebral dysplasia) is 
considered to be a variant of this complex and is charac-
terized by vertebral anomalies and epibulbar dermoids. 
The occurrence of hemifacial microsoma is 1 in 3000–4000 
live births. It is the second most common birth defect 
after cleft lip and cleft palate. The cause of the condition is 
thought to be multifactorial, including a small genetic pre-
disposition. Twenty-five percent of patients with hemi facial 
microsomia have facial paralysis as well. Management 
of this condition requires a multidisciplinary approach for 
craniofacial repair of jaw and ear abnormalities, and lower 
facial reanimation using free muscle transfer.

Osteopetrosis
Osteopetrosis is a generalized bone dysplasia, which may 
have an autosomal dominant or recessive inheritance 
pattern. The recessive form is more rapidly progressive 
and causes hepatosplenomegaly and severe neural atro-
phy secondary to bony overgrowth at neural foramina. 
Optic atrophy, facial paralysis, sensorineural hearing loss, 
and mental retardation are common in the recessive form, 
and death usually occurs by the second decade. 
 The dominant form causes progressive enlargements 
of the cranium and mandible and clubbing of the long 
bones. Increased bone density is seen radiographically. 
Progressive optic atrophy, trigeminal hypesthesia, recur-
rent facial paralysis, and sensorineural hearing loss are 
common, and result from cranial nerve compression. Com-
plete decompression of the intratemporal facial nerve may 
be performed in patients with recurrent facial paralysis 
and radiographic evidence of osteopetrosis.

EVALUATION

Electrodiagnostic Testing
Electrical testing of the facial nerve is helpful in prognosti-
cating recovery and planning treatment when facial para-
lysis becomes complete. Patients with incomplete paralysis 
have a favorable prognosis for recovery and therefore do 
not require electrical testing. A full description of the tests 
is found in an earlier chapter.
 Evoked EMG (ENoG) and EMG testing are most valu-
able for prognosticating spontaneous recovery and guiding 
management. In assessing diseases affecting the intra tem-
poral facial nerve, electrical testing measures down field 
potentials, and results are interpreted with the assumption 
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that the extent of facial muscle denervation is closely 
related to the extent of neural degeneration. This basic 
assumption introduces a small degree of predictive vari-
ability with functional outcomes and should therefore be 
interpreted with caution. Within the first 72 hours after 
onset of complete paralysis, before Wallerian degenera-
tion is complete, downfield electrical testing may be nor-
mal. The subsequent rate of decline in evoked responses is 
predictive of severity of nerve injury. In addition, evoked 
compound muscle action potentials measured on evoked 
EMG/ENoG testing rely on synchronous firing of the facial 
nerve, which may be absent in the early phases of neural 
regeneration. ENoG results may therefore underestimate 
extent of recovery and must be correlated with spontane-
ous EMG activity.
 EMG testing is valuable at any point after the onset of 
complete facial paralysis. After 2–3 weeks, the presence of 
polyphasic potentials is indicative of neural regeneration 
and hint of favorable recovery, whereas fibrillations sug-
gest muscle denervation and poor recovery.

Imaging Studies
Imaging studies may be helpful in some patients with 
facial paralysis. The clinical history and physical exami-
nation will often times dictate, which scan should be 
obtained. Gadolinium-enhanced MRI scan of the facial 
nerve is valuable when the clinical presentation is atypical 
for Bell’s palsy. This includes progressive paresis beyond 
2–3 weeks, selective paralysis of isolated branches of the 
facial nerve, no sign of recovery by 4 months, recurrent 
palsy, hyperkinesis, multiple cranial nerve involvement 
and presence of a mass lesion or underlying malignancy. 
Routine imaging for Bell’s palsy is much more controver-
sial since it does not prognosticate recovery or impact 
clinical management decision making. Most clinicians 
agree that imaging should be obtained for Bell’s palsy only 
if the patient shows no signs of recovery 4–6 months after 
onset of palsy.
 In Bell’s palsy, enhancement of the perigeniculate and 
labyrinthine facial nerve is visualized (Fig. 38.6).15 The 
severity of enhancement has no prognostic implica-
tions and enhancement typically lags behind clinical 
recovery.16,17 MRI scan of the facial nerve and brain is also 
indi cated if concurrent intracranial injury or infection is 
suspected or being evaluated. 
 In patients with a history of trauma, ear infection, 
cholesteatoma, or prior ear surgery, a dedicated tempo-
ral bone CT scan without contrast is helpful. Intravenous 

contrast is indicated only if an abscess suspected. In some 
instances, both CT and MR imaging may be indicated.
 Other imaging studies that may be relevant for evaluat-
ing facial paralysis based on clinical history or examination 
include chest X-ray for sarcoidosis, and technetium radio-
isotope and gallium scans for malignant otitis externa.

Audiometric Testing
Since hearing loss can occur with a variety of diseases 
causing facial paralysis, routine audiometric testing is pru-
dent for both diagnosis and management of these patients. 
When surgical treatment is being entertained, the status of 
hearing in the affected ear influences the selection of sur-
gical approach used.

Laboratory and Miscellaneous Testing
Laboratory testing is indicated only when specific diagno-
ses are suspected based on presenting clinical features. A 
complete blood count and metabolic profile are helpful 
for evaluating systemic diseases and extensive infections. 
Specialized testing for erythrocyte sedimentation rate 
(malignant otitis externa), Lyme titers, angiotensin con-
verting enzyme (sarcoidosis), cerebrospinal fluid analysis 
(sarcoidosis, Guillain-Barré syndrome) may be obtained 
as indicated.
 Tissue biopsy is often indicated if clinical examina-
tion reveals an obvious head and neck masses. Diagnosis 
of sarcoidosis can be readily confirmed by the presence of 

Fig. 38.6: Gadolinium-enhanced magnetic resonance imaging scan 
of the facial nerve demonstrating enhancement of the left peri-
geniculate facial nerve extending into the internal auditory canal 
in Bell’s palsy.
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typical noncaseating granulomas with multinucleate giant 
cells. Inflammatory ear disease can be differentiated from 
malignant diseases as treatment varies considerably.

TREATMENT

Medical Treatment
Eye Care

Eye care remains a priority in the management of 
patients with facial paralysis who experience incomplete 
eye closure. The lagophthalmos along with reduced blink, 
decreased tearing, and sometimes lower lid ectropion, 
often result in dry eye symptoms, which may include eye 
pain, itching, redness, discomfort, and visual impairment. 
Exposure keratopathy, corneal abrasion, and corneal 
ulceration may lead to corneal scarring and permanent 
loss of vision.18 Aggressive eye lubrication and use of a 
moisture chamber are recommended to maintain hydra-
tion of the corneal surface. Caution should be exercised 
with patching of the eye as corneal abrasion is possible, 
especially if concurrent trigeminal nerve dysfunction 
exists. If early recovery is not anticipated, consideration 
should be given to placing an eyelid spring, upper eyelid 
weight, or temporary tarsorrhaphy. Any hint of exposure 
keratitis should prompt an immediate ophthalmology 
consultation for definitive management. 

Steroids

The use of systemic steroids in treatment of Bell’s palsy 
has been supported by several randomized controlled 
trials demonstrating reduced recovery time, improved 
functional outcomes, and reduced long-term sequelae 
compared with placebo treatment when administered 
early in the course of the disease.19-24 The presumed mecha-
nism of action is its anti-inflammatory effect on neu-
ral edema. With steroid treatment alone, up to 94.4% of 
patients with Bell’s palsy had full recovery of function at 
9 months, compared with 81.6% of patients who did not 
receive steroids.19 Treatment should be initiated within 
72 hours of onset of paralysis/paresis. 
 With HZO, systemic steroids are thought to relieve 
acute pain, reduce vertigo, and minimize postherpetic 
neuralgia despite their questionable role in reversing the 
disease process. Unless otherwise contraindicated, sys-
temic steroids may also be used for treatment of acute facial 
palsy associated with otitis media, trauma, and systemic 
diseases, although literature supporting such treatment 

is less robust. Regardless of etiology, similar dosing 
schedules are used for treatment of acute facial palsy. 
A 10–14 day taper starting with a dose of 60  mg/day is 
typically prescribed.
 Known risks of systemic steroid treatment include 
blood glucose and blood pressure elevation, mood swings, 
acute psychosis and rarely, avascular necrosis of the femo-
ral head. Systemic steroids should be used with caution 
in diabetics and immunocompromised patients. Such 
patients should be management in consultation with their 
internists to assure close monitoring for adverse effects of 
treatment.

Antiviral Therapy

Antiviral therapy in combination with oral steroids early 
in the course of the Bell’s palsy result in shorter recovery 
times, although the improvement in functional outcomes 
compared with steroid therapy alone are controver-
sial.19,20,22,23 Some reports suggest a small but statistically 
insignificant long-term functional outcome with com-
bination therapy in Bell’s palsy. Antiviral monotherapy 
has not been found to improve recovery compared with 
placebo and is inferior to steroids alone for Bell’s palsy.20,25 
Combination therapy with steroids and antivirals has been 
found to improve clinical outcomes in HZO.26 Valcyclovir 
500 mg, given three times a day for 7 days, is preferred over 
acyclovir since it is a prodrug, which achieves a bioavail-
ability level 3–5 times that of acyclovir. Side effects related 
to antiviral therapy are predominantly gastrointestinal 
including nausea, vomiting, diarrhea, but can occasionally 
include renal failure and hepatic failure.27

Antibiotics

Antibiotic therapy directed at the appropriate organism 
is indicated in infectious bacterial etiologies for facial 
palsy. Broad-spectrum coverage with augmented penicil-
lins or cephalosporins is appropriate for acute suppura-
tive otitis media where the common pathogens include 
Haemo philus influenzae, Streptococcus pneumoniae, and 
Moraxella catarrhalis. In chronic otitis media, quinolone 
therapy is appropriate for suspected Pseudomonas aerugi-
nosa infections. Quinolone-associated tendinopathy and 
arthropathy may occur in older patients and those who 
are undergoing concurrent therapy with systemic steroids. 
Confirmed Lyme disease requires treatment with a 4-week 
course of doxycycline to prevent late complications of 
the disease.
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Analgesics

Postherpetic neuralgia is known to occur with HZO and 
can be prolonged and incapacitating. It is treated with 
opioid analgesics, gabapentin, tramadol, and pregaba-
lin.28 Pain management may also be necessary with other 
causes of facial paralysis such as Bell’s palsy, suppurative 
otitis media, malignant otitis media, trauma, and meta-
static malignancies.

Adjunctive Therapies

There is no high-quality evidence to support the clinical 
benefit of massage therapy, facial exercises, acupuncture, 
or electrical stimulation for facial paralysis.29 However, 
given the concomitant lack of evidence demonstrat-
ing harm with these treatment modalities, any of these 
adjunctive measures may be offered to the patient if skilled 
therapists are available for these therapies.

Surgical Treatment
Bell’s Palsy

Surgical decompression of the facial nerve for Bell’s palsy 
remains controversial. Response to treatment with sys-
temic steroids assumes that neural edema and subsequent 
entrapment neuropathy result in facial nerve dysfunc-
tion in Bell’s palsy. This has led to the theory that surgical 
decompression would be of some benefit. Esslen and 
Fisch demonstrated that when 95% of the facial nerve had 
degenerated, the patient had a 50% chance of poor out-
come with residual facial weakness and synkinesis.30 Pro-
ponents for surgical decompression endeavor to improve 
the odds of favorable recovery in this subset of patients.
 The site of pathology in Bell’s palsy has evolved over 
the decades from the mastoid segment to the meatal 
segment of the facial nerve. Earlier efforts focused on 
transmastoid decompression of the facial nerve for Bell’s 
palsy.31 This approach has fallen out of favor since sev-
eral randomized controlled studies have reported lack of 
improved outcomes.32 Fisch reported intraoperative find-
ings of nerve edema proximal to the geniculate ganglion 
in 94% of patients who underwent combined transmastoid 
and middle fossa facial nerve decompression.33 In 1999, 
Gantz reported on a prospective multi-institutional trial 
supporting middle fossa decompression of the facial nerve 
reported improved functional outcomes in surgically treated 
patients with poor prognostic indicators for recovery.34 
Patients who had >90% degeneration on ENoG and had 

no spontaneous EMG activity within 14 days of onset of 
paralysis were offered surgical decompression. Ninety-one 
percent of 34 surgically treated patients achieved House–
Brackmann grade I-II function. Of the 36 control sub-
jects with similar electrical test results who elected not to 
undergo surgery, 58% had persistent weakness at 7 months 
(House-Brackmann grades III-IV). 
 Middle fossa decompression of the meatal foramen 
and labyrinthine facial nerve is now advocated by many 
for Bell’s palsy patients who have ≥90% degeneration on 
ENoG testing within the first 14 days of onset of complete 
paralysis and absence of motor unit action potentials on 
voluntary EMG testing. In those with poor or no hearing in 
the affected ear, a translabyrinthine approach is used. The 
risk of iatrogenic facial nerve injury, sensorineural hear-
ing loss, dizziness, cerebrospinal fluid leak, meningitis, 
and cerebrovascular events related to craniotomy surgery 
and facial nerve decompression must be weighed heavily 
against the potential benefit of improved long-term func-
tional outcomes. The lack consensus on the role of sur-
gical decompression for Bell’s palsy is mostly attributed 
to the paucity of high-quality evidence supporting this 
treatment.35

Otitis Media

In acute suppurative otitis media associated with acute 
facial palsy, a wide field myringotomy with or without tube 
placement, is indicated for drainage of middle ear puru-
lence, in addition to medical treatment with steroids, sys-
temic antibiotics, and topical antibiotics. Cultures of fluid 
aspirated from the middle ear help direct antibiotic thera-
py in the course of treatment. 
 In chronic otitis media with or without cholestea-
toma, definitive surgery for removal of cholesteatoma and 
granulation tissue is the treatment of choice. In addition, 
decompression of the affected facial nerve segment may 
be necessary. Rarely, when cholesteatoma extensively 
involves the facial nerve, exteriorization of the cholestea-
toma is indicated.

Tumors

The most common neoplasms causing facial paralysis 
are malignant tumors of the parotid gland. Facial nerve 
neuroma, acoustic neuroma, and primary brain tumors 
are less common causes of facial paralysis. Surgical man-
agement is dictated by tumor pathology and is described 
in detail in other chapters of this textbook.
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Temporal Bone Trauma

In temporal bone fractures, the facial nerve is most com-
monly violated in the perigeniculate region with tempo-
ral bone fractures. When facial paralysis is immediate and 
complete, nerve transection is suspected and surgical 
exploration for repair is indicated when the patient is clini-
cally stable. The location of the fracture largely determines 
the surgical approach in these cases. 

Iatrogenic Trauma

Iatrogenic facial nerve trauma is best prevented by acqui-
ring a thorough knowledge of its anatomical course. 
Injuries to the facial nerve detected at the time of surgery 
should be addressed immediately. Surgical decompres-
sion of the fallopian canal 1 cm proximal and distal to the 
site of an injury is usually adequate if the nerve is intact but 
contused. The epineurium may be incised if the signi ficant 
neural edema is noted. If > 50% of the nerve has been tran-
s ected, repair is warranted using primary neurorrhaphy or 
interposition grafting. If facial nerve paralysis is unexpec-
ted and noted immediately in the recovery room, any pack-
ing in the ear should be removed and the patient should 
be observed for several hours to allow for any effect of 
lidocaine used during the procedure to dissipate. Opera-
tive trauma to the facial nerve must be suspected if the 
facial paralysis persists beyond this observation period. 
Neural integrity can also be confirmed by the presence 
of voluntary motor unit action potentials on needle EMG 
testing in the immediate postoperative period. Surgical 
exploration for suspected iatrogenic trauma should be 
performed within 24–48 hours.
 Delayed facial paralysis occurring after any surgery is 
usually a result of neural edema and secondary entrap-
ment neuropathy. Packing should be removed from the 
ear canal and mastoid cavity to relieve any compressive 
effects on the facial nerve. Since the prognosis for recovery 
with delayed facial paralysis following surgery, additional 
exploratory surgery is not required.
 Every effort should be made to restore the continuity of 
a severed nerve. A tension-free primary anastomosis is the 
preferred neurorrhaphy technique. If any tension occurs 
at the anastomotic site, an interposition nerve graft has 
a better chance of providing facial movement. All nerve 
repair techniques produce synkinesis, but sphincteric 
function of the mouth and eye are usually restored. When 
an interposition graft is required, the greater auricular 
nerve or sural nerve is the preferred graft donor sites. 

PROGNOSIS
Although acute facial paralysis can be frightening for 
patients, with proper diagnosis and treatment, the long-
term functional outcomes are generally good with minimal 
or no sequelae. Bell’s palsy remains a diagnosis of exclu-
sion and due diligence must be exercised when evaluating 
patients with facial paralysis.
 Regardless of etiology, incomplete facial paralysis por-
tends a favorable prognosis. Close clinical surveillance is 
essential if facial paresis progresses. Serial electrical test-
ing over the first 2 weeks after onset of complete paralysis 
will help guide patient management and counseling. If no 
functional recovery is evident 3–6 months after onset of 
complete paralysis, imaging should be done to rule out an 
underlying tumor. Long-term follow-up is recommended 
for patients with facial paralysis so that any remaining 
sequelae of facial nerve dysfunction may be appropriately 
managed.
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 Intrinsic tumors arise from the facial nerve itself and 
are virtually always schwannomas or neurofibromas. 
Tumors primarily arising from the facial nerve are referred 
to as peripheral nerve sheath tumors. These usually arise 
from Schwann cells, but can arise from fibroblast support-
ing cells of the endoneurium or the epithelial-like cells of 
the perineurium. Terms like neuroma or neurinoma are 
nonspecific and have no histopathologic correlate.
 Extrinsic facial nerve tumors arise from nonfacial 
nerve tissues and secondarily infiltrate the nerve. These 
lesions can include primary tumors adjacent to the facial 
nerve, metastases, or systemic or diffuse malignancies 
such as leukemia or carcinomatous meningitis. 

PATHOPHYSIOLOGY

Neoplasms Intrinsic to the Facial Nerve
Facial nerve schwannomas or neuromas are tumors that 
arise from the Schwann cell or supporting structures.52 It 
has been traditionally considered that these tumors arise  
from sensory fibers within the facial nerve, yet no histo-
pathologic evidence directly supports this hypothesis. These 
tumors often appear as interlacing bundles of spindle-
shaped cells arranged in palisades with two patterns com-
monly recognized: Antoni A (comprising densely cellular 
areas with cohesive cells arranged in regular patterns) and 
Antoni B (demonstrating areas of vacuolation between 
cells secondary to accumulation of extracellular matrix). 
Regardless of type, Schwann cells can undergo many cyto-
logic configurations called “ancient change” whereby many 
nuclear pleomorphisms and changes in hyperchromicity 

INTRODUCTION
Facial nerve tumors are quite rare and often not conside-
red as a potential etiology of facial paralysis. As a result, 
delays in diagnosis and treatment of patients afflicted with 
these lesions are frequent. It is critical that neoplasms, 
either arising from or affecting the facial nerve, be included 
in the differential diagnosis of facial paralysis.
 Neoplasms affecting the facial nerve present in multi-
ple ways. Progressive facial weakness is the most common 
physical finding, followed by hearing loss, often secondary 
to lesion extension into the middle ear. In patients with 
facial nerve tumors, approximately 97% present with some 
degree of insidious facial nerve deficit.19 The spectrum of 
motor deficit ranges from barely perceptible to complete 
facial paralysis, and can also include hemifacial spasm. 
The facial weakness is always ipsilateral to the lesion, and 
is typically slow and insidious in onset. On occasion, the 
facial weakness can spontaneously recover, and may even 
present as a recurrent, ipsilateral paralysis. Slow, insidious 
onset of weakness, or recurrent weakness, clinically distin-
guishes a paralysis from a facial nerve tumor from Bell’s 
palsy (idiopathic peripheral facial paralysis), by far the 
most common cause of facial paralysis. While the majo rity 
of patients with Bell’s palsy show spontaneous and near 
complete facial recovery within 8–12 weeks, those with facial 
nerve tumors rarely experience spontaneous recovery.
 The facial nerve can be affected by neoplasms at any 
location along the course of the nerve. It is convenient to 
subdivide facial nerve tumors by their relationship to the 
nerve (intrinsic or extrinsic) and by its general location 
(intracranial, intratemporal, or extratemporal). 
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without mitotic changes can be seen. Whorled arrange-
ments of cells called Verocay bodies are sometimes seen. 
None of these histologic features appear to have any clini-
cal prognostic value. S-100 is a calcium-binding protein 
that is found in both normal and neoplastic Schwann cells, 
and immunostaining for this protein is a helpful and is 
often used for pathological confirmation.
 Facial nerve schwannomas can involve any segment 
of the facial nerve from the pontomedullary junction 
to the parotid gland,44 with the highest incidence in the 
internal auditory canal (IAC) and cerebellopontine angle 
(CPA). Certainly “atypical” facial nerve tumors may arise 
involving a variety of facial nerve segments and consist 
of diverse histology.50 Schwannomas typically grow very 
slowly. When measured by tumor diameter, growth rates 
range from 0 to 3 mm/year on average.22 Spontaneous 
involution has been rarely seen.22 They typically arise 
eccentrically on the facial nerve compressing the adjacent 
nerve trunk that can often be surgically removed. While 
almost entirely benign in presentation, malignant varieties 
have been reported. Janeck and Conley25 reported that of 
30 facial nerve schwannomas they encountered, 26 (87%) 
were benign, while 4 (13%) were malignant. 
 In addition to direct facial nerve involvement along 
the entire course, schwannomas of the temporal bone may 
also invade adjacent bony structures. Of 48 patients with 
schwannomas a mass behind the tympanic membrane 
was seen in 14 (29%). Diagnostic imaging of these patients 
revealed that the tumors typically involved more than one 
segment of the facial nerve and eroded otic capsule bone 
also in 14 (29%) patients. Schwannomas have not classi-
cally been shown to erode adjacent otic capsule bone to 
produce asymptomatic fistulas of either the cochlea or 
the labyrinth. Saito51 reported a small tympanic segment 
schwannoma that had autodecompressed the surround-
ing fallopian canal with erosion and extension into the 
middle ear. The specific locations for tumors occurrence 
along the course of the facial nerve included the labyrin-
thine segment (16%), the geniculate ganglion (22%), the 
tympanic segment (21%), mastoid segment (21%), and 
were extratemporal (7%).44 A separate review revealed 
that intratemporal tumors are the most common while 
intracranial tumors are the least common.53 Importantly, 
facial nerve schwannomas should not be clinically con-
fused with Jacobson’s nerve schwannomas that lie in close 
proximity but maintain distinction from the tympanic por-
tion of the facial nerve.29 It is also rare that a discrete facial 
nerve schwannoma will involve the nervusintermedius,32 
the greater superficial branch,41 or the chorda tympani.9 

Within the temporal bone, facial nerve tumors often dis-
play a predilection for the geniculate ganglion.12,44 One 
possible explanation is related to the structural reorgani-
zation of the nerve that takes place at that location18 as this 
area marks the junction between the intracranial portion 
of the nerve [enclosed in a variable degree of cerebrospinal 
fluid (CSF)] and the true intratemporal nerve with a fasci-
cular arrangement caused by an ingrowth of connective 
tissue at the ganglion. 
 A review of 1400 temporal bones investigating the inci-
dence of facial nerve schwannomas found only one within 
the labyrinthine segment in a patient who also had a 
facial paralysis and a concurrent vestibular schwan noma.26 
Facial nerve schwannomas being the most common have 
been shown in an autopsy series within the temporal bone 
to be approximately 0.8%.57

 Neurofibromas are thought to arise from endoneurial 
connective tissue and infrequently arise from the nerve 
roots of other cranial nerves, yet are more commonly 
found on peripheral nerves within the subcutaneous 
tissues. These lesions are often associated with von Reck-
linghausen’s disease. Because they arise intrinsically with-
in nerves, complete removal usually requires a total nerve 
resection .22

 Granular cell tumors originate from Schwann cells 
and are typically confined within the confines of the nerve 
sheath, which may serve as a pseudocapsule for the lesion. 
They have a predilection for the upper respiratory tract 
with a higher incidence in women and African Ameri-
cans.39 The tumor itself consists of multiple sheaths of cells 
within an eosinophilic granular cytoplasm. The formal 
diagnosis is made histologically as the tumor granules 
stain robustly with periodic acid-Schiff.
 Traumatic facial nerve neuromas are non-neoplastic 
proliferations of the facial nerve and typically arise from 
an aggressive reparative response to neural injury. Histo-
logically, these lesions are composed of disrupted axons, 
Schwann cells, and endoneurial and epineurial cells 
within a collagenous matrix. Specific to the facial nerve, 
neuromas may arise following injury to the face or head. 
Conversely, traumatic neuromas may result from chronic 
inflammatory responses adjacent to a dehiscent segment 
of the nerve resulting in a large proliferation of the con-
nective tissue and neural elements.59 Other forms may be 
secondary to granulation tissue from schwannomas or an 
inflammatory neuroma from complicated chronic sup-
purative otitis media when there is no documented asso-
ciated temporal bone trauma.60
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EXTRINSIC LESIONS

Intratemporal
Facial nerve hemangiomas are rare tumors that typically 
arise from the intracanalicular or geniculate segment of 
the facial nerve. First described in 1901,35 these benign 
vascular tumors are thought to arise from fibrous capil-
lary networks and have been well documented within the 
geniculate ganglion of the facial nerve.5 Being character-
ized as benign venous malformations due to the absence 
of internal elastic lamina on histological evaluation,1,7 
these tumors are thought to arise directly from cellular 
hyperplasia versus vascular malformations that originate 
from errors in vascular morphogenesis.7 Unlike schwan-
nomas, they are not considered to be true neoplasms; 
rather, they are vascular hamartomas composed of blood 
vessels. In human temporal bones, increased vessel counts 
have been found along the geniculate ganglion with fewer 
counts located at other facial nerve segments including the 
labyrinthine.5 It has therefore been hypothesized that the 
rich vascular plexus around Scarpa’s and geniculate gang-
lia is the nidus for increased frequency of hemangiomas in 
these regions.18 These lesions typically present in midlife 
with equal distribution between males and females.
 Like schwannomas, facial nerve hemangiomas also 
typically arise eccentrically from the nerve, often allowing 
for the physical separation of these tumors without com-
promising the continuity or integrity of the main trunk.5,56 
Unlike schwannomas, hemangiomas can lead to facial 
paralysis with even very small tumors only millimeters in 
size. Interestingly, the size of the lesion is not directly cor-
related to the extent of the facial nerve deficit, with small 
(<10mm) tumors leading to substantial deficits. This con-
cept supports the “vascular steal” phenomenon and the 
resultant ischemic changes of the facial nerve trunk in the 
absence of any compressive forces from small tumors. This 
is thought to occur from blood flow to the highly vascular 
facial nerve being detoured toward the tumor leading to 
ischemia.7,54 It is this concept that supports the notion that 
facial nerve schwannomas of comparable size lead to less 
facial nerve dysfunction.36 While once considered a rare 
tumor, these lesions have increasingly been diagnosed 
and in some reports are more commonly found than facial 
nerve schwannomas.
 Paragangliomas or chemodectomas may directly 
invade the facial nerve. These lesions arise from derivatives 
of neural crest cells. They can originate from paragang-
lionic tissue at the carotid bifurcation (carotid body tumor), 

jugular foramen (glomus jugulare), vagus nerve (glomus 
vagale), or tympanic plexus (glomus tympanicum;33). They 
often arise sporadically or can be associated with here-
ditary syndromes including MEN type II, von Hippel– 
Lindau, and NF133 with 80% of hereditary and 20% of 
sporadic lesions presenting with multiple lesions. These 
tumors often present with facial paralysis or pulsatile 
tinnitus. Management is largely based on the size and level 
of nerve infiltration, with conservative management being 
a high consideration.49 
 Rare tumors of the facial nerve, including paragang-
liomas, were presented in a landmark paper by Guild in 
1941.45 The initial theory proposed that tumors arose from 
Arnold’s nerve (auricular branch of the vagus nerve) that 
merges with the facial nerve near the stylomastoid fora-
men; a common conduit for glomus jugulare and tympani-
cum tumors.13 Other rare causes of facial nerve paresis from 
tumor infiltration at the intratemporal level include epi-
dermoid (cholesteatoma), metastatic disease, and direct 
malignant invasion (carcinoma, mucoepidermoid carci-
noma, squamous cell carcinoma).20

 Primary temporal bone malignancy typically consists 
of squamous cell carcinomas of the external ear canal that 
may infiltrate to the adjacent tympanic and mastoid por-
tions of the facial nerve. Facial paresis or paralysis is typi-
cally secondary to frank infiltration of the fallopian canal 
and nerve with significant destruction of the surround-
ing periosteal bone, while endochondral bone remains 
somewhat resistant (Fig. 39.1A). Other potential malignant 
tumors that may infiltrate the facial nerve include papillary 
adenocarcinoma,11 malignant melanoma,63 lymp homa,4 
and adenoid cystic carcinoma that typically present with 
perineural invasion. 
 Chondrosarcoma is a rare and aggressive malignancy 
that often arises near the petrous bone. It arises from chon-
drocytes located typically in foramen lacerum or the pet-
roclival synchondrosis, yet can also be located adjacent to 
the sphenopetrosal, petrooccipital, and spheno-occipital 
syncondroses. As such, these tumors often arise off of the 
midline near the parasellar region, petrous apex, or CPA. 
Because chondrosarcomas arise from these locations, it 
has been hypothesized that the cartilages at these junc-
tions serve as progenitors for these tumors. Alternatively, 
it has been postulated that these tumors arise from fibro-
blasts, or pluripotent cells of the dura or temporal bone. 
Chondrosarcomas may infiltrate most cranial nerves and 
affect those typically near their point of origin. Common 
symptoms that predate the diagnosis include headache, 
hearing loss, hoarseness, or diplopia. More common 
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Figs. 39.1A to C: Squamous cell carcinoma of the temporal bone. 
Part (A) shows an axial sequence through the temporal bone. Note 
the soft tissue infiltration and frank bone erosion (arrow). While not 
entirely diagnostic, frank erosion on computed tomography (CT) is 
often indicative of mali gnancy. Parts (B) (axial) and (C) (coronal) 
show T1-weighted magnetic resonance imagings (MRIs) of squa-
mous cell carcinoma of the temporal bone. Note the enhancement 
of the lesion (B) as well as the infiltration into surrounding struc-
tures including the middle fossa dura (C; arrows). 

A B

C

symptoms at the time of diagnosis include decreased 
visual acuity, facial weakness, tinnitus, and dysphagia. The 
most commonly affected cranial nerves are the abducens, 
occulomotor, vagus, and the glossopharyngeal.22

 With approximately 100 cases of temporal bone chon-
drosarcoma reported, the natural growth rates are not well 
documented. Both computed tomography (CT) and mag-
netic resonance imaging (MRI) are necessary to evaluate 
a lesion at the skull base. CT scans are superior at illus-
trating the bony destruction of the skull base and areas of 
calcification often exemplified by these tumors that give 
them a classic “popcorn” appearance. MRI is superior for 
soft tissue structures and chondrosarcomas are typically 
isodense on T1 and have increased signal intensity on T2. 
Gadolinium contrast leads to marked enhancement of 
the lesion that is most commonly heterogeneous in pat-
tern. Surgical extirpation is the main treatment modality 
and adjunctive radiotherapy has been utilized for residual 

tumor or microscopic disease. Chemotherapy is unproven 
and not recommended for these tumors.21

 Metastatic disease has a particular proclivity for the 
rich vascularity of the marrow spaces of the petrous apex of 
the temporal bone. Hematogenous spread of lesions from 
the breast, kidney, lung, gastrointestinal tract, and rarely 
from other sites like the prostate and skin may be found 
in the petrous apex. Interestingly, in approximately half 
of patients with metastatic lesions involving the fallopian 
canal, no significant facial paralysis has been observed.52 
However, 6 of 14 patients with metastatic lesions to the 
temporal bone demonstrated paralysis that directly cor-
related with a disruption of the nerve sheath or was con-
current with extensive intracranial extension. The most 
common sites for temporal bone metastatic involvement 
are the IAC, mastoid, and the tympanic and labyrinthine 
segments, with the greatest risk of facial paralysis occur-
ring with involvement of the labyrinthine segment.
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 Leukemia/Lymphoma may also involve the tempo-
ral bone and facial nerve. The process by which leukemia 
affects the temporal bone is through direct infiltration and 
hemorrhage.47 Interestingly, inner ear infiltration by leuke-
mia is quite rare.8 Paparella et al.47 found that in 19 patients 
with invasion of the temporal bone by acute leukemia, 
9 patients had evidence of facial nerve involvement with 
only 1 patient showing violation of the labyrinth. This 
finding is supported by Berlinger et al.8 who reported that 
infiltration of the facial and vestibulocochlear nerves 
is “not rare” in leukemia. Interestingly, facial paralysis 
has been reported as either the initial presenting sign of 
leukemia66 or as a sign of leukemia relapse after treatment.2 
 Similar to patients with leukemia, those suffering from 
lymphoma often show infiltration within the temporal 
bone. These patients will also show malignant cellular infil-
tration, hemorrhage, and edema of the middle ear that 
can also predispose patients to middle ear effusions and 
infections. This was confirmed on 16 temporal bones 
from patients with lymphoma that revealed malignant cell 
infiltration of the marrow spaces with perivascular inva-
sion and involvement of the facial and vestibulocochlear 
nerves.48

 In cases of leukemia or lymphoma, evaluation by 
hematology/oncology is required for an accurate and spe-
cific diagnosis and staging of the disease. The subsequent 
treatment is then largely based on cell type, symptoms, 
and disease extent. In the case of facial nerve paralysis, eye 
protection is paramount while systemic therapy is being 
rendered. Superimposed diagnosed middle ear infections 
are commonly treated with antibiotics as they would be 
without concurrent hematologic malignancy. 
 Childhood: Neoplastic involvement of the facial nerve 
is rare in children and when present is largely isolated to 
lesions including cerebellar astrocytomas, leukemia, and 
rhabdomyosarcoma.11a Facial paralysis in a child may be 
the presenting symptom in childhood leukemia,66 while 
eosinophilic granuloma (Langerhans’ cell histiocytosis) 
rarely leads to facial paralysis, despite extensive temporal 
bone extension.
 Embryonal rhabdomyosarcomas make up approxi-
mately 4–8% of all malignant tumors of childhood and is 
the most common soft tissue sarcoma in children.22 Within 
the temporal bone it accounts for approximately 30% of 
temporal bone sarcomas. In the head and neck rhabdo-
myosarcoma is almost exclusively a disease of children. 
It often presents as recalcitrant otitis media/mastoiditis, 
and physically may be found as an external ear canal aural 
polyp, frank bloody otorrhea, chronic otalgia and hearing 

loss. Facial paralysis has only been documented to present 
in 14% of cases as the tumor is quite aggressive and locally 
destructive.22 While regional metastasis is rare, the tumor 
usually spreads through the temporal bone via the middle 
era cleft to the fallopian canal with facial nerve infiltration 
to therefore potentially extend to the IAC and onto intrac-
ranial locations. The current treatment for temporal bone 
rhabdomyosarcoma is surgical intervention for tissue 
biopsy followed by chemoradiation.62 
 Other less common sarcomas of childhood that may 
involve the temporal bone and facial nerve include Ewing’s 
sarcoma, fibrosarcoma, osteogenic sarcoma and granulo-
cytic sarcomas (choloromas). Unlike the treatment para-
digms for rhabdomyosarcoma, the optimal treatment for 
nonrhabdomyosarcomas of the head and neck typically 
includes aggressive surgery with adjunctive radiotherapy 
reserved for cases of incomplete resection.22

EXTRATEMPORAL

Parotid Tumors
Extratemporal tumors involving the facial nerve are often 
isolated to the parotid gland. Salivary gland tumors as a 
whole occur fairly infrequently and typically account for 
only 3–4% of all head and neck neoplasms.9a The tendency 
for a malignancy arising within the parotid gland to 
involve the facial nerve is partially explained by the close 
anatomic location and to those tumors with a proclivity for 
perineural invasion. Tumors that arise within or metas-
tasize to the parotid gland and are most likely to produce 
facial nerve dysfunction include undifferentiated carcino-
ma, squamous cell carcinoma, adenoid cystic carcinoma, 
ade no carcinoma, and high-grade muco epidermoid carci-
noma.22 Within this group of tumors, the highest per-
centage leading to facial nerve involvement/dysfunction 
occurs in undifferentiated tumors (24%) follo wed by squa-
mous cell tumors (19%), adenoid cystic (17%), adenocar-
cinoma (11%), and mucoepidermoid carcinomas (9%).10,15 
A more specific discussion about the nature of these 
tumors and each specific treatment modality is beyond 
the scope of this chapter.

Intracranial Tumors
Facial nerve meningiomas are exceedingly rare37 and 
asso ciations between progesterone, breast cancer, and 
radia tion therapy have been made.23 These lesions typi-
cally arise from arachnoid villi along the walls of the dural 
venous sinuses and near neural foramina of cranial nerves. 
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Extracranial extension of neural foramina meningiomas 
is even more rare. Facial nerve meningiomas are likely to 
arise from the arachnoid villi along the porus acusticus 
(opening between the CPA cistern and IAC) and embryo-
logical is justified in that fibers of the facial nerve exit the 
neural tube along the sheath of arachnoid and dura at 
5 weeks of gestation. The arachnoid has the capacity to 
grow toward the geniculate ganglion and beyond as it 
fuses with the endoneurium.30,43 
 Astrocytomas (gliomas) arise from neuroepithelium 
and are typically found in the cerebral hemispheres, 
cerebellum or brainstem. They are graded I through IV with 
the latter being described as an aggressive and essentially 
uniformly fatal glioblastoma multiforme. Within the CPA, 
astrocytomas often extend from the fourth ventricle or 
grossly from the brainstem parenchyma. Exophytic forms 
can extend into the IAC and subsequent widening of the 
bony canal may falsely indicate a vestibular schwannoma 
and is therefore not diagnostic. Typical treatment consists 
of primary surgical resection with postoperative radiation. 
Survival rates after treatment are largely based on tumor 
grade.22

CLINICAL FINDINGS
Tumors of the facial nerve are rare and often misdiagnosed 
as idiopathic or consistent with Bell’s palsy. Bell’s palsy 
is the most common acute mononeuropathy affecting a 
single nerve, and is the most common diagnosis associated 
with facial nerve paresis (weakness) /paralysis (complete 
loss of movement).6 In contrast to the insidious weakness 
associated with facial nerve tumors, Bell’s palsy is a rapid 
unilateral facial nerve paresis or paralysis of unknown 
cause. Although typically self-limited, the facial paresis/
paralysis that occurs in Bell’s palsy may cause significant 
temporary oral incompetence and an inability to close the 
eyelid, leading to potential eye injury. 
 Facial nerve neoplasms generally present with milder 
symptoms including progressive facial weakness, recurrent 
palsies, facial twitching, and symptoms consistent with 
cochleovestibular dysfunction and potentially increased 
intracranial pressure. Occasionally, facial nerve tumors 
may present as an asymptomatic middle ear mass. On 
initial physical examination, patients with neoplasms 
of the facial nerve may present with a parotid mass or 
signs based on the specific response and site of the nerve 
to tumor compression or gross infiltration to adjacent 
structures (i.e. cochlea). Typically, the facial nerve is seemi-
n gly resistant to compressive forces, yet the most com-
mon presentation of facial nerve tumors is the insidious 

facial paralysis, often concurrent with facial musculature 
twitching. The initial paralysis/paresis may be intermit-
tent and mislabeled as “recurrent Bell’s palsy” that typi-
cally presents with a sudden facial paralysis, but a similar 
process is thought to occur in approximately one-third of 
patients with neoplastic involvement of the facial nerve.38 
In Bell’s, a majority of patients show meaningful recov-
ery within 8–12 weeks, therefore a search for a neoplastic 
process should be carried out if no signs of recovery are 
evident by that point. Conversely, insidious facial paralysis 
beyond 3 weeks is indicative of a neoplastic process and 
warrants a thorough workup. Interestingly, while the posi-
tive response to steroids supports a diagnosis of Bell’s 
palsy, facial paralysis caused by a neoplasm may also posi-
tively respond to steroids and should not be overlooked 
and dismissed as an idiopathic cause. The important diff-
erence is the rapid (Bell’s) versus insidious (facial nerve 
tumor) affects on the facial nerve when differentiating the 
two diagnoses.
 Other presenting physical findings include sensori-
neural hearing loss, tinnitus (pulsatile and nonpulsatile) 
or vertigo if the tumor involves the labyrinthine portion 
of the facial nerve, leading to cochlear or vestibular symp-
toms secondary to adjacent structure extension. Aside 
from facial nerve paresis/paralysis, reports have revealed 
the most common symptoms being hearing loss (69%), 
tinnitus (60%), and vertigo (34%). Since Bell’s palsy seldom 
presents with hearing loss, the combination of facial 
paralysis and hearing loss should heighten the clinical 
suspicion of a facial nerve lesion. Certainly, more ominous 
symptoms including facial and ear pain and the accompa-
nying disturbance of facial nerve function warrant a more 
thorough clinical evaluation and workup. While pain may 
be a feature of Bell’s palsy or Ramsay Hunt syndrome, pain 
may also be a major feature of malignancy secondary to 
trigeminal infiltration or extensive bone, dura or other cra-
nial nerve involvement. 

EVALUATION: NEUROTOLOGIC 
TESTING

Diagnosis of facial nerve tumors requires a thorough his-
tory and physical examination with specific emphasis 
on the facial nerve, otologic findings, the head and neck 
(particularly the parotid gland), and neurologic/cranial 
nerve status. A comprehensive examination of all facial 
nerve branches is important, and the House-Brackmann 
scale is recommended for initial documentation of any 
facial weakness following an insult. Evaluation of the eye, 
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eye closure, and protection of the cornea is of paramount 
importance. In conditions of incomplete eye closure, 
moisture chambers, artificial tears, and lid tightening pro-
cedures should be implemented to protect the underly-
ing cornea from desiccation. Examination of the ear is 
mandatory during the workup of facial paralysis, and may 
reveal a mass in the middle ear cleft. Previous studies have 
demons trated that a middle ear mass was present in 29% of 
all cases with facial paralysis, while less frequently a facial 
nerve tumor may present as an aural polyp, particularly if it 
arises from the descending portion of the facial nerve that 
ultimately may erode bone and present as a mass in the 
ear canal.67 Gross features such as vascularity may help 
aid in diagnosis or warrant a transcanal biopsy in some 
cases. These patients may present with otitis externa or 
otitis media, resulting in a delayed diagnosis and further 
complications. Tuning fork examinations are often useful 
in categorizing the hearing loss into a conductive or sen-
sorineural variety.44 Thorough examination of the neck 
with particular attention to the parotid gland should be 
observed during the routine workup and considered 
closely in patients with facial paralysis. General examination 
of the neck, to especially exclude nodal disease, is essential 
and the use of fine needle aspiration may be bene ficial 
in situations when warranted. Moreover, a comprehen-
sive neurological examination is mandatory in patients 
with insidious facial paralysis, with particular attention 
to be paid to the lower cranial nerves and any evidence of 
cerebellar findings to suggest posterior-fossa involvement.
 Formal audiometric testing should be obtained on all 
patients with facial paralysis, as subtle changes in hear-
ing may not be appreciated by the patient. Typically, Bell’s 
palsy does not present with concurrent hearing loss; there-
fore, audiology threshold changes in setting of facial nerve 
paralysis should alert the clinician of an alternative dis-
ease process. Certainly, if surgical intervention is planned, 
evaluation of hearing status is paramount in planning. 
Stapedial (acoustic) reflex testing should be considered 
due to the usefulness of the diagnostic information. The 
presence of a reflex in a patient with significant facial 
paralysis is suggestive of a lesion distal to the branch to 
the stapedius muscle and may orient the clinician to the 
location of the lesion. This measure is not always accurate 
and should be selectively interpreted in situations with a 
concurrent conductive hearing loss or with knowing that 
some fibers may be present and stimulated adequately 
to maintain the reflex despite a concurrent facial nerve 
lesion/tumor. Moreover, in those patients with temporal 
bone/facial nerve tumors with erosion into the otic cap-
sule, formal vestibular testing is indicated. 

 In terms of facial nerve physiologic testing, electroneuro-
nographic and electromyographic testing has been 
advocated when patients present with complete facial 
paralysis. Due to a lack of standardization from center to 
center and the level for error adversely affecting the inter-
preted result, some opinions on the utility of this testing 
differ. Errors with skin impedance, electrode placement, 
and physiologic artifact may make interpretation of the 
data difficult. In general, these tests are typically helpful in 
evaluating the extent of nerve injury and in certain cases 
may help differentiate between tumors of the other cranial 
nerves (i.e. vestibular schwannomas) versus facial nerve 
tumors. 

EVALUATION: RADIOLOGIC
A high degree of clinical suspicion is required to make a 
diagnosis of a facial nerve tumor. This should be consi-
dered in any adult who presents with a progressive facial 
nerve weakness or facial twitching. While imaging modali-
ties have become more sophisticated over the years, they 
have certainly not replaced the detailed clinical history and 
evaluation. Two main modalities including thin-section 
CT with bone algorithms and cranial nerve protocol MRI 
are highly utilized when investigating the etiologies of 
facial nerve paralysis.53 CT scans of the temporal bone may 
reveal a pathognomonic expansion of the fallopian canal 
that typically reveals a smooth remodeling of the bone with 
no frank erosion. MRI studies will reveal a low-intensity 
lesion on T1 weighting with gadolinium enhancement.
 For facial nerve tumors, advances in MRI technology 
have helped to define the anatomic extent of these lesions 
and the involvement of adjacent structures.24,28,53,64 Facial 
nerve tumors will typically create a smooth but enlarged 
course along the fallopian canal and therefore may be 
differentiated from hemangiomas, which often lack clear 
margins and usually contain bony spicules on fine-cut 
CT (Fig. 39.2A). They will also enhance on postcontrast 
T1-weighted MRI (Fig. 39.2B). Limitations of imaging 
within the petrous apex, where the anatomy may become 
distorted, may make it more challenging to discern whether 
the tumor represents a common vestibular schwannoma 
or a more rare facial nerve tumor. In a review of 30 facial 
nerve schwannomas, 17 were found to be extracranial (12 
involving the main trunk and 5 the peripheral branches) 
and 13 were intratemporal (10 affecting the horizontal and 
vertical segments and 3 at the geniculate).25

 Imaging characteristics of facial nerve hemangiomas 
are similar to schwannomas and meningiomas. The pre-
sence of intralesional calcifications and greater erosion 
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Figs. 39.2A to C: Facial nerve hemangioma. Part (A) shows 
an axial computed tomography (CT) scan of the temporal bone 
demons trating a widened geniculate ganglion and spiculated bone 
anteriorly consistent with facial nerve hemangioma (white arrow). 
The presence of intralesional calcifications and greater erosion of 
the fallopian canal can often help differentiate hemangiomas from 
other facial nerve tumors. Despite only being present approxima-
tely 50% of the time, the honeycomb pattern is important as it is 
pathognomic for hemangioma and often aids in the differentiation 
between schwannomas and meningiomas. Parts (B) (axial) and 
(C) (coronal) T1-weighted magnetic resonance imagings (MRIs) 
demonstrate the enhanced area (black arrow in B and C) of the 
geniculate consistent with facial nerve hemangioma. While many 
lesions will enhance with contrast, the location adjacent to the 
geniculate ganglion in this case is diagnostically helpful. 

A B

C

of the fallopian canal can often help differentiate heman-
giomas from other facial nerve tumors (Fig. 39.2A). In 
many hemangiomas, the blood vessels are surrounded 
by newly formed lamellar bone displaying an “ossifying 
hemangioma” with classic radiologic findings. Ossifying 
hemangiomas on CT scan will show the typical honeycomb 
or sunburst appearance as a result of osteoclastic remod-
eling leading to intralesional lamellar bone trabeculae.7,42 
Despite only being present approximately 50% of the 
time,16 the honeycomb pattern is important as it is pathog-
nomic for hemangioma and often aids in the differentia-
tion between schwannomas and meningiomas. Typical 
facial nerve hemangiomas show enlargement of the fallo-
pian canal with a lesion exhibiting an irregular margin, 
amorphous shape, and often intratumor bony spicules 
(Fig. 39.2A). Grossly, hemangiomas have a red sponge-
like appearance,56 and the ossification is thought to repre-
sent dystrophic changes to slow tumor growth and from 

ongoing bone remodeling in response to tumor growth. 
These imaging characteristics can be helpful in diag nostic 
properties when these lesions are located away from the 
geniculate region with presentation within the CPA. A 
definitive evaluation requires a high-resolution CT scan of 
the temporal bones to evaluate the tegmen tympani and 
mastoideum, the extent of potential osseous destruction, 
and the identification of soft tissue/fluid in the tympanic 
and mastoid cavities. Smaller defects may not be readily 
apparent in axial views, underscoring the importance of 
thin-cut coronal images with the workup. 
 The often-needed soft-tissue detail of the presumed 
facial nerve tumor requires concurrent MRI technology 
in order to delineate. High-resolution MRI with 3 mm sec-
tions provides optimal characterization of the fallopian 
canal, which, when demonstrating circumferential expan-
sion with well-preserved margins and smooth architec-
ture, is consistent with schwannomas (Figs. 39.3A and B). 
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Figs. 39.3A and B: Facial nerve schwannoma. Part (A) is an axial T1-weighted magnetic resonance imaging (MRI) sequences showing 
a gadolinium-enhancing lesion within the right internal auditory canal (white arrow). Schwannomas involving any cranial nerve typically 
demonstrate circumferential expansion with well-preserved margins and smooth architecture. Part (B) represents a coronal T1-weighted 
image following gadolinium again demonstrating the smooth configuration with limited surrounding bone erosion (black arrow). 

A B

T2-weighted images will characteristically reveal space- 
occupying lesions with CSF flow voids (Fig. 39.4). Pathog-
nomonic salt and pepper46 are described in paragangliomas 
larger than 2 cm; otherwise these lesions may reveal 
hypointensity to muscle on T1-weighted imaging and show 
heterogeneous enhancement with gadolinium contrast. 
T2-weighted images reveal isointensity to muscle27 with 
angiography showing hypervascularity, enlarged feeding 
arteries, and a potential venous conduit. 
 Although the second most common tumor of the 
CPA, facial nerve meningiomas are quite rare. These 
lesi ons typically arise from arachnoid villi along the walls 
of the dural venous sinuses and near neural foramina of 
cranial nerves. When involving the facial nerve imaging, 
characteristics on CT scan may show a widening of the 
fallopian canal (Figs. 39.5A and B) with no significant bone 
des truction. On MRI, meningiomas of significant size will 
not only enhance with contrast but may show the charac-
teristic “dural tail” that is often helpful in the diagnostic 
workup (Figs. 39.6A and B). 

TREATMENT
Because they are rare, there is little guidance in the litera-
ture that speaks to the appropriate management of facial 
nerve tumors. Facial nerve tumor management involves 
weighing the balance between the risks of facial weakness 
that may often result with primary surgical resection ver-
sus the typical slow growing nature of these lesions. The 
treatment decision should take into consideration the size 

Fig. 39.4: Facial nerve schwannoma. T2-weighted axial magnetic 
resonance imaging (MRI) through the inner ear. Note the space-
occupying lesion of the right internal auditory canal that displaces 
cerebrospinal fluid (CSF) signal (black arrow). When compared to 
the noninvolved left side, both the neural planes and CSF flow are 
completely distorted by tumor burden/mass effect.

of the tumor, the current facial nerve function, hearing 
status in the ipsilateral ear, and any other associated cra-
nial nerve or head or neck signs or symptoms related to 
the tumor. Treatment strategies include radiological sur-
veillance, gross total resection, bony decompression of the 
skull casing around the tumor, and radiosurgery. Regard-
less of approach, a thoughtful and open dialogue between 
provider and patient must exist to discuss treatment and 
rehabilitation options.
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Figs. 39.5A and B: Facial nerve meningioma. Axial (A) and coronal (B) computed tomography (CT) images of the temporal bone 
demonstrating soft tissue density adjacent to the tympanic, labyrinthine, and geniculate ganglion portions of the facial nerve (white 
arrows). Note the widening of the fallopian canal with relatively minimal bone involvement. Given the location of the lesion, the differ-
ential diagnosis would also include facial nerve hemangioma; however, the pathognomonic spicules of adjacent bone are not present 
that are often seen with hemangiomas.

A B

Figs. 39.6A and B: Facial nerve meningioma. Axial (A) and coronal (B) T1-weighted magnetic resonance imagings (MRIs) through 
the inner ear demonstrating the enhancing lesion within the inner ear (black arrows). Note the extension to the adjacent dural and the 
characteristic “dural tail” that is often described with meningioma (black arrow in part B). 

A B

 In patients with small tumors and good facial nerve 
function, watchful waiting is often advocated.3,34 Shirazi 
et al.58 has recommended conservative management of 
facial neuromas when patients who present without facial 
motor or hearing deficits.31,40 Serial surveillance MRI scans 
to monitor tumor growth should be implemented. Since 
surgery undoubtedly carries a risk of significant morbi-
dity to the facial nerve, other adverse events can lead to 
permanent sensorineural hearing loss, CSF leaks, and tin-
nitus. Since most benign tumors are slow growing, those 
patients with normal or near normal facial function are 
often reticent to undertake major temporal bone surgery. 

It has been shown that when compared to those patients 
who underwent surgery, those patients whose tumors 
were managed conservatively overall fared better.34 The 
rationale here is that by delaying surgical resection, 
patients have an opportunity to enjoy intact facial nerve 
function. 
 In symptomatic patients with intact facial nerve func-
tion, surgical decompression may help alleviate or pre-
vent worsening of symptoms. Gross surgical resection is 
warranted when facial weakness progresses to advanced 
stages, with the surgical approach being dependent on 
the location and size of the tumor and the current hearing 
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status. Regardless of surgical approach, a comprehensive 
discussion about the risks of surgery versus the risks of 
watching the untreated disease needs to be clarified.
 The responsiveness of some neoplastic paralyses to 
high-dose systemic steroids may be the result of the affe cts 
of edema exerted on the facial nerve by these tumors. 
Intratemporal facial nerve schwannomas commonly 
involve varying degrees of facial paralysis as they exert a 
compressive effect on the nerve within the bony confines 
of the fallopian canal. While the facial nerve may be resi-
lient and some reports have documented regenerative 
capacity during prolonged compression,51 this is typically 
only seen with acoustic neuromas. Once the epineurium 
has been breached (not typically seen in benign tumors), 
facial function is more likely to be impaired. It has been 
claimed that >50% of facial nerve fibers require degenera-
tion before the clinical signs of degeneration are seen. 
 From a clinical perspective, when surgery is indicated, 
it is important to distinguish an invasive acoustic neuroma 
from a true facial nerve schwannoma (FNS). Dort and 
Fisch reported a series of five patients with intracranial 
FNS with concurrent eighth nerve involvement requir-
ing resection. They determined that the histopathology of 
intracranial FNS is different from peripheral schwannomas 
and is akin to an invasive vestibular schwannoma. Given 
that these tumors are often multicentric, grossly, these 
tumors often appear as diffuse bulging/multiple-discrete 
tumors of the facial nerve that may often span many seg-
ments. The areas of enlargement have been described as a 
series of “dumb-bells” that makes resection quite compli-
cated in determining the limits of tumor resection, placing 
a premium on intraoperative frozen pathological sections. 
These tumors can reach considerable size and typically 
follow the anatomic pathway of least resistance and there-
fore may present as external or middle ear masses or may 
extend into the CPA or anteriorly and present as a mass 
within the middle fossa.28 
 A transmastoid or middle fossa approach can be uti-
lized for smaller, localized tumors, while a combined app-
roach may be required for larger tumors in an interest to 
preserve hearing. If the lesion is confined to the transverse 
or descending portions of the nerve, a transmastoid app-
roach is advocated. From this approach, ossiculoplasty 
if warranted or primary facial nerve grafting (from great 
auricular or lateral sural) is possible and can be easily 
achieved. It is believed that the chances of meaningful 
recovery decrease significantly postoperatively if the resec-
tion is not completed within the first year of initial clini-
cal facial nerve dysfunction.17 Frozen tissue pathology 

margins should always be taken intraoperatively to ensure 
tumor clearance, as incomplete tumor resection may 
result in recurrence.61 This is important to remember in 
circumstances where the lesion is a facial nerve schwan-
noma that may present like “beads” along the nerve and 
extend from the “pons to the parotid” involving several 
segments of the facial nerve. 
 Hemangiomas at the geniculate ganglion are best 
app roached through a middle fossa approach. The com-
bined transmastoid-middle cranial fossa approach has 
been widely used and adopted for primary resection of 
facial nerve tumors. This combined approach has been 
used for lesions that involve the genu or the labyrinthine 
segment of the facial nerve in a setting of the desire to 
preserve hearing. Also, tumors that may cause a fistula 
into the labyrinth that require meticulous extirpation and 
app roach to prevent hearing or balance loss may require 
this approach. Management strategy of the facial nerve 
hemangioma follows the same principles as outlined for 
facial nerve schwannomas. Hemangiomas are typically 
extraneural and as such are more readily dissected off 
the facial nerve. There is, however, a higher incidence of 
hearing loss after resection, as these tumors are thought to 
arise from the vasculature around Scarpa’s ganglion.
 For those situations where current cochlear function is 
poor, a translabyrinthine or transcochlear approach may 
be utilized. These approaches have the benefit of wide 
exposure to the intracranial and intratemporal segments 
of the nerve obviating the need for brain retraction, while 
preserving excellent access for nerve suturing, rerouting, 
and nerve interposition if needed. It is, however, critical 
that the defect be closed properly with a fat graft to prevent 
a postoperative CSF leak. 
 Lastly, the retrosigmoid approach can be used for 
tumors of the intracranial segment, and a parotidectomy 
and facial nerve dissection are useful in extratemporal 
tumors. In rare cases, the tumor can be surgically removed 
from the facial nerve; however, the majority of cases 
require a resection of the involved segment of nerve with a 
nerve grafting. If a resection is indicated and appropriate, 
cable grafting with the great auricular or lateral sural nerve 
may be considered and has been shown to preserve facial 
nerve function in a range from 50 to 75%.14

 In situations where the tumor may not be removed in 
the interest of maintaining normal facial function, wide 
bony decompression of the nerve may be required, post-
poning the definitive resection until paralysis progresses.3 
Despite leaving the nerve unmolested, this approach still, 
depending on approach, carries risks to cochlear and laby-
rinthine function. 
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 Stereotactic radiosurgery has also been successfully 
used in the management of these tumors and there have 
been published rates of increased reliance on this treat-
ment of facial nerve tumors.65 The attraction of this app-
roach lies in the avoidance of surgery, yet the tumor is 
not removed and the goal of this treatment paradigm is 
to “control” the tumor growth. The main risks include the 
collateral injury to adjacent structures and the potential 
for malignant transformation of the benign tumor that 
may not occur for many years.55 The long-term benefits of 
radiosurgery to facial nerve tumors remain uncertain.

PROGNOSIS

Given the wide variety of tumor types that are involved 
with facial nerve dysfunction, the prognosis of survival 
or disease-free survival after treatment is quite variable 
and specific to the tumor of interest. A comprehensive 
description of prognosis stratified for each potential tumor 
that may infiltrate the facial nerve lies beyond the scope 
of this chapter. The most important factor determining 
the efficacy and prognosis lies in the duration of the 
pretreatment facial paralysis. That being said, patients 
with long-standing, complete paralysis typically do worse 
than those with shorter duration of insult. Many have 
advocated that for the best possible result, that surgery be 
offered within the first year of diagnosis prior to perineural 
fibrosis or frank neural infiltration making the resection 
more challenging.1 Of those nerves that have required 
resection and primary grafting, no distinct advantage has 
been determined in grafting type,44 while longer grafts 
appeared to heal better than short grafts, and there was no 
significant difference in recovery between patients with 
and without preoperative facial dysfunction.29 Static and 
dynamic facial nerve reanimation procedures have also 
been shown to have utility in rehabilitation. In all cases, 
early intervention is best, particularly when treating the 
paralyzed eye in an interest to prevent damage to the 
exposed cornea. 

CONCLUSION

Approximately 5% of facial paralysis is caused by facial 
nerve tumors and up to 50% of patients with facial nerve 
tumors present to their clinician with intact facial function. 
Progressive or recurrent paralysis or twitching of the 

face is often indicative of a neoplastic process. The most 
common tumors of the facial nerve are schwannomas and 
often involve many contiguous segments of the nerve with 
potential erosion of otic capsule bone. Hemangiomas are 
the second most common and while they are typically 
small, they are capable of causing of facial paralysis. A 
comprehensive history and physical examination and 
the appropriate use of neuroimaging are paramount in 
the detection of facial nerve tumors. Once diagnosed, a 
detailed discussion about treatment options is required to 
cover the wide range of options from watchful waiting to 
radiosurgery to defini tive surgical excision. Lastly, facial 
nerve reanimation or restoration should be considered at 
the time of the primary procedure. 
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neural input. In this case, dynamic reanimation requires 
the transfer of muscle in some form. This can be accomp
lished by selecting a pedicle neuromuscular transposi
tion flap or a nerve substitution in combination with a 
microvascular free muscle flap. Patients who are not can
didates for dynamic neuromuscular reanimation may 
still greatly benefit from static reanimation and ancillary 
palliative procedures, including autogenous fascia lata 
and alloplastic GoreTex slings to the lower lip and Mitek 
anchor suspension to the nasal ala and upper lip.
 Nerve regeneration relies on the timely activated 
connectivity of viable axons. Optimal surgical outcomes 
are seen when donor and recipient nerves are closely 
matched in terms of axonal load and coapted in tension
free fashion.1 Superior outcomes are reported from ideal 
circumstances, including shorter duration of paralysis and 
younger age.24 This can be attributed to less nerve fibro
sis, less muscle atrophy, agerelated regenerative potential 
and cortical adaptation.58

 Faulty regeneration leads to a number of condi
tions that may confound the traditional picture of facial 
paralysis, including facial synkinesis, Bogorad’s crocodile 
tears, stapes tendon spasm, hemifacial spasm, and bleph
arospasm. Synkinesis is the abnormal synchronization of 
muscle contractions that do not normally contract together. 
Hyperkinesis is an undesirable hyperexcitable muscle 
response. It is fundamental to evaluate and characterize 
the patientspecific sequelae of neural injury as flaccid 
paralysis, hyperkinetic paralysis, synkinetic paralysis, or 
most commonly a combined facial paralysis with zonal 
variation.

INTRODUCTION
The surgical treatment of facial paralysis continues to be 
extremely challenging. A  number of procedures have 
been described and refined over the past several decades 
attempt ing to overcome the limitations of flaccid paralysis, 
incomplete reinnervation, facial hypertonicity, facial syn
kinesis, and uncoordinated recovery. Still, the imperfect 
quality of facial reanimation leaves surgeons and patients 
seeking new alternatives for a more natural appearance.
 The ideal procedure is one that would restore mimetic 
facial function without aberrant synkinesis or mass move
ment. The basic goals of reanimation focus on enhancing 
symmetry at rest and aiding ocular, nasal, and oral sphinc
ter control. Advanced goals seek dynamic reanimation. 
Preferred treatment plans often differ among surgeons 
to achieve voluntary reanimation and are continuing to 
evolve to include restoration of the involuntary emotional 
smile. It is important to understand the realistic goals, 
patient timeline, and multifactorial reasons guiding varia
tions in therapeutic management. 
 The most critical factor in patient management is defin
ing where the patient is on the timeline of his condition in 
the context of causative factors. If there is any opportunity 
to restore nerve continuity, the earliest possible interven
tion is advocated. In cases where the integrity of the nerve 
is uncertain, conservative management may be emp loyed 
for 6–12 months. Patients with chronic facial nerve 
paralysis <  2 years’ duration may be candidates for neu
ral substitutions. Beyond this time frame, chronic neuro
muscular injury results in atrophy of the motor endplates 
and the native facial muscles are no longer able to receive 
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 In flaccid facial paralysis, there is a clear lack of muscle 
movement. Hyperkinetic and synkinetic facial paralysis 
are less obvious. Hyperkinetic paralysis may be equated 
with chronic spasm, where there is a failure to produce a 
desired movement due to chronic muscle activation. In 
this case, some voluntary movement is present but it may 
be uncoordinated, exaggerated, or uncontrolled. In facial 
paralysis with synkinesis, there may be undesirable “mass 
movement” of separate zones during voluntary contrac
tion or involuntary upper and lower division twitching, 
both due to faulty synchronous nerve reorganization. 
Facial synkinesis is the most common sequelae of neu
rotmesis and its debilitating nature should not be under
estimated. It is one of the most important issues affecting 
recovery of function due to the misdirection of regener
ating axons to incorrect end targets.4 Modern day reha
bilitation of permanent facial paralysis is best performed 
through multimodality treatment including surgical inter
vention, biofeedback physical therapy and chemodener
vation.

Evaluation
In all cases of facial reanimation, patient evaluation and 
selection is critical for optimal outcomes. Evaluation 
begins with a detailed history and physical examination 
(Table 40.1). The three most important criteria from the 
patient’s history that help stratify patient management are 
(1) the time elapsed since the onset of the paralysis, (2) 
the etiology of the paralysis, and (3) the initial degree of 
paralysis. Associated symptoms can often help determine 
the etiology and topographic location of nerve injury. Age 
of the patient, health status and life expectancy are impor
tant considerations in recommending treatment.
 Careful patient assessment is required to understand 
the nature of the nerve injury and its resulting sequelae. 
Historically, the House–Brackmann scale of facial paralysis 
has been used to grade facial paralysis and follow recovery. 
This scale was originally designed to follow the recovery of 
skull base etiologies of facial paralysis that typically affect 
the entire nerve profoundly. For this reason, critics caution 
the grading scale has only “fair” interrater reliability and 
may fail to distinguish many zonal variations in the upper 
and lower divisions and terminal branches of the facial 
nerve.3,9 A thorough zonal assessment should go beyond 
the HouseBrackmann scale and take into account facial 
asymmetry, compromise of orbital, nasal and oral function, 

and facial synkinesis or mass movement. Evaluation of 
seven important parameters are used to qualify facial 
tone, symmetry at rest and deficits during facial motion:10 
(1) eyebrow raise to evaluate the frontalis muscle and tem
poral branch, (2) eye closure to evaluate the orbicularis 
oculi muscle and zygomatic branch, (3) openmouth 
smile to evaluate the risorius and zygomaticus muscles 
and buccal branch, (4) facial snarl to evaluate the levator 
superioris alaeque nasi and levator labii superioris mus
cles and buccal branch, (5) lip pucker to evaluate the 
orbicularis oris muscle and buccal branch, (6) lower lip 
depression to survey the depressor labii inferioris (DLI) 
muscle and marginal mandibular branch innervation, 
and (7) clenching of the jaw to survey platysma muscle 
involvement, espe cially as it relates to synkinesis and the 
cervical branch.
 Comprehensive physical examination also includes 
orbital assessment of visual acuity, corneal examination, 
eyelid closure, tearing, corneal blink reflex, Bell’s phenome
non, lagophthalmos, lower lid position, laxity or ectropion, 
position of the lacrimal punctum, and eyebrow position 
and heaviness. Nasal examination highlights airway com
promise with emphasis on the nasal septum, nasal valve, 
and malposition of the nasal ala. Complete cranial nerve 
examination should also be documented. 
 Separating intracranial, transtemporal, and extracra
nial etiologies is important to formulate a differential diag
nosis. Supranuclear facial nerve lesions may involve: the 
cerebral cortex such as those caused by stroke; the mid
brain such as those caused by neoplasm, vascular lesions, 
and Parkinsonism, or the pontine facial nucleus such as 
those caused by tumor, multiple sclerosis, or infection. 
These etiologies must be separated from infranuclear facial 
nerve lesions that may involve: the intracranial cerebello
pontine angle such as meningioma or acoustic neuroma; 
the bony internal auditory canal such as a temporal bone 
fracture, or transtemporal extension of a meningioma or 
acoustic neuroma; the temporal bone extending to the 
labyrinthine and tympanomastoid regions such as Bell’s 
palsy, Ramsay–Hunt (herpes zoster oticus), complications 
of acute suppurative otitis media, complications of choles
teatoma, or glomus tumors; or extracranial etiologies that 
originate distal to the stylomastoid foramen such as malig
nant tumors of the parotid gland and traumatic penetrat
ing wounds of the face.11

 Additional testing to help determine etiology and pro
gnosis may include computed tomography or magne tic 
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Table 40.1: Facial paralysis–patient assessment

Patient age:

Time from onset: 

Acute injury: 0–21 days/subacute injury: 3 weeks–6 months

Chronic neural injury: 6 months–2 years/chronic neuromus cular injury: >2 years

Degree/etiology: 

Incomplete paralysis

Complete paralysis at onset

Incomplete to complete paralysis: acute

Incomplete to complete paralysis: progressive

Trauma

Iatrogenic

Neoplasm

Infectious

Bell’s palsy

Congenital

Other/unknown

PMH: 

Diabetes: yes or no

Neurologic:

Other: 

Prior testing:

CT scan: head, temporal bone 

MRI: head, internal auditory canal 

Electrical testing: ENoG, EMG

Audiogram: 

Other:

Prior treatment:

Zonal assessment:

EYE:

Eye closure: normal, weak, none

Brow elevation: normal, no elevation, ptosis at rest

Palpebral aperture: normal, wider rounding with scleral show, 
ectropion, smaller

Dry eyes: Schirmer's test normal, hypolacrimation

Poor eye closure, lower lid ectropion

Epiphora: normal, hyperlacrimation, lower lid ectropion

Bell’s phenomenon/corneal protection: sufficient, insufficient

Blink reflex: present, absent, hyperactive 

NOSE:

Nasal valve collapse/nasalis weak: yes, no 

Cottle maneuver: positive, negative 

Alar malposition: yes, no

MIDFACE:

Vertical ptosis: yes, no

Philtrum shift: yes, no

MOUTH:

Resting symmetry: normal, upper lip droop, commissure droop, 
loss of lip depressors

Oral sphincter tone: normal, weak, drooling

Openmouth smile: normal, asymmetric

Pucker: normal, asymmetric

Snarl: normal, weak, retracted incisor show

Speech: normal, articulation defect

Hyperkinesis/Synkinesis:

Blink with chewing/voluntary smile: yes, no

Oral twitch with voluntary eye closure: yes, no

Other abnormal facial twitching: yes, no

Hypertonic facial contracture: yes, no 

Teeth clenching/platysma: normal, weak, Hypertonic, causing lower lip synkinesis

Contralateral facial compensation: yes, no

resonance imaging and electrical testing. Topographic 
analysis (Fig. 40.1) may help localize a lesion within the 
temporal bone. Testing may include audiometry to survey 
the stapedial reflex (nerve to the stapedius), a Schirmer’s 
test to survey lacrimal gland function (greater superficial 

petrosal nerve [GSPN]), and a taste test to evaluate the 
chorda tympani.12 Decisions regarding facial nerve reha
bilitation can only be made after understanding the anato
my of the injury and patientspecific pathogenesis of their 
condition. 
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Fig. 40.1: Pathway for topographic analysis of intratemporal facial nerve lesions. (1) Lesion at the stylomastoid foramen will affect facial 
motion, (2) lesion proximal to the chorda tympani will also affect taste, (3) lesion proximal to the stapedius branch will also affect the 
acoustic reflex, (4) lesion proximal to the geniculate ganglion will also affect lacrimation.

Surgical Anatomy of the 
Extratemporal Facial Nerve
The facial nerve is a mixed motor and sensory nerve 
intracranially. Once it leaves the stylomastoid foramen 
extratemporally, it is purely a motor nerve that supplies 
the muscles of the face, scalp, and platysma of the neck. As 
the facial nerve leaves the skull through the stylomastoid 
foramen, it gives rise to two branches, the posterior auri
cular nerve, which supplies the occipitalis muscle, and the 
nerve to the posterior belly of the digastric. The facial nerve 
then enters the deep surface of the parotid gland where the 
pes anserinus then divides into upper and lower divisions 
within the substance of the gland. Classically, the upper 

division gives rise to the frontal and zygomatic branches 
of the facial nerve, and the lower division gives rise to the 
buccal, marginal mandibular, and cervical branches of the 
facial nerve. The frontal branch supplies the frontalis and 
some upper portions of orbicularis oculi muscle. The zygo
matic branch has an upper division that passes across the 
zygomatic bone to innervate the orbicularis oculi muscle 
and a lower division that passes along the lower border of 
the zygomatic bone to supply the muscles in the infraor
bital and nasal region. Classically, the buccal branch has 
extensive arborization that may communicate between 
the upper and lower divisions of the facial nerve, but it 
predominantly runs toward the angle of the mouth to 
supply the buccinator, lip elevators, and orbicularis oris 
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muscles. The marginal mandibular branch supplies the 
muscles to the lower lip and the cervical branch provides 
motor innervation to the platysma muscle.13,14

 The preferred point of convergence used to localize 
the facial nerve is where the tip of the mastoid process, the 
cartilaginous auditory canal, and the superior border of 
the posterior belly of the digastric muscle meet.13 As the 
facial nerve branches exit the parotid gland, they course 
just beneath the superficial musculoaponeurotic system 
(SMAS). The facial nerve branches innervate the facial 
muscles from their deep surface with three exceptions: 
the buccinator, levator anguli oris, and mentalis muscles.14 
These three facial muscles are oriented more deeply and 
innervation emerges from their superficial aspect.
 Reliable operative landmarks are essential for peri
pheral branch explorations (Fig. 40.2). A line drawn from 
a point 1  cm anterior to the tragus to the tail of the eye
brow demarcates the territory of the superior division of 
the facial nerve. This division crosses the zygomatic arch 
within the temperoparietal fascia and gives rise to the 
frontal branch. The frontal nerve can be found anterior to 
the superficial temporal artery and vein along Pitanguy’s 
line. Pitanguy’s line runs from 0.5 cm below the tragus to 
1.5 cm above the lateral eyebrow and more reliably defines 
the distal course of the frontal nerve.15 The buccal branch 

lies superior to the parotid duct, which can be found in 
the middle third of a line drawn from the antitragal notch 
to the oral commissure. The complex arborization of the 
extratemporal facial nerve, especially in the region of 
the zygomatic and buccal branch distribution, provides 
additional collateral nerve fibers for donor nerve substi
tution.13 The marginal mandibular branch consistently 
divides into two to three branches innervating the lower 
lip depressors and mentalis muscles. In 80% of patients, 
the dominant branch runs above the mandibular ramus; 
however, in all patients a critical branch that commonly 
innervates the depressor labii inferioris (DLI) runs 1–3 cm 
below the ramus of the mandible deep to the platysma, 
which is continuous with the SMAS. The branch then arcs 
up over the mandible where it can be found crossing the 
facial artery and vein at the facial notch along the body of 
the mandible.16 

Neurologic Injury of the Facial Nerve
Each neuron is composed of a cell body in the pontine 
facial nucleus of the brainstem and a myelinated axon 
that conducts impulses to the neuromuscular junction 
in the face. Nerves are organized as axonal bundles sur
rounded by a connective tissue neural sheath composed of 

Fig. 40.2: Anatomy of the facial nerve and operative landmarks. (1) zone of the superior division of the facial nerve, (2) zone of the 
marginal mandibular branches. The marginal mandibular nerve branches become more superficial as they approach a 2-cm radius from 
the oral commissure.
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three layers: endoneurium, perineurium, and epineurium. 
Endo neurial tubules form a loose connective tissue layer 
around bundles of axons. Multiple endoneurial tubules 
are organized into a fascicle surrounded by perineurium. 
Multiple fascicles run within the nerve trunk protected by 
an outer nerve sheath layer called the epineurium.
 Understanding the Sunderland Classification sys
tem of peripheral nerve injury3,17 (Table 40.2) is critical to 
evaluating the potential and timing for recovery and the 
likely risk for aberrant nerve regeneration. There are five 
sequential grades of injury affecting the deepest axons of 
the nerve first, progressing radially to disrupt the outer 
epineurial layer last.
 Grade 1 injury is a neuropraxia, defined as a conduc
tion block within the core axons of the nerve without axonal 
disruption, and early complete recovery is anticipated. 
Grade 2 injury is an axonotmesis, defined as a deeper 
injury that results in disruption of the myelinated axons 
and Wallerian degeneration but has no effect on the con
nective tissue sheath. In this case, axons typically regener
ate normally, remaining on course within their sheath as a 
boundary. Grades 3 to 5 injuries are termed a neuro tmesis, 
describing varying degrees of injury to the connective 
tissue neural sheath; in addition to the axonal disruption 
and Wallerian degeneration seen with Grade 2 injury. In 
Grade 3 injury, the axons and endoneurium are disrupted. 
In Grade 4 injury the axons, endoneurium, and perineu
rium are disrupted. In Grade 5 injury, the axons, endoneu
rium, perineurium, and epineurium are disrupted. 
 Grade of injury, etiology, and treatment all play a role 
in the likelihood of misrouting and aberrant nerve regene
ration. It is important to realize that once there is full tran
section of the nerve, recovery will never be complete.18 
The success of nerve regeneration relies on precise axonal 
routing, using the neural sheath as a guide and boundary. 
Even with a grade 3 injury, regenerating axonal sprouts 

may fail to reconnect with the original distal endoneurial 
tube, leading to incomplete or failed recovery, neuroma 
formation or may connect with another incorrect endo
neurial tube leading to facial synkinesis or mass move
ment (Figs. 40.3 and 40. 4).18,19 This is especially true in the 
distal mastoid and extratemporal facial nerve. The trunk 
of the facial nerve at its origin from the internal auditory 
canal is monofascicular until the proximal mastoid seg
ment. The nerve then branches into two to four distinct 
fascicles in the distal mastoid portion, and ultimately six 
to ten fascicles in the extratemporal segment.20,21 Nuclear 
hyperexcitability with loss of synaptic inhibition at the level 

Table 40.2: Sunderland classification of peripheral nerve injury

Grade Pathology Translation EMG % Normal23 Recovery23 Recovery begins23

1 Neuropraxia Conduction block 100% Complete 1–3 weeks

2 Axonotmesis Sheath intact 25% Fair 3–4 weeks

3 Neurotmesis Endoneurium loss 0–10% Moderate–poor (HB 34) 
with synkinesis

12–16 weeks

4 Neurotmesis Endoneurium and 
perineurium loss

0 Profound weakness (HB5) 
with synkinesis

16 weeks–18 months

5 Neurotmesis/Com
plete transection

Endoneurium 
perineurium and 
epineurium loss

0 None None

Figs. 40.3A to D: Peripheral nerve injury and regeneration. (A) 
Acute grade 3 nerve injury disrupting the nerve axon and endo-
neurium, (B) Wallerian degeneration (at 72 hours), (C) Schwann 
cell proliferation and axonal sprouting, (D) nerve regeneration and 
remyelination.
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Figs. 40.4A to C: Faulty peripheral nerve regeneration after nerve injury. (A) Failure of axonal sprouts to reconnect leads to nerve 
fibrosis and neuroma formation. (B) Breach of endoneurium allows axonal regeneration to proceed unguided. Misrouting may lead to 
synkinesis. (C) Breach of the epineurium allows axonal regeneration to proceed outside the sheath. Axonal misrouting increases the 
likelihood of neuroma formation, facial synkinesis, or mass movement.

A B C

of the pontine facial nerve nucleus, faulty regeneration of 
myelin and axonal misrouting all contribute to the etio
logy of mass movement and synkinesis commonly arising 
from facial nerve injuries, even in the absence of epineu
rial injury.13

Timing
Facial nerve injury should be assessed in four phases 
based on the duration of the condition: acute neural 
injury, subacute neural injury, chronic neural injury, and 
chronic neuromuscular injury.
 During acute neural injury, Wallerian degeneration 
will take place over the first 72 hours after a facial nerve 
injury. Degeneration starts at the point of injury and 
extends distally to the motor endplate of the facial muscle 
and proximally to the first adjacent node of Ranvier.20 
Therefore, more proximal nerve lesions result in longer 
distal nerve degeneration, greater retrograde insult to the 
cell body, and are associated with a worse prognosis for 
recovery.18,19 During this early 72hour window, there are 
no electrophysiologic tests available to separate a grade 
1 neuropraxia from higher axonal grades of injury.12 In 
this setting, failure to appreciate that Wallerian degenera
tion may not be complete, can lead to underdiagnosis of 

a more serious of injury. Once Wallerian degeneration is 
complete, electroneuronography (ENoG) testing becomes 
helpful between Day 3 and 21 to quantify the degree 
of nerve degeneration. This is based on the percentage of 
viable axons when compared with the contralateral nor
mal facial nerve. It is generally accepted that <50% degene
ration on ENoG testing is associated with rapid complete 
recovery in 97% of patients. While, 90–95% degeneration 
of the facial nerve on ENoG indicates a neurotmesis with 
a worse prognosis of incomplete recovery or permanent 
paralysis in nearly all patients.22 By 21 days, the cell body 
and proximal segment reorganize and retain the ability to 
regenerate for an indefinite period of time. It is only after 
Day 21 when reorganization is complete, that electromyo
graphy (EMG) testing becomes valuable.
 The subacute neural injury period marks the early 
regeneration phase from the period of 3 weeks to 6 months. 
In this period, the possibility for recovery is greatest and 
the clinician must take note of the time of onset of any 
recovery to guide the treatment plan. Onset of recovery 
is bimodal and corresponds to the degree of injury and 
hence anticipated outcome. If patients show no signs of 
any recovery within 3 to 4 weeks, they most likely have 
experienced a neurotmesis. The nerve will require time to 
organize and regenerate and accordingly the patient will 
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most likely not show any signs of recovery until 4 months 
have passed from the onset of paralysis. Between the 
period of 4 to 6 months after onset of paralysis, the major
ity of patients who will have any meaningful recovery, will 
begin to show some signs of nerve regeneration.23

 Patients who show absolutely no signs of recovery 
within 6 months fall into the chronic neural injury cate
gory and are a deeply concerning and controversial popu
lation of patients. Clinicians are cautious to offer nerve 
reconstructions with indeterminate outcomes to this early 
chronic neural injury cohort of patients because of the 
chance of recovery over the subsequent 6 months. Typi
cally, the window where neural rehabilitation is possible 
is approximately 18 months, but the sooner it is performed 
the better the outcome in all reports.13,24,25,26 Early conside
ration of reinnervation techniques gives rise to the best 
clinical outcomes. 

Explaining the Course of Recovery
The natural course of facial nerve recovery is complicated 
for a number of reasons.
 There are many patientspecific variables, permuta
tions, and inconsistent outcomes from intervention that 
make the treatment of patients under protocols nearly 
impossible. The clinician must review several factors and 
tailor a treatment plan with the mechanism of injury, stage 
of paralysis, status, goals, and needs of the patient in mind. 
There are some basic tenets that help guide the discussion.
 Reasons for variability: Variation in recovery may stem 
from axonal misrouting into a dead end, or the wrong 
muscle leading to weakness, synkinesis, or hypertonicity. 
Also lesions often display characteristics of mixed injury 
grades, making electrical nerve testing less reliable. This 
is especially true of delayed EMG testing. Fibrillation on 
EMG testing defines the presence of viable muscle with 
active motor endplates, but it does not quantify the degree 
of muscle viability nor atrophy.18 Testing also cannot pro
vide information about the status of the distal nerve branch
es, which might be fibrosed even in the presence of viable 
muscle.18 These reasons may in part explain why more 
favorable outcomes are seen with earlier reinnervation 
procedures.
 Risk factors: Older age and poor nutritional and meta
bolic patient status are associated with worse outcomes.23 
The proximity of the injury to the cell body in the brain
stem is associated with greater injury to the entire neuro
nal length through Wallerian degeneration and portends 
a worse outcome when compared with more distal extra
temporal lesions.19,20 In fact, large series have shown that 

only 1.5% of patients with immediate facial paralysis 
after vestibular schwannoma surgery where the facial 
nerve was anatomically preserved will experience House 
Brackmann grade one complete return of function after 
one year.19 This is in stark contrast to 71% of patients with 
Bells Palsy who can anticipate complete recovery.23 Crush 
injuries also produce more cell body damage than clean 
transections and are associated with worse outcomes.20

 Cerebral plasticity: Proponents of cerebral plasticity 
assert the ability of the brain to modify its organization 
to permit postinjury adaptation.5,6,7,8,13 The hypothesis has 
been applied to explain the spontaneous recovery of facial 
nerve function following facial nerve transection and sur
gical recovery after cranial nerve substitution or dynamic 
muscle reanimation.
 Cortical plasticity highlights the importance of facial 
rehabilitation and donor nerve selection. New behaviors 
and associations can be learned through repetitive stimu
lation of the motor cortex without having to concentrate 
on the action, similar to learning how to ride a bike.27 In 
this way, small desired movements can be practiced until 
the pattern is learned and becomes automatic. 
 Cortical adaptation requires the presence of a func
tional neuromuscular contraction. The more similar the 
neural input is to normal facial kinetics, the more success
ful the process. From a practical sense, the donor nerve 
input that most closely resembles natural facial kinetics 
will result in more favorable rehabilitation. Aside from the 
contralateral facial donor nerve, which does not require 
cortical adaptation, the trigeminal motor nerve arguably 
has the closest similarity to facial kinetics. This can be 
explained by the proximity of the motor cortex to that of 
the facial nerve, and success with unconscious smiling 
has been reported after masseter nerve substitution.5,6,28,29 

This is in contrast to the hypoglossal nerve, which produces 
an acceptable volitional smile, but does not share the same 
cortical properties.

Surgical Planning
Patient assessment must take into account the status of 
the facial nerve pathway. Evaluation of patients with 
complete facial paralysis includes a determination of (1) 
nerve continuity, (2) the viability of cell bodies in the facial 
nucleus of the brainstem, (3) the presence of an intact 
proximal facial nerve segment in continuity with the facial 
nucleus, (4) the presence of a distal segment with intact 
endoneurial tubules that can accept and transmit regene
rating axons to the facial muscles, and (5) the presence of 
viable facial muscles with intact motor endplates.
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 Patients fulfilling all of the above criteria should 
spontaneously regenerate but may need surgical ocular 
management and physical therapy to minimize aberrant 
regeneration in the interim. Those with a known nerve 
transection should undergo early primary nerve repair 
whenever possible. Early exploration within the first 48 
hours of a nerve transection takes advantage of the win
dow of opportunity before Wallerian degeneration is 
complete. During this time electrical stimulation can still 
be used to stimulate distal muscles and help locate the 
terminal transected branch. Iatrogenic injury from explo
ration of acute injuries medial to an arbitrary line drawn 
from the lateral canthus to the oral commissure may out
weigh the risk of observation. It is generally accepted that 
traumatic wounds resulting in a distal branch facial nerve 
transection in this zone may be observed given the high 
rate of spontaneous recovery from collateral innerva
tion.30 Circumstances associated with a limited segment 
of nerve loss, such as oncologic parotid tumor resection, 
dictate immediate, or early interposition grafting. Patients 
without an intact proximal nerve segment or viable facial 
nucleus may qualify for nerve substitutions. Those that do 
not meet any of the above criteria are candidates for nerve 
and muscle transfers for dynamic outcomes, or static 
reanimation to improve gross asymmetries (Table 40.3).
 Beyond the few clearcut scenarios of known tran
s ection or early limited segment nerve loss, there are no 
clear guidelines on how to treat every surgical candidate. 
This stems from the extensive patient variables, inconsis
tent outcomes from the same interventions and lack of a 
sophisticated universal grading system for the purposes 
of reporting. For this reason, patients with chronic neural 
injury must be involved in the difficult decisionmaking 
process guiding surgical management.
 Candidates for classic neural rehabilitation demons
trate fibrillation potentials on EMG testing. This confirms 
the presence of denervated viable muscle with intact 
motor endplates that are still able to receive neural input 
from regenerating nerves but does not quantify the degree 
of this muscle viability.18 This is why timing is so important 
in deciding the best course of action for each patient. For 
example, the reliance on EMG alone in a patient with facial 
paralysis of >2 years may fail to quantify the relative muscle 
atrophy or miss a distal branch nerve fibrosis that can
not be detected on EMG.18 These occurrences are related 
to prolonged denervation time and may explain why low 
axonal load procedures fail in the later stages of chronic 
neural injury. In this setting, the goal to obtain a symme
tric spontaneous smile with a crossfacial only procedure 
should not cloud the reality that failure is probable. 

 From scenarios such as this, modern techniques have 
evolved to improve donor–recipient axonal load matching, 
minimize the morbidity from cranial nerve substitutions, 
and treat the upper and lower divisions independently.1,31 
With this goal in mind, the masseter nerve substitution 
to the lower division of the facial nerve or the combined 
crossfacial nerve graft (CFNG) (buccal–buccal) and mas
seter nerve substitution to the lower division of the facial 
nerve have emerged as front runners. Alternative com
bined methods use the power of a hypoglossal nerve jump 
graft to complement the spontaneous reanimation poten
tial of the singlezone CFNG. With these approaches suc
cessful static treatment of the upper division is commonly 
employed.
 Electrical silence on EMG indicates muscle atrophy 
with fibrosis often seen with facial paralysis of >2–3 years 
duration. In that case, only neuromuscular transfers or 
static reanimation options remain. Favored neuromus
cular procedures include the twostage gracilis muscle 
transfer powered by the CFNG,32,33 the singlestage gracilis 
muscle transfer powered by the masseter nerve5,6,28,34 or the 
singlestage latissimus dorsi muscle transfer powered by 
the contralateral facial nerve.35

TECHNIQUES

Orbital Management
The need for periocular management of patients with 
complete facial paralysis is universal. Complications of 
facial paralysis in the eye area with inability to close the 
eye may lead to exposure keratitis, corneal ulceration, 
and potential loss of vision. Eyelid weight implants, lower 
eyelid suspension, and brow lifting procedures should be 
considered for rehabilitation of this critical zone. Evalua
tion for a Bell’s phenomenon will determine adequate cor
neal protection in the setting of incomplete eye closure. 
At the very minimum, corneal protection includes the 
use of lubricating drops during the day and lubricating 
ointments at night. Patients should always be surveyed 
for corneal anesthesia, especially after skull base surgery. 
If the cornea is insensate, the patient has an even greater 
risk for significant corneal injury and may need more 
advanced ancillary procedures, including temporary or 
permanent tarsorrhaphy.
 Eyelid weight implantation is the mainstay in rehabi
litation of the paralyzed eye. The use of traditional bulky 
gold weights has been replaced by thinner low profile gold 
and platinum implants. Studies have shown that tradi
tional gold weights have nearly a 40% longterm compli
cation rate, most commonly bulging and astigmatism.36 
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(CFNG, crossfacial nerve graft; DLI, depressor labii inferioris; ENoG, electroneuronography; FN, facial nerve).

Table 40.3: Considerations for neural treatment of permanent complete facial paralysis

Injury Timing Special considerations
Prox
FN

Distal
FN

Motor
endplates

Neural
Rx

Alternate
Rx

Facial nerve 
transection

Acute Within 48 hours 
(before Wallerian 
degeneration)

Normal Lesion Normal Earliest
primary repair

Close observa
tion for sponta
neous recovery 
of distal branch 
injuries medial 
to line from late
ral canthus to 
oral commissure

FN paralysis w/ 
temporal bone 
fracture 

Acute Day 3–14: ENoG > 95% 
axon loss versus 
normal side

Normal Lesion Normal Consider early 
FN decompres
sion

Observation

Resection of parotid 
neoplasm w/seg
mental loss of FN

Acute Oncologic reasons may 
limit use of greater 
auricular nerve

Normal Lesion Normal Immediate inter
position graft

Acoustic neuroma 
resection with FN 
lesion

6–12 
months

Early repair associated 
with best outcome.
Poor longterm prog
nosis. Intraop factors 
may elude to likelihood 
of facial nerve recovery 
and early twostage 
CFNG considered

Lesion Normal Normal Combined 
CFNG and/or 
masseter nerve 
substitution

Modified 
hypoglossal
nerve substitu
tion

CongenitalMobius
syndrome

Any age Bilateral facial nerve 
deficit requires alter
nate cranial nerve 
substitution

Lesion Lesion Abnormal Bilateral masse
ter to gracilis
Favored

Alternate 
neuromuscular
transfer

Marginal mandibu
lar branch

12 
months

Consider lidocaine test 
to simulate contralateral 
DLI paresis

Normal Lesion Abnormal Crossfacial graft 
or direct neuroti
zation

Contralateral
DLI chemode
nervation
or contralateral
DLI resection

>2 
years

Anterior digastric pedi
cle flap requires neuro
muscular training

Normal Lesion Abnormal Anterior digas
tric transfer ± 
CFNG

Chronic facial 
paralysis

12–18 
months

Masseter nerve substi
tutions favored

Uncertain Lesion Abnormal Combined 
CFNG and/or 
masseter nerve 
substitution

Modified 
hypoglossal
nerve substitu
tion

Combined buccal 
CFNG for spontaneous 
smile & masseter—
lower division FN for 
power and prevention 
of mass movement

Prolonged facial 
paralysis

>2 
years

Pediatric: CFNG with 
gracilis favored

Uncertain Lesion Abnormal Neuromuscular 
transfer

Static
reanimation in 
poor surgical 
candidates

Advanced age: masse
ter with gracilis favored

The extrusion rate of low profile gold weights at 5 years is 
approximately 10%.37 The shift in paradigm to thinner pro
file implants highlights the importance of protecting the 

cornea without occluding the visual axis. Platinum is less 
allergenic and more dense than gold, allowing for an even 
thinner implant of equal weight. Platinum in the shape 
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of links allows better eyelid contouring with substantially 
lower complication rates and is emerging as the implant of 
choice.38,39,40

 Lagophthalmos and tearing abnormalities are debili
tating and intervention should not be delayed beyond 
3 weeks for the possibility of spontaneous recovery. This is 
especially true given the ease of reversibility and quality 
oflife improvement during the waiting period for return 
of function.3,41 In cases of early paresis of uncertain dura
tion, the immediate use of hyaluronic acid gel eyelid injec
tion in lieu of surgical weight implantation is valuable. 
The technique is beneficial in its efficacy for the treatment 
of temporary lagophthalmos, low complication rate with 
care ful injection technique, and ease of reversibility with 
hyaluronidase.42,43 After placement of topical anesthetic, 
suborbicularis oculi injections are placed in the pretarsal 
space in a serial threading pattern following the same prin
ciples of eyelid weight implantation. The volume required 
depends on the degree of lagophthalmos and ranges from 
0.3 to 1.0  cc, with the average patient requiring 0.5  cc.42 
Initial pretarsal injections may be started with 0.3 cc in the 
awake patient in the semifowler (reclining lounge chair) 
position. Serial injection may be titrated at increments 
of 0.05 to 0.1  cc as needed until the desired eye closure 
is reached without obstructing the visual axis. In cases of 
severe lagophthalmos, additional injections may be placed 
more superiorly in the prelevator aponeurosis space to 
achieve the desired endpoint.43 As with all facial injections, 
careful injection techniques are required to minimize the 
risk of complications. Aspirating and checking for hema
togenous flashback prior to injection is important to pre
vent inadvertent intravascular injection. Although the use 
of other fillers has been described,43 Restylane (Galderma 
Laboratories, Fort Worth, TX, USA) may be preferred for 
initial injection in the eye area because of its less hydro
philic nature and crosslinking pattern that empirically 
allows for more rapid enzyme reversal in the event of 
complication or early return of function.

Eyelid Weight Implant Insertion
The weight of the implant may be assessed with sizers pre
operatively. Incrementally heavier weights may be taped 
to the upper eyelid and eyelid closure is then evaluated 
while the patient is in the upright position. The appropriate 
weight is selected based on the lightest weight that permits 
eyelid closure comfortably. Typically, 1gram weights are 
used in females and 1.2gram weights are used in males. 

 Eyelid weight implantation (Figs. 40.5A to E) can be 
performed under local anesthesia with the patient in the 
semiFowler position. The incision is approximately 1 cm 
favoring the medial two thirds of the supratarsal crease. 
The incision is made through the skin and orbicularis mus
cle parallel to the orientation of its fibers. Suborbicularis 
dissection is extended directly over the tarsal plate creating 
a pocket just above the eyelash margin. The pocket should 
be dissected so that approximately two thirds of the weight 
is medial to the midpupillary line. The weight should rest 
on the tarsal plate with the inferior border no more than 
2 to 3 mm above the upper lash line. Superiorly, the weight 
is fixated with partial thickness sutures through the tarsus 
using a 40 clear nylon suture. If contouring links are being 
used, three sutures are sufficient.38 If the pocket is precise, 
suture fixation of the weight to the tarsal plate inferiorly 
is not necessary. The orbicularis muscle and the skin are 
closed in layers using interrupted 60 plain or fast absorb
ing suture.
 Conforming spring implants have been reported and 
described in the literature. Their use has fallen out of 
favor due to a high propensity for extrusion.44 Despite the 
appropriate utilization of a weighted implant, there is still 
a frequent need for ointment during sleep.

Tarsorrhaphy

The tarsorrhaphy procedure (Figs. 40.6A to C) is recom
mended for facial paralysis patients who fail more conser
vative methods of corneal protection and for all patients 
without an intact corneal blink reflex due to trigeminal 
nerve deficits. The loss of corneal sensation leaves them 
extremely susceptible to keratitis, corneal abrasions, and 
serious orbital injury. Tarsorrhaphies may be temporary or 
permanent and/or reversible. The duration of efficacy for 
a temporary tarsorrhaphy is approximately 4 to 6 weeks. 
Soft #4 French red rubber catheters or vessel loops may be 
cut into 3–4 mm pieces and fashioned as bolsters to but
tress the skin in temporary tarsorrhaphy procedures. After 
local injection, a series of three horizontal mattress sutures 
are performed using 50 Prolene. The sutures are equally 
positioned staying approximately 510 mm in from the 
medial and lateral canthus.45 Approximately 56 mm above 
the upper lid margin, a partial thickness suture is placed 
that exits through the gray line. This then enters the oppo
site gray line of the lower lid, again exiting approximately 
56 mm below the lower lid margin. The suture is then 
passed through the center of the trimmed #4 French red 
rubber catheter or pierced through a trimmed vessel loop 
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Figs. 40.5A to E: Eyelid weight implantation with platinum links. (A) Incision should be made in the supratarsal crease, centered on the 
medial two thirds of the upper eyelid. (B and C) A precise suborbicularis pocket is dissected over the tarsus and conforming platinum 
links are positioned as close as possible to the lid margin. (D) Partial thickness permanent sutures are placed through the tarsus to 
stabilize the implant. (E) Layered closure of orbicularis muscle and skin with fast-absorbing sutures.

A B

C D E

bolster and then passed back in reverse through the lower 
and upper eyelid and superior bolster completing the 
hori zontal mattress stitch before it is tied down.
 A lateral tarsorrhaphy permits longterm corneal pro
tection with less visual obstruction and is easily reversible. 
Performing a lateral tarsorrhaphy requires the formation 
of an intermarginal adhesion. A 7–10mm incision is made 
along the gray line with a scalpel extending medially from 
the lateral canthal angle. Westcott scissors may then be 
used to sharply dissect the anterior skin muscle lamella 
from the anterior tarsus taking care not to disrupt the eye
lash insertion. Next, a strip of epithelium from the tarsal 
side is cut along the margin. The procedure is repeated 
along the upper eyelid margin leaving the anterior surface 
of the upper and lower eyelid tarsus exposed. 60 Vicryl 
sutures are then placed in interrupted fashion and tied. 
Finally, the lash bearing skin margins are allowed to close 
over the approximated tarsal plates without additional 
skin sutures.46

Neurorrhaphy
Tensionfree primary reattachment of a transected nerve 
gives the best chance of recovery. Most frequently this is 
seen in trauma where there is no loss of nerve tissue. The 
goal of any neurorrhaphy is to unite perineurial fascicles to 
permit axonal regeneration. All would agree that the best 
results are seen with the earliest repairs.13,25 Controversy 
remains surrounding the best way to accomplish this. 
Options for primary repair include suture neurorrhaphy or 
utilization of fibrin glue for coaptation. 
 Surgeons who prefer to suture only the epineurium 
argue that excessive suturing of the perineurium may 
compromise the axonal load.20 Surgeons who advocate 
suturing the perineurium argue that epineurial scar tissue 
and retraction of the fascicles within the outer sheath is 
one reason for failures of the epineurium only technique. 
If perineurial suture techniques are employed, the nerve 
is prepared by trimming back the epineurium until the 
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fascicles protrude from the cut surface.47 Most would 
agree that the fewest number of sutures required to pre
cisely coapt fascicles is preferred if suture techniques are 
employed.20 
 Nonsuture fibrin glue coaptation has gained recent 
popularity and studies demonstrate equally effective out
comes.48 Although there seems to be no additional long
term benefit, proponents argue it is quicker and easier than 
microsurgical suture techniques, especially in the hands of 
inexperienced surgeons.49,50 Future developments involve 
synthetic nerve sheaths impregnated with neurotropic 
factors to assist in nerve regeneration and reduce fibrosis 
at the point of coaptation.51 
 From a practical perspective, and for the purposes of 
techniques reviewed in this chapter, the caliber of nerves 
is taken into consideration when selecting a suturing 
technique. For example, the facial nerve trunk proximal 
to the pes anserinus has more fascicles and is more ame
nable to perineurial suturing. Conversely, peeling back the 

epineurium in a distal monofascicular buccal branch 
may not be advisable. Another favored approach is the 
oblique preparation of the nerve providing a greater sur
face area for any mode of coaptation (Fig. 40.7).47

Interposition Grafting

When tensionfree primary repair is not possible, the next 
best option is interposition (cable) grafting. Cable graft
ing uses an autogenous donor graft as a conduit to permit 
axonal regeneration to span the lost distance. Unlike pri
mary coaptation, regenerating axons must span two lines 
of coaptation with cable grafting. Sensory nerves such 
as the greater auricular nerve and the sural nerve are 
the most frequently selected grafts because of the low 
morbidity associated with the loss of sensation at their 
respec tive donor sites.52 Alternative donor nerves less 
commonly used include the lateral femoral cutaneous 
nerve, the medial antebrachial cutaneous nerve, and the 

Figs. 40.6A to C: Temporary tarsorrhaphy. (A) Partial thickness 
suture is passed through a bolster (4-mm cut strip of red rubber or 
vessel loop) 5 mm above the lid margin. (B) A horizontal mattress 
suture is passed through the upper and lower lid margin at the gray 
line and supported by upper and lower lid bolsters. (C) Three tar-
sorrhaphy sutures are evenly spaced, starting at least 5 mm from 
the medial and lateral canthi.

A B

C
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ansa hypoglossi. In settings of nerve sacrifice for tumor 
resection, studies have shown that positive margins, peri
neural invasion, and radiation are not a predictor of the 
success of regeneration.53,54

 The greater auricular nerve is limited to 7–8 cm, whereas 
the sural nerve may provide up to 35–40  cm of donor 
graft.40 The length of the graft does not affect graft survival 
because revascularization occurs segmentally, rather than 
longitudinally from the adjacent wound bed.20,55 For this 
reason, grafts should be longer than the defect because 
graft contraction can occur. Occasionally, use of the grea ter 
auricular nerve may be contraindicated for oncologic 
reasons.
 The greater auricular nerve (C2/C3) is a sensory 
branch from the cervical plexus. It emerges from Erb’s 
point at the junction of the upper and middle third of the 
posterior border of the sternocleidomastoid muscle. It 
traverses the muscle parallel and posterior to the external 
jugular vein. The three branches of the greater auricular 
nerve (mastoid, auricular, and facial) can be harvested to 
bridge mutiple distal facial nerve branches to the main 
trunk. Sensory loss to the mastoid, ear lobe, and angle of 
the mandible will result. The greater auricular nerve can 
be found under a perpendicular line bisecting a line drawn 
between the mastoid tip and the angle of the mandible 
(Fig. 40.8).20 
 The sural nerve arises between the two heads of the 
gastrocnemius muscle and descends with the lesser sap
henous vein wrapping posterior to the lateral malleolus 
and deep to the lesser saphenous vein to branch onto the 
side of the foot (Fig. 40.9).20 On occasion, tracing the nerve 

may provide a useful communicating bifurcating or trifur
cating terminal branch that provides additional terminal 
arborization for reconstructing more than one facial nerve 
branch. Harvesting techniques vary based on physician’s 
preference and comfort with the anatomy. The traditional 
longitudinal open approach will provide the greatest expo
sure. Alternately, harvesting can be performed through a 
series of small stair step incisions.33 Others suggest using 
a nerve stripper through fewer small incisions or harvest
ing the nerve endoscopically using approaches similar to 
vein harvesting for coronary artery bypass grafting.56 In all 
cases, a pneumatic tourniquet is important to minimize 
bleeding and the nerve graft should rest in balanced saline 
solution upon harvest. Sensory loss to the side of the foot 
will result and in most cases this extends to the outer sur
face of the fifth toe.57

Mobilization of the Mastoid Segment
On rare occasion, additional length to close a very small 
gap between facial nerve ends for tensionfree coaptation 
may be required. Additional dissection to drill out and 
mobilize the mastoid segment of the facial nerve provides 
a limited length advantage of approximately 1  cm and 
disrupts the blood supply in the process. The risks associ
ated with this approach may be warranted in select cases 

Fig. 40.7: Neurorrhaphy. Oblique preparation of the nerve pro-
vides greater surface area for coaptation. Fig. 40.8: Surgical anatomy of the greater auricular nerve (GAN).

The GAN runs parallel and posterior to the external jugular vein 
over the sternocleidomastoid muscle (SCM), emerging from Erb’s 
point at the junction of the upper and middle third of the SCM. It 
also reliably courses superiorly along a line that is perpendicular 
and bisects the M&M line (a line drawn between the mastoid tip 
and the angle of the mandible).
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where primary endtoend coaptation (one suture line) 
circumvents the need for a cable graft (two suture lines), 
and thereby may improve outcomes.20,54

Cranial Nerve Substitution
A nerve substitution must be considered in facial nerve 
injuries where the proximal facial nerve is unavailable. This 
implies redirection of motor axons from the donor nerve 
into a viable distal facial nerve. It is generally believed that 
neural techniques may be employed for up to 2 years with 
reliable outcomes.33 The high likelihood of distal facial 
nerve fibrosis and partial facial muscle atrophy limits suc
cess beyond this time regardless of technique.18 If neural 
procedures are considered without muscle transfer within 
the 2 to 3 year window, the slow rate of nerve regeneration 
at 1 mm/day 40,44 must be factored. In these patients cranial 
nerve substitutions that do not preclude the possibility of 
future neuromuscular transfers are preferred. 
 The next issue is the selection of donor nerves (Table 
40.4). This has largely been limited by proximity, axonal 
density, and iatrogenic donor site morbidity. The ipsilateral 
hypoglossal, spinal accessory, and phrenic nerves have 
historically been used to supply functional axons to the 
extratemporal facial nerve trunk. The spinal accessory—
facial nerve substitution and phrenic–facial nerve substi
tution have largely been abandoned because of their rela
tive donor site morbidity and their unnatural relationship 
to facial kinetics.

 The hypoglossal–facial nerve substitution has long 
been used in dynamic facial reanimation because of its 
acceptable relationship to facial kinetics. Based on the 
hypoglossal nerve, learned elevation of the tongue in the 
mouth helps simulate a smile and some voluntary move
ments of facial expression. These voluntary actions are 
countered with undesirable involuntary facial movements 
that become apparent during eating and talking. Moreover, 
the morbidity associated with hypoglossal nerve sacri
fice should not be underestimated. Many patients with 
facial nerve paralysis already have difficulty with speech 
and mastication. Sacrifice of the hypoglossal nerve in this 
setting may worsen oral motor dysfunction and in many 
cases is debilitating. The majority of patients with hypo
glossal nerve loss will complain of speech and swallowing 
disturbances that worsen over time.58 Although still useful 
in the surgeon’s armamentarium, most would agree that 
complete hypoglossal nerve sacrifice is not a first choice 
procedure in any patient4,59 and a relative contraindica
tion in patients with other lower cranial nerve deficits or 
at high risk for future cranial nerve neuropathy associa
ted with skull base and intracranial etiologies.3,58 Because 
of the complexity of facial reanimation and the need 
for alternatives, several modifications to the classical 
ap proach have been successfully employed over the years 
(1) to minimize complete hypoglossal nerve sacrifice and 
tongue atrophy with split nerve and jump graft techniques 
and (2) to decrease mass movement of the face by coapta
tion to the lower division of the facial nerve only.
 The experience with masseter nerve substitution in the 
reanimation of bilateral congenital facial palsy (Möbius 
syndrome) has expanded our appreciation of the utility 
of this donor nerve. From these studies, the trigeminal 
masseter nerve substitution has gained popularity as the 
first choice donor nerve in a variety of applications. Pro
ponents highlight its wellmatched axonal load, insignifi
cant donor site morbidity, geographic proximity requiring 
a single line of coaptation and predictable results.3,6,29 The 
anatomic relationship between the masseter and facial 
nerves is more closely related than any other nonfacial 
cranial nerve substitute. Advocates suggest this adds to the 
relative ease of cortical adaptation. The initial experiences 
report rapid reinnervation with return of motion averaging 
<6 months, and a natural voluntary smile by 8 months. 
After appropriate rehabilitation, 40% of patients were 
found to produce an “effortless” smile by 19 months and 
75% of patients could produce a smile without bite postur
ing within two years.6

 The use of contralateral facial nerve branches to rein
nervate the paralyzed face was first described by Scara
mella in 1971.60 The stimulus for emotive expression is 

Fig. 40.9: Surgical anatomy of the sural nerve. The sural nerve 
arises between the two heads of the gastrocnemius, descends 
with the lesser saphenous vein (LSV) and wraps around posterior 
to the lateral malleolus and deep to the LSV.
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(CFNG, crossfacial nerve graft; FN, facial nerve).

Table 40.4: Comparison of neural substitution procedures

Neural
technique

Suture 
lines

Donor site
morbidity

Proximity to 
facial kinetics Success rate

Voluntary
smile

Spont
aneous
smile

Zonal
appli-
cation Pitfalls

CFNG (branch 
FN trunk)

2 Negligible Excellent Poor Yes Yes No Axonal load mis
match

CFNG (branch–
branch)

2 Negligible Excellent Variable
(ideal 80%)

Yes Yes Yes Donor and recipient 
nerve selection

Classic 127:
hypoglossal to 
FN trunk

1 Tongue
atrophy

Acceptable Good Yes No No Mass movement

Split hypoglossal 
to FN trunk

1 Mildmoderate 
tongue atrophy

Acceptable Good Yes No No Interdigitation of 
nerve fascicles, mass 
movement

Split
hypoglossal to 
lower Div FN

1 Mildmoderate
tongue atrophy

Acceptable Good Yes No Yes Interdigitation of 
nerve fascicles, mass 
movement

Hypoglossal
jump graft to 
lower Div FN

2 Low risk of 
tongue atrophy

Acceptable Variable
(40–45% 
used alone)

Yes No Yes Primary utility as an 
adjunct or babysitter 
procedure 

Masseter to 
FN trunk

1 Negligible Very good Excellent
(95%)

Yes No/
maybe

No Mass movement

Combined 
CFNG & mas
seter to lower 
division facial 
nerve

1 & 2 Negligible Excellent Good– 
excellent

Yes Yes Yes Upper division donor 
and recipient nerve 
selection, donor 
nerve tissue limita
tions

guided naturally by the same muscle group on the con
tralateral nonparalyzed side. The best surgical outcomes 
are associated with early crossfacial nerve grafting within 
the first 6 months of paralysis.1,26 Good outcomes are still 
reported with a duration of paralysis up to 2 years, but 
results are typically less consistent.3 Critics have faced 
frustration with poor outcomes, insufficient axonal load 
of donor nerves to reanimate the paralyzed side, failed 
neurotization, and decreased risk of synkinesis with pro
longed denervation time.9,59 However, despite mixed surgical 
outcomes from crossfacial nerve grafting, it is difficult to 
entirely abandon the concept. Proponents advocate that it 
enables the most symmetric spontaneous smile because 
the source of sensory stimulus does not require ada ptation. 
 Modernday modifications utilize the CFNG to rein
nervate a single zone rather than the entire nerve trunk.33 
In this way, the donor–recipient axonal density is better 
matched and may result in better outcomes. Adjunct 
procedures, traditionally referred to as “babysitter” pro
cedures involving the hypoglossal nerve61 or masseter 
nerve,62,63 are also commonly employed in cases of para
lysis exceeding six months.2,51 This overcomes the pro
longed denervation time required for neurotization of long 

crossfacial grafts, ensures the delivery of early neurogenic 
input to the motor endplates, minimizes permanent 
muscle atrophy, and when used in permanent fashion 
may allow for permanent zonal treatment to minimize 
mass movement.31,59 

Hypoglossal Nerve Substitution
In the classic technique, the hypoglossal nerve is sacri
ficed, mobilized, and coapted directly to the facial nerve 
trunk. The classic hypoglossal nerve substitution is straig
htforward requiring only one point of coaptation (“suture 
line”). The tongue is related to facial kinetics in a way that 
learned behavior can permit a voluntary smile and func
tional disability from nerve loss to the tongue is gene
rally tolerable. The ipsilateral proximity translates to 
rapid return of function and facial movement may begin 
within 3 to 6 months.5,64 The return of meaningful func
tion is approximately 90% when biofeedback physical 
therapy techniques are employed for rehabilitation.58 Crit
ics of hypoglossal nerve substitution argue that involun
tary tongue movements and those associated with eating 
and chewing, cause aberrant facial movements in these 
patients regardless of technique.31,33
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 In the classic technique (Fig. 40.10), a modified Blair 
incision is made in the preauricular crease. This may be 
pre or posttragal. It is carried under the lobule of the ear 
and extended into the neck 4 cm below the body of the 
mandible. A skin flap is then elevated over the parotid 
gland. The anterior border of the sternocleidomastoid and 
the posterior belly of the digastric are dissected. The main 
trunk of the facial nerve is identified in the classic triangle 
formed by the tragal pointer, posterior belly of the digastric 
muscle, and the sternocleidomastoid. Once the nerve is 
identified inferomedial to the tragal pointer, it is dissec ted 
into the parotid to the level of the pes anserinus. Next, the 
hypoglossal nerve is identified in the neck at the angle 
between the posterior belly of the digastric and the ster
nocleidomastoid muscle. The hypoglossal nerve lies just 
superior to the carotid bulb and medial to the internal 
jugular vein. The nerve is then followed deep to the digas
tric muscle into the submandibular triangle where it is 
transected as far distally as possible. The hypoglossal 
nerve is then mobilized superiorly over the posterior belly 
of the digastric and the distal facial nerve is transected at the 
stylo mastoid foramen and mobilized inferiorly. A perineu
ral repair with three to five 100 nylon sutures is then used 
to coapt the nerves.47 The surgical wound is irrigated. The 
site of coaptation is protected by oversewing a superficial 
layer of tissue. A Hemovac drain is then carefully placed 
away from the site of coaptation. The wound is closed with 

40 chromic subcutaneous sutures and 50 nylon is used 
to close the skin. If a posttragal incision is employed, the 
preauricular sulcus is redefined with a subdermal longitu
dinal tacking suture and the posttragal skin is closed with 
a running 50 plain gut suture.
 The hypoglossal split nerve is a modification of the 
classic technique that preserves a single line of coaptation 
by mobilizing a longitudinally split segment of the nerve 
comprising 30–40% of the diameter from the hypoglossal 
nerve trunk.33,65 This segment is sectioned, mobilized, and 
most commonly coapted to the lower division of the facial 
nerve.65 In this instance the upper division is rehabilitated 
separately by additional grafting or static techniques. The 
theoretic advantage of preserving a portion of the nerve to 
continue to innervate the tongue however is not observed. 
This is attributed to the interwoven fascicular anatomy 
of the hypoglossal nerve whereby the axons do not travel 
in a linear path through the epineurium. In this way, 
many more axons are damaged than the percentage sacri
ficed.33,65 Patients treated with this technique all have some 
degree of tongue atrophy, but proponents argue the func
tional deficit is rarely as extensive as those seen with com
plete hypoglossal sacrifice.59,65,66 The success rate of 77% 
of patients achieving a volitional smile is associated with 
severe atrophy in only 8%. Split techniques are currently 
favored over classic hypoglossal nerve transection,59,65 
especially when other alternatives are not available.

Fig. 40.10: Classic hypoglossal to facial nerve substitution. The hypoglossal nerve can be identified between the posterior digas-
tric and sternocleidomastoid muscle. It courses superior to the carotid bulb and medial to the internal jugular vein. In the classic  
technique the hypoglossal nerve is sacrificed as far distal as possi ble in the submandibular triangle. The transected nerve is then mobi-
lized and coapted to the main trunk of the facial nerve. Modifications of this procedure involve splitting the hypoglossal nerve to lessen 
tongue atrophy and/or coaption to the inferior division of the facial nerve to prevent mass movement.



Otology/Neurotology/Skull Base Surgery680

 The hypoglossal jump graft is another modification of 
this technique that employs an interposition graft to pre
serve hypoglossal nerve function. This graft can either be 
directed to the main trunk of the facial nerve or more com
monly its lower division. In this technique, a donor graft 
is required, most often the greater auricular nerve. An 
endtoend coaptation between the facial nerve and the 
interposition graft is performed using 100 nylon suture 
neurorrhaphy. The other end of the graft is sutured to the 
hypoglossal nerve distal to the ansa hypoglossi in an end
toside manner by creating a small hypoglossal window 
transecting the superior 30% of the hypoglossal nerve. The 
end of the donor graft is fish mouthed to accommodate 
the hypoglossal window and secured with 100 nylon 
su tu res to the epineurium. The fishmouth technique allows 
the mismatched smaller caliber of the graft to accommo
date the larger size of the window.47 With this technique, 
creation of a small window does not result in the lengthy 
interfascicular disruption caused by mobilization of a long 
split segment, and the risk of any tongue atrophy is mini
mal.61 The technique is helpful to provide facial tone, but 
good facial movement is only seen in 40–45% of patients 
when used to reinnervate the main trunk of the facial 
nerve.58,66 For this reason, the utility of the technique has 
evolved as a “babysitter” or adjunct to combined nerve 
substitution procedures.2

 Another modification includes the minihypoglossal 
nerve transfer whereby the cervicofacial lower division of 
the facial nerve may be mobilized and inset in an endto
side manner directly into the hypoglossal window. This 
eliminates the need for an interposition graft and requires 
only one site of coaptation.61 

Masseter Nerve Substitution

The procedure is initiated with a modified Blair incision 
and preauricular elevation of a cervicofacial flap is per
formed. The main trunk of the facial nerve is identified. 
In cases of complete paralysis this may be ligated and 
reflected superiorly. In cases of incomplete paralysis, 
careful dissection is performed preserving the zygomati
cotemporal division. The masseter nerve (Fig. 40.11) can 
be found along the undersurface of the masseter muscle 
coursing along its posterior border. Surface landmarks 
3 cm anterior to the tragus and approximately 1 cm infe
rior to the zygomatic arch guide the dissection.5,67 In this 
location the fascia is spread parallel to the zygomatic arch 

until the SMAS is released. Blunt dissection is then con
tinued parallel to the muscle fibers in conjunction with a 
nerve stimulator. Countertraction on the muscle is help
ful. Once the nerve is isolated, it can usually be dissected 
for 1 cm before multiple small branches are encountered. 
Most commonly the nerve is transected in this location. 
The nerve generally courses obliquely toward the oral 
commissure at an angle 50° relative to the zygomatic arch67 
and harvesting the full length of the descending branch 
has been described if a longer pedicle is required.6 Con
versely, leaving a few proximal branches intact may also 
prevent total masseter denervation.3,67 Proponents suggest 
using the masseter nerve to power the lower division of the 
facial nerve to prevent mass movement (Fig. 40.12).6,31 In 
this case, the frontal and/or zygomatic branches may be 
concurrently treated with crossfacial interposition nerve 
grafts31 or ultimately with static procedures. 

Cross-Facial Interposition Grafting

Whereas most cranial nerve substitutions are in close prox
imity, allowing for a single line of coaptation, the CFNG graft 
marries the idea of a cranial nerve substitution with a cable 
graft to bridge the long distance across the face (Fig. 40.13). 
A singlestage nerve graft procedure is advocated if the 
paralysis is greater than 1 year and is generally believed to 
be permanent. In patients with a high probability of per
manent paralysis but concern for the possibility of return 

Fig. 40.11: Anatomy of the masseter nerve. Dissection of the mas-
seter nerve can be started at a point 3 cm anterior to the tragus 
and 1 cm inferior to the zygomatic arch. The nerve usually courses 
obliquely toward the oral commissure at an angle 50° relative to 
the zygomatic arch.
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of function, a twostage procedure may be employed.68 
This allows firststage nerve grafting to be employed with 
little morbidity as early as 6 months, to begin the slow pro
cess of neurotization across a long sural nerve graft. Once 
the Tinel sign (tingling over the regenerated nerve graft 
elicited by percussion) is noted or after approximately 4 
to 6 months, the absence of polyphasic potentials is again 
confirmed by EMG. A secondstage procedure may then 
be performed to coapt the CFNG to the nerve on the para
lyzed side.69 It should also be appreciated that crossfacial 
interposition grafting does not preclude a neuromuscular 
transfer, such as a revised crossfacial or masseter nerve 
with staged gracilis muscle transfer, should the denervated 
facial muscles fail to recover.29

 The CFNG procedure utilizes a modified Blair incision 
to elevate a cervicofacial flap on the nonparalyzed side 
extending into the deep plane just lateral to the nasolabial 
fold. Here a nerve stimulator is used to identify func tio nal 
distal nerve branches mapping the arborization of the 
zygomatic and buccal nerve branches in this area. Because 
of significant arborization, it is important to be thought
ful in selection of both the branches for donor sacrifice 
and the branches that will remain unsacrificed. The larg
est donor nerve that does not produce a functional deficit 
on the unparalyzed side and provides optimal lateral oral 

commissure excursion without simultaneous eye closure 
should be selected for smile reanimation (Fig. 40.14).13,24 
Careful selection of one or two collateral buccal and zygo
matic branches for sacrifice may also help balance facial 
symmetry,59 similar in principle to the use of chemodener
vation to treat overcompensation on the unparalyzed side. 
Depending on the situation and the availability of donor 
branches, the lower division buccal nerve branches are 
the most critical to provide symmetric reinnervation to the 
levator muscles of the upper lip. The sural nerve graft is 
then reversed to maximize the number of axons crossing 
the CFNG, coapted to the donor nerve(s) and tunneled 
sublabially to the contralateral side. In the singlestage 
procedure, the contralateral exposure is similarly obtained 
and the desired recipient nerve or nerve branches are 
selected, transected, and coapted. 
 The limitations imposed by a finite amount of donor 
nerve and graft material require priority driven decisions 
to maximize outcomes. In classic CFNG the zygomatic and 
temporal branches may also be addressed. Histori cally, 
upper division CFNGs have been unreliable, whereas 
upper face static animation procedures are generally 

Fig. 40.12: Masseter to facial nerve substitution. The masseter 
nerve is in close proximity to the main trunk of the facial nerve, 
allowing for a more limited dissection and a single line of coap-
tation. (1) Classic masseter to facial nerve substitution involves 
coaptation to the main trunk of the facial nerve. (2) Modified mas-
seter to inferior division of facial nerve substitution (above) may 
limit mass movement and facial synkinesis.

Fig. 40.13: Cross-facial nerve graft (CFNG). The CFNG is an inter-
position nerve graft between a donor facial nerve branch on the 
unparalyzed side and a recipient branch (not shown) on the paralyzed 
side. CFNGs provide a small axonal load because they are powered 
by small distal facial nerve donor branches and must travel a long 
distance to regenerate. The CFNG is the only neural substitution that 
can activate an involuntary emotional smile without adaptation. 
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satis factory.40 For these reasons, many surgeons only per
form additional crossfacial upper division grafting in the 
ideal early cases of facial paralysis. In cases of isolated 
marginal mandibular branch nerve paralysis, the CFNG 
has been successful when used alone.16,70

 On occasion, the sural nerve graft may be harvested 
with a small accessory terminal branch such that a single 
sural nerve graft may provide an opportunity for more 
than one recipient branch coaptation within the same 
zone. Some authors also suggest the sural nerve graft 
may be carefully split into two grafts longitudinally to 
graft geographically separate zones.31,44 If multiple coap
tation is contemplated, then appropriate matching of the 
diminished axonal load must be considered. The relative 
outcomes of this method when compared with using two 
grafts have not been proven and the microscopic dissec
tion required to split the sural nerve into two branches of 
sufficient length can damage the axons.9 A modification 
of this technique involves splitting only the distal end of 
the sural nerve graft for a short distance to provide mul
tiple branches for mixed innervation, such as a combined 
CFNG and ipsilateral hypoglossal graft.71 Although tech
ni cally easier, the relative efficacy of any nerve splitting 
interposition graft technique has yet to be established for 
the purposes of facial reanimation.

Combined CFNG and Masseter Nerve or 
Hypoglossal Nerve Substitution 
The CFNG should be recognized for its unique delivery of 
neurogenic input to the paralyzed side to prompt a spon
taneous smile. Failures are seen when expectations of 
this graft exceed reality. When used alone, a singledonor 
facial nerve branch lacks the axonal load to power the 
entire paralyzed facial nerve trunk through a CFNG and 
poor outcomes are certain. 
 Modifications of the crossfacial technique combined 
with ancillary donor nerve substitutions continue to evolve 
with the hope that the ideal natural emotive expression 
may be more consistently achieved. Combination repair 
techniques involving the CFNG and modifications of 
the hypoglossal nerve substitution have demonstrated 
improved results avoiding synkinesis and mass movement 
between the upper and lower face.2,4,71 The CFNG has also 
been described to address zygomatic and buccal deficien
cies, coupled with lower division masseter nerve substi
tution (Fig. 40.15). This technique provides better axonal 
load matching, provides early facial tone to the lower divi
sion, and helps discourage mass movement by addressing 
zonal reinnervation.31 

Direct Facial Muscle Neurotization
Heineke first described the procedure of directly implant
ing motor nerves into muscle in 1914.72 In cases where 

Fig. 40.14: Selection of donor branches for smile reanimation. 
Careful selection of donor nerve branches involves nerve map-
ping to select a branch that provides good lateral oral commissure 
elevation without simultaneous eye closure.

Fig. 40.15: Combined cross-facial nerve graft (CFNG) and mas-
seter to facial nerve substitution. Modification of the CFNG pro-
cedure may utilize the benefit of cross-facial neural stimulation 
(red) in combination with the power of a combined masseter nerve 
(green) substitution to the lower division of the facial nerve.
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no nerve branches are found, a donor nerve graft can be 
sutured directly to the desired target muscles. This relies 
on axonal sprouting into the viable motor endplates and 
seems to work best in cases of early or partial facial nerve 
paralysis.73 Donor nerves are ideally selected from well
matched branches from the contralateral unparalyzed 
facial nerve.70 More recently, direct muscle neurotiza
tion has been employed to augment partially denervated 
muscle in patients with incomplete paralysis. There are 
many situations where nerve branch injury may result in 
loss of partial function with no guarantee of improvement 
after nerve substitution. These patients may be candidates 
for direct muscle neurotization without disrupting their 
intact partially functioning neural connections. Notewor
thy, coordinated animation has been shown with good 
results in the orbicularis oculi and depressor anguli oris 
(DAO) muscles and fair improvement in the levator anguli 
oris and orbicularis oris muscles.16,73

Neuromuscular Transfers

Within 2 to 3 years of complete facial paralysis, a lack of 
neuronal information to the motor endplates of facial 
muscles will result in muscle atrophy. This is characterized 
by a loss of fibrillation potentials and a finding of electri
cal silence on EMG evaluation.18 In this setting, there is 
no option for nerve substitution or nerve repair. The only 
surgical options that remain are regional muscle and/or 
tendon transfers, microvascular free muscle flap transfer 
with nerve substitution, or static reanimation. 
 Dynamic muscle transfer requires repositioning of a 
muscle and a nerve to power that muscle in a meaning
ful way. Since the first description of freemuscle transfer 
to the paralyzed face by Harii et al. in 1976,32 proponents 
suggest it has become the mainstay of facial paralysis 
management. In patients who are not freeflap candidates 
or have poor nerve regeneration potential, muscle transfer 
techniques can also be considered. Traditional regional 
temporalis and masseter transposition flaps have the 
advantage of maintaining their own innervation but con
tinue to be limited by donor site deformity and the vector 
of pull. These muscles are powered by the trigeminal nerve 
and require early rehabilitation to condition voluntary 
reanimation through clenching of the jaw. Even with 
muscle transpositions, the concept of cerebral plasticity 
applies, whereby learned associations may lead to anima
tion without conscious posturing of the teeth.29 

Pedicle Muscle Transfer

Dynamic muscle transfers have long been effective in 
improving facial symmetry and restoring some lower 
facial reanimation. Early techniques employed the tem
poralis muscle and masseter muscle transposition flaps 
powered by the trigeminal nerve in smile reanimation. 
Modifications of the original techniques focus on the use 
of the temporalis muscle because of its desirable vector 
of pull directed from the zygomatic arch on an oblique 
to the modiolus. The partial temporalis muscle transfer 
is one favored approach to minimize tissue bulk and dis
figurement. The orthodromic temporalis tendon transfer is 
another effective adaptation that minimizes donorsite 
deficit. Alternative muscle transfers have also been effec
tively employed to treat other regions of the face. Most 
notably, the anterior digastric muscle has been used in 
restoration of the lower lip depressors.

Partial temporalis muscle transposition flap: The temporalis 
muscle remains the best option for pedicle neuromuscular 
transfer because its vector of pull most closely simulates 
that of the zygomatic major lip elevator.30 This technique 
has the added benefit of improved facial tone and move
ment without interfering with facial nerve regeneration 
in patients where the integrity of the facial nerve remains 
unknown.33,74 The temporalis muscle is a fanshaped 
muscle that arises from the temporal line and inserts into 
the coronoid process of the mandible. The muscle is inner
va ted by the trigeminal nerve along the undersurface and 
the vascular supply is from the deep temporal artery, a 
branch of the internal maxillary artery. Terzis reported on 
the use of this flap as a secondary procedure to improve 
outcomes after crossfacial nerve or minihypoglossal 
nerve grafts in select patients who are not candidates for 
revision freemuscle transfers for smile restoration.75

 Modification to the minitemporalis muscle technique 
described by May76 minimizes excessive bulk and donor
site morbidity and is a favored approach for pedicled mus
cle transfer. Concurrent elevation of a temporoparietal. 
fascia flap as described by Cheney et al.77 to help fill the 
donor defect is also popular.33,74 In this technique, a 
Doppler probe is used to mark the superficial temporal 
artery. A modified hemicoronal scalp incision with pre
auricular extension down to the lobule may be used. The 
hair may be partitioned in rubber bands and shaving the 
hair is not required. Local anesthetic is injected. The skin 
is incised to the level of the temporoparietal fascia. The 
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scalp flap is dissected in the deep subcutaneous plane 
to prevent damage to the hair follicles. Any bleeding is 
controlled with a limited use of bipolar cautery. A tempo
roparietal fascia flap is then elevated on the basis of the 
superficial temporal artery. The skin incision is then 
extended either pre or posttragal, similar to a facelift 
incision. Subcutaneous dissection is performed above the 
SMAS layer, and the dissection is continued to the level 
of the nasolabial fold. The lateral aspect of the orbicularis 
oris muscle is then identified. The middle third of the tem
poralis muscle is then incised and elevated with the peri
cranium attached (Fig. 40.16). A tunnel is created with the 
help of finger dissection below the zygomatic arch. The 
tunnel should be at least two fingerbreadths wide to pre
vent flap strangulation. The 2cm strip of muscle is then 
rotated through the tunnel as a transposition flap and 
positioned so that it lays flat. Perioral incisions are made 
and the muscle is secured to the medial border of the orbi
cularis oris muscle using 40 Vicryl sutures. The patient’s 
smile pattern is surveyed preoperatively and the vector 
and degree of correction is adjusted accordingly. Stretch 
relaxation can be anticipa ted over 4 to 6 weeks and over
correction is important. The perioral skin incisions are 
closed primarily, and the donorsite defect is closed by 
anterior advancement of the posterior temporalis remnant. 
The temporoparietal fascia flap is then replaced over the 
remaining temporal defect and secured with 30 Vicryl 
sutures and a Hemovac drain is placed. The scalp flap 
is closed taking care to avoid hair follicle compromise, 

rely ing on galeal reapproximation for the strength of the 
closure. Antibiotic ointment and a compressive turban 
dressing are applied. 

Temporalis tendon transfer: Additional modifications for 
dynamic regional reanimation have expanded on the tem
poralis tendon transfer first described by McLaughlin in 
1953.78 These include the lengthening temporalis myo
plasty technique developed by Labbe and Hault79 and the 
temporalis tendon transfer described by Boahene80 as 
alternatives to primarily treat or augment incomplete 
function in candidates who do not qualify for free muscle 
transfer. Modern techniques follow the orthodromic modi
fications described by Boahene, with a single vector of pull 
that most closely matches the elevation of the zygomaticus 
major muscle.59,80,81 This technique allows advancement 
of the tendon toward the modiolus without reflection 
over the zygomatic arch and without the donor site defect 
seen with other temporalis procedures. Preoperatively the 
smile characteristics and position of the nasolabial fold 
are surveyed on the unparalyzed side. A 2–3cm incision 
is made through the nasolabial fold and blunt dissec
tion is carried into the buccal space. Alternately, a strictly 
intraoral approach may be used.59 The coronoid process 
is identified and a rightangle clamp is positioned deep 
to this at the sigmoid notch to protect the deep temporal 
artery blood supply and structures of the infratemporal 
fossa. A reciprocating saw is used to release the coronoid 
and attached temporalis tendon. If this anchor complex 
can reach the modiolus it can be fixated with permanent 
suture. The bone anchor is helpful to secure a strong hold 
on the tendon because of its tendency to retract into the 
infratemporal fossa.59 Tensionfree fixation helps improve 
contractility by minimizing lengthening of the sarcomeres 
and decreasing myofilament overlap.80,81 A modification 
to this procedure described by Sidle and Simon81 permits 
extension with a fascia lata graft. In this case, a fulcrum 
is created using a 4mm cutting burr to drill a hole in the 
center of the coronoid process. The fascia lata extension 
graft may be passed through the hole creating an exten
sion with two limbs. One limb is sutured to the modiolus 
and the other limb is secured to the midline of the upper 
lip. The graft is adjusted to the desired length allowing for 
exposure of the first premolar.81 Physical therapy employ
ing mirror biofeedback can help improve the volitional 
smile through controlled clenching of the jaw. In this way 
contraction of the temporalis muscle permits lateral com
missure excursion.

Fig. 40.16: Partial temporalis muscle transposition flap. A 2-cm 
strip of temporalis muscle is elevated and tunneled below the 
zygomatic arch to the oral commissure. The distal sling can then 
be bisected into slips to support the upper and lower orbicularis.
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Digastric muscle transfer: Digastric muscle transfer is one 
option to treat chronic paralysis of the marginal mandi
bular nerve.16,82 In this technique an incision is made in 
the submandibular triangle to expose the anterior digas
tric muscle and tendon. The neurovascular bundle emerg
ing from the deep surface of the muscle is carefully freed 
and the muscle tendon unit is mobilized up to the border 
of the mandible. The entire tendon is harvested to ensure 
adequate length to prevent undue tension on the muscle 
tendon unit. A modification of this procedure described 
by Terzis and Kalantarian70 leaves only the vascular pedi
cle intact and transection of the nerve to the digastric for 
coap tation to a CFNG is employed. More favorable results 
have been reported in adults using the CFNG because 
of diffi culty seen with muscular retraining after digastric 
neurovascular pedicle transfer.16 The mandibular origin 
of the muscle is severed and the tendinous insertion is 
released at the level of the hyoid. Care is taken to pre
serve the vascular pedicle and the muscle is advanced 
laterally. The tendon is cut into three or four slits that are 
subsequen tly tunneled and secured to the orbicularis oris 
at various points along the vermillion border. The desired 
endpoint is a tensionfree length that simulates lower lip 
depression on the normal contralateral side.16 Caution 
must be taken to prevent thickening at the margin of the 
vermillion border.82

Neuromuscular Free-Flap Transfer

If a spontaneous smile is the goal in the setting of muscle 
atrophy of the motor endplates (EMG electrical silence), 
then options include a twostage procedure utilizing a 
CFNG with a microvascular muscle freeflap transfer or a 
onestage CFNG combined with a longer pedicle micro
vascular muscle freeflap transfer. Historically, the CFNG 
has been inserted into a number of transplanted muscles 
including the gracilis, pectoralis minor, serratus ante
rior, and latissimus dorsi muscles.5 The gracilis muscle is 
the most commonly selected muscle for freeflap muscle 
transfer with an emphasis on reanimating the patient’s 
smile and oral competence. The gracilis has a more favor
able shape for facial reanimation with a powerful contrac
tion to restore wide oral commissure excursion. However, 
its pedicle is small limiting its utility for singlestage graci
lis procedures.33 Alternately, many report good results 
with singlestage reconstructions using the longer pedicle 
afforded by the latissimus dorsi muscle transfer in con
junction with the contralateral facial nerve donor.35 Most 
recently, the single stage gracilis muscle transfer powered 

by the masseter nerve has gained popularity fueled by pre
dictable results, early return to function and the possibility 
of cortical adaptation.5,6,29,34

 The selection of donor nerve substitution again de pe nds 
on a variety of factors. Classically, the CFNG has been 
employed as a twostage procedure. The advantage of the 
CFNG to power free muscle transfer remains the possi
bility of reproducing the spontaneous smile. Crossfacial 
nerve grafting utilizing a twostage reconstruction with 
gracilis muscle transfer is preferred in the pediatric and 
young adult population when there is a lack of viable facial 
muscle.24,83 In this population, nerve regeneration across 
long nerve grafts continues to yield favorable outcomes 
with a low 11% failure rate and optimizes the chance to 
regain the spontaneous smile.83 In the event of failure, 
salvage surgery with the masseter nerve can still be per
formed.29 Disadvantages of the CFNG to power the gracilis 
muscle transfer are the variability of outcome with a 20% 
failure rate in the adult population, the need for bilateral 
dissection and the length of time for nerve regeneration 
requiring two stages separated by one year.83 Utilization of 
the singlestage masseter nerve has gained popularity in 
the adult population because of the lack of donor site mor
bidity, rapid reinnervation, close proximity, and its high 
success rate in >95% of patients.3,29 Proponents generally 
site a stronger contraction of the gracilis muscle permit
ting greater excursion of the commissure when the mas
seter nerve is selected.33,34 The  disadvantage is the smile 
created is powered by the fifth cranial nerve and requires 
rehabilitation for the patient to learn to make it appear 
more natural. Proponents of this procedure continue to 
show improved outcomes, including “effortless” or voli
tional smile with minimal effort in up to 75% of patients 
though cortical adaptation after 12–18 months of biofeed
back physical therapy and training.5,6,34 
 In the classic twostage CFNG and gracilis muscle 
transfer (Fig. 40.17), the first stage follows a procedure 
similar to the CFNG previously described. In this stage the 
donor nerves are isolated and coapted to the sural nerve 
on the unparalyzed side. After this, the nerve graft is tun
neled through an upper lip sublabial incision to the para
lyzed side. Surgeons will ordinarily wait for Tinel’s sign to 
indicate nerve regeneration or wait approximately 9 to 12 
months to ensure that the maximum number of axons are 
available before proceeding with the secondstage muscle 
transfer.54,74 
 During the second stage, a cervicofacial flap approach 
to the paralyzed side is elevated and the denervated nerve 
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branches and the donor sural nerve graft stump are identi
fied. The biggest complication associated with second
stage CFNG is neuroma formation.13,20 This should be 
recognized and removed prior to nerve graft coaptation. 
The gracilis muscle lies between the adductor longus 
and magnus in the medial aspect of the thigh and can be 
harvested via a medial thigh incision. The neurovascu
lar bundle is located approximately 8 to 10 cm distal to 
the origin of the gracilis muscle from the pubic tubercle. 
The emergence of the neurovascular bundle determines 
the midpoint of the flap and 50% to 60% of the muscle 
diameter is then harvested.84 Typically, the transplanted 
muscle is aligned at a 30° angle to the horizontal and may be 
adjusted to counterbalance the patient’s normal side. The 
muscle is inserted into the oral commissure in two limbs 
with a portion overlying the upper lip and the second 
portion overlying the lower lip. A third limb may be 
extended to the alar base and recreation of the nasolabial 
fold through subdermal suture techniques is performed. 
The flap is positioned in much the same way as a static 
sling where the transplanted muscle is inserted into the 
zygomatic arch and pretragal region. It is important to 
support the muscle along the inferior border of the zygo
matic arch to avoid producing an unsightly bulge from the 

muscular bulk. Additional bulk may be reduced by remov
ing the adjacent buccal fat pad. After arterial and venous 
anastomosis to the common facial artery and vein, the 
obturator nerve is microsurgically sutured with 100 nylon 
to the recipient nerve graft of choice. Careful skin closure 
and judicious use of drains is important to avoid vascular 
pedicle compression.
 The use of the masseter nerve to power the gracilis 
freeflap transfer has the advantage of a singlestage sur
gery. The dissection involves only the affected paralyzed 
side of the face, and there is minimal donorsite morbidity. 
The donor nerve is in close proximity to the ideal location 
for a muscle transplant and a single obturator to masseter 
nerve coaptation will permit return of function as early as 
10 to 12 weeks after the procedure.29

Static Reanimation and 
Ancillary Procedures
Over the past several decades, there has been a shift 
toward the restoration of dynamic function. However, 
simple static techniques are still important given the 
numerous shortcomings of dynamic reanimation. Many 
patients with facial paralysis are not candidates for neural 
rehabilitation and may benefit from static reanimation or 
ancillary procedures. Many more patients have multiple 
chronic sequelae that cannot be fully ameliorated from a 
single approach. Patients with incomplete paralysis, poor 
outcomes after reinnervation surgery and or aberrant 
regeneration represent the largest segment of facial paraly
sis patients and their treatment should not be overlooked.
 It is important to classify the nature of chronic facial 
paralysis: flaccid, hyperkinetic, or synkinetic. A full zonal 
assessment of the face may reveal several areas where 
static and ancillary procedures are paramount to improve 
facial symmetry and improve orbital, nasal, and oral func
tion. Brow ptosis, eyelid malposition, hemifacial atrophy 
and ptosis, hemifacial spasm, blepharospasm, cervical 
dystonia, and facial synkinesis are frequent sequelae of 
chronic facial paralysis and many palliative options exist 
for their management. It is also important to appreciate 
the compensatory effects of facial paralysis are equally 
significant on the unparalyzed side. The effort to maintain 
oral competence and speech or elevate the brow in a futile 
attempt to maintain vision result in hypercontraction of 
the normal side, with exaggerated asymmetry and fatigue. 
Studies have also shown that contralateral reorganiza
tion after facial nerve paralysis may increase the hyper
excitability of the contralateral facial nucleus, especially 
notable in overcompensation of the blink reflex.85 

Fig. 40.17: Cross-facial nerve graft (CFNG) and gracilis muscle 
transfer. A two-stage approach is commonly used. In the first 
stage, a CFNG is coapted to a donor nerve from the unparalyzed 
side and tunneled to the contralateral side to permit axonal regene-
ration through the graft. In the second stage, the gracilis muscle 
is transferred and the obturator nerve is coapted to the CFNG on 
the paralyzed side. The transplanted muscle is suspended on the 
zygomatic arch and inserted on the oral commissure.
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 Primary areas of asymmetry are evaluated focusing 
on the eyebrow, ocular region, midface, nasolabial folds, 
buccal region, philtrum, oral commissure and lower lip, 
and cervical platysma. Seven critical distances at rest adap
ted from the FACE software program86 can be compared 
with the normal side and used to set goals for static facial 
reanimation (Fig. 40.18): (1) Resting brow ptosis, (2) supe
rior eyelid malposition, (3) inferior eyelid malposition, (4) 
nasal base ptosis in the vertical Yaxis, (5) Midupper lip 
ptosis, (6) oral commissure malposition, (7) philtral devia
tion from the midline along the Xaxis.
 Brow ptosis may be treated by a direct or minimally 
invasive brow lift. Orbital restoration may require upper 
lid or ectropion repair. Mitek anchor suture techniques 
may be used to adjust the nasal valve, philtrum, and 
upper lip. Facial asymmetry may be balanced with fascia 
lata or GoreTex facial slings and facial rhytidecotmy. 
Faulty nerve regeneration may require treatment of syn
kinesis or hyperkinetic facial spasms with chemodener
vation, selective myectomy, selective neurolysis, and 
biofeedback exercises.

Chronic Orbital Sequelae
There should also be an appreciation of how facial tone 
(flaccidity versus hypertonic spastic contracture) and syn
kinesis affect the eye area. The most frequent manifestations 
of facial synkinesis are an abnormal blink reflex and eye 
closure with mastication, speech or smiling or conver sely 

twitching of the corner of the mouth with each blink. 
Hypertonic contraction will manifest as excessive wrin
kling and narrowing of the orbital palpebral fissure in 
addi tion to prominent bulging of the cheek with a deep
ened nasolabial fold, loss of lip depressor function, and 
chin dimpling. This is in contrast to flaccid paralysis where 
there is effacement of wrinkles, eyebrow droop, and palpe
bral fissure enlargement, in addition to nasal deviation to 
the unparalyzed side or flattening of the nasal ala, lip mus
cle atrophy, flattening of the nasolabial fold, droop of the 
oral commissure, and dynamic deviation of the lips and 
philtrum. Longterm flaccid paralysis may lead to signifi
cant brow ptosis and paralytic eyelid ectropion requiring 
static ancillary procedures. Facial synkinesis and hyper
tonic spastic muscle contracture are commonly seen after 
faulty facial nerve regeneration. Although appropriate use 
of physical therapy has proven helpful, there is still a con
cern that inappropriate use of electrical stimulation may 
aggravate synkinesis and hypertonicity.10 Physical therapy 
in the form of reproducible mirror exercises and biofeed
back for muscle relaxation and stimulation remains advo
cated.27,82 This is often used in conjunction with surgery 
and botulinum toxin chemodenervation87,88 and will be 
reviewed later in this chapter.

Asymmetric Brow Ptosis Repair
Brow ptosis is commonly seen after frontal branch facial 
nerve paralysis. This may result in pseudoblepharopto
sis due to heaviness of the brow skin. Several procedures 
are available for the correction of brow ptosis. The patient 
must be evaluated in the upright position manually elevat
ing the brow to the desired position. Any difficulty with 
eye closure in the corrected position should be noted, 
especially if the patient has no return of function. The 
direct brow lift allows some shaping of the brow contour 
and gives significant brow elevation, which is often neces
sary for patients suffering from facial paralysis.89 One dis
advantage of the direct brow lift is the scar along the upper 
border of the brow. Careful incision, meticulous layered 
closure, and inversion of the wound edges using vertical 
mattress sutures will result in an acceptable scar outcome 
in most patients. Alternate methods have successfully 
employed minimally invasive suspension techniques90 for 
the selective contouring of brows in both the paralyzed 
and unparalyzed brow. 

Direct Brow Lift
With a direct brow elevation procedure (Figs. 40.19A to F), 
a fusi form crescentshaped incision is drawn along the 
brow margin based upon the width of skin to be removed as 

Fig. 40.18: Critical landmarks to assess facial asymmetry. A. Rest-
ing brow ptosis. B. Superior eyelid malposition. C. Inferior eyelid 
malposition. D. Nasal base ptosis. E. Upper lip ptosis. F. Oral com-
missure droop. G. Philtrum deviation.
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Figs. 40.19A to F: Direct brow lift. (A) Incision planning for medial/middle brow ptosis. (B) Incision planning for lateral brow ptosis. (C) 
The blade is beveled parallel to the growth of the brow hair follicles. (D) The skin flap is elevated in the subcutaneous plane. (E) The 
frontalis is suture fixated to the periosteum in the desired position. (F) Meticulous muscle and skin-layered closure.

determined preoperatively. The extent and shape of 
excision is determined by the pattern of brow ptosis. 

The supraorbital neurovascular bundle is injected with 
local anesthetic as it exits the supraorbital notch. Local 
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anesthetic is injected along the skin incision lines. The 
inferior incision is made orienting the blade parallel to the 
direction of the hair follicles. Next, the superior incision is 
made parallel to the bevel used along the inferior incision to 
permit appropriate wound closure. The skin flap is dissec
ted in the supraSMAS subcutaneous plane above the fron
talis muscle, taking care to remain very superficial in the 
region of the supraorbital nerve. In the setting of facial 
paralysis the brow can be suture fixated through the front
alis muscle to the frontal bone periosteum with two to three 
40 clear nylon sutures to support the repair and shape the 
arch as desired. The subdermal layer is closed with 50 
Vicryl sutures. Interrupted vertical mattress sutures are 
then placed with 50 Prolene, carefully everting the wound 
margin. Antibiotic ointment and a compression dressing 
are then placed.91

Minimally Invasive Brow Suspension
One of the most obvious sequelae of facial paralysis is the 
involuntary disgusted or angry appearance associated with 
facial asymmetry and contralateral overcompensation. 
Selective brow suspension as described by Costantino 
et al.90 is a very powerful technique that gives the surgeon 
complete control over brow contouring on both the para
lyzed and unparalyzed sides (Figs. 40.20A to C). Selective 
suture placement and cinching can be applied like mari
onette strings to elevate and reshape the brows into a more 
gentle aesthetic arch. Further the tremendous control in 

elevation allows for conservative upper lid skin excision as 
needed to optimize aesthetics without compromising eye 
closure (Figs. 40.21A to F).
 In this procedure, three oblique 0.7mm brow inci
sions are demarcated parallel to the orientation of the hair 
follicles in the eyebrow. The degree of medial, central, and 
lateral brow suspension desired and thus the ideal place
ment of the incisions are assessed preoperatively. Care is 
taken to survey where brow elevation elevates the critical 
areas of ptosis, without further compromising eye closure. 
An additional three 1.5cm incisions are marked approxi
mately 1 cm above the hairline in the desired vector of pull 
just above the areas where brow elevation is desired. Most 
commonly, the first vertical scalp incision is made approxi
mately 1.5cm paramedian, the next is made between the 
midpoint of the brow and the desired arch point and a third 
incision is made at or below the lateral temporal fusion 
line and oriented obliquely (perpendicular to the lateral 
brow). Dissection is then performed in the subperiosteal 
plane undermining the soft tissue from the central cal
varium and frontal bone around each of the medial inci
sions. Elevation is continued anteriorly to the supraorbital 
rim avoiding the region of the supraorbital neurovascular 
bundle. The use of an endoscope is not required in cases of 
permanent frontal nerve paralysis as long as the dissection 
remains mindful of the position of the supraorbital notch 
and its anatomic relevance. The retaining ligament along 
the superior orbital rim is released with the dissector until 

Figs. 40.20A to C: Minimally invasive brow suspension. (A) Subperiosteal elevation is performed until the arcus marginalis is released 
superiorly. (B) 4-0 clear nylon brow suspension sutures are tunneled out the scalp incisions using a Hewson suture passer. (C) Three 
suspension sutures are tightened to permit selective brow contouring.
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the brow is fully released. The lateral dissection is continued 
through the lateral temporal incisions to elevate the 
super ficial temporal fascia from the deep fascia and then 
medially break through the temporal fusion line to join the 
subperiosteal space over the frontal bone. Brow incisions 
are then made through the skin and subcutaneous tissue 
beveling the blade parallel to the hair follicle. The skin and 
subcutaneous fat are undermined from the underlying 
frontalis muscle and fascia for a few millimeters on each 

side of the incision. A Hewson suture passer is then passed 
from the scalp incision and used to perforate the frontalis 
muscle as it exits the brow incision. A generous horizontally 
based suture is then passed through the frontalis muscle 
and fascia in this area and brought back out through the 
scalp incisions with the assistance of the suture passer. 
Care is taken to avoid catchment of subcutaneous tissue 
in this stitch to prevent brow puckering. A small amount 
of puckering may be treated with additional subcutaneous 

Figs. 40.21A to F: Static reanimation in patient with right partial facial paralysis. Midface Mitek anchor suspension, minimally invasive 
browlift, and conservative blepharoplasty were performed. Chemodenervation was not used. (A,B,C: preoperative views; D,E,F: post-
operative views). (A) Left compensation to improve right pseudoblepharoptosis leaves patient with an involuntary angry appearance. 
(B and C) Note flaccid nature of partial paralysis on open-mouth smile with limited show of right maxillary teeth. (D) Note selective treatment 
of medial and middle brow to permit brow reshaping bilaterally. Conservative upper lid skin excision without compromise of eye closure. 
Improved oral commissure position at rest. (E) Improved position of the philtrum and right upper teeth show. (F) Three-quarters view.
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release through the brow incision. Caution must be taken 
to avoid cutting the suture or compromising the suspen
sion by violating the muscle during this maneuver. Each 
of three sutures is placed in the desired position and simi
larly brought out through the scalp incisions. Sequential 
suture stabilization to the galea aponeurosis is performed 
tying the suture down to the desired position with approxi
mately 20% overcorrection. Once the sutures are tightened 
sufficiently, the scalp incisions are closed in a single layer 
with staples and the brow incisions are closed in a single 
layer with 60 Prolene. Antibiotic ointment is applied to 
the incisions and a turban pressure dressing is applied for 
48 hours. 

Ectropion Repair

In ectropion, the eyelid margin is everted away from 
the globe. This exacerbates inadequate corneal protec
tion and results in dysfunctional tear drainage from poor 
apposition of the puncta to the globe. In facial paralysis 
over time, the progressive loss of eyelid tone and muscle 
atrophy exacerbates this laxity. The most useful eyelid 
shortening procedures include the lateral tarsal strip can
thoplasty and a simple wedge resection with or without 
orbicularis tightening. In paralytic ectropion, the hypo
tonic orbicularis oculi muscle results in the outward dis
placement of the lower lid. Over time, the gravitational 
downward traction of the droopy cheek complicates the 
condition. The canthal ligaments are usually normal. The 
goals of management of paralytic ectropion are corneal 
protection and restoration of normal tear drainage and 
symmetry. A mild ectropion may respond to a simple late
ral canthopexy that shortens the interpalpebral fissure 
and helps reoppose the lid margin. In more severe cases, 
width shortening procedures may be required but often 
must be combined with cheek suspension to alleviate the 
progressive downward traction associated with midface 
ptosis.

Lateral Tarsal Strip Fixation and 
Canthoplasty for Eyelid Shortening

The lateral tarsal strip procedure (Figs. 40.22A to F) is used in 
cases where lower lid laxity will benefit from eyelid shorten
ing. Once the lateral canthal tendon is transected laterally, 
the anterior and posterior lamella of the lateral canthal 
tendon are removed, leaving a strip that can be shortened 
to the desired length and reattached. The initial incision is 
made from the lateral canthus extending out 1 cm laterally. 

The dissection is carried down through the orbicularis 
muscle until the orbital septum is identified. Suborbicu
laris dissection of the anterior lamella is performed over 
this layer until the arcus marginalis is identified. The eye
lid is retra cted medially and a lateral canthotomy is made 
down to the orbital rim transecting and releasing the infe
rior limb of the lateral canthal ligament. The anterior skin 
muscle lamella is then separated from the tarsal margin 
along the gray line for a distance of 5 to 10 mm depending 
on the amount of lid shortening required. Next, the retrac
tors and conjunctiva are cut along the inferior border of the 
tarsus beneath the split section. This may necessitate some 
cauterization of the palpebral vessels. A strip of epithelium 
is then excised from the dissected portion of tarsus. The 
conjunctival epithelium along the posterior surface of the 
tarsus is then scraped with a scalpel blade. The dissected 
tarsus is then cut to the desired length leaving a terminal 
strip approximately 34 mm wide and 4 mm long. Using 
a 40 Mersilene or 40 Vicryl suture on a small half circle 
needle, the strip is fixated through the periosteum at 
Whitnall’s tubercle along the medial aspect of the lateral 
orbital rim. This repositions the lower lid back in apposi
tion with the globe. The skin muscle flap is then draped 
laterally. The excess skin is examined and a small triangu
lar flap is excised. The canthal angle is then reconstructed 
with a 60 Vicryl suture and the orbicularis oculi muscle 
and skin are closed in layers with interrupted 60 fast 
absorbing plain gut suture. Caution must be taken to 
avoid overshortening, resulting in a bowstring effect that 
worsens scleral show. There is also a high propensity for 
overelevation of the canthal angle, which may not be 
apparent in the supine position. Postoperatively, some 
stretching will occur within the first 2 weeks.92 

Lower Eyelid Spacer Graft

Significant laxity and lower lid retraction may not be 
resolved with eyelid shortening procedures. Spacer 
grafting to the intermediate or posterior lamella may be 
required to support and elevate the lower lid position. 
Cadeveric banked sclera, hard palate mucosa or carti
lage spacer grafts have been described.93 In the setting of 
paralytic ectropion, the heaviness of midface ptosis and 
the loss of orbicularis oculi strength substantially weak
ens the lower lid. In these cases, there is no cicatricial loss 
of skin in the anterior lamella, nor loss of conjunctiva in 
the poste rior lamella. The use of a semicircular convex 
graft derived from cadaveric banked sclera may be placed 
through a subciliary or transconjunctival approach in the 



Otology/Neurotology/Skull Base Surgery692

Figs. 40.22A to F: Lateral tarsal strip fixation and canthoplasty. (A) 1-cm incision is made extending laterally from the lateral canthus 
and suborbicularis dissection is performed until the arcus marginalis is reached. (B) Lateral canthotomy is performed and the anterior 
and posterior lamella of the tarsus are removed along the desired length. (C) The dissected tarsus is then cut to the desired length leav-
ing a 4 x 4 mm terminal strip. (D) The strip is than fixated to the periosteum at Whitnall’s tubercle to reoppose the lower lid to the globe.
(E) Skin muscle flap is redraped and conservative triangle flap of excess is excised. (F) Layered closure is performed.
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suborbicularis plane (Fig. 40.23). The graft is then secured 
to the periosteum at the level of the arcus marginalis to 
support the lower lid complex. This procedure can be 
performed in conjunction with lateral canthal tightening 
procedures and/or midface suspension to support the 
repair and prevent recurrence.93 

Mitek Anchor Suspension for Nasal 
Valve and Philtrum Adjustment
The effect of paralysis on the nasal airway is frequently 
neglected. The dominant nonparalyzed side imposes 
severe deviation of the philtrum and subnasal region 
(Fig. 40.24). Combined with the progression of midface 
ptosis and weakening of the nasalis muscles, profound 
external and internal nasal valve compromise results. 
Treatment of the alar base with fascia lata slings33 or Mitek 
anchor suture techniques94 have demonstrated good out
comes. Alternative approaches include the use of classic 
alar batten grafts to stiffen the nasal sidewall. 
 In addition to nasal valve repositioning, upper lip 
asymmetry can effectively be treated by a modified sub
nasal lift that employs the 2.0 miniMitek bone anchor 
system (Dupuy Mitek, Raynham, MA, USA) for soft tissue 
stabilization (Figs. 40.25A to C).94 A circumalar incision is 
made that may include excision of a crescentshaped strip 
of skin as in a subnasal labial lift (Figs. 40.26A to D). The 
upper skin incision is then taken down and the soft tissue is 
elevated in the subperiosteal plane. A miniMitek anchor 
custom drill bit is used to drill a hole in the maxilla adjacent 
to the piriform aperture. The bone anchor is then firmly 

inser ted into the predrilled hole. The applicator is retracted 
to release the sutures and deploy the anchor. The two free 
suture limbs may then be used to reposition the soft tis
sues. Success with maneuvering soft tissue must not rely 
solely on the strength of the suture but also in the tech
nique used to plicate or advance the underlying muscula
ture into the desired position. The vector advantage of pull 
corresponds to the position of anchor placement. Place
ment at the level of the piriform aperture is reliable to treat 
the external nasal valve and alar tissue, permit eversion of 

Fig. 40.23: Cadeveric banked sclera used as a lower lid spacer 
graft in paralytic ectropion repair. Black arrow: scleral graft; white 
arrow: orbicularis oculi muscle.

Fig. 40.24: Paralytic nasal valve collapse. Note the downward 
shift in the left nasal side wall and ala.

Figs. 40.25A to C: Mitek bone anchor for midface suspension. 
(A) Drill hole with Mitek custom drill bit. (B) Insert Mitek firmly into 
predrilled hole. Pull back on the applicator to release sutures and 
deploy anchor. Remove inserter. (C) Deployed Mitek minianchor 
fixated to bone with two free suture limbs available for soft tissue 
repositioning.

A B C
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Figs. 40.26A to D: Subnasal lift with Mitek anchor suspension. (A) Preoperative: deviation of philtrum, left upper lip malposition, and 
elongation. (B) Postoperative: note correction of philtrum position and angle, lip shortening in the X-axis and lip elevation and eversion 
in the Y-axis. (C) Upper lip circum-alar approach and skin excision. (D) Closure allows for adjustment of nasal ala and philtrum.
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the upper lip, and to a lesser degree improve philtral and 
lateral oral commissure position.94 After bone stabilization 
of the Mitek minianchor, one suture arm is passed through 
the midpoint of the upper lip segment to evert the upper 
lip and elevate the oral commissure. The second suture 
limb may then be used to elevate and lateralize the alar 
base and reposition the philtrum. Moderate overcorrec
tion is recommended because relaxation always occurs. 

Lower Facial Suspension and Static Slings
In endstage cases where the goal is not production of a 
spontaneous smile, many static reanimation techniques 
have been successfully employed. Tensor fascia lata or 
GoreTex (W.L. Gore & Associates, Inc., Flagstaff, AZ, USA) 
reliably provides material to support static facial suspen
sion and improve symmetry at rest. The goal of static tech
niques is to restore the effacement of the nasolabial fold 
and the loss of facial domain seen with severe midface and 
lower face ptosis. An open rhytidectomy approach may be 
utilized to place slings fashioned into independent slips. 
The slips are connected to the orbicularis muscle in the 

area of the oral commissure at the upper and lower lip and 
suspended to the zygomatic arch to elevate the corner of 
the mouth at a position slightly higher and more lateral 
than the resting contralateral unparalyzed side. Overcor
rection is required because relaxation always occurs. 
GoreTex alloplastic material has been shown to decrease 
the risk of attenuation, more commonly seen with fascia 
lata. But as an alloplastic implant it does carry a greater 
risk of infection and inflammation.59

 Alternately, Alam95 describes the use of a minimally 
invasive percutaneous sling that addresses recreation of 
the nasolabial fold and oral commissure suspension with a 
much smaller GoreTex implant (Figs. 40.27A to D). In this 
technique, a stab incision is made in the superior nasola
bial fold at the level of the piriform aperture. A second stab 
incision is made at the inferior nasolabial fold at the level 
of the oral commissure. A harvesting liposuction cannula 
is used to dissect a tunnel releasing the nasolabial attach
ments. A thin strip of GoreTex (4 cm x 5 mm) is then sutured 
to the cannula and tunneled out the opposite end. Next, 
a temporal incision is made and taken down to the level 
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Figs. 40.27A to D: Minimally invasive percutaneous facial sling. (A) A liposuction cannula is tunneled below the nasolabial fold and used 
to guide a thin strip of Gore-Tex. (B) Each suspension suture is guided on a long Keith needle through the scalp incision. This is then 
passed through the Gore-Tex and skin and percutaneously reversed back out the scalp incision. (C) Four to five suspension sutures 
are tied down to the deep temporalis fascia at the desired level of correction. (D) The Gore-Tex implant is trimmed and the incisions are 
closed. 
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of the deep temporalis fascia. 40 clear nylon or Prolene 
suture is threaded on a 4 inch abdominal Keith needle and 
passed from the temporal incision through the implant 
and passed percutaneously through the nasolabial fold. 
The pass is reversed taking another bite through the 
implant and exiting back through the temporal incision. 
Four to five suspension sutures approximately 7  mm 
apart are placed along the length of the strip. The sutures 
are passed through the deep temporal fascia and secured 
at the desired position. Once stabilized, the ends of the 

GoreTex anchor are trimmed, the facial incisions are 
closed with 40 nylon and the scalp incisions are closed 
with staples. Antibiotic ointment and a sterile turban pres
sure dressing are applied.

ABERRANT FACIAL NERVE 
REGENERATION

Facial synkinesis is the most common sequelae of neurotme
sis and its debilitating nature should not be underestimated.88 
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It is important to characterize the recovery of meaningful 
function in facial paralysis patients. Hyperkinesis and syn
kinesis often masquerade as return of facial function, but 
they are still a form of debilitating paralysis.96 The chronic 
spasm of hyperkinetic paralysis and the uncoordinated 
movement of synkinetic paralysis, often confound the 
uncontrolled and weak return of voluntary movement in 
recovering patients.
 During the normal course of axonal regeneration each 
parent axon gives rise to up to 25 donor axons.58 Denerva
ted muscles produce a stimulus to encourage this axonal 
spreading. Many of these regenerating axons fail to make 
a connection with their peripheral target and are lost, 
whereas others reach incorrect end targets (see Figs. 40.4A 
a to C). The pathogenesis of synkinesis and abnormal 
mass movement results from a single motor neuron acti
vating antagonistic or separate muscle groups. This “poly
innervation” is a maladaptation that results in synchronous 
activation of diffe rent motor endplates by uncoordinated 
motor neurons.58 In addition to axonal misrouting at the 
site of the lesion, the resulting lack of neuronal input leads 
to hypersensitivity of the pontine nucleus proximal to the 
lesion and Wallerian degeneration distal to the lesion. 
With this as the prevailing theory, more proximal lesions 

are associated with greater nerve damage and a higher 
incidence and severity of synkinesis and abnormal facial 
movement.88 
 Modernday rehabilitation of permanent facial paralysis 
is best performed through multimodality treatment includ
ing surgical intervention, biofeedback physical therapy, and 
chemodenervation to treat chronic sequelae. In seve rely 
debilitating cases of synkinesis, crossfacial nerve graft
ing has been successfully employed in conjunction with 
chemo denervation and muscular retraining to override 
the faulty pathways and reestablish coordinated facial 
movements based on the unparalyzed side.88 The com
monplace utility of this is still under investigation.

Anatomy of the Facial Muscles
The workhorse muscles of the face are (1) the orbicularis 
oculi, which forms a sphincter to close the eyelids, (2) 
the orbicularis oris, which forms a sphincter around the 
opening of the mouth, and (3) the buccinator, which forms 
the fleshy part of the cheek. It is important to understand 
the relationship of muscles especially when attempting to 
treat disturbances such as facial synkinesis and myofascial 
spastic facial contracture (Fig. 40.28). The fibers of the buc
cinator run horizontally from the deeper muscular layer 

Fig. 40.28: Mimetic muscles that animate the lips. In addition to the sphincter action of the orbicularis oris muscle (green arrows), several 
muscles act in concert to animate the lips. The right side of the diagram (blue arrows) demonstrates the vector of pull of each of the 
superficial muscles. These muscles are innervated by the facial nerve branches entering from their deep surface. The left side of the 
diagram (red arrows) demonstrates the vector of pull of each of the deep muscles. These three muscles are innervated by the facial 
nerve branches entering from their superficial surface.
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toward the angle of the mouth. It additionally gives fibers 
to the orbicularis oris making these muscles intimately 
related. The buccinator muscle is required to whistle and 
more importantly press the cheek against the gums to 
prevent the escape of food into the vestibule of the mouth 
during mastication. In cases of buccinator paralysis, par
tially masticated food or saliva accumulates between the 
cheeks and the gums and may cause drooling from the 
corner of the mouth.
 The mimetic muscles of the face (Fig. 40.29) work in 
concert to produce endless variations in facial expression. 
By definition, these muscles have a bony origin, reside 
within a superficial fascia, and unlike other muscles they 
insert only into the skin of the face and lack tendons.14 
The frontalis, procerus, and corrugator supercilii muscles 
comprise the brow elevators and depressors. The com
pressor and dilator naris comprise the nasalis muscula
ture. The levator labii superioris, levator labii superioris 
alaeque nasi, the zygomaticus major and minor muscles, 
the levator anguli oris, the depressor anguli oris (DAO), 
the depressor labii inferioris (DLI), mentalis, and risorius 
muscles are among the many small muscles innervated by 
the lower division of the facial nerve. The cervical branch 
of the facial nerve innervates the platysma muscle.

Facial Synkinesis
Facial synkinesis is one of the most important issues 
affecting recovery of facial nerve function. Facial synkine
sis may occur after any form of injury to the facial nerve and 

full transection of the nerve is not required. Facial synkine
sis is commonly seen as a sequelae of Bell’s palsy where 
edema leading to ischemic neurotemesis is the cause. 
Abnormal movements are usually noted 3 to 4 months 
after the time of injury due to axonal sprouting but may 
be seen as early as 6 weeks after facial nerve injury with 
early failure of pontine synaptic inhibition13 Facial synki
nesis may continue to progress or worsen in parallel with 
regeneration for two years or more.4,58

 An uncontrolled disgusted facial grimace is often seen 
with hypertonic contraction of the nasolabial fold and the 
patient commonly complains of severe muscle pain and 
tension in the zygomaticobuccal distribution. Abnormal 
tonic spasms may also involve narrowing of the palpebral 
aperture from the orbicularis oculi, popply dimpling of 
the chin from the mentalis and cervical spasm from the 
platysma. Over and above this hemifacial spasms com
monly exhibit involuntary muscle twitching. EMG find
ings are pathognomonic for this condition. EMG will 
commonly reveal synchronized activity of the motor unit 
of the involved facial muscles. In contrast to a normal 
maxi mal firing rate of 50/s, classical hemifacial spasm 
muscles will reflect a firing rate of up to 350/s.18

Botulinum Toxin for Selective 
Chemodenervation and 
Ancillary Procedures
Botulinum A toxin has proven an effective temporary 
treatment for the control of aberrant facial kinetics such 
as blepharospasm, hemifacial spasm, and facial synkine
sis, atonic spasm following faulty regeneration and other 
dystonic disorders. Chemodenervation with botulinum 
toxin inhibits the presynaptic release of acetylcholine at 
the neuromuscular junction. The process of chemodener
vation with botulinum toxin produces a paralytic effect 
that is dose related. Dosages and injection sites must be 
carefully mapped for each individual patient. Botox (Aller
gan, Inc., Irvine, CA, USA) and Dysport (Galderma Labo
ratories, Fort Worth, TX, USA) are popular alternatives. It 
is important to appreciate that the dosage units are not 
interchangeable. On average, clinicians accept the con
version ratio of 3 units Dyport (abobotulinum toxin A) 
to 1 unit Botox (onabotulinum toxin A), and modify the 
dosages accordingly.97 To make this easier, a 300unit vial 
of Dysport is roughly equivalent to a 100unit vial of Botox. 
For the purposes of this chapter, recommended units 
will be expressed as Botox units. Table 40.5 explains the 

Fig. 40.29: Anatomy of the facial muscles.
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*Sample strategy for initial dosing of botulinum toxin during serial titration.
†Only hypertonic or synkinetic target muscles are selected for treatment.
‡Highrisk areas for iatrogenic overdosing.

Table 40.5: Facial muscles, action, and therapeutic implications for chemodenervation*

Facial nerve Muscle

Paretic 
muscle

Botox†

Normal
muscle

Botox† Action Common finding

Frontal Procerus — 3–6 unit Pulls medial brow down Contralateral
hypertonic

Frontal Corrugator 
supercilii

— 3–6 unit Pulls medial brow 
down and in

Contralateral
hypertonic

Frontal Frontalis — 8–12 unit Elevates brow Contralateral
for symmetry

Frontal & zygomatic Orbicularis oculi 6–8 unit‡ 6–8 unit Closes eyelid,
depresses lateral brow

Synkinesis blink, narrow 
palpebral fissure

Zygomatic & Buccal Zygomaticus major 1–2 unit‡ 1–2 unit‡ Elevates corner of 
upper lip

Treat hypertonic/
balance smile

Buccal Zygomaticus minor 1 unit‡ 1 unit‡ Elevates upper lip Treat hypertonic

Buccal Levator labii 
superioris

1–2 unit‡ 1–2 unit‡ Elevates upper lip & 
middle nasolabial fold

Upper lip retraction/
incisor show

Buccal Levator labii supe
rioris alaeque nasi

1 unit 1 unit‡ Elevates medial 
nasolabial fold and 
nasal ala

Alar flaring, philtrum deviation

Buccal Risorius — 3 unit Lateral pull on 
corner of mouth

Balance smile

Buccal Buccinator 1–2 unit — Compresses cheek & 
lateral pull on corner of 
mouth

Severe NLF spasm may be 
associated with buccinator 
hypertonicity

Buccal Levator anguli oris — — Pulls corner of mouth 
up and medial

Injection rarely indicated

Buccal Orbicularis oris — — Protrudes and 
puckers lips

Injection rarely indicated

Buccal Dilator naris — — Flares nostrils Injection rarely indicated

Buccal Compressor naris — — Compresses nostrils Injection rarely indicated

Marginal mandibular Depressor anguli 
oris

2–3 unit 2–3 unit Depresses corner 
of mouth

Downturned commissure

Marginal mandibular Depressor labii 
inferioris

— 2–4 unit Depresses lower lip Contralateral only for symmetry

Marginal mandibular Mentalis 3 unit 3 unit Pulls chin upward and 
protrudes lower lip

Chin dimpling

Cervical Platysma 8–10 unit 
per band

8–10 unit 
per band

Depresses corner of the 
mouth

Downturned commissure, lip 
synkinesis

independent actions of each of the facial muscles and 
sample starting doses for therapeutic intervention. Fa
cial diagrams should be used to document dosing, which 
can be titrated in serial visits 2–3 weeks apart until the 
appropriate therapeutic dosage is determined. Denerva
tion persists on average 3 to 4 months, but the duration of 
action is patient specific depending on collateral sprouting 
to restore neurotransmitter release at the neuromuscular 

junction. Prolonged repetitive treatment can produce 
muscle atrophy and in some cases lengthen the duration 
of action.98

 Patients with hyperkinesis frequently exhibit nar
rowing of the palpebral fissure that worsens with fatigue 
(Figs. 40.30A to F). This originates from orbicularis oculi 
spasm and may or may not be seen in tandem with oro
ocular blink synkinesis. In both scenarios, treatment of the 
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Figs. 40.30A to F: (A to C) Evaluation of patient with left hyperkinetic and synkinetic facial paralysis for serial Botox chemodenervation. 
(D to F) Follow-up evaluation of left hyperkinetic facial paralysis for serial dosing after first Botox chemodenervation. (A) At rest: note 
the hyperkinetic left zygomaticus muscles causing severe facial contracture at the nasolabial fold with left upward deviation of the upper 
lip complex. Normal depressor anguli oris (DAO) activation on the right is perceived as an oral commissure droop. Also note right over-
compensation causing shift of the philtrum to the weaker left side. (B) Smile: note the hyperkinetic left orbicularis oculi causing narrowing 
of the palperbral fissure. The patient also suffers from left smile mediated oro-ocular blink synkinesis. Note the mentalis dimpling on the 
left and hyperkinetic left platysma muscles. The patient has generalized right over-compensation causing asymmetry in other views (not 
provided). (C) DOSE TITRATION 1: right frontalis/corrugator/procerus (15 u), bilateral orbicularis oculi (6 u each), left zygomaticus major 
(3 u), left zygomaticus minor (1 u), bilateral mentalis (3 u each), right DAO (3 u), right risorius (3 u), left platysma ( 6 u per band × 2). 
(D) At rest: note improved relaxation of hyperkinetic left zygomaticus muscles with improved upper lip and philtrum position. Right DAO 
relaxation provides oral commissure symmetry at rest. Orbicularis relaxation with lateral brow elevation at rest. (E) Smile: improved 
hyperkinetic left orbicularis oculi with incomplete widening of the palpebral fissure. Persistent mentalis dimpling on the left and persistent 
dominant hyperkinetic left platysma band. Persistent oro-ocular blink synkinesis with modest improvement. (F) DOSE TITRATION 2: left 
orbicularis oculi (6 u), left mentalis (3 u), left platysma (6 u).
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orbital orbicularis oculi (lateral crow’s feet) alone may be 
insufficient to correct the problem. The problem resides 
in the hyper kinetic pretarsal and preseptal orbicularis, a 
zone not routinely treated in aesthetic applications. Can
didates for this treatment should have a good snap test 
without laxity. Patients with oroocular synkinesis and 
hyperkinesis are treated cautiously in the preseptal orbi
cularis oculi to minimize hyperactivity. Care is taken to 
start with low doses to prevent upper lid ptosis, ectropion, 
and untoward effects.
 It is also important to appreciate the antagonistic 
paired action of muscles when treating facial zones by 
chemo denervation. Paralyzing one muscle group invari
ably has some effect on its antagonistic pair. In facial para
lysis, this may be a favorable outcome, but only when used 
intentionally. Pitfalls are seen with selective treatment 
of the procerus and corrugator brow depressors leading 
to rebound hyperactive furrows of the frontalis. Isolated 
treatment of the DAO may result in unopposed mentalis 
action with an unnatural upturned smirk.
 Treatment of the DAO and the mentalis muscles 
should be evaluated in concert, especially in patients with 
hyperkinesis. Popply chin dimpling (peau d’ orange) is 
frequently seen with hyperkinesis on the paralyzed side 
or over compensation on the unparalyzed side. Injection 
is usually initiated with 3 units of Botox. It is important to 
stay below the mental crease in the fleshy part of the men
talis closer to the midline to avoid inadvertent weakening 
of the adjacent DLI. The permanent mouth frown extend
ing to the marionette lines is caused by the depressor 
action of the DAO. The DAO partially overlies the DLI and 
caution must be used to avoid inadvertent injection of 
both muscles. Safe DAO injection can be performed with a 
starting dose of 3 units at the posterior aspect of the muscle 
belly, just above its insertion on the mandible at a point 
1  cm lateral to the oral commissure. The contribution of 
the platysma muscle to facial synkinesis has long been 
underappreciated.99 In many individuals, fibers of the 
platysma muscle interdigitate with the depressor muscles 
of the lower lip (Figs. 40.31A and B). Hyperkinesis of the 
platysma may lead to oral commissure droop and exacer
bate cervico facial synkinesis. Vertical bands can be manu
ally palpated and three to four injections are placed along 
the length of the dominant band at a starting dose of 
8–10 units. Addi tional bands may be treated at the same or 
lower dose depending on the degree of hyperactivity.
 Alternate treatments for hyperkinesis following aber
rant regeneration include selective neurectomy or more 
commonly, myectomy to resect the affected muscle groups 
and provide permanent release of muscular spasms. The 

effi cacy of myectomy may be surveyed through preoperative 
planning with selective botulinum toxin treatment. Suc
cessful treatment with a paralytic agent is helpful in 
identi fying the ideal treatment algorithm for myectomy in 
select patients. Considerations may include partial resec
tion of the zygomatic major muscle to correct nasolabial 
spasm caused by sustained hypertonic contracture of this 
muscle group.100 In cases where the upper lip is retracted 
superiorly, the levator labii superioris muscle may be 
addressed.3 This effectively treats the exaggerated canine 
smile or excessive lateral incisor show (Figs. 40.32A to G). 
Prominent chin dimpling can be treated by injection or 
resection of the mentalis muscle. Resection of the DLI may 
be used to improve symmetry by inhibition of lower lip 
depression on the normal side, especially in patients seeking 
a permanent result after success with chemodenervation.82 
Platysma spasm with tonic contracture may worsen lower 
lip contracture or result in cervicofacial synkinesis.3 Signi
ficant success with platysmectomy is seen in patients who 
have a good result after platysmal chemodenervation.99 

Treatment of the Contralateral Face
The impact of functional treatment of the contralateral face 
should not be underestimated. Treatment of the procerus, 
corrugator, and frontalis muscle on the unparalyzed side 
is highly effective in treating muscle overcompensation 
and balancing the upper third of the face. Chemodener
vation of the DLI has effectively been used to balance the 
smile without oral incompetence or speech abnormalities 
in the majority of patients.82 However, a small percentage 

Figs. 40.31A and B: Note the direct contribution of platysma muscle 
fibers to the depressor anguli oris causing oral commissure droop. 
Platysma hyperactivity is commonly seen in oro-ocular blink synki-
nesis. Treatment of the platysma muscle is important to safely and 
effectively treat this condition.

A B
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Figs. 40.32A to G: (A to D) Evaluation of patient with right hyperkinetic facial paralysis for serial Botox chemodenervation. (E to G) 
Follow-up evaluation of right hyperkinetic facial paralysis for serial dosing after first Botox chemodenervation. (A) Smile: Note the 
hyperkinetic levator labii superioris (LLS) causing upper lateral incisor show, hyperkinetic depressor anguli oris (DAO) causing oral 
commissure droop, hyperkinetic mentalis muscle causing chin dimpling. (B) Eyebrow raise: Note right paralyzed brow with left facial 
overcompensation. (C) Lip pucker: Note involuntary narrowing of the right palpebral aperature, failure of the right hyperkinetic mentalis 
to assist in elevation of the lower lip, left mentalis overcompensation. (D) DOSE TITRATION 1: Left frontalis/corrugator/procerus (15 u), 
Bilateral orbicularis oculi (6 u each), Right LLS (2 u), Bilateral mentalis (3 u each), Right DAO (3 u), Left risorius (3 u). (E) Smile: Note the 
hyperkinetic LLS continues to cause upper lateral incisor show, hyperkinetic DAO causing oral commissure droop has partially 
improved, hyperkinetic mentalis muscle causing chin dimpling has partially improved. (F) Eyebrow raise: Brow symmetry established 
without causing pseudoblepharoptosis. Relaxation of the right orbicularis oculi with slight lateral brow elevation and widening of the palpe-
bral fissure. Partially improved symmetry with softening of the left risorius and left mentalis muscles. (G) DOSE TITRATION 2: Right LLS 
(3 u), Bilateral mentalis (3 u), Right DAO (3 u), Left risorius (3 u).
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of patients may not find further lip weakening acceptable. 
A trial injection of approximately 2 mL of 2% lidocaine is 
commonly used to simulate the effects of contralateral 
weakening prior to chemodenervation.82,100 Additional 
treatment is commonly performed to soften the appear
ance of the face and optimize symmetry. Caution must be 
taken when treating the lip elevators on the unparalyzed 
side for the high risk of speech disturbance that may ensue. 
Many patients rely on the overcompensation of the unin
volved side to purse their lips, articulate, and maintain oral 
competence. This is especially true in the central lip, where 
treatment of the normal labii superioris alaeque nasi and 
zygomaticus minor may greatly disturb lip compensation. 
Balancing treatment on the unparalyzed side should be 
initiated further laterally at 1 unit increments in the area 
of the zygomaticus major and 2–3 unit increments in the 
risorius where muscle weakness remains more forgiving.

Physical Therapy and Rehabilitation
The effectiveness of facial exercises and physical rehab
ilitation for the treatment of facial paralysis has been 
debated for decades. Objections to facial rehabilitation 
stem from historic electrical stimulation protocols and 
maximal effort facial exercises thought to be ineffective 
and perhaps even harmful, leading to increased facial syn
kinesis.10,27

 Reports of modern day success highlight the impor
tance of slower, small movement strategies, and mirror 
biofeedback to reinforce desired pathways and inhibit 
the undesirable movements of synkinesis and mass move
ment. Physical therapy for the optimization of facial 
movement and facial balance is important in patients 
with hypertonic paralysis, facial synkinesis, and other 
forms of incomplete facial paralysis. Most agree that the 
early stimulation of flaccid muscles in complete facial 
paralysis is ineffective and not advised.27,101 Neuromus
cular retraining should be deferred until the first sign of 
recovery is present to reduce the progression of aberrant 
movements and improve overall function.3,27,101

 Patients with flaccid facial paralysis and asymmetry 
at rest should be advised to avoid overuse compensation 
of the uninvolved side. At the first sign of voluntary move
ment, EMG and/or mirror biofeedback is used to rein
force small desirable symmetric movements. Reeducation 
stra tegies are practiced in front of a mirror to help avoid 
unwanted movement patterns. Patients who have hyper
tonic contractions are also concurrently treated with deep 
soft tissue mobilization and meditationrelaxation strate
gies.27 Once a regimen is determined, home programs are 

monitored at regular intervals by a trained physical thera
pist to reevaluate progression, impairments, and ongoing 
goals. Synkinesis and faulty nerve regeneration is a chronic 
sequelae of facial paralysis that remains responsive to 
cere bral adaptation through neuromuscular retraining, 
even decades after the injury.101

CONCLUSION
It is difficult to review the outcomes of facial reanimation 
procedures given the high variability of patient grading 
systems, low numbers, and inherent biases relating to 
patient and procedure selection. Controversies remain 
regarding the best options; however, most would agree 
no one technique has evolved into the gold standard. 
Patient and surgeon preferences remain important fac
tors in determining the appropriate course of treatment. 
Many patients are not candidates for neural or neuromus
cular reconstruction for a variety of reasons but may still 
benefit from static reanimation and other ancillary proce
dures that should not be overlooked. Treatment of the eye 
remains universal and corneal protection is paramount.
 Trends in neural substitution continue to rely on cross
facial nerve grafting and masseter nerve substitution to 
provide donor input in a variety of clinical scenarios. Cur
rently, the biggest limitation remains determining when 
it is safe to intervene early enough to prevent the pro
blems associated with delays in return of function includ
ing nerve fibrosis, muscle atrophy, and increased risk of 
synkinesis.
 When prolonged denervation time and axonal load 
is in question, adjunct or babysitter procedures involv
ing the hypoglossal or masseter nerve are recommended 
for the prevention of muscle atrophy and improvement of 
function. The contralateral facial nerve will always be the 
theoretic first choice for donor nerve because of its ability 
to provide symmetric, spontaneous neural input. The con
tralateral facial nerve remains the nerve of choice to power 
freemuscle transfer in the pediatric population because 
of better regeneration outcomes seen in this population. 
In less than ideal scenarios, the axonal load may be insuffi
cient with CFNG and the masseter nerve remains the next 
best choice. The masseter nerve is able to provide rapid 
reinnervation and stronger lateral commissure excursion 
when used to power native or freely transferred muscle. 
Masseter innervation exhibits close facial kinetics with 
facial innervation, and cortical adaptation has been 
shown to result in emotional smile activation after mas
seter nerve substitution and neuromuscular retraining. 
Modern day techniques have evolved to reanimate facial 
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zones separately to prevent mass movement and minimize 
synkinesis. In this scenario, crossfacial nerve grafting and 
masseter nerve or modified hypoglossal nerve substitu
tion may be used concurrently. The limitations of dynamic 
reanimation can be addressed by static and ancillary pro
cedures to balance asymmetry and support orbital, nasal, 
and oral function. In all cases of reanimation, appropriate 
use of neuromuscular retraining in concert with selective 
chemodenervation has been shown to suppress undesir
able movements, reinforce desired pathways, and signifi
cantly improve outcomes.
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Brainstem auditory evoked response  31
Brainstem compression  363
Brainstem evoked response  31
Branchio-oto-renal syndrome  254
Brisk venous bleeding  195
Brown’s sign  152
Brow ptosis  687
Brow skin  687
Buccal branch  619f
Buccal nerve branches  681
Bundles of axons  668

C
Cahart’s notch  234f
Calculating hearing impairment  301
Caloric nystagmus  69
Caloric testing  33
Calyceal afferent nerve fibers  65
Calyceal fibers  65
Canal of Cotugno  13
Canal of Huguier  4
Canal wall  191
Canthal ligaments  691
Carbonic anhydrase inhibitors  379
Cardiovascular health  269
Carhart-Jerger method  19
Carhart-Jerger procedure  21
Caroticotympanic nerves  4
Carotid angiography  352
Carotid artery dissection  143
Cartilage graft  208
Cartilage overlay over prosthesis  52
Cartilaginous canal  3
Cartilaginous eustachian tube  89
Cartilaginous fracture  91
Cartilaginous skeleton  88
Catenary lever  10
Cauda helicis  1
Cavity reconstruction  191
Cell damage  585
Cellular anatomy of the peripheral  
  vestibular sensory system  57
Cellular criteria  152
Centers for Disease Control  20
Central and peripheral zones  63
Central vertigo  517

 cerebellar ataxia syndromes  524
 autosomal dominant ataxias  524
 autosomal recessive ataxias  524
 cervical vertigo  525
 clinical evaluation of the dizzy  
   patient  517
 migraine-associated vertigo  518
 multiple sclerosis  525
 tumors  526
 vascular of vertigo  521
 cerebellar stroke  524
 dorsolateral pontine syndrome  524
 lateral medullary syndrome  523
 patterns of vascular disruption  523
Cerebellar artery  12
Cerebellar peduncles  574
Cerebellopontine angle (CPA)  101, 149, 
  364, 419, 627
 anatomy  419
 clinical findings  420
Cerebral hernia  459
Cerebral plasticity  670
Cerebrospinal fluid (CSF)  194, 350
Ceruminous adenocarcinoma  132
Ceruminous adenoma  131
Cervical branch  619f
Cervical platysma  687
Cervical spinal injuries  352
Cervical vestibular evoked myogenic  
  potentials  511
Changes in prosthesis or ossicular  
  mass  49
Changes in the TM stiffness and mass  48
Changing the prosthesis tension  49
Characteristics of rhabdomyosarcoma 
  subtypes  248t
Chemodectomas  651
Chemoreceptors  85
Cholesteatoma  21, 179
 laboratory, otologic, and  
  neurotologic testing  182
 pathogenesis  180
 prognosis  192
 complications of surgery  194
 complications of the disease  195
 recurrent and residual disease  192
 results of surgery  192
 radiologic imaging  182
 symptoms and signs  181
 diagnosis  181
 treatment  183
 atticotomy  185
 CWD mastoidectomy  189
 CWU mastoidectomy  187
 tympanoplasty  183
Cholesteatoma matrix  179, 193
Cholesterol granuloma  114, 115f
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Chondrosarcoma  168
Chorda tympani  3
Chorda tympani injury  566
Chorda tympani nerve  4, 5, 623
Chronic neural injury  669
 cohort  670
Chronic orbital sequelae  687
Chronic otitis media (COM)  8, 87, 222
Chronic rhinosinusitis  88
Cilia deflection  10
Ciliary neurotrophic factor  602
Cisplatin ototoxicity  597
Clinical relevance of damping  53
Clinical relevance of high- and low- 
  frequency middle ear function  47
Clinicopathologic classification of nerve 
  injury  624
Coalescent otomastoiditis  109
Cochlea  102
Cochlear anatomy  356
Cochlear aqueduct  10, 58
Cochlear artery  12
Cochlear damage  270
Cochlear dehiscence  499
 otologic and neurotologic testing  500
 pathogenesis  499
 prognosis  500
 radiographic imaging  500
 symptoms and signs  500
 treatment  500
Cochlear duct  342
Cochlear fistulae  198
Cochleariform process  6, 622
Cochlear implantation  356, 565
Cochlear implants  557
 candidacy assessment and patient 
   selection  561
 audiologic assessment  561
 medical evaluation  562
 patient counseling and  
  expectations  563
 radiologic evaluation  563
 cochlear implant technology  557
 hardware  559
 software technology  557
 emerging and unique populations  568
 candidacy and outcomes in  
  auditory neuropathy  
   spectrum disorder  568
 patients with low-frequency 
  residual hearing  569
 patients with single-sided  
  deafness  569
 outcomes following cochlear  
   implantation  566
 outcomes in children under 1 year  
   of age  567
 outcomes in elderly patients  568

 surgical considerations  563
 complications  566
 surgical procedure for patients 
   with normal cochlear  
    anatomy  563
Cochlear nerve  14
Cochlear neurons  13
Cochlear nucleus complex  573
Cochlear promontory  444, 564
Cochlear ramus artery  12
Cochlear status  32
Cochleo-saccular hydrops  71
Cochleosacculotomy  342
Cochleovestibular abnormalities  565
Cochleovestibular anatomy  566
Cochleovestibular injury  349
Cochleovestibular nerve complex  620
Cochleovestibular nerves  621
Code of Ethics  20
Cofactors associated with  
  occupational hairing loss  295
 aspirin  295
 industrial solvents  295
 nonoccupational noise exposure  295
 smoking  295
Cogan’s syndrome  259
Combination therapy  89
Compensation Act  302
Complex sound processing  558
Complication of suppurative otitis  
  media  225
Complications of temporal  
  bone infection  219
 brain abscess  228
 extradural/epidural abscess  224
 facial paralysis  223
 labyrinthitis  223
 mastoiditis  219
 otitic hydrocephalus  227
 otitic meningitis  225
 otogenic lateral sinus thrombosis  225
 petrous apicitis  221
 subdural empyema  228
 subperiosteal and Bezold’s  
  abscess  221
Compound action potential (CAP)  351
Concept of perceptual pitch  579
Conchal bowl  1
Conchomeatal skin flap  192
Concomitant otologic diseases  505
Conductive hearing loss  355
Congenital anomalies of the  
  external ear  121
 atresia and stenosis of the EAC  122
 clinical findings  122
 evaluation  123
 treatment  123

 first branchial cleft anomalies  123
 clinical findings  123
 pathogenesis  123
 treatment  124
 microtia  121
 clinical findings  121
 treatment  122
 pathogenesis  121
 protruding ears  122
 clinical findings  122
 complications  122
 treatment  122
Congenital cholesteatoma  108, 182
Congestive heart failure  568
Contraindications for stapedectomy  237t
Contralateral nostril  88
Contralateral obliques  67
Contralateral oculomotor nuclei  68f
Contralateral-routing-of-signals (CROS) 
   hearing aid system  538
Contralateral routing of sound  
   (CROS)  569
Contralateral vestibular labyrinth  58
Contrast-enhanced computed  
   tomography (CT)  351
Conventional hearing aids  545
Cortical adaptation  670
Cortical innervation  619
Cortical plasticity  670
Corticobulbar tract  619f
Cowden’s syndrome  422
Cranial nerve substitutions  680
Cranial neuritis  113
Cranial venous drainage system  319
Creutzfeldt-Jakob disease  202
Cross-facial interposition grafting  680
Cross-facial nerve graft (CFNG)  671, 681f
Crus helicis  1
CT angiogram (CTA)  100
CT venogram (CTV)  100
Cutaneous sensory  621
Cyberknife  396
Cymba concha  204

D
Damping  53
Definitive Meniere’s disease  333t
Deformities of the toes  482
Degenerated nerve fibers  351
De la Cruz classification  446
Delayed extubation  568
Depressor anguli oris (DAO)  683
 muscle  696f
Dermatologic diseases of the  
   external ear  128

Index.indd   709 25-06-2015   12:30:44



Otology/Neurotology/Skull Base Surgery710

 atopic dermatitis  128
 clinical findings  128
 differential diagnosis  128
 general considerations  128
 pathogenesis  128
 treatment  128
 contact dermatitis  129
 clinical findings  129
 general considerations  129
 pathogenesis  129
 treatment  129
 glandular tumors of the EAC  131
 classification  131
 clinical findings  132
 treatment  132
 osteomas and exostoses of the  
   EAC  132
 clinical findings  132
 general considerations  132
 treatment  132
 psoriasis  128
 clinical findings  128
 general considerations  128
 pathogenesis  128
 treatment  128
Diagnosis of petrous or petrositis  222
Diamond burrs  381
Digastric muscle transfer  685
Dilatory dysfunction  86, 89
Direct brow lift  687
Direct inner ear injection  599
Diseases of the external ear  119
 anatomy  119
 innervation  119
 lymphatic drainage  120
 morphology  119
 skin  119
 vascular supply  120
 embryology  120
 physiology  120
Dix-Hallpike position  69
Dix–Hallpike procedure  507
Dizziness handicap inventory scores  512
Dural sinuses  421
Dynamic muscle transfer  683

E
EAC stenosis and atresia  104
Ear canal  43, 537
Eardrum and the manubrium  51
Ectropion repair  691
Efferent neurons  65
Elastic energy  38
Electroacoustic stimulation (EAS)  569
Electrocochleography (ECochG)  32
Electrode array  560

Electrogustometry  630
Electromyographic testing  655, 669
Electroneuronography (ENoG)  630
Employees Compensation Act  302
Encephalocele  459
Encephalocele and CSF leak  459
 conservative measures  468
 CSF diversion  468
 lumbar drain  468
 ventriculoperitoneal shunt  468
 histology  467
 laboratory, otologic, and  
   neurotologic testing  463
 beta-2 transferrin  463
 beta-trace protein  464
 glucose  464
 otologic, audiometric, and  
   immittance testing  464
 materials for skull base  
   reconstruction  473
 hydroxyapatite cement (HAC)  473
 pathogenesis  460
 congenital  461
 iatrogenic  460
 infectious/cholesteatoma  460
 neoplastic  460
 spontaneous  461
 traumatic  461
 prognosis  475
 radiologic imaging  464
 computed tomography (CT)  464
 CT cisternography  466
 magnetic resonance  
  imaging (MRI)  465
 MRI/MR cisternography  466
 surgical approaches  468
 hybrid approaches  471
 middle cranial fossa (MCF)  
   approach  469
 middle ear obliteration (MEO)  472
 repair of congenital CSF leak  473
 transmastoid approach  468
 symptoms and signs  462
 treatment/prognosis  467
 medical  467
 surgical  467
Endaural incisions  184
Endolymphatic 
 fluid  13
 hydrops  259
 sac  58
 sac surgery  341
 sac tumor  113f
 surface  62
Endolymph viscosity  64

Endolymph volumes  586
Endoneurial tubules  668
Enlarged vestibular aqueduct  15
Epidermoids  425
 imaging  426
 pathogenesis  425
 treatment  427
Epidermoid tumors  426
Epidural abscess  224
Epidural hematoma  379
Epitympanic diaphragm  184
Epitympanic space  187
Epitympanic spaces of von Troeltsch  181
Erb’s point  676
Esteem hearing implant  549
Etiology of hydrops  331
Eustachian tube  4, 83
 anatomy and physiology  83
 clearance of the middle ear  85
 dilation and closure  84
 dysfunction  86
 pathogenesis  86
 signs  87
 symptoms  87
 evaluation  87, 88
 general physiological aspects  84
 middle ear gas exchange  85
 patulous eustachian 
   tube dysfunction  92
 etiology  92
 medical treatment  94
 overview  92
 pathophysiology  92
 surgical treatment  94
 peritubal muscles and their 
  function  83
 prognosis  91
 protection of the middle ear  85
 radiologic imaging  89
 treatment  89
 medical  89
 surgical  89
Eustachian tube disorders  89
Eustachian tuboplasty  90
Evaluation for hearing instrument  538
Evaluation of auditory function  19
 clinical audiologic procedures  21
 acoustic reflexes  27
 air and bone conduction  21
 auditory brainstem responses  31
 electrocochleography  32
 immittance  24
 otoacoustic emissions  29
 speech testing  22
 video nystagmography  33
 demographics of hearing loss  20
 future of audiology  33
 scope of practice  20

Index.indd   710 25-06-2015   12:30:44



711Index

Evaluation of vestibular disorders  75
 audiometric-based tests  79
 electrocochleography  81
 vestibular-evoked myogenic 
  potentials  79
 posture and gait test  79
 functional gait tests  79
 posturography  79
 vestibular function  75
 VOR tests  76
 head impulse test  79
 videonystagmography  76
Ewald’s First Law  67
Exostoses  106
External auditory canal  
  (EAC)  100, 349, 491
External auditory canal wall  565
External auditory meatus  350
External canal resonance  41
External ear canal  41
External ear trauma  124
 auricular burns  125
 clinical findings  125
 general considerations  125
 treatment  125
 auricular frostbite  124
 clinical findings  124
 pathogenesis  124
 treatment  125
 auricular hematoma  124
 clinical findings  124
 pathogenesis  124
 treatment  124
 auricular lacerations  124
Extraocular muscle  66
Extratemporal facial nerve  353
Extratemporal facial nerve branches  618
Extratemporal facial nerve trunk  677
Extrinsic facial nerve tumors  649
Eyelid weight implantation  673

F
Facial canal  619f
Facial hypertonicity  663
Facial kinetics  678
Facial musculature  628
Facial nerve  4, 14, 617
Facial nerve anatomy  629f
Facial nerve canal  111
Facial nerve development  619t
Facial nerve hemangioma  656f
Facial nerve meningiomas  653
Facial nerve paralysis  194, 635
 benign and malignant neoplasms  641

 bilateral facial paralysis  641
 causes  635t
 clinical findings  637
 Bell’s palsy  637
 grading facial function  637
 congenital disorders  642
 hemifacial microsomia  642
 Möbius syndrome  642
 osteopetrosis  642
 evaluation  642
 audiometric testing  643
 electrodiagnostic testing  642
 imaging studies  643
 laboratory and miscellaneous 
   testing  643
 infection  640
 bacterial  640
 chronic otitis media  640
 Lyme disease  641
 malignant otitis externa  640
 pathogenesis  636
 prognosis  646
 recurrent facial paralysis  641
 trauma  639
 birth injuries  639
 blunt head trauma  639
 iatrogenic injuries  640
 penetrating injuries  640
 treatment  644
 medical treatment  644
 surgical treatment  645
Facial nerve reanimation  663, 669
 aberrant facial nerve regeneration  695
 anatomy of the facial muscles  696
 botulinum toxin for selective 
  chemodenervation and 
   ancillary procedures  697
 facial synkinesis  697
 physical therapy and 
   rehabilitation  702
 treatment of the contralateral 
   face  700
 evaluation  664
 explaining the course of recovery  670
 neurologic injury of the facial  
    nerve  667
 surgical anatomy of the extratemporal  
   facial nerve  666
 surgical planning  670
 techniques  671
 combined CFNG and masseter
  nerve or hypoglossal nerve
   substitution  682
 cranial nerve substitution  677
 direct facial muscle 
   neurotization  682
 eyelid weight implant 
   insertion  673

 interposition grafting  675
 mobilization of the mastoid  
   segment  676
 neuromuscular transfers  683
 neurorrhaphy  674
 orbital management  671
 static reanimation and 
  ancillary procedures  686
Facial nerve schwannomas  427
 imaging  427
 pathogenesis  427
 treatment  427
Facial nerve sheath  624
Facial nerve stimulating probe  381
Facial nerve testing  627
 diffusion tensor tractography 
  imaging  633
 electrophysiologic testing  630
 facial nerve development and 
  anatomy  627
 facial nerve physiology  628
 facial nerve testing  628
 intraoperative facial nerve 
  monitoring  632
 topographic testing  629
Facial nerve tumors  641, 649
 clinical findings  654
 extratemporal  653
 intracranial tumors  653
 parotid tumors  653
 extrinsic lesions  651
 intratemporal  651
 neurotologic testing  654
 pathophysiology  649
 neoplasms intrinsic to the 
   facial nerve  649
 prognosis  660
 radiologic evaluation  655
 treatment  657
Facial paralysis  629, 641
Facial recess  4
Facial synkinesis  663, 697
Fallopian bridge approach  155
Fallopian canal  9, 158, 617, 652
Fallopian canal erosion  182
Federal Employees  
  Compensation Laws  302
Fenestra vestibulae  4
Fibroelastic cartilage  1
Fibrous band  1
Fibrous layer  206
Fine structure processing (FSP)  557
Finite phase velocity  38
Fisch-Mattox classification  446
Fishmouth technique  680
Fissures of Santorini  3
Flaccid facial paralysis  664
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Flaccid muscles  702
Flaccid paralysis  663
Fluid and middle ear ventilation  50
Fogarty catheter embolectomy  227
Foley catheter  144
Foramen of Huschke  3
Foramen of Luschka  575f
Fossa incudis  564
Fossa of Rosenmüller  88
FOT type reconstruction  52
Fractions of a period  39
Free-floating otoconia  69
Frey’s syndrome  8
Frontal branch facial nerve paralysis  687
Frontal lobe  619
Frontal motor cortex  627
Fulminant cochleovestibular injury  350
Fungus cerebri  459

G
Gadolinium  101
Galal relaxing incisions  145
Galea aponeurosis  691
Gamma knife radiosurgery (GKR)  425
Ganglion cells  581
Gardner-Robertson classification  373
Gastric reflux  197
Gastrointestinal tract  652
Gelatinous matrix  59
Geniculate ganglion  617
Geotropic torsional nystagmus  69
Germline mutations  151
Glomus jugulare  152
Glomus jugulare tumors  153, 244
Glomus tumors  244
Glomus tympanicum  110
Glomus tympanicum tumor  245
Glossopharyngeal nerve  574, 618f
Goblet cells  83
Golgi complexes  583
Golgi tendon organs  478
Gore-Tex facial slings  687
Gore-Tex slings  663
Gorlin’s syndrome  422
Gradual hearing loss with early onset  288
Granular cell tumors  650
Granular cheilitis  641
Granulation tissue  225
Granulomatous diseases  86, 88
Greater petrosal foramen  620f
Greater petrosal nerve  620f
Greenfield filter  144
Ground electrode  632f
Guillain-Barré syndrome  641
Guinea pig  587

H
Hair cell (HC) ultrastructure  62f
Hair cells  10
Hair follicles  3
Hallpike testing  484
Head trauma  271
Hearing aid technology  535
Hearing classification  373
Hearing protectors  296
Hearing reconstruction  44
 ossicular versus acoustic coupling  44
 piston diameter  44
Helix major  1
Helix minor  1
Hemangiomas  429
 imaging  430
 pathogenesis  429
 treatment  430
Hematological malignancies  172
Hemovac drain  679
Herpes zoster oticus  112
High-riding and dehiscent jugular  
  bulb  108
Hilger facial nerve stimulator  351
Histopathology of noise-induced 
  hearing loss  293
History of noise exposure  269
Hochmair-Schulz-Moser sentence  
  test  569
Holotympanic cholesteatomas  182
Homeostatic microenvironment  62
Homografts  202
Horizontal canal cupulolithiasis  507
Horizontal canal plane  58
Horizontal mattress suture  675f
Horizontal nystagmus  350
Horizontal semicircular canal  33, 68f,  
  507, 622
Horner’s syndrome  245, 442
House-Brackmann (HB) grade I  353
House-Brackmann scale  654
 of facial paralysis  664
Human cochlear duct  586
Hyaluronic acid  600
Hyaluronic acid gel  185
Hydraulic lever  10, 201
Hydraulic lever effect  201
Hydraulic lever reconstructions  53
Hydrogels and polymers  599
Hyperkinetic paralysis  664
Hypofractionated treatment delivery  397
Hypoglossal jump graft  680
Hypoglossal nerve  670
 substitution  678
Hypoglossal split nerve  679
Hyrtl’s fissure  9

I
Idiopathic facial paralysis  631
Impedance phase  39
Implantable middle ear devices  545
 esteem hearing implant  549
 middle ear transducer (MET)  547
 vibrant soundbridge  545
Incomplete reinnervation  663
Incudomalleolar joint  40, 47, 51, 356
Incudostapedial joint  3
Incus bar  564
Indifferent electrode  632f
Infectious diseases of the external ear  125
 necrotizing otitis externa  126
 clinical findings  127
 differential diagnosis  127
 general considerations  126
 pathogenesis  126
 treatment  127
 otitis externa  125
 clinical findings  125
 general considerations  125
 pathogenesis  125
 treatment  125
 otomycosis  126
 clinical findings  126
 general considerations  126
 pathogenesis  126
 treatment  126
Inferior eyelid malposition  687
Inferior tympanic artery  9
Inferior vestibular nerve  14, 362
Infratemporal fossa  449
Inner ear  43
Inner ear anatomy  563
Inner ear fluid masses  44
Inner ear molecular therapies  581
 anatomy and physiology of the 
   round window membrane  582
 anti-inflammatory drugs  597
 basic concepts in inner ear 
   damage  584
 gene therapy  603
 gene therapy vectors  603
 RNA therapies  604
 stem cell therapies  605
 gentamicin in inner ear therapy  592
 antioxidants  596
 clinical use of gentamicin  594
 otoprotection  596
 inner ear drug delivery methods  598
 depot injections  599
 injections or bolus  
   administrations  599
 ionic inner ear mechanisms  585
 neurotrophins (NTS)  598
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 oval window permeability  584
 permeability of the RWM  584
 pharmacokinetics  586
 regenerative and gene therapies  601
 cell cycle regulation  601
 role of cell death and cell 
   replacement  602
 neurotrophins  602
 small molecule regulation  603
 steroids in inner ear therapy  588
 clinical usage of steroids  590
 pharmacokinetics of steroids  588
Inner ear tissues  582
Interfaces between vibrating  
  structures  50
Intermittent tubal dilation  84
Internal auditory artery  14
Internal auditory canal  101, 143,357
Internal auditory canal (IAC) fundus  10
Internal auditory meatus  622
Internal carotid artery  3
Internal jugular vein ligation  227
Internal maxillary artery  3
International classification of 
 functioning  301
Interossicular fold  8
Interstitial nucleus of Cajal (INC)  60
Intra-axial lesions  431
 choroid plexus papillomas and
  ependymomas  432
 gliomas  431
 hemangioblastomas  432
 medulloblastomas  431
Intracanalicular component  362
Intracanalicular tumors  372
Intracranial abscess  113, 228
Intracranial cerebellopontine angle  664
Intracranial complications  228
Intracranial injury  349
Intracranial pressure (ICP) gradients  459
Intracranial vascular complications  380
Intramembranous ossification  136
Intraparenchymal abscess  228
Intrapetrous carotid artery  152
Intratemporal facial nerve  352
Intrathecal dye methods  351
Intravenous catheter  94
Ipsilateral
 abducens  68f
 ear  356
 head  71
 horizontal canal  68
 medial rectus muscle  507
 nostril  88
 proximity  678

 reflex  7
 vestibular nucleus  68f
Irregular afferents  65

J
Jacobson’s nerve  4f, 8, 244
Jehovah’s Witness  141
Jerger classifications  27
Jervell-Lange-Nielson’s syndrome  254
jugular bulb  345, 385
Jugular bulb in ear disease  435
 developmental and structural 
   abnormalities  436
 clinical manifestations  437
 diagnostic studies  437
 treatment  438
Jugular foramen  165, 421
Jugular foramen pathology  442
Jugular foramen schwannomas  448
 clinical manifestations and growth
  patterns  449
 diagnostic studies  449
 pathology  449
 stereotactic radiotherapy  452
 treatment options  449
 surgery  451
Jugular fossa  10
Jugular paragangliomas  444
Jugular venous system  145
Jugular wall  4
Jugulo-carotid spine  160

K
Kartagener’s syndrome  88
Kawase’s triangle  425
Keith needle  695
Keratosis obturans  106
Kimura’s guinea pig model  331
Kinetic energy  38
Klippel Feil syndrome  15
Koebner phenomenon  128
Korner septum  187
Krauss prosthesis  212
Krebs cycle  152

L
Labii superioris alaeque nasi  702
Labyrinthectomy  342
Labyrinthine 
 artery  14, 376
 fibrosis  513
 fistula  194
 fistulas treatment  224
 segment  622

Labyrinthitis  111, 513
 clinical findings  513
 evaluation  514
 radiographic tests  514
 pathogenesis  513
 prognosis  514
 treatment  514
 medical  514
Labyrinthitis ossificans  112, 513
Lagophthalmos  673
Lamellar bone  231
Langerhans’ cell histiocytosis  653
Laryngopharyngeal reflux  88, 89
Lateral cartilaginous lamina  88
Lateral epitympanic space  181
Lateral incudal fold  7
Lateral malleolar fold  7
Lateral semicircular canal  13
Lateral sinus thrombosis  226
Lateral skull base  460
Lateral tarsal strip fixation  691
Lateral tarsal strip procedure  691
Latissimus dorsi muscle  671
Leksell gamma knife  396
Lentivirus  603
Lermoyez syndrome  334
Leukotriene inhibitors  89
Levator anguli oris  667
Levator labii superioris muscle  696f, 700
Levator veli palatini (LVP)  83
Limbus vessels  12
Limitations of the audiogram  289
 causes of the 4000-Hz dip  289
 acoustic neuroma  290
 hereditary (genetic) hearing  
  loss  290
 multiple sclerosis  291
 ototoxicity  290
 skull trauma  289
 sudden hearing loss  290
Linear accelerator systems  396
Lipomas  429
 imaging  429
 pathogenesis  429
 treatment  429
Lipreading  532
Longitudinally split segment  679
Longitudinal study  318
Longshore and harbor workers  302
Lotrisone lotion  199
Lower eyelid spacer graft  691
Lower facial suspension and static  
  slings  694
Lumbar-peritoneal  378
Lumbar puncture  225, 226
Lumen of the basal turn  565
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Lyme disease  115, 259, 641
Lymphatic vessels  583
Lymphoid hyperplasia  88

M
Macula  59
Maffucci syndrome  139, 169
Magnetic resonance spectroscopy 
  (MRS)  423
Magnetic resonance venography  154f
Malignant tumors of the temporal  
  bone  135
 evaluation  138
 histology  139
 pathogenesis  135
 prognosis  145
 surgical techniques  142
 partial temporal bone 
  resection  142
 symptoms and signs  136
 total temporal bone resection  143
 treatment  139
Malingerer’s true thresholds  296
Malleus head  7, 548
Mammalian inner ear hair cells  581
Mandibular branch  619f
Marginal vessels  12
Masseter muscle transposition flaps  683
Masseter nerve  671, 686
Masseter nerve substitution  680
Mass-spring system  38
Mastoid air cell system  219
Mastoid antrum  10
Mastoidectomies  41
Mastoid emissary vein  226
Mastoid nodes  3
Mastoid tip  548
Mattress sutures  673
Maximal stimulation testing (MST)  630
Measured phase  48
Mechanical vibrations  38
Mechanoelectrical transduction (MET) 
  channels  61
Mechanoelectric transduction, vestibular 
  afferent organization  57
Meckel's cave  166, 421
MED-EL device  557
Medial cartilaginous lamina  88
Medial incudal fold  7
Medial modiolar wall  565
Medial vestibular nucleus  60
Melkersson-Rosenthal syndrome  641
Membranous labyrinth  342
Meniere’s disease  21, 32, 71, 258,  
  331, 333t, 505, 581, 591

 acute management  336
 chronic management  336
 aminoglycoside ablation  338
 complementary and alternative 
  medicines  340
 devices  340
 lifestyle adjustment, avoidance of
  triggers  336
 pharmacologic therapy  338
 rehabilitation therapy  340
 salt restriction  337
 steroids  339
 clinical findings  333
 evaluation  334
 genetics  331
 histology  331
 management  336
 pathogenesis  331
 prognosis  342
 radiology  335
 surgical management  341
 destructive surgery  342
 nondestructive surgery  341
Meniere’s syndrome  236
Meningiomas  421, 452, 621
 clinical manifestations and growth 
  patterns  452
 diagnostic studies  452
 gross pathology  424
 imaging  422
 microscopic histopathology  424
 pathogenesis  421
 pathology  452
 treatment  424
 treatment options  454
Meningitis  392
Meningoencephalocele  459
Meningogenic labyrinthitis  513
Mentalis muscles  667
Merkel’s disk  479
Metastasis of the temporal bone  173
Metastatic disease  652
Metastatic lesions  430, 652
 imaging  430
 pathogenesis  430
 treatment  431
MET carina devices  545f
MET ossicular stimulator  547
Michel anomaly  111
Microphone extrusion  549
Microphone technology  537
Middle cranial fossa approach  380
Middle ear  41
Middle ear pressure gain  37
Middle ear structures  37
Middle ear transmission  51

Middle latency response (MLR)  20, 31
Midsagittal plane  58
Mid-upper lip ptosis  687
Migraines  484
Mild tinnitus  318
Minihypoglossal nerve transfer  680
Minimally invasive brow suspension  689
Mitek anchor suspension  663
Mitek anchor suture techniques  687
Möbius syndrome  642
Mohs surgical technique  130
Mondini’s malformations  15
Motor fibers  624, 627
Muckle-Wells’ disease  259
Muckle-Wells’ syndrome  255
Mucopolysaccharides  59
Multichannel cochlear implants  
  (CIs)  557
Multifocal tumors  444
Muscle tension  478
Musical timber  534
Myriad connections  618
Myringotomy  3, 220

N
Nanoparticles  600
Nasal antihistamine  89
Nasogastric tube  144
Nasolabial folds  687
National Institute for Occupational 
 Safety and Health (NIOSH)  269
Necrotizing external otitis (NEO)  105
Necrotizing otitis externa (NOE)  126
Neoplasms of the external ear and 
  ear canal  129
 basal cell carcinoma of the auricle  129
 clinical findings  129
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Waardenburg’s syndrome  15, 254
Wallerian degeneration  668
Wave amplitude  39
Weber test  10
Wegener’s disease  86
Werner’s syndrome  422
White blood cell (WBC)  220
White matter edema  423
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